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Agenda

• Introduction to PA Consulting

• Use of Decision Analysis in the energy industry

• Nuclear power in the US

• Using @risk to analyze nuclear decisions

• Conclusions
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Nuclear Specific Expertise

 Business Case Development

 Capital Project Prioritization

 Cost and Schedule Risk Modeling

 Plant Life Extension Assessment

About PA Consulting Group

PA Consulting Group (PA) is a leading management, system and technology consulting firm 

founded in 1943.

 PA is global: we employ over 
2,100 consultants operating 
from 25 offices in more than 10 
countries

 PA is experienced: our advice 
is founded in deep sector and 
industry expertise across a 
wide range of consultancy 
services

 PA is innovative: we have 
proven hands-on experience in 
bringing innovative ideas and 
technology successfully to 
market

Los Angeles

Beijing

Copenhagen

Stockholm

Oslo

Dublin

Madison

Denver

New Delhi

Utrecht

Frankfurt
Munich

Buenos Aires

Bangalore

DubaiAbu Dhabi

PA office

Key

Principal office

Wellington

London

Cambridge

Belfast

Birmingham

Edinburgh

Manchester

UK:

Boston
New York

Princeton

Washington, DC

Los AngelesLos Angeles

BeijingBeijing

CopenhagenCopenhagen

Stockholm

Oslo

Dublin

MadisonMadison

DenverDenver

New DelhiNew Delhi

Utrecht

Frankfurt
Munich
Frankfurt
Munich

Buenos AiresBuenos Aires

BangaloreBangalore

DubaiAbu Dhabi

PA office

Key

Principal office

PA office

Key

Principal office

Wellington

London

Cambridge

Belfast

Birmingham

Edinburgh

Manchester

UK:

Boston
New York

Princeton

Washington, DC

Consulting Service Lines

 Strategy Consulting 

 Business Transformation 

 Information Technology

 Supply Chain Management

 Regional Economic Impact Analysis

 Strategic Sourcing and Procurement

 Operations Rightsizing

 Contract Review
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When can Decision Analysis be applied to the energy sector?

Solar Power

Energy Efficiency

Real Estate

Nuclear Power

With any Estimate, Schedule or Plan there are only a finite number 

of things that can go right, but there are an infinite number of things 

that can go wrong. 

The energy industry is experiencing significant change.  Decision analysis can and has been 

effectively employed across a wide array of capital projects, programs and initiatives.
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The Nuclear Industry Overview - International

Nuclear energy is undergoing a renaissance around the world. Globally, 58 new reactors are under 

construction, and 148 new reactors are planned to be in operation before 2030.* An additional 331 

reactors have been proposed.
Russia: 

32 Operating

10 in Construction

14 Planned

Japan: 

55 Operating

2 in Construction

12 Planned

S. Korea: 

20 Operating

6 in Construction

6 Planned

India: 

19 Operating

4 in Construction

20 Planned

UK: 

19 Operating

0 in Construction

4 Planned

Germany: 

17 Operating

0 in Construction

0 Planned
US: 

104 Operating

1 in Construction

30 Planned

China: 

13 Operating

23 Construction 

39 Planned

Canada: 

104 Operating

0 in Construction

0 Planned

Source: World Nuclear Association  October 2010, 

http://www.world-nuclear.org/info/reactors.html

*This map represents 

over 60% of all 

planned and ongoing 

construction.  
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Given the inherent challenges surrounding constructing a nuclear plant, it is important that the 

decision to build a nuclear power plant carefully consider all the factors that influence this major 

investment of resources.
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The Nuclear Decision 
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Using Risk Analysis to Evaluate the Nuclear Decision

If the wrong decision is made, whose burden 

is it?

• Cost of wrong decisions in pharmaceutical industry 

is passed to consumers

• Dry hole cost in oil and gas industry is passed to 

motorists

• Wrong policy decisions by government will be 

passed to taxpayers

• Ratepayers in some states are paying today for 

nuclear plants expected in operation in 2020

Aside from cost, why are nuclear decisions so 

complex?

• Public/hostile environment

• Dated experience

• Shifting environment

• Resource scarcity

• Asymmetric information

• Various stakeholders

• Multiple & competing objectives

One individual decision can have multiple significant effects—impacting the entire industry and 

spreading externalities to a frustrated customer base.
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The Cost of New Nuclear – What Happened?

Since the beginning of the initial wave of commercial nuclear plant construction in the early 1970‘s, 

costs have escalated wildly, making nuclear plants very expensive to build.

The trend of severe escalation has continued 

today:  

• Florida Light and Power, Southern Company, and 

TVA all expect to spend around $3,000/kw for 

new plants.

• South Texas Project units 3 & 4 cost estimates 

range from $12 - $17 billion.

Commonwealth Edison
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The Cost of New Nuclear – What Happened?

Since Three Mile Island, the NRC has continued to ―ratchet‖ up safety regulations.  This continual 

process of enhancement has resulted in continually increasing operating costs and unprecedented 

increases in the cost of a new plant.

1970 Ford Pinto 2011 Ford Fiesta

Features: optional mirrors, windshield 

wipers, locks, emergency brake

Cost: $1,850

Features: traction control, anti-lock disc 

brakes, 6 airbags

Cost: $17,400

How much does a 

Pinto cost today?  

More safety costs 

money.

Even discounting 40 years of inflation, the 2011 model is twice as expensive as the 1970 vehicle.
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What‘s the Problem?

When dealing with billion dollar, multi-year projects, a single point 

estimate is not going provide credibility to the project manager or instill 

confidence in stakeholders.
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A Nuclear Case Study: New Build Risk Analysis

In an effort to determine the expected cost and schedule 

Establish Baseline

Project Schedule

Project Budget

Allocation of Cost

Analyze Results:

Range of 
possibilities

Sensitivities

Critical risks

Perform Monte 
Carlo Analysis

Identify & Quantify

Risks
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Modeling Techniques: Determining the Base Case

Define Project Cost Estimate Define Project Schedule

Determine costs by line item or WBS.  

Costs by individual activity may muddy the picture

Determine baseline project schedule and 

expected critical path activities
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Modeling Techniques: Establishing the Risk Framework

Technologies to be considered

• ABWR

• APWR

• AP 1000

• EPR

• Modular (NuStart, mPower, etc.)

Fuel Prices

• Natural Gas

• Coal

• Nuclear

Environmental Regulation

• Carbon

• SO2

• Hg

• Flyash

• Other

Retirement of Existing Facilities

• Which plants?

• What sequence?

• What schedule?

New Nuclear Capital Costs

• Siting

• Design/Engineering

• Procurement

• Materials

• Labor

New Nuclear Operating Costs

• O&M

• Fuel

• A&G

Licensing, Development  & Construction Timeline and 

Decision Points

Key drivers and uncertainties must be identified to build the model.  Some examples include:
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Project Risks

Performance
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Risk
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Risk
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Modeling Techniques: Building the Risk Register
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Modeling Techniques: Building the Risk Register

Once identified, risks are appropriately defined, categorized and compiled in a risk register.



© PA Knowledge Limited 2010.  Page 16

Modeling Techniques: Building the Risk Register

Once identified, risks are appropriately defined, categorized and compiled in a risk register.

Combine Category, Type 

& Item to define a 

unique risk

Designate distribution type

and bounding  
Define ―Correlations‖

Note that at this point, 

we have not quantified 

any risks, simply 

aggregated and 

qualified.
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Modeling Techniques: Building the Risk Register

Once identified, risks are appropriately defined, categorized and compiled in a risk register.

Note that at this 

point, we have 

not quantified 

any risks, simply 

aggregated and 

qualified.

Binomial function deciding

occurrence

Designate whether risk

will impact cost

or schedule

Define probability that

the risk occurs
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Modeling Techniques: Quantifying Individual Risks

Determine all possible

risk impacts based on 

risk register (combinations

of categories, types, items)

Tie probabilities 

of occurrence from

risk register

In consultation with project experts, possible risk impacts are identified, likelihoods assessed and 

impact magnitudes assigned.
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Modeling Techniques: Quantifying Individual Risks

In consultation with project experts, possible risk impacts are identified, likelihoods assessed and 

impact magnitudes assigned.

Determine the areas

where cost is to be

allocated

Calculate distributed 

value.  Tie distribution

type from risk register
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Modeling Techniques: Calculating the Result

If cost risks must be tied

directly to scheduled 

activities, allocate spend

accordingly
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Prioritization of Risks

Model Results: Risk Prioritization Method
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= Medium priority
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Assessment of Impacts: Characteristics

• Types of Impact

– Direct/indirect

– Physical/economic

• Timing of impact

– Short/long term

• Financial implication

• Magnitude of impact

• Aggregation of exposure to same drivers

Assessment of Impacts: Impact

• Probability of incidence

• Timing and/or frequency of incidence

• Data for analysis varies by type of risk

Assessment of Impacts: Mitigation

• Extent that the company can control and mitigate 

each risk individually

Need for Mitigation

N
e

e
d

 f
o

r 
M

it
ig

a
ti
o

n

All unmitigated risks must be prioritized based on impact and probabilities, with the focus of 

mitigation being on the high priority risks.
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Model Results: Risk Mitigation

• Quick and decisive action to eliminate 
risk, for e.g.

- Introduction of new technology

Tolerate

Transfer

Treat

Terminate

• Actions to contain the risk

• Contingency plans

• Ability to take action may be limited

• ‗Watch‘ the risk to ensure that 
likelihood or impact does not change

• Track for new mitigation options as 
they arise

• Insurance, or asking a third party to 
take on the risk in another way

• Contracting out some operations

Risk Management Options

Proportionality of response

Cost-benefit analysis

Precautionary approach given 
subjectivity of risk

Considerations

Linkages between exposures

Counter-measures

(actions in place)

Contingencies (actions that get 
activated based on event)

With the understanding gained of the highest priority risks, a risk management strategy is developed 

to effectively manage project risk.
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Conclusions

• Decision analysis techniques offer flexible and adaptable methods for decision-making and management that 

can be applied to almost any situation where risk and risk impacts are concerns.

• Decision analysis techniques are proven and useful tools to aid executives in arriving at decisions on high cost, 

complex investments such as new nuclear plants, nuclear plant life extensions and power uprates.

• Due to their complexity and vast number of variables associated with nuclear plant capital decisions, the 

decision analysis methodology offers significantly more useful results than deterministic (point value) 

methodologies can offer. 

• The outputs of decision analysis models can be extremely useful in helping managers to identify the most 

important risks and cost drivers and to apply their resources accordingly to mitigate them.


