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2021 ANU
Energy

Update

Decarbonisation trajectories (1pm)

Leon Clarke, University of Maryland:
How the United States can achieve a 50% emissions cut by 2030 and net zero by 2050

Peta Ashworth, University of Queensland:
Decarbonisation options for Australia

Chair: Mark Howden

Zero-emissions industries (2.30pm)

Fiona Beck, ANU: Hydrogen technologies, emissions and costs

John Pye, ANU: Green Iron and Steel

Emma Aisbett, ANU: Trade and certification for green products and fuels

Marghanita Johnson, Australian Aluminium Council:
Pathways for decarbonising Australia’s aluminium industry

Chair: Ken Baldwin
Australia’s energy transition: the agenda for research and action (4pm)

Bruce Godfrey, ACOLA and ATSE:
ACOLA and Australia's Energy Transition Research Plan

Amanda Cahill, The Next Economy: Regional issues in energy transition
Bec Colvin, ANU: Social and regional transition

Chair: Frank Jotzo

Solar Oration 2021 (5.30pm)

The Solar Century - renewable energy's role in a zero carbon future
Matt Stocks, Marta Victoria; opening by Minister Rattenbury



How to get to
Net Zero?

The pillars of net zero

1.

Zero emissions electricity supply

A larger, more flexible, integrated, more decentral power
system

Renewables, also nuclear and possibly some CCS

Electrification
Transport, industry, buildings

Process changes, product mix adjustment
Includes non-CO2 emissions, some CCS in industry
Industry, agriculture, consumer demand

Carbon dioxide removal

To compensate for remaining emissions

Biological and technical; CCS/CCU in negative emissions
systems
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Net Zero:
[EA scenario

Figure 2.4 > Average annual CO: reductions from 2020 in the NZE

Main element: clean energy - mostly renewables - displaces fossil fuels

“Total annual energy investment surges to USD 5 trillion by 2030, adding
an extra 0.4 percentage point a year to annual global GDP growth”

Figure 2.5 > Total energy supply in the NZE
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Renewables and electrification make the largest contribution to emissions reductions, but a
wide range of measures and technologies are needed to achieve net-zero emissions

Source: IEA Net Zero report, 2021
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Renewables and nuclear power displace most fossil fuel use in the NZE,
and the share of fossil fuels falls from 80% in 2020 to just over 20% in 2050
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Eﬂ e rgy S U,Op Zy How quickly (or slowly) will fossil fuel energy be displaced?

Dramatically different scenarios/visions

z_ra ﬂ S / lL/O n Uncertainty for businesses, investors, policymakers,
Sce/")a,’/OS communities
oil Natural gas Coal Low emissions
100 J T — /,__ ..............................
T I /
100 ....................................................................................
50 ........................................................................................
2000 2050 2000 2050 2000 2050 2000 2050

Historical == STEPS APS NZE

Source: IEA World Energy Outlook 2021
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Global energy
supply over the
last decade

Global energy supply (EJ), 2020and 2010

m Coal +2%

600

0il -0%
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Gas +21%
400

Nuclear -21%
300
200 M Biomass (trad) -8%
100 M Bioenergy (modern) +24%

) - - M Renewables (excl bio)

2010 2020 +79%

Data: IEA World Energy Outlook 2021

35

30

25

20

15

10

Persistence of fossil fuels
Rapid rise of renewables from low base

Global renewable energy supply (EJ), 2020 and

2010

2010

2020

W Other renewables (excl

bio) +73%

Hydro +26%

Wind +375%

Solar +488%
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Coal for power Is
on the decline

Glasgow Pact: “phase down” coal
Europe: coal exit underway (Germany: 2030)

EU 2030 coal power phase-out within reach EMB=R
EU-27 electricity generation from coal (gross TWh)
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India
new solar cheaper than coal power

By 2030, solar+batteries likely P R tistivir i oot
cheaper than coal

Solar to rapidly gain market share
from coal, in IEA stated policy
scenario

India’s 2030 renewable pledge
(Glasgow) indicates faster change

2000 2010 2020 2030 2040

s Co0al ====Solar - Other

Figure 3.6 = Value-adjusted levelised cost of coal and new solar, with or
without batteries, in India in the STEPS, 2020 and 2030
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Source: IEA WEO 2021 India special report
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Global energy
sector

Investment

Renewables dominant in power supply investment,
but fossil fuel supply investments are still larger

Rapid rise in investment in new energy technologies

Global energy supply investment by sector
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Capacity of electrolysers for hydrogen production by commissioning year, by intended

use of hydrogen
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Australia:
potential for
deep, rapid

emiIssions cuUts

Source: Australian Government, Australia’s Emissions Projections

2050 net-zero target but no real national strategy for emissions
reductions

2030 target remains at 26-28%, expectation of reduction up to 35%
2020/ 2005: emissions -20%, mostly from land-use change and forestry
Electricity emissions lower since 2016, no movement elsewhere

2021 Hrnend anngrtynities for policy to guide and accelerate low-carbon

Figure 7: Australia’s 2021 emissions projections, 1990 to 2030, Mt CO,-e
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Projections
and analysis
are often
rooted In the
past, may
overlook
rapid change

Modelling of fossil fuels for the Australian “plan™:

* Projected change in value of output, 2020-2050: Coal -51%, gas +13%
(incl exports)

e (as-fired electricity generation growing (?)
AEMO ISP 2020: gas generation falling to ~2% in the 2030s. SA ~6% gas at
>100% RE

« Veryslow electrification in transport

Electricity generation by technology Road transport task by vehicle technology
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Technology
targets

2020

Clean Clean hydrogen production
hydrogen

under $2 per kilogram

Ultra low-cost  Solar electricity generation
solar at $15 per MWh

Electricity from storage for
firming under $100 per MWh

Energy
storage

Low emissions steel
Low emissions production under
steel $700 per tonne (based on
the marginal cost)

Low emissions aluminium
under $2,200 per tonne
(based on the marginal cost)

Low emissions
aluminium

Carbon CO: compression, hub
capture and transport and storage for
storage under $20 per tonne of CO:

Soil arganic carbon
measurement under
$3 per hectare per year

Soil carbon

Decarbonisation is enabled by cost-competitive zero-emissions
technologies

The majority of technologies needed for decarbonisation already exist
What is needed is large scale deployment

R&D needed for some specific technologies
Eg inindustry/agriculture, and carbon dioxide removal
‘Drinritv tarhnnlngios” \Where can Australia make a difference in global

2025 2030 2035 2040 2045 2050

Steam methane reforming with CCS*

Renewable electrolysis

Large scale solart

Lithium-ion batteries

Hydrogen and direct reduction of iront

LOW EMISSIONS TECHNOLOGY
STATEMENT 2021

Renewable electricity
and inert anodes

Expected deployment™

Advancement in proximal sensing, modelling and
remote sensing technologies
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A US Ufa [ /a ’S Decarbonisation of Australia’s electricity supply is underway
Much more wind and solar; less coal, less gas

e /’7 e /’gy Emissions intensity of electricity supply reduced by 20% over 5 years (15%
. on-grid)
Uf a n S / z—/ O ﬂ ' Details: ANU Australia Energy Emissions Monitor, 15t issue this week
e [ e C t/,-/ C/ ty I Australian Institute for
S sty Diacts ot
Moving annual sent out generation by fuel type, and
emissions, in the NEM
Storage: batteries becoming rapidly cheaper 200
180

Grid-scale storage needs appropriate market rules to -
efficiently use cheap/free energy when available a0
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South Australia’s power supply: sometimes >100% renewables
@ Energy - South Australia - Generation () Export
1D 3D 7D 30D 1Y ALL 5m

= Generation MW Av. 1,494 MW 24 Nov 2021, 10:30 AM — 1 Dec 2021, 10:30 AM AEST
v e
Sources 273 $44.36
4000 Solar (Rooftop) 69 27.1% $13.61
Solar (Utility) 18.2 7.2% $25.71
B wind 111 43.8% $30.56
B Battery (Discharging) 1.1 0.5% $75.58
Gas (Reciprocating) 2.1 0.8% $126.10
Gas (OCGT) 1.9 0.7% $117.27
Gas (CCGT) 25.4 10.1% $82.29
I Gas (Steam) 15.1 6.0% $53.37
[ Distillate 0.2 0.07% $127.49
1000 W imports 29.6 11.7% $86.93
Thu Fri Sat Sun Mon Tue Dec 21 Loads -21.7
o o o o o o B Exports -20.2 -8.0% -$14.99
=N Exicesitih Av. $44.36 Battery (Charging) S -0.6% $13.55
Net 251
300 - : Renewables 198 78.0%
200
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Source: OpenNEM (AEMO



Renewable
energy:
opportunities
for Australia

Low-cost, zero-emissions domestic energy supply
Solar and wind based, with storage and decentralized supply

Energy exports

Hydrogen, ammonia/synthetic fuels, electricity by cable
Hydrogen

Feedstock for energy intensive products, heavy transport

Energy intensive export industries
Aluminium, green iron/steel, minerals/metals, chemicals

Value added from future renewables based industries could be very
large
... while fossil fuel output and value will decline, structural adjustment

Need signalling, positioning, paving the way for the large investments
needed

...and support for fossil fuel heavy regions to adjust.
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CO \// D ’S 2021 Rebound of global energy use and emissions after 2020 Covid dip

temporary

37.0 Gt _Changes in Global Fossil CO, Emissions

efrect
36.5 -
36.0 -
35.5 -
35.0 -
-0.15 +0.01
34.5
2019 2020 2021
projected

@® Global Carbon Project

Source: Global Carbon Project - Global Carbon Budget 2021
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