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About Net Zero Australia

The Net Zero Australia project ( NZAu) is analysing net zero pathways that reflect

Australian debate, for both our domestic and export emissions

The study is:
Scenario- Technology -
Rigorous based neutral
and and and
granular evidence- non-political
driven

Net Zero Australia is a partnership between the
University of Melbourne, the University of Queensland,
Princeton University, and management consultancy Nous Group.

THE UNIVERSITY
0)3 QUEENSLAND [l PRINCETON
N AusTRALIA UNIVERSITY nou
THE UNIVERSITY OF CREATE CHANGE

MELBOURNE

NZAu uses the modelling method developed by Princeton University and Evolved Energy Research foits 2020 Net-Zero America study.



NZAu is funded by gifts and grants, and engages broadly

SPONSORS

Generous financial support has
enabled this study
CLIMATE ENERGY
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Crucial input is being provided
by diverse advisers
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Gift and grant agreements protect INDEPENDENT MEMBERS

the projectods ind SPONSOR NOMINEES

The Net Zero Australia website has more information o visit netzeroaustralia.net.au

ENGAGEMENT

Numerous briefings have
been provided to:

COMMONWEALTH MINISTERS
AND DEPARTMENTS

STATE MINISTERS AND DEPARTMENTS

NON-GOVERNMENT ORGANISATIONS

RESEARCH BODIES

A website has also been developed
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We modelled six varied scenarios

Reference

A Projects historical trends, doesnot model cost
impacts of fossil fuel supply constraints

A No new greenhouse gas emission constraints
imposed domestically or on exports

A Policy settings frozen from 2020 onwards

Rapid electrification

A Nearly full electrification of transport and
buildings by 2050

A No limit on renewable rollout
A Lower cap on underground carbon storage

Slower electrification

A Slower electrification of transport and buildings
compared to E+

A No limit on renewable rollout rate

Full renewables rollout

A No fossil fuel use allowed by 2050
A No limit on renewable rollout rate

A Lower cap on underground carbon storage
rate, which is only used for non-fossil fuel
sources (e.g. cement production)

Constrained renewables rollout

A Renewable rollout rate limited to several times
historical levels (to examine supply chain and
social licence constraints)

A Much higher cap on underground carbon
storage (to make net zero achievable)

Onshoring

A Local production of iron and aluminum
using clean energy

A Progressively displaces exports of iron

A Lower cap on underground carbon storage rate ore, bauxite, alumina and fossil fuels

The Reference Scenario hasio emissions objectve Al I ot her Scenarios are Onet zerod for both the dlé me s t
emissions, and track in a line to net zero emissions by 2050 (domestic) and 2060 (export). None of the scenarios are forecast
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About the modelling: approach and scenarios

Modelling approach Design of Scenarios

A Linear emissions reduction for Reflect the boundaries of the
domestic and export Australian debate

A Best available inputs and A Rate of electrification
S PO A Renewable build rates

A Least cost optimisation A Limits on fossil fuels

AbDownscaled to modeACaI%Jhgtgrgggs

at a fine resolution.



About the study

What does this study do What d o e stimsasttudy dc

lllustrates pathways to net zero to A predictions or
help everyone appreciate: recommendations
A scale, complexity and cost A consider fossil fuel supply

A different pathways constraints

A costs of inaction on climate

A how we all might contribute
change

A how ch | d.
ow change could be manage A model demand for clean energy

exports.
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Key Insights
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Key Insights from interim modelling results

Net zero is both an immense challenge and a once -in-a-genera

significant and nation -building opportunity

Renewables will produce most or all domestic energy
by 2050

More productive use of energy can keep domestic
demand about the same, despite population growth

Carbon capture, utilisation and storage (CCUS) can
play an important role, complementing renewables

Unprecedented capital investment is needed, which
will produce significant benefits

share o
bei n

Domesti c
todayos

ener gyaos
| evel , whil e

e Clean energy can replace our fossil fuel exports

The cost to export clean energy may rise, but should be
competitive in a decarbonising global economy

A large workforce with new skills will grow across the
nation, particularly in northern Australia

Emissions from farms, forestry and waste should fall, but
are unlikely to reach net zero

Large changes in land and sea use will occur, and will
need careful planning and community engagement

o
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Renewables will produce most or all
domestic energy by 2050 (Graph 1 of 2)

i A Solar and wind will be the
: main sources of renewable

Projected domestic primary energy
(Exajoules/year)

LA

Large-scale PV

[ Offshore wind
Onshore wind

M Refined fossil liquids

2020
2030
2040
2050
2060
2020
2030
2040
2050
2060
2020
2030
2040
2050
2060
2020
2030
2040
2050
2060
2060

energy for domestic use

The required rate at which
renewable energy capacity
is added will be much higher
than historical levels

Natural gas and oil products
will play a significant role in all
Scenarios (with CCUS), except
if they are not permitted

(which is modelled in E+RE+).
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Renewables will produce most or all
domestic energy by 2050 (Graph 2 of 2)

Projected domestic electricity generation capacity (Gigawatts) : A Solar and wind will be the
; main sources of renewable
REF E+ E+ RE+ E+ RE- E+ ONS W Offshore wind :
- Onshere wind i energy for domestic use
gf L;:;;E;ab PV 2 . .
| Qo W iy moe : A The required rate at which
S o W OCGT : .
3 §300 B 00GT (wee) renewable energy capacity
£ g0 B iooprocefiui e :  Is added will be much higher
[ Coal (w/cc) : P H
£ 100 / e :  than historical levels
B Hydropower

Natural gas and oil products
will play a significant role in all
Scenarios (with CCUS), except
if they are not permitted

(which is modelled in E+RE+).

o
T>

150

100

(4]
o

4

Firm & Storage
Installed capacity (GW)

R s o e

2050
2050
2060
2020
2050
2060
2020
2050
2060
2020
2050
2060

2020
2030
2040
2060
2020
2030
2040
2030
2040
2030
2040
2030
2040
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More productive use of energy can keep domestic
demand about the same, despite population growth

i A Progressive adoption of more
(Exajoules/year). energy -efficient technology

Projected domestic final energy demand

6 - will keep 2060 energy

REF :
— :  demand to around 2020
5 - i levels, despite substantial
/ i population and GDP growth
£t : A Some efficiency will come
:  from electrification :
3 A . .
switching to new energy
sources such as electric
2 - :
vehicles and heat pumps
1 A A Some efficiency will also come
:  from upgrading
0 . . . . . . . ! i technologies now in use.
2020 2025 2030 2035 2040 2045 2050 2055 2060 :
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Carbon capture, utilisation and storage (CCUS) plays
an important role, complementing renewables

Geological CO2 sequestration (Mt-CO2/year)

i A CCUSis needed for:
: A non-energy uses

1,000 -
A producing 6neg
e mi s s ji.e. staildg
800 1 carbon emissions taken
out of the atmosphere
600 -

: A If we hit renewables and

. transmission build limits,
400 - i CCUS with fossil fuels will
. help reach net zero

REF

200 A el A Most carbon emissions will be

E+

= esre+ | permanently stored in deep
E+ RE] d df .
0 — —eons | Undergroun ormations

and some used in industry.
2020 2025 2030 2035 2040 2045 2050 2055 2060
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Unprecedented capital investment is needed,
which will produce significant benefits

i Much higher investment  than

Levelised domestic energy system cost

(2020 AS$billion / year) continuing to use fossil fuels.
200 ~ i However:
i A The costs of inaction would
150 A : be substantial
: A Decarbonisation will reduce
i our reliance on gas and oil
100 - imports
— REF | _ _
Er A Conventional technologies
— s i that use fossil fuels will
50 A _
E+RE+:  become less available.
-~ —E+ REI
= = E+ ONS!

2050

2055 2060

2040 2045

2025 2030 2035
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Domesti c
todayos |

5%

4%

3%

2%

1%

0%

Levelised domestic energy system cost as share of GDP
(% Australian Gross Domestic Product)

ener gyaos
evel, whi

— REF
—EI
—Er

E+ RE+ !
RiE T
~ = E+ONS}

——E+

2020

2025

2030 2035 2040 2045 2050 2055 2060

A Domestic energy costs will

account for a similar share of
the economy

The shift to capital-intensive
renewable electricity should
reduce the economic impact
of commodity price shocks

Placing fewer constraints on
the transition results in lower
costs.
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HYDROGE ‘ i HYDROGEN H2 ""

A Australia has the resources to

i build a new clean export
REF E+/E- E+ONS industry by:

Clean energy can replace our fossil fuel exports

Energy exports (Exajoules/year)

16 (Similar for others excl. ONS)
14 A producing clean energy
carriers
12
A 6onshothei ngo

10 processing of minerals
8 : using clean energy.
5 A 6Greend hiprdsolarg e n
. Is projected to be the largest

clean energy export ; OBl ue
2 hydrogen could contribute a
0 major share if there are

2020
2060
2020
2060
2020
2060

renewable build rate limits and

Electricity export cable [l Blackcoal Ml 6 Onshoredd Al umini um hlgh rates of carbon Storage.
Ammonia/H2 derivative [l LNG 00nshoredd | ron '




The cost to export clean energy may rise, but should
be competitive in a decarbonising global economy

Average annual energy Levelised export system cost : The cost of decarbonised

export cost ($/GJ) ($ billion/year) : exports will be higher than
: average pre-COVID prices of our

: coal and LNG exports. However:

: A Costs arecomparable to
i current crude oil and LNG
:  spot prices
A Australian energy exports
:  should be cost-competitive
i with other intaol
i A There is significant potential
—REF i for innovation to lower
—EI . export costs.
B : A Onshoring can improve cost

E+REY & efficacy.
-~ E+ REI

$40 - $600 -

$30 A

$400

$20 -

$200 A
$10 -

$0 T T T 1 $0 T T T 1
2020 2030 2040 2050 2060 2020 2030 2040 2050 2060
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A large workforce with new skills will grow across
the nation, particularly in northern Australia

Gross energy sector employment (full time equivalent jobs)

DOMESTIC SYSTEM EXPORT SYSTEM
1,200k 1~ 1,200k

Degree
32%

Degree
34%

900Kk T 900k T

600k 600K
VET/TAF
300k 300k A
;=
4
Ok T T Ok T T T 1

2020 2030 2040 2020 2030 2040 2050 2060

— REE
—
— 4

E+RE+

.
.
.
.
.
.

.
.
.
.
.
.
.

E+RET

e e= E+ ONS

1 to 1.3 million new workers
will be needed

Mostly to grow exports
across northern Australia
which would experience
significant population
growth . This growth has
significant implications for
First Nations peoples,
national security and
immigration

Most of the workforce will
need technical skills

Domestic decarbonisation
will require significant
workforce growth too.
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Emissions from farms, forestry and waste
should fall, but are unlikely to reach net zero

Historical and projected GHG emissions (Mt-CO,e/year).
350 -
HISTORICAL PROJECTED
300 -
250 -

200 A

150

100

50

2000 2010 2020

F A
FA
: A
Waste
Agriculture
I LuLUCF

— Net emissions: A

2050

Significant land clearing, ruminant
animals and waste emissions can
be reduced by revegetating land,
feeding supplements to cattle,
adding inhibitors to fertiliser, and
using methane from waste as an
energy source

However we find that these
emissions are unlikely to reach
net zero

We will analyse the
opportunities and trade -offs in
using vegetation to store carbon
or for bioenergy

These results mean that energy
and industry may not be able to
rely on offsets from the land and
waste sectors to reach net zero.
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Large changes in land and sea use will occur, and will
need careful planning and community engagement

INDICATIVE new infrastructure build . A dDownscalingd ou
(E+ scenario in 2060) __ Y results illustrates the detailed

land and sea use changes

: A Many new energy sources will

:  require much more surface
area than the energy sources
they are replacing

: A The modelling indicates an

. immense level of new
transmission powerlines and
pipelines (carrying hydrogen
and carbon dioxide)

A Thiswork is preliminary , and

i the results will vary
significantly as we analyse
different assumptions.
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Early downscaling results
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We are presenting early downscaling results, with
Important caveats

ODownscalingd our model |l ed resul

changes which may arise from the net zero transition.

Our modelling excludes many areas from In reality, the location of new industries and
development due to conflicting land uses infrastructure will be affected by such

. . factors as:
However, our downscaling work is
continuing and additional constraints are A Traditional Owners, rural landowners and
yet to be finalised particularly concerning communities

native title, conservation and agriculture. A decisions by governments

We will engage stakeholders and model
sensitivities to explore further.
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National maps
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=11}, NATIONAL MAP - 2020
downscaling

E+ in 2020, solar and wind
with transmission

159 pre-existing operating
VRE projects

VRE project capacity factors New
electricity
Solar PV Onshore wind Offshore wind X (GW)
0.16- 0.22 0.26- 0.28 0.36- 0.48 0.6 »  H2 production nodes
0.22-0.25 0.28-0.31 0.48- 0.56 —5.0 - .
Existing transmission
0.25- 0.27 0.31- 0.32 0.56- 0.62 — 94 9
B 0.27-0.28 N 0.32-0.34 N 0.62- 0.69 — 130 I smaller load centre
N 0.28- 0.29 Il 0.34- 0.39 Il 0.69- 0.76 B largest regional




Early NATIONAL MAP - 2030 s

A& S/
downscaling g,
E+ in 2030, solar and wind ‘\ Mg
with transmission | . j

. .
196 pre-existing operating ' z\
VRE projects ¥
Nk

Net Zero Australia projects:

98 GW solar PV (135
projects)

49 GW onshore wind (79
projects)

0.5 GW offshore wind (1
projects).

w2
Electricity generation is about VRE project capacity factors New i .5

i electricity
S t.he capa(:lty_ o.f the Solar PV Onshore wind Offshore wind TX (GW)
National Electricity Market _
in 2022 0.16- 0.22 0.26- 0.28 0.36- 0.48 0.6 »  H2 production nodes
(m ) 0.22- 0.25 0.28-0.31 0.48- 0.56 — 20 Existing transmission
0.25- 0.27 0.31-0.32 0.56- 0.62 —94
N 0.27-0.28 N 0.32- 0.34 B 0.62- 0.69 — 130 I smaller load centre
I 0.28- 0.29 Il 0.34- 0.39 Il 0.69- 0.76

- largest regional




Early NATIONAL MAP - 2040
downscaling

E+ in 2040, solar and wind
with transmission

Net Zero Australia projects:

654 GW solar PV (782
projects)

130 GW onshore wind (187
projects)

41 GW offshore wind (35
projects).

Electricity generation is about VRE project capacity factors New
i electricity
15X. Lz CapaCIFy.Of the Solar PV Onshore wind Offshore wind TX (GW)
National Electricity Market _
in 2022 0.16- 0.22 0.26- 0.28 0.36- 0.48 0.6 *  H2 production nodes
(in )- 0.22- 0.25 0.28- 0.31 0.48- 0.56 — 5.0 Existin .
g transmission
0.25- 0.27 0.31- 0.32 0.56- 0.62 — 094 34
B0.27-0.28 N 0.32-0.34 N 0.62- 0.69 — 130 I smaller load centre

N 0.28- 0.29 N 0.34- 0.39 Il 0.69- 0.76

I 'argest regional




==11)% NATIONAL MAP - 2050
downscaling

E+ in 2050, solar and wind
with transmission

Net Zero Australia projects:
A 1.9 TW solar PV (2,242
projects)

A 132 GW onshore wind (194
projects)

A 42 GW offshore wind (36
projects).

Electricity generation is about VRE project capacity factors New

i electricity
40X. Lz CapaCIFy.Of the Solar PV Onshore wind Offshore wind TX (GW)
National Electricity Market _
(in 2022) 0.16- 0.22 0.26- 0.28 0.36- 0.48 0.6 *  H2 production nodes
. 0.22- 0.25 0.28- 0.31 0.48- 0.56 — 50 Existing transmission
0.25- 0.27 0.31- 0.32 0.56- 0.62 — 94 9 35
Bm0.27-0.28 N 0.32-0.34 B 0.62- 0.69 — 130 I smaller load centre

N 0.28- 0.29 B 0.34- 0.39 B 0.69- 0.76 B largest regional




South East Australia
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Early
downscaling

E+ in 2020, solar and wind
with transmission

SOUTH EAST AUS- 2020

VRE project capacity factors New
electricity

Solar PV Onshore wind Offshore wind X (GW)
0.16- 0.22 0.26- 0.28 0.36- 0.48 *  H2 production nodes
0.22-0.25 0.28-0.31 0.48- 0.56 - .
Existing transmission
0.25- 0.27 0.31- 0.32 0.56- 0.62 9 37
N 0.27-0.28 N 0.32-0.34 I 0.62- 0.69 I smaller load centre
N 0.28- 0.29 N 0.34- 0.39 Il 0.69- 0.76 B largest regional




Early
downscaling |

E+ in 2050, solar and wind
with transmission

SOUTH EAST AUS- 2050

VRE project capacity factors New
electricity
Solar PV Onshore wind Offshore wind X (GW)
0.16- 0.22 0.26- 0.28 0.36- 0.48 *  H2 production nodes
0.22- 0.25 0.28-0.31 0.48- 0.56 -~ .
Existing transmission
0.25- 0.27 0.31- 0.32 0.56- 0.62 9
N 0.27-0.28 N 0.32- 0.34 N 0.62- 0.69 [ smaller load centre
I 0.28- 0.29 I 0.34- 0.39 Il 0.69- 0.76 B largest regional



South West Australia
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Early
downscaling

E+ in 2020, solar and wind
with transmission

SOUTH WEST AUS- 2020

VRE project capacity factors New
electricity
Solar PV Onshore wind Offshore wind X (GW)
0.16- 0.22 0.26- 0.28 0.36- 0.48 *  H2 production nodes
0.22- 0.25 0.28-0.31 0.48- 0.56 -~ .
Existing transmission
0.25- 0.27 0.31- 0.32 0.56- 0.62 9 40
N 0.27-0.28 N 0.32-0.34 B 0.62- 0.69 I smaller load centre
I 0.28- 0.29 N 0.34- 0.39 Il 0.69- 0.76 B largest regional




Early 3
downscaling L

E+ in 2050, solar and wind
with transmission

SOUTH WEST AUS- 2050

VRE project capacity factors New
electricity
Solar PV Onshore wind Offshore wind X (GW)
0.16- 0.22 0.26- 0.28 0.36- 0.48 *  H2 production nodes
0.22- 0.25 0.28-0.31 0.48- 0.56 -~ .
Existing transmission
0.25- 0.27 0.31- 0.32 0.56- 0.62 9 a1
N 0.27-0.28 N 0.32-0.34 B 0.62- 0.69 I smaller load centre
I 0.28- 0.29 N 0.34- 0.39 Il 0.69- 0.76 B largest regional




South East Queensland
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Early
downscaling

E+ in 2020, solar and wind
with transmission

Solar PV

0.16- 0.22
0.22- 0.25
0.25- 0.27
B o0.27-0.28
N 0.28- 0.29

VRE project capacity factors

Onshore wind

0.26- 0.28
0.28- 0.31
0.31-0.32
N 0.32-0.34
N 0.34- 0.39

SOUTH EAST QLD- 2020

Offshore wind

0.36- 0.48
0.48- 0.56
0.56- 0.62
B 0.62- 0.69
Il 0.69- 0.76

New
electricity
TX (GW)

*  H2 production nodes

Existing transmission

I smaller load centre
I 'argest regional
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Early SOUTH EAST QLD- 2050
downscaling e

E+ in 2050, solar and wind
with transmission

J
'
’
VRE project capacity factors New i /
electricity
Solar PV Onshore wind Offshore wind X (GW)
0.16- 0.22 0.26- 0.28 0.36- 0.48 *  H2 production nodes
0.22-0.25 0.28-0.31 0.48- 0.56 - .
Existing transmission
0.25- 0.27 0.31- 0.32 0.56- 0.62 9
N 0.27-0.28 N 0.32-0.34 B 0.62- 0.69 I smaller load centre
B 0.28- 0.29 B 0.34- 0.39 I 0.69- 0.76 B (arocst regiona




Central Queensland
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Early
downscaling

E+ in 2020, solar and wind
with transmission

CENTRAL QLD- 2020

Solar PV

0.16- 0.22
0.22- 0.25
0.25- 0.27
B o0.27-0.28
N 0.28- 0.29

VRE project capacity factors

Onshore wind

0.26- 0.28
0.28- 0.31
0.31-0.32
N 0.32-0.34
N 0.34- 0.39

Offshore wind

0.36- 0.48
0.48- 0.56
0.56- 0.62
B 0.62- 0.69
Il 0.69- 0.76

New
electricity
TX (GW)

*  H2 production nodes

Existing transmission

I smaller load centre
I 'argest regional
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Early
downscaling

E+ in 2060, solar and wind
with transmission

This figure shows 2060 instead of
2050, unlike other snapshots. 2060 is
chosen for this snapshot as it includes
a major export energy zone which is
fully developed in 2060.

CENTRAL QLD- 2060

Solar PV

0.16- 0.22
0.22- 0.25
0.25- 0.27
BN 0.27-0.28
N 0.28- 0.29

VRE project capacity factors

Onshore wind

0.26- 0.28
0.28- 0.31
0.31-0.32
BN 0.32-0.34
I 0.34- 0.39

Offshore wind

0.36- 0.48
0.48- 0.56
0.56- 0.62
B 0.62- 0.69
Il 0.69- 0.76

New
electricity
TX (GW)

*  H2 production nodes

Existing transmission

P smaller load centre
I 'argest regional




