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Presentation Outline
 Background
 Potential roles of nuclear power Potential roles of nuclear power
 Implications for investment

 Generation investment under uncertainty

 Generation portfolio assessment model

 Case study of generation portfolios with Coal, 
Gas and Nuclear Plant option
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Gas and Nuclear Plant option
– Assumptions

– Results

 Conclusions
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Nuclear power and the electricity industry

Potential Roles Concerns

• Address energy security 
concerns due to fossil 
fuel dependence
• Nuclear is less sensitive 

to fuel prices volatility
• Low contribution of fuel 

costs
• Reduce GHG emissions

• Significant uncertainty in 
its economic viability
• Extremely high capital 

costs
• Long lead times
• Significant financing 

charges
• Others
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• Reduce GHG emissions
• Zero operating carbon 

emissions
• Low embodied carbon 

emissions

• Others
• Waste management
• Nuclear proliferation
• Radiation risks
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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
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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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 Often focus on finding the least 
cost future generation portfolios 
to meet projected future demand

Conventional tools in electricity investment

to meet projected future demand 
DCF, levelized Cost

Deterministic assumptions i.e. fuel 
prices, demand, carbon prices, 
capacity factor of plants

 For example: Conventional 
optimal generation mix method

 Expanded assessments include 
Scenario and Sensitivity Analysis

 Under ‘cost recovery regime’ –
may insulate those that make 
decisions from poor outcomes
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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 CO2 emissions of various generation 
portfolios
 Contribution of each technology to the cost and risk of the entire 

generation portfolio
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Identify uncertain Identify uncertain 
variablesvariables

Assign probability distributions Assign probability distributions 
to uncertain variablesto uncertain variables

Define correlation among Define correlation among 
uncertain variablesuncertain variables

Method to generate Method to generate 
random samplesrandom samples

Simulation runs Simulation runs 
((ii = n samples)= n samples)

Possible results represented by a Possible results represented by a 
probability distributionprobability distribution

MCS MCS 
processprocess
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Monte Carlo optimization model
 Generation cost ($/year) = Fixed 

Cost (FC) + Variable Cost (VC)

 FC = annualised fixed cost ($/yr) FC = annualised fixed cost ($/yr)
 incur regardless of energy produced

 VC = O&M cost + Fuel cost + 
Carbon cost ($/year)
 Amount of energy generated by each 

technology is determined from 
economic dispatch
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 Results consist of
 Expected generation cost ($)
 SD of cost, which represents the ‘cost 

uncertainty’ (risk).
 Expected CO2 emissions of each 

generation portfolio (tCO2/yr)

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% Share of each technology ranges from 0-100% of total capacity in 20% 

increments: 21 generation portfolios

No.
%Share of technology
coal CCGT Nuclear

1 0 0 100
2 0 20 80
3 0 40 60
4 0 60 40
5 0 80 20
6 0 100 0

No.
%Share of technology
coal CCGT Nuclear

12 0 0 100
13 0 20 80
14 0 40 60
15 0 60 40
16 0 80 20

 For each portfolio – the 
calculation of cost is 
repeated for 5,000 
simulated single years of 
uncertain and correlated 
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6 0 100 0
7 20 0 80
8 20 20 60
9 20 40 40

10 20 60 20
11 20 80 0

17 0 100 0
18 20 0 80
19 20 20 60
20 20 40 40
21 20 60 20

fuel and carbon prices and 
plant capital costs
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Case study - Inputs
Inputs

Generator Generator 
parametersparameters

Stochastic model of Stochastic model of 
uncertain parametersuncertain parameters

Expected Expected 
load profileload profile

Yearly LDCTechnological & 
economic parameters 

of each technology

Fuel prices

Carbon price
correlated

Plant capital costs

Attributes**
Technology

C l CCGT N l
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Attributes
Coal CCGT Nuclear

Plant life (Years) 40 25 40
Capital cost ($/MW) 1,400,000 650,000 4,000,000
Fixed O&M ($/MW/yr) 43,000 25,000 100,000
Efficiency (%) 42 58 35
Variable O&M ($/MWh) 3.3 1.5 2
EF(tCO2/MWh) 0.8 0.35 0

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

Carbon 
price 

($/tCO2)

Coal 
price 

($/GJ)**

Gas 
Price 

($/GJ)**

Nuclear 
fuel price 

($/GJ)
Mean 20 2.85 6.45 0.5

SD 10 0.285 1.935 0.05

** Sources: IEA, “Electricity Information 2009”
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Case study - Modeling uncertainties
 Correlated lognormal distributions to represent fuel and carbon 

prices uncertainty 

 U lti i t l l Use multivariate lognormal 
simulation to generate 5,000 sets 
of correlated fuel and carbon 
prices

 Correlation between gas and coal 
price – based on historical data
 Strong positive correlation
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 Correlation between fuel and 
carbon prices – based on 
estimations from EU ETS
 Gas & carbon price: +ve correlation
 Coal & carbon price: -ve correlation
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Case study - Modeling uncertainties

 Scatter plots of 5,000 samples of 
correlated gas coal and carbon
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correlated gas, coal and carbon 
prices
 Showing correlations among 

sampled gas, coal and carbon 
prices

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

Case study - Modeling uncertainties

Capital cost 
($/MW)

Coal CCGT Nuclear

Mean 1,400,000 650,000 4,000,000

SD 15% 10% 35%

** Sources: IEA NEA/IEA (2005) MIT(2009)
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** Sources: IEA, NEA/IEA (2005), MIT(2009)
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Case study -
Results
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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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 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

Higher carbon prices leads to 
higher overall generation cost 
and cost uncertainty

For low carbon prices
 Portfolios with large share of 

coal are economically more 
favorable

 Nuclear power is least 
favorable
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Coal becomes less favorable
with increasing carbon price

Economic viability of nuclear 
improves as carbon price 
increases
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Conclusions
 Tradeoffs among generation portfolios in terms of cost, risk and 

CO2 emissions
 i e Nuclear power has high expected cost and cost uncertainty but i.e. Nuclear power has high expected cost and cost uncertainty but 

can help reducing the expected CO2 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 
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improves in relation to coal and CCGT

 Require relatively high carbon prices to make nuclear economically 
viable compared with coal & CCGT
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Thank Thank you,you,

andand
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Many of our publications are available at: www.ceem.unsw.edu.au
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Questions?Questions?

peerapat@student.unsw.edu.au


