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Nuclear power and the electricity industry
| Potential Roles ||| Concerns |
» Address energy security « Significant uncertainty in

concerns due to fossil its economic viability

fuel dependence « Extremely high capital

* Nuclear is less sensitive costs
to fuel prices volatility * Long lead times

* Low contribution of fuel « Significant financing
costs charges

* Reduce GHG emissions * Others

» Zero operating carbon » Waste management
emissions « Nuclear proliferation

* Low embodied carbon « Radiation risks
emissions
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Implications for generation investment

= Generation investment decision making is increasingly challenging
> Growing uncertainties about future fuel prices, climate change policy,
plant capital costs and demand.
» In restructured industries, generators cannot rely on passing excess
costs from poor investments onto customers
= Uncertainties may have substantial impact on optimal generation
investment decision making
= This study employs a generation investment decision support tool to
analyze generation portfolios of Coal, CCGT and Nuclear plant
under future uncertainties

» Formally incorporate risk assessment using Monte Carlo Simulation
technique
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Conventional tools in electricity investment

SKWIYR Generation cost vs capacity factor of each technology

= Often focus on finding the least
w | cost future generation portfolios
el B el to meet projected future demand

400 | —Nuclear

» DCF, levelized Cost

. / > Deterministic assumptions i.e. fuel

ol prices, demand, carbon prices,
capacity factor of plants

» For example: Conventional

0 5 10 15 (20 25 30 35 40 45 50 55 G0 65 7 75808590951ODCF

| v Load puraton curve optimal generation mix method
g 80 .
£ = Expanded assessments include
. Scenario and Sensitivity Analysis
- = Under ‘cost recovery regime’ —

» may insulate those that make

0 decisions from poor outcomes

Percentage of time (%) 100
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Monte Carlo optimization model

= Combines optimal generation mix concepts with stochastic Monte
Carlo Simulation (MCS) and financial portfolio analysis techniques
» Incorporating uncertainty into key cost assumptions using Monte
Carlo simulation technique
= Determine the expected generation cost ($/year), ‘cost
uncertainty’ (risk) and CO, emissions of various generation
portfolios

» Contribution of each technology to the cost and risk of the entire
generation portfolio

Identify uncertain Assign probability distributions il Define correlation among
variables to uncertain variables uncertain variables

+

Method to generate [} Simulation runs |} Possible results represented by a MCS
random samples (i = n samples) probability distribution process
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Monte Carlo optimization model

= Generation cost ($/year) = Fixed
Cost (FC) + Variable Cost (VC)

Expected Load
Duration Curve

Stochastic model of
uncertain parameters

Generator
inputs

ualize ed cost of each technology (3 . .
[ A seacox -5 | = FC = annualised fixed cost ($/yr)
[ For cach possible mix of generation tecknologies | » incur regardless of energy produced
Generate random values nfmcertamparameteu from " VC = O&M COSt + Fuel COSt +
pre-defined probability distribution Carbon COSt ($/year)
[ Caleutate variable cost of cach tachnology (SMWH) | » Amount of energy generated by each

technology is determined from
economic dispatch

Economic Dispatch to determine generation output
(MW} of each technology in each period

i .
Gl = Results consist of
# Totalenergy of eachtechnologyin the penod. .
» Ovesal geiral;un cost f(sthéﬂh) and COy exissions » Expected generation cost ( $)
oreachgenerabionportioho.

» SD of cost, which represents the ‘cost
uncertainty’ (risk).

» Expected CO, emissions of each

4 ES generation portfolio (tCO/yr)

Expected generation cost, risk and CO; emissions of

Simulation Run
{n samples)

each generation portfolio
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Case study

= Generation portfolios consist of Coal, CCGT and Nuclear
» Faces uncertain future fuel prices, carbon price and plant capital costs

» Share of each technology ranges from 0-100% of total capacity in 20%
increments: 21 generation portfolios

SYDNEY o AUSTRALIA

N %Share of technology %Share of technology| ® For each pOI"th”O —the
o coal | CCGT |Nuclear = coal |CCGT | Nuclear A f a

TG G 160 |z g 5 0 calculation of cost is

2] 0 | 20 | 80 |[13] o | 20 | 80 repeated for 5,000

3 0 40 60 14 0 40 60 A :

a0 5 20 M5 T o T 60 20 smulatgd single years of
5] 0 80 20 6] 0 | 80 20 uncertain and correlated
6 0 100 0 17 0 100 0 1

7120 5 20 5T 5 20 fuel and garbon prices and
8| 20 | 20 | 60 |[19] 20 | 20 | 60 plant capital costs

9 20 40 40 20 20 40 40

10| 20 60 20 21 20 60 20

11 20 80 0
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Case study - Inputs

i '
enerator Expected Stochastic model of
parameters load profile uncertain parameters

Technological & Yearly LDC

economic parameters
of each technology

. . Technology

Attributes Coal | CCGT | Nuclear

- Carbon | Coal Gas | Nuclear
Hlawilic fess) e = £ price price Price | fuel price
Capital cost ($/MW) 1,400,000 650,000 (4,000,000 $1tCO2)|($/GIy* | ($/GIy*| ($/GJ
Fixed O&M ($/MW/yr) | 43,000 | 25,000 | 100,000
Efficiency (%) 42 58 35
\Variable O&M ($/MWh) 53 1.5 2
EF(tCO,/MWh) 0.8 0.35 0 ** Sources: IEA, “Electricity Information 2009”

** Sources: IEA, NEA/IEA (2005), MIT(2009)
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Case study - Modeling uncertainties

= Correlated lognormal distributions to represent fuel and carbon
prices uncertainty

700 Nuclear Gost = Use multivariate lognormal
uel price 0 a

600/ price simulation to generate 5,000 sets
2 500
% 400 of correlated fuel and carbon
g a0 prices

200

100 = Correlation between gas and coal

1273 45 6 7 8 9 10111213 141 price — based on historical data

Fuel price ($/GJ)

‘x » Strong positive correlation
500 = Correlation between fuel and
gfﬁ carbon prices — based on
£ w00 estimations from EU ETS
200

» Gas & carbon price: +ve correlation

o e 5 100 » Coal & carbon price: -ve correlation
Carbon price ($/tC0O2)
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Case study - Modeling uncertainties

= Lognormal distribution to represent capital cost uncertainty of each
generation technology

800

T00rceeT
500 COAL

g 500
S 400
g

2 300

0 1 2 0 "

3 4 5 6 7 B8 9
Expected capital cost ($ Million/MW)

*“* Sources: IEA, NEA/IEA (2005), MIT(2009)

NUCLEAR
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Efficient Frontier (EF) — the generation cost cannot be reduced without increasing ‘cost uncertainty’
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:Comparing different portfolios
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0% Coal, 80% CCGT and 20% Nuclear
portfolio has lower generation costs =
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0% Coal, 80% CCGT and 20% Nuclear
portfolio has higher generation costs -

=
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Cumulative probability

. Difference between 0%Coal, 80%CCGT, 20%Nuclear
" and 20%Coal, 0%CCGT, 20%Nuclear

—_ Difference between 0%Coal, B0%CCGT, 20%Nuclear
and 40%Coal, 40%CCGT, 20%Nuclear
Difference between 0%Coal, 80%CCGT, 20%Nuclear
and 80%Coal, 20%CCGT, 20%Nuclear

15 -1 05 0 05 1 15
Generation cost differences ($ Billion)
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= Use cumulative probability to statistically compare different
portfolios — i.e. 62% likelihood that the cost of portfolio B is than C
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Impact of different carbon pricing regimes

58

80% Coal :
ST ek Nacar | =Higher carbon prices leads to
5.6F ; : £ 20% Coal, 40% CCGT, 40% Muclear- . 4 . .
| joo% Eostsmx coatl |4 | e _ higher overall geperatlon cost
= 5.4 40% Coal - u:% Coal, 60% CCGT, #0% Muclear . < and Cost uncerta|nty
g 5.3r ;gz ﬁﬁg:ar U'ﬁ; gctal ; 8 4 - F I b .
852 50t Coal SoseBuciear—i+{ | 1Ol IOW CAFDON Prices
F51 et 0% coal 60% coaT a0 nucear 3> Portfolios with large share of
5 5 wwce e i 1 coal are economically more
‘:ﬁ: :: L g?ﬁ% ﬁﬁf‘:ar :ZII% Nuclear gg% ﬁ:g;rﬂr ccaT ERU S favorable
a7l sncen B | » Nuclear power is least
R - L e s e . favorable
@450 0% Nuclear ; i _
it weon | =Coal becomes less favorable
a3l 2ecoeT  [=—cmmpice=smcaz | With increasing carbon price
w2l i : IE;.‘?“" "“?“3323335 ic viabili
ul 1 - e e oz | ™ ECOnomic viability of nuclear
. . % Nulear =l Carbon price = $501C02 imprOVGS as Carbon price
0 010203040506070809 1 1112131415

Standard deviation of generation cost ($Billion) increases
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Conclusions
= Tradeoffs among generation portfolios in terms of cost, risk and
CO, emissions

» i.e. Nuclear power has high expected cost and cost uncertainty but
can help reducing the expected CO, emissions

= The level of carbon prices has an influential role in the economic
viability of nuclear

» For low carbon prices, nuclear is the most expensive technology with
highest cost uncertainty due to its high and uncertain capital costs

» As carbon price increases, the economic of nuclear power also
improves in relation to coal and CCGT

» Reaquire relatively high carbon prices to make nuclear economically
viable compared with coal & CCGT
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