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Motivating Energy Change:

« Climate change
 Energy and security
 Energy access

* Energy productivity

Take-home message:

There is a massive
transformation taking
place in the world’s
energy supply that will
affect everything —and in
particular —

Energy and Security




Global energy consumption
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Compare to the Industrial Revolution

The Industrial Revolution:

* Driven by technology

* Unplanned and unforeseen

e Caused huge social and economic dislocation
* Government went missing, resulting in chaos

The Energy Transition:

e Similar in scope and magnitude

e Driven mainly by climate change

» Facilitated by (fortuitous?) advances in technology
* Was completely foreseen and could be planned

e Should avoid social and economic dislocation
 Government has a key role
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Global generation installations 2019

Net new global capacity additions in 2019
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Global annual per capita RE installation
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Australia leads the world: >250W per capita p.a. RE installation rate
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Energy growth shifts to Asia

Primary energy demand, 2035 (Mtoe) Share of global growth
2012-2035
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“China is the main driver of increasing energy demand in the current decade,
but India takes over in the 2020s as the principal source of growth"
Source: International Energy Agency World Energy Outlook 2013




ANU Grand Challenge:

Zero-Carbon Energy for the Asia-Pacific

Iron ores Thermal coal  Aluminium ores LNG

1033 MtCO,e/a 511 MtCO,e/a

98% of consequential greenhouse gas emissions from
these Australian exports occur in the Asia-Pacific region

8.6% of Asia-Pacific greenhouse gas emissions are Y
from downstream use of these Australian exports

215 MtCO.e/a 210 MtCO,e/a

Total emissions = 1,969 MtCO,e/y

~ 3.7 x Australia’s domestic emissions
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A future Australian export scenario

Same energy Same ores
20% 80%

Export the same amount of energy as now: equied lnd e
* 80% as hydrogen (65 Mt/year) eeo0g o
* 20% renewable electricity (540 TWH/y)

Mine the same amount of ore and export:
* 510 Mt/y as green steel (6 Mt/y steel now)
e 18 Mt/y as green aluminium (2 Mt/y Al now)

Total renewable electricity required
* 7,040 TWh/y
e 27 x Australia’s present electricity generation!

Wind capacity factor
0

101

e Add 100% domestic RE + 200% in electrification e
= 2,700 + 100 + 200 = 3,000% renewables! —f>
I 05

I 06
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Question break

* Any questions?

* Select “raise hand” to ask a question

e Select “lower hand” to remove it




Technology
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Energy generation sources
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Learning rates

Deployment Transition Mature
Date Capacity Capacity sSource:

CSIRO

Early Intermediate Mature

Competing Technology

Mature leamning

Capital Cost

Local

Global

Number of units produced
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Technology learning rates: solar PV
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Technology learning rates: wind

Average rated output

1990 2000 2010 2016

Source:
energytransition.org

Average size Max size

Height : 40m H:50m H:80m H:135m
@:24m z:30m @:56m z:70m 2:80m @:126m

@sww @16'60kw @1993kw @ sssiw  Currently 5 MW

— - 1OOX CapaCity

H:100m

—
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Learning rates for various technologies

Capex development of selected technologies over total cumulative production
Indexed to 2020 values (2010 for comparative technologies)'

Learning rate

2020-30 Comparative technologies (2010-20)
13% =—@— PEM electrolysers 17% Fuel cell stack for passenger vehicles 35% --@- Solar 19% -4+ Wind onshore
9% == Alkaline electrolysers 11% == Fuel cell stack for commercial vehicles 39% -+ Battery

Cost index
100

90
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0
100 1,000 10,000 100,000 1,000,000 10,000.000 100,000,000

MW/MWh cumulative

1. Installed base: assuming 50/50 split of electrolysers volume with 50-75% utilisation; assuming 115 kW for PV, 250 kW for buses and 300 kW for trucks; LCOE
used for selar cost; batteries in MWh

SOURCE: McKinsey: IRENA; BNEF: Ruffini & Wei (2018) (leaming rates); DoE
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Levelised cost of electricity (LCOE)

A g

LCOE = 2. (e ry

4
Caution: assumes EI‘
plug-and-play ! E
{
f—1 (1 —+ ]")

|, = Investment in year t E; = Electricity generation
M, = Operations and maintenance r = Discount rate

F. = Fuel expenditure n = Life of system (amortisation)




Cost of capital by location

I Indicative cost of capital by economy (nominal base rates plus market risk premium), 2020

Financing Clean Energy Transitions in Emerging and Developing Economies
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Australia: solar and wind now cheaper than coal

400
350
300
250
LCO E 200
150

100

wun
(=]

2019-20 AS/MWh o,

Gas turbine
Gas reciprocating

Carbon
price

Peaking
20% load

Fossil fuels

Black coal
Brown coal
Gas

Black coal

No carbon price No carbon price,
or risk premium 5% risk premium

Brown coal

Gas

Fossil fuels
+ CCS

Gas

Black coal
Brown coal

Carbon price

Flexible 40-80% load, high emission

Black coal with CCS
Brown coal with CCS
Gas with CCS

Carbon price

Flexible 40-80% load, low emission

Solar thermal 8hrs

Nuclear (SMR)

Biomass (small scale)

Wind
& PV

Wind
S

Solar photovoltaic

Standalone

Variable

Wind & PV
+ storage

ACT 2020
reverse

auction
S45/MWh

o 8] o 2

£ © £ ©

2 3% =2 3
> >
[»] =]
° °
= =
(=3 o
& 5
© o°
v v

2hrs 6hrs PHES

battery

storage

Variable Variable

fixed price
(535-37 in
constant S)

GenCost 2019/20
CSIRO & AEMO

ANU GRAND CHALLENGE: ZERO-CARBON ENERGY FOR THE ASIA-PACIFIC

/‘-i.\ _—
=

19



Question break

* Any questions?

* Select “raise hand” to ask a question

e Select “lower hand” to remove it




Policy
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Electricity demand and sources

‘ Changes inelectricity sentout generation, emissions and coal share of generation
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The Finkel Review of the NEM

Independent Review into

the Future Security of the
National Electricity Market

Blueprint for the Future
June 2017

Dr Alan Finkal AD, Chist Scheafist, Chair of tha Expart Panal
s Karen Mases FAICD | Ms Chioo Minio | Mr Taery Efforay | Profisor Mary 0'Kane AC

Argues that consistent, long term measures
are needed to address climate change and
to provide industry certainty:

e Carbon pricing sc

*  Emissions Intensi

 Clean Energy T

National Ener

= ruled out by Coalition Party Room
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Why does policy certainty matter?

Policy certainty

de-risks investment planning

lowers the cost of finance

makes the energy transition cheaper

“keeps electricity prices down”




Australian Renewable Energy Pipeline

of govt. polic
goVt. Policy H Other fuel sources
uncertainty

— B Wind
m Utility-scale solar PV (over 5SMW)

Rooftop solar PV (0 - 5SMW)
2020 Large-scale renewable energy capacity installation rate: ~ 4.1 GW p.a.

Source: 8
Clean Energy Regulator 6
@©
5 2
a0 — ]
Low large-scale 0 0
investment Py
<2016 because 'g 2016 2017 2018 2019 2020
3
O

_ —

} ~7.1 GW p.a.

=
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Do you have solar
on your roof?




Renewable / fossil replacement rate
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Electrification of all energy use

LULUCF
-3.6%

IF the electricity sector
. provides the best
S opportunity to make
the most rapid impact,
then this requires
Stationary energy >>28% GHG emissions
reductions by 2030
s processes and L L given that the other
P Tanspon sectors are harder to
. address.

Waste
2.2%

19.1%

Source: Department of the Environment and Energy
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Renewable/fossil replacement with electrification

600
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National Electricity Market Generation

60% Generation sharesin the NEM (6-month moving average) | Renews=>es > 30%
% as a
40% i\ onty nsition
- +ino gas W the tra
o fu I
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Gas ~ 5%




Hydrogen in Australia — will it replace gas?

Electricity generation (gas) ¢ No-—renewable

Fuel cell EVs * Yes-—long range transport

=
"'*"
1



How high can renewables go?

The higher the penetration (>50 %), the higher the ~ Adds 50%

cost to cover intermittency: to LCOE
«  Overbuild supply but still
Build additional storage capability } cheaper
Build additional network infrastructure than coal
Yes —
Will this provide the same level of reliability of supply? perhaps
better
Will this provide the same level of security e.qg.
Maybe

increasing extreme weather events?




Grid stability in Germany

Grid stability with growing amounts of fluctuating RE:
Grid in Germany today more stable than in 2006,
and in France, UK today!

0,35 = 25
0,3 A
20
0,25 A
. | 15
Source: 0.2
Prof. Eicke Weber 0,15 - b
FraunhOfer |SE =+Blackout of power grid in minutes
0,1 1 (SAIDI)
5
0,05 -=-Amount of green power in %
0= T 0
S 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
c]WSA;.DT’B' NoRSOCZAgENtUr . SAIDI figures for the electricity networks. Quality of s pol Octoder 2016 J
o) Gﬂ( ’UM Feoeral Minstry of EConomic Afaks ME W ( l kklmﬂ! m ’ - g e Energeen am e hon Deutsciiand. Febeuary 2016 <hD:/fww D, de) DE/Themeny Energie”

For comparison (2013): France (81% Nuclear Power): 68 min., UK: 55 mins.!

27

~ Fraunhofer
ISE
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Renewable Generation

Question on notice:

What is the fraction of renewable
electricity in your country?

Australia: 31.4% of National Electricity Market in 2021

—
=



Energy and Security
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Australian NEM resilience

Figure 38  Projected system strength assessments for 2018-19 (left), 2028-29 (middle), and 2038-39 (right)

The Australian
National Electricity
Market (NEM) is the
world’s longest
interconnected
electricity system —
over 5,000 kms
end-to-end from
Port Douglas in
North Queensland
to Port Lincoln in
South Australia.

Source: AEMO 2018
National Transmission
Network Development Plan
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Integrated System Plan Q=1 R

ACTIONABLE GRID S
\ 1 PROJECTS Jown sate
\ : Progress regulatory approval

PREPARATORY
o I ACTIVITIES FOR
— central plannin
° Assess feasibility, explore
easements and refine design ® Longreach

OTHER FUTURE ISP
PROJECTS
No action until the next ISP

® Coober ey

 Renewable Energy Zones

* Connected to major demand
centres by major HVDC e
transmission lines n

2021-22
“System Strength”
IS

2024-25

roject EnergyConnect

e Backed up by:
o) major storage
o  voltage and frequency control

Existing network

Network upgrade
Alternative network routes
Indicative wind farm
Indicative solar farm
Indicative deep storage
Indicative shallow storage

Y 9

Capacitor
Static VAr Compensator
Decision rules may affect timing
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The ‘Internet of Energy’

* Millions of generators, storage centres and demand response
* Scales from kW to GW, kWh to TWh

* Much greater interconnectivity between nodes

* Robustness from:

 Multiplicity of key nodes — greater redundancy
 Multiplicity of transmission pathways — greater redundancy

* Nolonger vulnerable to removal of a major thermal power station

Vulnerability from:

 More cyber attack entry points — but a centralized system would also be vulnerable
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The rise of indigenous energy sources
Trend to national self-sufficiency:

* Domestic renewables —solar and wind

* Domestic gas — coal seam, shale, tight gas

 Domestic liquid fuels — shale oil, biofuel, synthetic fuels
e Electrification — transport, domestic, industry

* Nuclear — small fuel volume, fast neutron reactors




Security implications of Energy Change

* New energy capabilities

 Fewer energy resource wars in the long term

* Less supply chain interdiction

 Potential domestic energy security issues requiring balancing
 Potential nuclear proliferation

 Cybersecurity interdiction of disseminated energy systems
 Resilience from the ‘Internet-of-Energy’




Energy security in your country

Discussion:

What are some of the key energy
security issues in your country?




World-wide trends in energy

« Rapid decarbonisation of the energy sector
— solar, wind, hydro, nuclear (fusion?)

* Increasing availability of domestic energy
sources results in greater energy security

« |Increased vulnerability to cyber threats

« More disseminated generation, storage and
demand response (the ‘Internet-of-Energy’)




Cambridge University Press Book

“This book Isa . Transitioning to a Prosperous,
comprehensive ;;:;;;';;g:;'j 2 Resilient and Carbon-Free Economy
manual for deC/flon- and CarbonsFe A Guide for Decision Makers

makers and policy nQnor

leaders ......... the book —_ f" —— EDITORS:

prese nts the tools Ken Baldwin, Australian National University, Canberra

decision-makers need
to achieve rapid

Stuart Mark Howden, Commonwealth Scientific and Industrial
Research Organization (CSIRO)

Peter Dawson, Australian National University, Canberra

decarbonisati on, Karen Hussey, Australian National University, Canberra

whilst unlocking and Michael Smith, Australian National University, Canberra

maintaining View all contributors

productivity, profit, PUBLICATION PLANNED FOR: October 2021

and g rowth.” | want this title to be AVAILABILITY: Not yet published - available from October 2021
available as an eBook FORMAT: Hardback

ISBN: 9781107118348

http://services.cambridge.org/hk/academic/subjects/earth-and-environmental-science/environmental-policy-economics-and-law/transitioning-

prosperous-resilient-and-carbon-free-economy-guide-decision-makers?format=HB&isbn=9781107118348 i
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Professor Ken Baldwin

-] Australian
= ”ﬁ:‘\'{g‘;“g}t Founding Director,
y ANU Grand Challenge: Zero-Carbon Energy for the Asia Pacific

T6125 4702

E Kenneth.baldwin@anu.edu.au

W anu.edu.au/zerocarbon



mailto:Kenneth.baldwin@anu.edu.au

EXTRA ITEMS
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