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Without nuclear power generation in the system 

I believe we will find it is close to impossible to 

deeply decarbonise the Australian economy

…but it would be a mistake to think that nuclear power in Australia is inevitable as a result 
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Australia’s energy policy 
2000 – present  
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What is the Power Cost Paradox? 

Levelised Cost of Energy 

• Wind and solar 

$50 /MWh 
• Nuclear (First-of-a-Kind) 

$100 /MWh 

Question

How much of each should 
we build to get the lowest 
TOTAL SYSTEM COST

?



Two main messages delivered to 
governments, oppositions and to the nation 

The problem 

• The Power Cost Paradox 

• The Power System Paradox 

• The Power Market Paradox 

• Saturation

• Balancing

‘PLAN B’ 

Main finding: 

• Australia is capable

Main recommendation: 

• Create real options 

starting NOW
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LCoE is not an investment-grade metric



MANAGEMENT 

Preliminary 
concept

The engineering project lifecycle
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Cost estimate classification matrix and expected accuracy versus project maturity

MANAGEMENT

NuScale SMR 
development was here
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Cost estimate classification matrix and expected accuracy versus project maturity

MANAGEMENT

NuScale SMR 
development is or 
will soon be here
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Cost cannot be considered simplistically or in a vacuum 

5. Energy SECURITY considerations at the national-level 

4. The VALUE to the system, including real option value 

3. The SYSTEM What is the effect on system costs of 1, 2, 3 … N plants ? 

2. The FLEET How would that cost come down from 1st to Nth-of-a-Kind ? 

1. The ASSETS What would it actually cost to build a nuclear plant in Australia ? 
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SCOPE of the study 

ASNO 
ARPANSA

context

technology

society

economics

capabilities

financing

governance management

siting
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FINANCING 

Table 5 Illustrative build-up of capital charge and financing structure, showing average energy unit costs 

AACE case^ Lowest Lower CENTRAL‡ Higher Highest

Overnight CapEx 2 983 3 488 3 993 4 604 5 613 2020AU$ /kWe gross

TOTAL CapEx * 4 153 5 002 5 871 7 032 8 762 AU$M

…-of a-Kind ‘Best’ Nth ‘Worst’ Nth 5th-of-a-Kind ‘Best 1st ‘Worst 1st Learning

Assumed build 36 42 48 54 60 months

LRACE 60 68 76 86 102 AU$ /MWh

^ Based on the mix of class 3 and class 4 components 
‡ Based on NuScale US$2850/kWe gross in 2017 US dollars
* for a 12-module plant x 77 MWe in a generic location 

Discounted at 5.3% per annum with capital recovered over 30 years 
annual fixed O&M of $100 /kW and variable O&M of $10 /MWh

plant capacity factor of 95% giving 8322 hours per year at full load
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Cost cannot be considered simplistically or in a vacuum 

5. Energy SECURITY considerations at the national-level 

4. The VALUE to the system, including real option value 

3. The SYSTEM What is the effect on system costs of 1, 2, 3 … N plants ? 

2. The FLEET How would that cost come down from 1st to Nth-of-a-Kind ? 

1. The ASSETS What would it actually cost to build a nuclear plant in Australia ? 
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Technology Learning 
—the Grubb Curve 
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The NEA Small Modular Reactor Dashboard
Volume II  more info: 

https://doi.org/10.1787/e586e483-en

https://doi.org/10.1787/e586e483-en


W. weapons 

A. accidents 

R. radiation

N. nuclear ‘waste’    

1. costs 

2. time

3. ‘waste’ *
* this is actually: 

Slightly Used Nuclear Fuel



Copyright © 2023 Synergetics Pty Ltd Slide 12 of 44 www.synergetics.com.au

Total capital costs ($US/kW) of recent nuclear projects

Recent nuclear projects have experienced a wide range of costs

Source: reproduced with kind permission of Dr Dave Collins Synergetics Pty Ltd: Report on the International Congress on Advances in Nuclear 
Power Plants (ICAPP23) held in Gyeongju, South Korea, on 23 to 27 May 2023 and Implications for Australia 

< West East >Middle 
East

Does nuclear energy cost too much? 
…or are Westerners stupid? 
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Des i gns
Construction times of large 21st century PWRs

APR- 1400

AP1000

EP R1750

Does nuclear energy take too long? …or are Westerners just a bit slow? 
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Cost cannot be considered simplistically or in a vacuum 

5. Energy SECURITY considerations at the national-level 

4. The VALUE to the system, including real option value 

3. The SYSTEM What is the effect on system costs of 1, 2, 3 … N plants ? 

2. The FLEET How would that cost come down from 1st to Nth-of-a-Kind ? 

1. The ASSETS What would it actually cost to build a nuclear plant in Australia ? 
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“There is no single full-fidelity model of a power system.” 

… but there are plenty of useful models

Dr Archie Chapman, University of Queensland
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27

Qld

NSW

Vic
SA

Tas

NEM

All charts from openNEM.org.au using AEMO data for mid-April 2021

Key
Reality checks 



System cost minimisation 
• 5-region NEM with interconnector 

constraints and investment 
• unit commitment constraints 
simultaneously optimising for a given 
generation mix: 
• long-run investment AND 24x365 

hourly dispatch 
• emissions constraint (shown) 
• OR wind + solar share 

• low sensitivity to SMR CapEx 
• high flexibility gains entry 
• optimisation drives utilisation 
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South Australia: 
Wind + solar driven (subsidised) 
Gas dependent (and import/export) 
Nuclear is excluded 

coal

wind + solar

nuclear

solar       + wind

historical AEMO data chart from openNEM.org.au 

Source: Gabriel Rioseco PhD thesis, 2023
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Interconnected generation system cost: 
$180 /MWh 
+ transmission for Rewiring the Nation 
+ distribution for two-way flows 
+ control systems

$75 $92 $102 /MWh

$4698 $6641 $7955 $9912 /kW CapEx 

~ 6X overbuild
on a nominal 

installed capacity basis 

kgCO2 /MWh 
system average
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Generation costs in the interconnected system



Renewables-based WITHOUT nuclear 

$180 /MWh + + + 

+ transmission on a huge scale 

+ distribution for two-way flows 

+ control systems … 

No emissions WITH nuclear 

$90 /MWh – – –

• use existing transmission 

• avoid distribution upgrades

• avoid system balancing problems

30

Generation costs in the interconnected system



Cost cannot be considered simplistically or in a vacuum 

5. Energy SECURITY considerations at the national-level 

4. The VALUE to the system, including real option value 

3. The SYSTEM What is the effect on system costs of 1, 2, 3 … N plants ? 

2. The FLEET How would that cost come down from 1st to Nth-of-a-Kind ? 

1. The ASSETS What would it actually cost to build a nuclear plant in Australia ? 
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Here is what has happened to PRICES

MW

Aug 2009 Aug 2021

Data: AEMO

MW
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a SYSTEM  ≠  a	market

1 498

24

-100

-50

0

50

100

150

200

250

300

0 1 000 2 000 3 000

$ /MWh

MW

Aug 2009 —SA half-hourly price and demand

Month's Revenue Pool: $ 27 Million

Data source: AEMO

Month's Energy: 1 115 GWh

1 410

90

-100

-50

0

50

100

150

200

250

300

0 1 000 2 000 3 000

$ /MWh

MW

Aug 2019 —SA half-hourly price and demand

Month's Revenue Pool: $ 95 Million

Data source: AEMO

Month's Energy: 1 049 GWh

unforecastable

unbankable

Aug ’09 Aug ’19



“No-one can produce a bankable price forecast 
of the Australian electricity market today” 

—a senior banker with 25 years of experience 
financing the Australian energy sector 

Our research in mid-2017 found that this view is universally held 
by the major Australian banks and the major international banks present in Australia 

Finding and observation 
from earlier research
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Applicability 

ECONOMICS 

Figure 16 SMR turbine bypass load following

                 
                

                
                

     Proceedings of ICAPP 2015 

May 03-06, 2015 – Nice (France) 

Paper 15555 

 

Can Nuclear Power and Renewables be Friends? 

 D. T. Ingersoll,a C. Colbert,a Z. Houghton,a R. Snuggerud,a J. W. Gastonb and M. Empeyc 

aNuScale Power, LLC 

1100 NE Circle Blvd, Suite 200, Corvallis, OR 97330 

bEnergy Northwest 

P. O. Box 968, Richland WA 99352-0968 

cUtah Associated Municipal Power Systems 

155 North 400 west, Suite 480, Salt Lake City, UT 84103 

Tel: 541-360-0585, Email: dingersoll@nuscalepower.com 

 

 Abstract – The increasing penetration of renewables, especially wind generation, have 

dramatically changed the economics and realities of grid management in ways that now 

encourage some level of load-following capabilities for historically baseload plants, including 

nuclear. The NuScale small modular reactor design currently under development in the United 

States is well suited for integration with renewables because of several design features related to 

the nuclear steam supply system, the power conversion system, and the overall plant architecture.  

The multi-module nature of a NuScale plant allows the plant output to be varied in three ways 

spanning a wide range of different time frames: (1) taking one or more modules offline for 

extended periods of sustained wind output, (2) adjusting reactor power for one or more modules 

for intermediate periods to compensate for hourly changes in wind generation, or (3) bypassing 

the steam turbine for rapid responses to wind generation variations. Results are presented from a 

recent analysis of nuclear-wind integration that utilized historical wind generation data from the 

Horse Butte wind farm in Idaho. Also discussed is the experience of Energy Northwest in their 

implementation of limited load-shaping at the Columbia Generating Station.   

 
 

I. INTRODUCTION 

 
Competition for constrained federal funding and 

ideological biases have tended to pit various energy 

technologies against each other, especially between 

renewable sources, typically wind and solar, and traditional 

sources, including hydro, coal, natural gas, and nuclear. Of 

the traditional sources, only hydro and nuclear offer 

abundant power with virtually no emission of greenhouse 

gases (GHG). However, new sites for large hydroelectric 

plants are very limited and have their own environmental 

issues. As such, nuclear appears to be the only resource that 

has the potential to not only add to the “clean” energy 

provided by wind and solar technologies, but actually 

enable larger contributions of these renewable sources 

without jeopardizing grid stability or risking unmet 

electricity demand. However, doing so may require nuclear 

plant designs to incorporate features that enhance their 

load-following capabilities. 

Conventional wisdom suggests that nuclear power 

plants should be operated continuously at full capacity and 

that natural gas plants are best suited to provide “peaking” 

capability to meet excess demand. This historical strategy 

has been driven mostly by economic considerations since 

nuclear plants have relatively high capital cost and low fuel 

cost compared to natural gas plants. Because of the low 

fuel cost in a nuclear plant, running the plant at 50% power 

has minimal impact on operations costs but reduces 

revenue by one-half. The increasing penetration of 

renewable sources, especially wind, has altered this 

economic argument since wind turbines are also capital-

intensive (per unit of power produced) and their fuel cost is 

zero. Also, wind generation tax credits encourage their full-

out operation. Finally, some regional policies require grid 

dispatchers to preferentially use renewable energy first, 

which exacerbates the economic challenges of operating 

base-load plants and are driving plant owners to change 

their concepts of economic dispatch. 

Many nuclear plants currently operating were designed 

to load-follow and were originally outfitted with automatic 

grid control (AGC) features. However, the U.S. Nuclear 

Regulatory Commission established a policy that precluded 

the use of automatic dispatching for true load following, 

although they allow manual load-shaping if conducted by a 

licensed reactor operator. Globally, France’s pressurized 

water reactors routinely load-follow due to the high 
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SMRs are designed to be used for: 

• Electricity 

• Balancing renewable energy

• Hydrogen production 

• eFuel synthesis 

• Desalination of seawater 

• Heat for industry 

Value 

Real options to build nuclear plants 
with small modular reactors have 
substantial value arising from 
decarbonisation and deep 
uncertainty in grids 

Ingersoll et al, Can Nuclear Power and 
Renewables be Friends? Proceedings of 
ICAPP 2015
May 03-06, 2015 – Nice (France)
Paper 15555 

06:00 12:00 18:00 clock time



Some Perspectives on costs 
remarks on insights from recent research 

2

Green HYDROGEN 
(& ammonia) 

1

Frequency 
STABILITY
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$ /MWh levelized @80% CF 

9004500 1350 t CO2 /MWh

Gas

CCS

Wind 
& Solar

SMRs

Cost

Emissions

HELE

IGCC

fuel + O&M costs only for
existing fleet

$300

$200

$100

$  50
Victoria

NSW & Qld
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CLIMATE 
what about carbon costs?

CO2

Source: National Greenhouse Gas accounts: https://greenhouseaccounts.climatechange.gov.au, + annotations 
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https://greenhouseaccounts.climatechange.gov.au/


1 x 210 MWth reactor 
driving 2 x 30 MWe turbines 

2 Nov 2021 

15 Sep 2021 

12 Jun 2021 



Cost cannot be considered simplistically or in a vacuum 

5. Energy SECURITY considerations at the national-level 

4. The VALUE to the system, including real option value 

3. The SYSTEM What is the effect on system costs of 1, 2, 3 … N plants ? 

2. The FLEET How would that cost come down from 1st to Nth-of-a-Kind ? 

1. The ASSETS What would it actually cost to build a nuclear plant in Australia ? 
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https://www.forces.net/china/sunak-and-biden-discuss-chinas-increased-assertiveness-and-agree-visits 

Point Loma Naval Base 
San Diego, California 
13th March 2023 



nuclear energy due diligence study tour Jan-Feb 2023 with the shadow minister for climate change and energy



“Energy security IS national security.” 



What is ‘energy security’ ?

the power to 
be free and 
to do work

The Canberra definition 

first put forth at the IPA Retreat the in 

May 2023 at the Hotel Canberra
definition: 



energy security

power to apply a 
force or the 
capacity to 
perform useful 
productive  work 
in the service of 
people and 
society 

the state of 
being free 

from danger or 
threat, of 

feeling safe, 
stable and free 

from fear and 
anxiety

+

What is ‘energy security’ ?

the power to 
be free and 
to do work

energy security 

and national security 

are inseparable



Coal plants

Queensland 
black coal sub- and super-critical
commissioned: 1980 – 2007 
50 y retirement: 2030– 2057

New South Wales
black coal sub-critical
commissioned: 1983 – 1993 
50 y retirement: 2033– 2043

Victoria
Brown coal sub-critical
commissioned: 1980 – 1995 
50 y retirement: 2035– 2045

 

7 plants 
7 274 MW 

4 plants 
8 160 MW

3 plants 
4 775 MW 

Coal plants CLOSED since 2011

Queensland 3 plants  704 MW 
(including 34 MW gas turbine) 

New South Wales  4 plants 3 710 MW

Victoria  3 plants 4 775 MW 

South Australia  3 plants 1 240 MW 
(including a 480 MW gas plant) 

TOTAL in the NEM  12 plants 7 609 MW 
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Backups



REZ development – 2029-30 
in the Step Change scenario

Figure 15, p.44

www.energyco.nsw.gov.au/industry/network-infrastructure-strategy-nsw

 

 

 
 

2022 Integrated 
System Plan 
June 2022 
 

For the National Electricity Market 
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WHAT’S GAMBLING REALLY 
COSTING YOU? 

For free and confidential support 
call 1800 858 858 or visit 
gamblinghelpline.org.au



What are we thinking? 

We are betting the power system 

Best case: odds of 150:1

Worst case: odds of 500:1
…or longer 

…and hence the economy 

Since the power system is our 
civilizational support structure 

The current official plan is a 
perpetual recession machine 
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Maria,	what	would	be	your	advice	for	Australia?	

“Well!	First:	stop	blowing	up	your	coal	plants	—	
you’re	not	ready	to	live	without	them	yet!”

— Maria Korsnick, CEO of NEI, highly experienced engineer 



The Guardian, North Head, Sydney

We are walking rapidly towards the 
top of a cliff

at the same time, the cliff is 
collapsing towards us

… and getting steeper

…blindfolded

This is stupid, self-destructive and 
a form of national security suicide 



CONTEXT

Oct 2021



CONTEXT

Jan 2023

Closure of Liddell
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+ Eraring
Closure of Liddell

…and the 
yawning GAP



continuous base 
load on the grid 

24 hours/day 
365 days/year

…and the 
yawning GAP

BA
SE

Generation CAPACITY

in
te
rm

ed
ia
te

pe
ak

in
g

FI
RM

no
n-
fir
m + future investment in new and replacement renewable 

and other generation and storage capacity 
as needed to meet demand growth 

in Australia and export markets 

Customer DEMAND

electrification for 
decarbonisation and 
other growth 

annual peak hour

average grid load

30-35

50+

22

~12

Source: adapted from What would be required, Figure 1, with updated data

CONTEXT

The interconnected power system in Eastern Australia

fleet of 21stC  SMRs

DON’T procrastinate 

…and DON’T rush 

Eraring
Liddell  X



Portland Tomago

Newcastle

Gladstone

Victoria New South Wales Queensland
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Green H2 or NH3  
production and export 

Realisation: 

This long, complex, 
high-loss, low-utilisation, 
capital-inefficient, and 
weather-dependent 
value chain… 

…will never be able to 
deliver below the cost of 
production of ‘pink’ H2 in 
the destination markets 
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System stability 
focus on frequency response 

…

Key issue: challenge of BALANCING the system 



  

Dr Adi Paterson 

Founder and Principal: Siyeva Consulting 

15 Anzac Street  

Miranda NSW 2228  

Tuesday, 22nd November 2022  

The Hon Anthony Albanese MP 

Prime Minister 

Parliament House 

CANBERRA ACT 2600 

 

Dear Prime Minister,  

ENERGY POLICY   

A group of energy and energy supply professionals and experts are gathering this week in Canberra to 
reflect in detail on electricity provision in the Australian Eastern Grid, its resilience, and future. This is 
undertaken in the context of very mixed results from COP27. The ongoing need for Australian leadership in 
global and regional settings must find synergies with the climate agenda and energy security.  Our informal 
group shares a common concern: the fragile state of Australian electricity supply and its trajectory, as most 
strongly evidenced by the Eastern Grid challenges. The group is meeting in Canberra this Thursday, the 24th, 
to educate and inform the 227 MPs and their staffers in Parliament House.  

The challenge of climate change is huge. The electricity industry is a major source of carbon dioxide 
emissions. Therefore, all safe reliable low carbon sources, including Small Modular Reactors (SMRs) which 
are the lowest carbon, safe and reliable source of energy should be actively considered -  based on science 
and engineering and a credible future plan. 

As a coordinator of this meeting, I have become aware there are a growing number of experienced 
engineers and power system experts in Australia who are deeply concerned about the current activities 
and plans for deep penetration of intermittent renewable sources in the eastern grid. To achieve a low 
carbon future, we seek to offer a positive alternative to the current plans. It is demonstrably true that 
successive federal and state governments have been badly advised in relation to our critical national 
infrastructure, that is deep reliance on non-dispatchable wind and solar. The near term and future impact 
on millions of consumers, industry and essential public services is being locked in with this flawed approach.  

We believe that the Government is not fully informed in relation to the best science, engineering, and 
economic cost. Indeed, it is currently potentially misled on this aspect of energy policy. This has been the 
case in other countries, where decisive policy shifts are now happening. Recent reviews and published 
refereed research have accelerated moves to mitigate, and  reverse, the effects of high penetration dilute 
intermittent sources of electricity, and their impact on markets and consumers. We hope you have received 
considered and thorough briefings in this regard. However, we cannot see any evidence of this in your most 
recent public remarks or those of your Senior Cabinet colleagues.  

The electricity system is at the centre of this, but there are other elements that exacerbate the impact. In 
Europe, Germany is the dominant player at the heart of the highly interconnected grids supplying electricity 
and distributing gas. The German policy settings trace back over 20 years and have deep flaws that are now 
being exposed. The three main errors are:  

“…a growing number of experienced 
engineers and power system experts in 
Australia who are deeply concerned 
about the current activities and plans 
for deep penetration of intermittent 
renewable sources in the eastern grid.” 

“We propose prudent and urgent 
preparation of PLAN B, including 
SMRs, to anchor reliable, and 
predictable provision of electrical 
energy to consumers.” 

Hand-delivered: 

23 Nov 2022


