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Without nuclear power generation in the system
| 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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What is the Power Cost Paradox”? <~m""e5?<.\,m

Levelised Cost of Energy Question

 Wind and solar

$50 /MWh How much of each should
we build to get the lowest
Nuclear (First-of-a-Kind) TOTAL SYSTEM COST

$100 /MWh ?
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Two main messages delivered to CI)

CAPEOTWAY

governments, oppositions and to the nation

The problem ‘PLAN B’

* The Power Cost Paradox Main finding:

* The Power System Paradox « Australia is capable

* The Power Market Paradox Main recommendation:

- Saturation  Create real options \ N

- Balancing starting NOW




An Australian
nuclear industry

Starting with submarines?
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What would
be required
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Understanding the opportunities and costs of planning and
operating electricity systems with high shares of variable

renewable energy sources

Gabriel Luis Rioscco Vallejos

Do Corre v Sustmnwb be | aginconng looos swan




An Australian
nuclear industry

Starting with submarines?

AvATEALIS

Canberra

TOM FRAME

LCoE worked examples CSIRO GenCost for Mustration UPDATED
(2019) inputs

(high cost case, (low cost case) (low cost case)
Reactor module capacity, thermal 200 250| MWth
Thermal efficiency 45% 30% 31%
Reactor module capacity, electrical-gross 60| 60 77|MWe
N? modules and plant capacity 12 720 I 12 720 12 924 MWe
Plant capacity on a sent-out basis sul 683 875|MWe
Series N® & CapEx on a per unit capacity basis Nth 16.000| Nth 4.800| Nth 3.740| AUSM /MW
CapEx on a total plant overnight cost basis 11,520 3,456 3,456 AUSM
Construction period Syears 3years I 36I 3years [ 36| months
Interest During Construction (IDC) approximate 1,728 275 275 AUSM
CapEx including capitalised IDC @WACC 13,248 3,731 3,731 AUSM
Project Contingency 30% 3974 10% 373 10% 373 AUSM
Process Contingency (technology maturity) 10% 1325 0% 0 0% 0 AUSM
CapEx including 10C and Contingencies 18,547 4,104 4,104 AUSM
Technical service life 60 60 60 years
Weighted Average Cost of Capital 6.00% 5.30% 5.30%
Capital recovery period 30| 60 60|years
Fixed operation & maintenance per unit of capacity $200,000 $100,000 $100,000 | /MW
Capacity charge as an annuity $1,871,436 $316,359 $246,524 /MW Jfy
Plant Capacity Factor I 90%' [ 90%]0! capacity x 24h/d x 365d/y
Annual generation sent out 6,648 TA79 7466 MWh /y per MWe of gross generating copacity
Capital recovery charge $281.51 $42.30 $33.02 /MWh
Annual fixed O&M $30.08 $13.37 $13.39 /Mwh
Fuel + variable operation & mai $10.00 $10,00 |/MWhH
Long-Run Average Cost over capital recovery period $331.59 4@ /MWh




LCoE is not an investment-grade metric

October 2023 | Sydney
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Preliminary
concept

The engineering project lifecycle

SCOPING FEASIBILITY g/ FEASIBILITY OPERATION
study study & EIS
+ approvals

CLOSURE

Timeline (NOT to scale)
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Cost estimate classification matrix and expected accuracy versus project maturity

Expected ACCURACY
+100% o
Estimate Level of Project Typical purpose for estimate Typical estimating _qmd
CLASS DEFINITION  END USAGE METHOD
s 0% to 2% Concept screening Capacity factored, parametric models, judgement or analogy . <20% to +30% . +100%
4 1% to 15%  Study or feasibili E ent factored or parametric models -30% “15% to +20% . «50%
+75% wdy v auipm p 2 NuScale SMR
3 10% to 40%  Budget authorization or control  Semi-detailed unit costs with assembly level line items. - 20% <10% to +10% . ~30% d evelo pme nt was h ere
2 30% to 75%  Control or bid/tender Detailed unit cost with forced detailed take-off 5% . S¥ to +5% . 220%
1 65% to 100% Check estimate or bid/tender Detailed unit cost with detailed take-off 0% . 3N o +3% . +15%
+50%

- project FINANCING . commissioning
+25%
pro;ect delivery
AACE ]
Class 5

-25% feasibility study, S&EIA, approvals
pre-feasibility study

~ concept / order-of-magnitude / scoping studies
50% o
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Level of Project DEFINITION

October 2023 | Sydney ANA Conference
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Cost estimate classification matrix and expected accuracy versus project maturity

Expected ACCURACY
+100% o
Estimate Level of Project Typical purpose for estimate Typical estimating _qmd
CLASS DEFINITION  END USAGE METHOD
s 0% to 2% Concept screening Capacity factored, parametric models, judgement or analogy . <20% to +30% . +100%
+75% 4 1% to 15%  Study or feasibility Equipment factored or parametric models 30% . -15% to +20% *s0% NuSca | e SMR
3 10% to 40%  Budget authorization or control  Semi-detailed unit costs with assembly level line items. - 20% <10% to +10% . ~30% d evelo pme nt iS or
2 30% to 75%  Control or bid/tender Detailed unit cost with forced detalled take-off 5% . SX to 5% . 220% will soon be here
1 65% to 100% Check estimate or bid/tender Detailed unit cost with detailed take-off 0% . 3N o +3% . +15%
+50%

- project FINANCING . commissioning
+25%
pro;ect delivery
AACE ]
Class 5

-25% feasibility study, S&EIA, approvals
pre-feasibility study

~ concept / order-of-magnitude / scoping studies
50% o
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Level of Project DEFINITION
October 2023 | Sydney ANA Conference e roje >
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Cost cannot be considered simplistically or in a vacuum U2

CAPEOTWAY

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 15t to Nt"-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
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What would
be required

for nuclear energy plants to be
operating In Australls from the 2030s

ral estimate 7’
(AACE class 3-4, U.S. rel. unit cost basis)

NuScale/Fluor ¢

Overnight capital cost on a per unit capacity basis (2017US$ to 2020 AUS)

CapEx on a total plant overnight cost basis

Owners' costs: AUS2015, adjusted to AUS2020

CapEx: overnight costs plus owners' costs

Construction period (authors' conservative assumptions)
Interest During Construction (IDC) approximate

CapEx Including owners’ costs, IDC capitalised & WACC
Project Contingency 30%

CapEx including IDC and Contingencies authors' estimate
10% Government finance

20% Sp
40% Commercial dedt plus ECA finance

ial purpose bonds

30% Equity portion

Wustrative WACC with the above assumptions
Capital recovery peried

Fixed operation & maintenance per unit of capacity
Capadity charge as an annuity

Plant Capacity Factor

Operating hours per year

Capital recovery charge expressed per unit of output
Annual fixed O&M expressed per unit of cutput

Fuel + variable cperation & maintenance

Long-run average cost of energy, levelised over 30 y capital recovery

i

2893 3993
2757 36%0
203 393
2959 4083
36 48
235 433
3195 4516
958 1355
4153 s8N
yield 1.0%

yield 3.0%

yield 6%

yield 7.2%

5.3%

30

100

316 447
95%

8322

38 54

12

0

60 76

)

/ AUSTRALIA

THE UNIVERSITY
| OF QUEENSLAND

AACE 2017USS /kW.
upper gross

5613 2020AUS% / kWe

gross
sz AUSM
765 AUSM
5952 AUSM
60 months
789 AUSM
6 740 AUSM
2022 AUSM

8762 AUSM

years

AUS /kW

667 AUS /kw /
of capacit
24h/d x 365d/y

hiy

80 AUS /MWh
AUS /MWh
AUS /MWh

102 AUS /MWh




THE UNIVERSITY
FlNANClNG w F QUEENSLAND

Overnight CapEx 2 983 3488 3993 4 604 5613  2020AUS /kWe gross

TOTAL CapEx * 4153 5002 5871 7 032 8762 AUSM

...-of a-Kind ‘Best’ Nth  ‘Worst’ Nth  5th-of-a-Kind ‘Best 15t ‘Worst 1°t  Learning
Assumed build 36 42 48 54 60 months
LRACE 60 68 86 102 Aus/mwh
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Cost cannot be considered simplistically or in a vacuum U2

CAPEOTWAY

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 15t to Nt"-of-a-Kind ?

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




Technology Learning CD

CAPEOTWAY
—the Grubb Curve
TRL: 1 2 3 4 5 6 7 8 9. N readiness
Research Develop- Demon- Deployment Mature technology stage
ment stration
< Lcansing X
i
':_ Lab Bench Pilot Commercial = Large scale
b0 :
: 25 L 2 . A
£ x 9 » Qo
o 2 O o {I 7
e S © = S S
x =@ o g =
=) > © (@] B
c = - & 2 ©
£ 8 S 2 g 8
£ : E I
N o = - 3, .t S
g 80 F p= 5 0 9 &
g : g : "8 8% S
i) s E’ © O ° I’
.g 2 u > () tngagement
o ‘& ) = S
o @ <3 The NEA Small Modular Reactor Dashboard
£ T e Volume I more info:
> https://doi.org/10.1787/e586e483-en
Time



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

weapons 1. costs

accidents 2. time

radiation 3. ‘waste’ *

* this is actually:

nuclear ‘waste’

Slightly Used Nuclear Fuel




Does nuclear energy cost too much?

...or are Westerners stupid?

$14,000 /kW < West
$12,000 /kW —_—
3 $10,000 /kW —_—
O
S $8,000 /kW —
5
©  $6,000 /KW
B o o oo een e e e e e e e e e e e e
2 $4,000 kW
$2,000 /KW
$0 /kW
us France Finland UK
(Vogtle (Flam- (Olki- (Size-
3&4) anville 3) luoto 3) well B)

Middle
East

UAE
(Bara-
kah 1-4)

East >
Japan Russia Korea
(3 units) (2 units) (10 units)

China
(4 units)

Total capital costs (SUS/kW) of recent nuclear projects

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




Does nuclear energy take too long? ...or are Westerners just a bit slow?
Construction times of large 21t century PWRs

2000 2010 2020 2030
| S— - L } =
Barakh 4 Start 30 Jul 2015 279 )
Barakh 3 Start 24 Sep 2014 2920 W 30
Barakh 2 E Start 15 Apr 2013 3056 367
Barakh 1 Start 19 Jul 2012 2941 724 |
Shin Hanul 2 Start 19 Jun 2013 3567 % :epco
Shin Hanul 1 Start 10 Jul 2012 3603 109
Saeul 4 Start 20 Sep 2018 1648
Saeul 3 Start 01 Apr 2017 2185
Saeul 2 Start 19 Aug 2009 3519 e | p—
Saeul1 Start 16 Oct 2008 2630 i — . — )
Haiyang 2 Start 20 Jun 2010 3023 (1537 B
Haiyang1 Start 24 Sep 2009 3240 T —
Sanmen 2 Start 15 Dec 2009 3167 1602 TOSH I BA
Sanmen1 Start 19 Apr 2009 3350 | 1647 |
Vogteds S Start 19 Nov 2013 3414 WEStII'IghOUSE
Vogtie3 S Start 12 Mar 2013 3646 !
5 ]
VCSummer3 B Start 02 Nov 2013 1367 Abandoned 31 Jul 2017
VCSummer2 S Start 09 Mar 2013 I N J
Hinkley Pt C2 Start 12 Dec 2019 1200 N
Hinkley PtC1 =§= Start 11 Dec 2018 1566 fram m
Taishan 2 Start 15 Apr 2010 3330 B . v— atome
Taishan 1 Start 18 Nov 2009 3122 564 A S
Flamarvile3 I Start 03 Dec 2007 5592 RN €DF
AREVA
Olkiluoto 3 jwfem| Start 12 Aug 2005 5966 EA J
Start CONSTRUCTION To First Criticality u To First Grid Connection = To Commerdal Operation = GENERATION

October 2023 | Sydney
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APR-1400

AP1000

EPR1750

21
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Cost cannot be considered simplistically or in a vacuum )

CAPEOTWAY

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 15t to Nt"-of-a-Kind ?

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




350 S/MWh cost

300

EQUID fuels
only thermal
250 plants
generating
hydro and thermal
plants generating
200
150
100
GAS open cycle
@510/GJ gas
GAS combined cycle o )
50 all capacity including solar,
VIC brown QLD bIaCk coal Nsw bIaCk coal : ....................................... Wind, hydrO and thermCI/
hydro coal S Eh ’ plants available at full capacity
0 10 20 30 40 50 GW capacity

range of demand variation: JIAN] JEEVEET-L <P Ab




120 5/MWh price Short-Run Marginal Cost ranges

100 °
[ )
[
80 l- ———————
* FY2019-2020 / I
0 o / \ Combined-Cycle Gas Turbine I
‘ @$ 5 to 10/G) |

° ® e \ I

40
FY1999-2000 e ®
: * S : Black Coal NSW & QLD ]

20 Nuclear

Brown Coal VIC

Wind, Solar, Hydro
160 170 180 190 200 210 TWh /y generated




O .

NEM Resid.LDC

Steepness increases

with higher VRE shares
$150 AUD/MWh (author'sest) _ )
Integration costs Wide disparity o
PROFILE costs only estimates
* Significant costs for
Brouwer et al., 2016 VRE above ~ 25% share
$100 Based on a selection from ° * System specific
more than 60 papers in Reichenbergetal., ° Mostly EU or USA
full literature review 2018 studies
o P * Many studies report
Pietzcker et al., 2012 Sholz et al., 2018 OO0, Feductiar: ory
° some report VRE share
Hirth et al., 2015 )
SSO Brouwer - al.’ 2016 6 .\.\ OZdem'r et al., 2017 * Few studies exp'ore
Sholz et al., 2017 Lamont., 2008 shares > 60%
Ueckerdt et al., 2017

Green et al., 2011

| ? Bushnell, 2010
9 e

s
ol Boccard, 2010
$0 G Boccard, 2010

0% 20% 40% 60% 80% 100%

° Blakers et al., 2017 ?

* Lower bound estimate:

$25/MWh integration
costs for Australia

VRE share




“There is no single full-fidelity model of a power system.”

... but there are plenty of useful models




Reality checks

Gemeration VW

000

Key

Solar (Rooftop)
. Hydro
Gas (OCGT)
. Distillate
. Coal (Brown)
Solar (Utility)
. Battery (Discharging)
Gas (CCGT)
. Biomass

Pumps
. Wind
Gas (Reciprocating)
r‘ Gas (Steam)
B coal (Black)
Battery (Charging)




LSO NW

Av. 81735

Source: Gabriel Rioseco PhD thesis, 2023
October 2023 | Sydney

[ ol

o7 3 -
historical AEMO data chart from openNEM.org.au

o

0 kgCO2/MWh

nuclear

ANA Conference

Al A |
L 1 b,

South Australia:

Wind + solar driven (subsidised)
Gas dependent (and import/export)

Nuclear is excluded

System cost minimisation

wind
sdaPV
w— battories
pump
s hydro
s bOMass
ween NudearSMR

w— LOAD

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

28




Generation costs in the interconnected system

NUC_LOW NUC_CENTRAL NUC_HIGH NUC_VERY_HIGH system average

$4698 $6641 $7955 $9912 /kW CapEx

VRE Share

. L P
225 | GW Installed Interconnected generation system cost: o T e
Capacity - '.‘ o -
S180 /MWh z e
200 . . . e . ...u-"""’"- .
~ 6X overbuild + transmission for Rewiring the Nation -
175 on a nominal + distribution for two-way flows
installed capacity basis + control systems
150
125 120 GW Installed Capacity GHG emissions limit (kgCO2/MWh) and CAPEX case considered /
wind = Wind
100 solarPV 100 SolaPV
mbatteries 80 S75 ng Sloz /MWh m Batteries
75 pump Pump Hydro
mhydro 60 mHydro
50 mbiomass mBiomass
OCGT 40 OCGT
25 = CCGT = B | =  §CCGT
aCoal 20 mCoal
o | l 0 = NuclearSMR
& 0 0 0 0 kgCO, /MWh
(O]
Z
=
©
w
z
o
b4

100%|




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 — — —
e use existing transmission
e avoid distribution upgrades

e avoid system balancing problems
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CAPEOTWAY

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 15t to Nt"-of-a-Kind ?

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




Here is what has happened to PRICES

300 S /MWh

250 1
200

150

100

50

o ot SN N0

Month's Revenue Pool: $ 27 Million
50
Month's Energy: 1 115 GWh

-100
0 1000

2000 mw

300 S /MWh
250
200
Aug 2021

SOE % .{4 7,

Month'sRevenue Paolt:$ 54 Million
-50
Month's Energy: 983 GWh

-100

0 1000 2000

CAPEOT

WAY

3000 Mw




a SYSTEM # a market

ATy,
WTE Model L
< aF, 1 A .
S | a1 Dy La WindiNpRTIATY
J 2H, x4 D,
APy | Swing Equation
» du RoCoF
: "h—
Y1 Steam PFR =
Hydro PFR =

Fig. 1. Complete system block diagram. This figure is a representative
model of the actual system built in Simulink. The main input is a power system
disturbance and the output of interest is the frequency nadir and RoCoF

-100

Aug'09 ——> Aug’19

300 S/MWh 300 5 /MWh

250

200

150

100

50

0 s acxal 1498
Month's Revenue Pool: $ 27 Million

-50 -50

Month's Energy: 1 115 GWh Month's Energy: 1 049

0
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Finding and observation L2

_ CAPEOTWAY
from earlier research

“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




ECONOMICS

@ THE UNIVERSITY

OF QUEENSLAND

” AUSTRALIA

Applicability

SMRs are designed to be used for:
e Electricity

e Balancing renewable energy

e Hydrogen production

e eFuel synthesis

e Desalination of seawater

e 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

Power
60 MWe

“© Typical electrical diemand -~ =~ N
/
P - ~ / N N
40 / S 7/
/ —_———— 7 NuScale plant
3027 output
20 Horse Butte
10 wind farm
output
0
06:00 12:00 18:00 clock time
Reactor output
100%
) AN

Turbine bypass N

0% \\,./V"/
100%
_Reactoroutput . / ,,,,,,,,,,,,,,,,,,,,,,,,,,
AN
Turbine bypass N~/

WMWMWAWA\M/

06:00 12:00 18:00 clock time

0%




Some Perspectives on costs
remarks on insights from recent research

Fad
A

Tue UNIVERSITY OF QUEENSLAND

Bachelor of Enginecring Thesis

Hydroges or Electrons: the Engineering and Econombos of HVIX
and Groen Hydrogen & Study of the Viability of Clons Energy

Exports from Northern Asmstralis to Sowthenst Aska

Stwdest Name: Jarredd ALLEN

Cotrse Code: MECHAM

Green HYDROGEN
(& ammonia)

m THE UNIVERSITY

OF QUEENSLAND

AUSTRALIA

Frequency
STABILITY

Emerging Frequency Control Mechanisms
in IBR Dominated Power Systems

Nicholas Maurer
Schood of Mechanical
md Minisg Engincenag
The Universaty of Queensiand
Brishane, Queensland 2072

Abstract=As liverter-doned resosrce (THR) penetration In-

oremses, syslemn Incnh bevels mre decreasing snd the tpe of
ilable v This paper exploces the

adcqun n( crrging techneloghes In providing pest -contingenoy
froquency cosirod Is the alnence of tradithenal synchronos
growralons (Mask. The three lechnologhos comddercd are (1) the
Tast frequency response (FER) of & wind turbine geserater, (1) the
FFR of grid-scale batlery systems and () the Inertial comtribulion
of synchronom condemers (SOs) The moded Incerperating these
techmodogies Is ballt arcund the aggregated swing equation
and abe Inclodes the primary responses of seam and hydre
gemeratons,

The Dindings Indicate that although po individesl n\lmﬁg\
can adoguately lmprese the freg Y repetse,
them cam. For example, SOs and balleries were seen IDI‘III.I
the rate of change of frequescy (RoCol) and nadir within safe
operating kveb. This suggests thal o more grasular set of grid
services b requined (o madntaie vyvtems vabilty and hat these
services com be offered by & range of ew fechmologhes,

Stephen Wikson
School of Mechanical
and Maing Engincering
The University of Quecmdand
Brishase, Quecasiand 4072

Archie C. Chapean
School of Information Technology
and Electrical Enginecring
The University of Quoensland
Brodese, Quecasiand 4072

1) The fuw freguency respowse (FFR) of a wind turbine

penerace (WTG),

2) the FFR of a hatlery encrgy storsge sysicss (BESS) and

3) the inermial contnbution of synchronoes condensers

(SCs)
Each of these techaologies has received individuad atiention i
literature, wind FFR in [2), ramp FFR in |3] and syachronoss
condeasers in [4) This rescarch adds 1o this work by stadying
2 roduced-form system where the effects of each technology
cam be studied together,

In Jely of this year. AEMO CEO anncunced plams to
“enginoer grids that aee capable of rusming o 1007 imtants-
neous pesctration of rescwable cacrgy™ by the year 2025 [5)
This mnouncemseat extended AEMO's previous target of 75%
penetration outlined in their Inegrased System Plan [6). As
Australia prepanes 10 enter operating regions beretolone snseon

b arice sreasnd tha werld davaliminn o slase ot wad
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$3OO ‘ S/MWh levelized @80% CF = = m e o o o o o o i o o

Cost

Gas IGCC
| HELE
fuel + O&M costs only for
""""""""""""""""" -—=2 __existingfleet
I—- Victoria .
NSW & Qld e i

450 9500 1350t co,/Mwh - Emissions
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CLIMATE

CAPEOTWAY
what about carbon costs?

Kyoto:] 1990 + 8% ... through 2008-12 .
Paris:

2005 - 43%

..by

2 2030 COZ

420 Energy
of which:
165 Electricity -
14 Gas, Water & Waste Sé'rv_i_ccs

137 Safeguard facility emissions

1990 2000 2005 2010 2015 2021 2030

B Agriculture Energy # (ndustrial Processe ® Land Use, Land-lUse Change and Forestry Waste

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



https://greenhouseaccounts.climatechange.gov.au/

1:x210 MW, reactor
driving 2 x 30 MW, turbines

T\\Tﬁ'\?'\‘

90 « B% .. through 2008-12 §
| 2005 - 43%
My
. 2030

~
~

420 Energy

f wh

of which
165 Electricity
14 Gas, Water & Waste Setvjces

11T ——
1050 s 2008 2015 2030 ; ¢ ‘ 2 Nov 2021
- nergy . trial Py s = . e ar ’ Warte
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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 15t to Nt"-of-a-Kind ?

1. The ASSETS What would it actually cost to build a nuclear plant in Australia ?
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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’ ?

definition:

the power to
be free and
to do work

I Institute of
K Public Affairs

The Canberra definition

first put forth at the IPA Retreat the in
May 2023 at the Hotel Canberra
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What is ‘energy security’ ? IE

energy security

the power to and national security

be free and
to do work are inseparable
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Coal plants SED since 2011
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Coal plants

Queensland

black coal sub- and super-critical
commissioned: 1980 — 2007

50y retirement: 2030- 2057

New South Wales

black coal sub-critical
commissioned: 1983 — 1993
50y retirement: 2033- 2043

Victoria

Brown coal sub-critical
commissioned: 1980 — 1995
50y retirement: 2035- 2045
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The Effect of Nticlear Energy on
Total System Electricity Costs
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Backups




REZ development — 2029-30
in the Step Change scenario

() 2022 Integrated

A System Plan
Network Infrastructure o : . A © i

Strategy for NSW

llawarra REZ

__o Renewoble Energy Zones Existing Network
Deliver Now

Secure Now

Plan for the Future

Network nfrastructure delivered through Tranagnd's ISP propects EnergyConmect Humel nk and VNI West




WHAT’S GAMBLING REALLY
COSTING YOU?

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




What are we thinking? (D)

CAPEOTWAY

We are betting the power system ...and hence the economy

Best case: odds of 150:1 Since the power system is our
civilizational support structure

Worst case: odds of 500:1
...or longer The current official plan is a
perpetual recession machine
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Maria, what would be your advice for Australia?: +2

3 .’/" /4/

“Well! First: stop blowing up your coql plants,—
you're not ready to live without them J&6/" N,
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We are walking rapidly towards the
top of a cliff ...blindfolded

e S o

at the same time, the cliff is
collapsing towards us

... and getting steeper
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This is stupid, self-destructive and
a form of national security'suicide™ ===
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SOLAR farms

WIND farms

LIQUID fuel turbine
LIQUID fuel engine
GAS turbine

GAS engine

HYDRO energy

GAS combined cycle
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The interconnected power system in Eastern Australia

Generation CAPACITY

non-firm

SOLAR farms
WIND farms
LIQUID fuel turbine

FIRM

peaking

intermediate

BASE

LIQUID fuel engine
m GAS turbine
» GAS engine

= HYDRO energy

m GAS combined cycle

m GAS steam turbine

m Black COAL
m Brown COAL

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

+ future investment in new and replacement renewable
and other generation and storage capacity

as needed to meet demand growth

in Australia and export markets
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Green H, or NH;
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’ H, in
the destination markets

October 2023 | Sydney
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System stability

focus on frequency response

Key issue: challenge of BALANCING the system

Contingency FCAS Automatic Generation Control
Prowides a base level of frequency sensitive reserve Reguiation FCAS/Energy Re-dispatch

S0Hz

Inertia Secondary Frequency

Sows Treguency Control
decine

Changes. L se
restore requency

1o SOME

Primary

Frequency
Control

Amrpsts dechng

Frequency arrested

Time (secs)
Figure 2.2: The frequency response of a power system |26]. The overall dynamnics

are controlled by three major components, the inertial, primary, secondary responses,
The secondary response, as mentioned in Table 1.1, 18 not considered in this research.
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Emerging Frequency Control Mechanisms
in IBR Dominated Power Systems
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“...a growing number of experienced
engineers and power system experts in
Australia who are deeply concerned

Founder and Principal: Siyeva Consulting

about the current activities and plans

| - st | for deep penetration of intermittent
' i~ renewable sources in the eastern grid.”

Parliament House

CANBERRA ACT 2600
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