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Executive Summary 

Recent renewed interest in a new generation of nuclear plants is being driven by a number of 

factors.  These include: improved cost and performance of the existing global fleet of nuclear 

plants, concerns about security of supply and, finally, strong global attention to the need to 

reduce green house gases and attendant replacement of fossil fuels as a source of electricity 

generation. 

In 2007 Chile experienced an energy crisis that put electricity supply at risk.  Strong and 

focused management by government and cooperation with the private sector resulted in 

supply obligations being met and disaster was averted.  This led government to consider 

nuclear power to complement the existing generation options of fossil and hydraulic 

generation.  In January 2010, the Ministry of Energy issued a report summarizing the last two 

years of work on the nuclear option entitled “Nuclear Electricity in Chile - Possibilities, 

Opportunities and Challenges”
1
. 

The Ministry report is comprehensive and looks at all issues related to the introduction of 

nuclear power in Chile.  It emphasized the importance of cost when considering a 

decision to proceed with the nuclear option.  Therefore the Ministry engaged 

MZConsulting to identify and assess the costs of nuclear energy specific to Chile. 

International Experience 

A number of studies, both by multinational and by national organizations continue to 

demonstrate that nuclear power is a cost effective way to produce secure, reliable and clean 

electricity.  Although the economics are feasible in most jurisdictions, the lack of high quality 

data is of some concern.  Given the increasing competitiveness in the nuclear industry, it is 

becoming even more difficult to access cost data. 

Nuclear power plants have long project schedules and relatively high capital costs compared 

to other forms of generation.  Therefore as the costs of nuclear plants are considered, it is the 

capital cost that requires the most attention.  On the other hand, fossil plant costs are more 

sensitive to fuel prices as they represent a larger portion of the total cost of energy.  Fossil fuel 

prices can be very volatile. 

The values quoted for the cost of nuclear plants varies widely.  The first step in understanding 

these costs is to ensure that they are presented on the same basis.  Nuclear capital costs are 

often quoted on an “overnight” basis.  This is the cost assuming the plant is built 

instantaneously and excludes escalation and financing costs.  The cost at the in-service date 

including escalation and interest can be 150% or more of the overnight cost. 

The most recent international study issued is “Projected Costs of Electricity 2010 Edition” 

published by the OECD NEA/ IEA.  This report is the seventh in the series and was released 

in March 2010.  It contains estimates for the costs of nuclear plants in 20 countries.  In 

addition to this study, a wealth of other data on recently completed plants and estimates for 

new plants under consideration is assessed. 

                                                 
1
 ANTECEDENTES PARA EL ANÁLISIS DE LA OPCIÓN NUCLEAR DOCUMENTO DE TRABAJO - 

ÁREA DE ESTUDIOS Y DESARROLLO ENERGÉTICO January 2010 
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The capital costs of new nuclear plants have escalated significantly in recent years.  This is a 

direct result of increases in commodity costs, increased labour costs, supply chain issues and 

of most importance; the reality that projects are more likely to proceed. 

That being said, there is evidence from recent new builds in Japan and Korea, and Korea‟s 

winning bid in the UAE, that costs may have peaked in terms of same year dollars in these 

countries as more and more of the same model plants are built in series.  The winning Korean 

bid for new nuclear plants in the UAE reflects the importance of competition in improving 

nuclear economics. 

One important conclusion of all of this data is that costs vary significantly from region to 

region and even country to country.  This is a function of many factors including local site 

specific characteristics, local supply chain, contractual structure, regulatory regime and 

government policies. 

Costs of Nuclear Plants by Region 

 

Source: OECD 2010, MIT 2009 and Appendix A 

The Cost of Nuclear in Chile 

To develop a cost for a nuclear plant in Chile, a reference plant was developed based on three 

types of plant currently available in the market.  These are of different sizes and technologies.  

They are then combined to create a reference plant, nominally a a generic 1,000MW PWR 

design based in the Eastern United States.  The cost of this plant is developed based on 

MZConsulting‟s extensive experience and cost databases.  Adjustments are then made to 

adapt this cost to relevant local conditions in Chile.  It is important to note that while the 

reference plant is taken as 1,000MW, most plants today are built in pairs.  The cost of a 

plant in Chile assumes that Chile will commit to a pair of units. 

In Chile, the cost is impacted by the technical requirements of the site (i.e. high seismic) 

and the cost of labour and materials in Chile.  The cost will also be impacted by the 
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electricity market.  Meetings were held in Chile in January 2010 with government and 

private sector generating companies to collect the necessary data to assess the local 

conditions. 

While Chile is a low cost country with labour costs substantially lower than in either the 

United States or Europe, it is expected that only a small portion of the cost will be 

localized and most of the plant will be imported and subject to international costing.  Our 

assessment predicts a foreign/local split of 85/15.  This does enable some cost reduction 

for these local costs.  The cost of meeting the higher seismic requirements in Chile will 

then add to the cost of the reference plant. 

On this basis, the cost of a nuclear plant in Chile has been estimated to be US$ 4,018/kW. 

The operating and maintenance costs will be significantly lower than for the reference 

plant as this is mostly composed of local labour.  A value of $7.6/MWh is estimated.  The 

fuel cost including an allowance for both spent fuel management and decommissioning is 

estimated at about $9/MWh.  This sums to a nuclear production cost of $16.6/MWh. 

This indicative cost is useful for preparing a preliminary economic analysis to determine the 

viability of a nuclear unit in Chile.  Global costs have peaked and are expected to decline in 

part due to the economies of standardization.  This should reduce both the cost and risk of 

implementation in Chile by the time a first project is started so long as Chile selects a proven 

standard international design.  This does not replace the need to perform a more detailed cost 

assessment as a project is developed. 

Economic Assessment 

The competiveness of a nuclear plant relative to the alternatives is considered using the 

standard Levelized Cost of Electricity (LCOE) methodology. 

At a discount rate of 10%, the LCOE for nuclear in Chile is estimated at $83.6/MWh.  The 

capital cost represents about 80% of this value.  The analysis concludes that nuclear plants are 

the least-cost alternative relative to fossil generation for base load electricity. 
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LCOE for Electricity Generation Options in Chile 

 

Source: MZConsulting economic model 

Results are sensitive to the capital cost of nuclear, the discount rate and the cost of fossil fuels.  

Sensitivity analysis shows that nuclear remains competitive in most scenarios.  Therefore the 

cost competitiveness of nuclear power is robust in Chile. 

A carbon market will further enhance the economic competitiveness of nuclear relative to 

fossil fuels. 

Financial Analysis 

Chile has a competitive electricity market with generation provided by private sector 

generators.  A competitive cost alone is not sufficient to determine if a nuclear unit can be 

successfully implemented in such a market. 

To assess this, a financial analysis is provided considering the structure and costs of 

implementing a nuclear plant into the electricity market in Chile.  This analysis shows 

that nuclear is a viable option for implementation into the Chile electricity market and 

can provide a reasonable rate of return to a generating company. 

Nuclear reactors are capital intensive, have long project schedules and operate in a complex 

and rigorous regulatory regime.  Due to the nature of the risks for a nuclear plant, vendors and 

generators are unable to assume as much risk as for other generation options.  Market models 

whereby some level of risk is passed on to the customer are necessary for a nuclear project to 

succeed.  Project structuring must focus on success, not forcing risk onto others.  The plant 

owner (generator) must ensure adequate oversight of the project as the ultimate risk of the 

project remains with him.  Transferring more risk onto the contractors is not a replacement for 

adequate oversight that can identify and take action in a timely manner when project issues 

arise. 
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For a competitive private market system as in Chile, many projects are structured to achieve 

“off balance sheet”
2
 financing, in which the project structure itself would be the security for 

the lenders and investors.  This structure requires complex contractual arrangements and is 

generally more expensive than on balance sheet financing
3
.  A PPA is not sufficient security to 

raise financing for a nuclear project.  The project schedules are long and the case of non 

completion or delayed completion with increased costs needs to be addressed.  This off 

balance sheet model is thus very difficult for a nuclear plant due to its more complex risk 

profile and longer project schedule. 

The only viable alternative to raise debt, either in the long term debt (bond) market, or short 

term from commercial lenders requires that there be a creditworthy borrower.  Normally for a 

project of this magnitude this would mean a large utility type of company with a very strong 

balance sheet.  However, even with a strong balance sheet, the structure of the project itself 

will affect the creditworthiness of the company.  We can see in the US today that the industry 

has stated a need for a government guarantee program, hence removing much of the project 

risk from the lender and the completion risk from the equity investor, as a key to project 

success. 

Government support is likely required to assist with the management of construction 

period risks and to enable project financing.  This is confirmed both in the study done in 

Chile by SYSTEP
4
 and by a recent international study on nuclear financing published by 

the OECD NEA
5
. 

Concluding Remarks 

A cost for nuclear power in Chile has been estimated.  Analysis shows that nuclear is a 

competitive option relative to the fossil alternatives.  Building a nuclear plant into an open 

electricity market with current market designs is difficult as these markets do not easily 

support projects with such high capital costs and long project schedules.  Government 

flexibility is required to adapt markets and provide support to enable a nuclear project to 

succeed.   With such flexibility and support, nuclear power is a viable option for electricity 

generation in Chile. 

                                                 
2
 “Off balance sheet” refers to a financing where the security to lenders is the project itself, not the 

creditworthiness of the project owners. 
3
 On balance sheet refers to financing on the balance sheet of the owner or owners and is based on their 

creditworthiness as determined by the quality of their balance sheet. 
4
 Análisis y Propuesta de Regulación Núcleo-Eléctrica Resumen Informe Final – SYSTEP January 2010 

5
 The Financing of Nuclear Power Plants, OECD NEA, 2009 
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GLOSSARY OF TERMS 

Term Definition 

ABWR Advanced Boiling Water Reactor 

ACR Advanced CANDU Reactor 

AECL Atomic Energy of Canada Ltd. 

AP 1000 Advanced Passive 1000 

APR Advanced Power Reactor 

BWR Boiling Water Reactor 

CANDU Canadian Deuterium Uranium 

CC Combined Cycle 

CCGT Combined Cycle Gas Turbine 

CCS Carbon Capture and Storage/Sequestration 

CNE Chile Nuclear Energy 

COL Combined Construction & Operating License 

CPR China Pressurized Reactor 

CPS Energy City Public Service Energy (San Antonio, TX) 

CRS Congressional Report Study 

DOE Department of Energy 

EdF Electricite de France 

EIA Environmental Impact Assessment 

ENEC Emirates Nuclear Energy Corporation 

EPC Engineering Procurement Construction 

EPR Evolution Power Reactor 

FOAK First-of-a-Kind 

FPL Florida Power & Light 

GE General Electric 

GEH General Electric Hitachi 

Gen III+ Generation III + (new generation nuclear technology) 

GHG Green House Gas 

IAEA International Atomic Energy Agency 

IEA International Energy Agency 

IGCC Integrated Gasification Combined Cycle 

KEPCO Korea Electric Power Corporation 

kWe kilo watt electrical 

LCOE Levelized Cost of Energy 

LNG Liquefied Natural Gas 

LUEC Levelized Unit Energy Costs 

LWR Light Water Reactor 

MEAG Municipal Electric Authority of Georgia 

MIT Massachusetts Institute of Technology 

MWe Mega Watt electrical 

MWh Mega Watt hour 

NEA Nuclear Energy Agency 

NEI Nuclear Engineering Institute 
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NINA Nuclear Innovation North America 

NPP Nuclear Power Plant 

NRC Nuclear Regulatory Commission 

NRG NRG Energy (Princeton, NJ) 

NSSS Nuclear Steam Supply System 

O&M, O&MA Operation & Maintenance, Operation, Maintenance & Administration 

OECD Organization for Economic Co-operation and Development 

OPA Ontario Power Authority 

OPR Optimized Power Reactor 

PHWR Pressurized Heavy Water Reactor 

PPA Power Purchase Agreement 

PPP Public Private Partnership 

PRA Probability Risk Assessment 

PWR Pressurized Water Reactor 

RCS Reactor Coolant System 

RPV Reactor Pressure Vessel 

SCE&G South Carolina Electricity & Gas 

SCPC Supercritical Pulverized Coal 

TT Technology Transfer 

TVA Tennessee Valley Authority 

TVO Teollisuuden Voima Oy (Finland Utility) 

UAE United Arab Emirates 

UK DT United Kingdom Department of Transport 

WBS Work Breakdown Structure 

WEO World Energy Outlook 

WNA World Nuclear Association 
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1. INTRODUCTION 

Recent renewed interest in a new generation of nuclear plants is being driven by a number of factors.  

These include: improved cost and performance of the existing global fleet of nuclear plants, concerns 

about security of supply and, finally, strong global attention to the need to reduce green house gases 

and attendant replacement of fossil fuels as a source of electricity generation.  

In 2007 Chile experienced an energy crisis that put electricity supply at risk.  Strong and focused 

management by government and cooperation with the private sector resulted in supply obligations 

being met and disaster was averted.  Now a number of new facilities are being constructed and the 

nature of the electricity system will be changing going forward, improving the reliability of the 

overall system. 

However, looking forward also shows that the system will be relying on an increased amount of 

fossil fuels in the future exposing it to risks of volatile fossil fuel prices and the impact of higher 

GHG emissions.  This led government to consider the nuclear option.  In January 2010, the Ministry 

of Energy issued a report summarizing the last two years of work on the nuclear option entitled 

“Nuclear Electricity in Chile - Possibilities, Opportunities and Challenges”. 

The Ministry report is comprehensive and looks at all issues related to the introduction of 

nuclear power in Chile.  It shows the importance of cost in taking a decision on proceeding with 

the nuclear option.  Therefore the Ministry engaged MZConsulting to identify and assess the 

costs of nuclear energy specific to Chile. 

The focus of this study is to develop a cost estimate for nuclear in Chile using international data 

and experience and then adjusting for local conditions.  It is anticipated that this report will 

serve as a reference for future more detailed feasibility studies.   

Section 2 of this report considers international data and trends for the cost of nuclear power. 

Section 3 develops a capital, O&M and fuel cost estimate for a nuclear plant in Chile. 

Section 4 provides a competitive economic assessment nuclear relative to the fossil and hydro 

alternatives. 

Section 5 concludes the report by considering how these costs fit into the current electricity 

market in Chile. 
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2. INTERNATIONAL ANALYSIS OF COSTS OF NEW NUCLEAR BUILDS 

 

 

2.1 Introduction 

Understanding the cost and economics of a nuclear plant is not a trivial task.  There have been 

numerous studies over the last few years comparing the costs of nuclear plants to the alternatives: 

coal, gas and now in many cases, renewables.  While these studies generally show that nuclear power 

Key Findings 

 Recent studies show nuclear plants continue to be an economic source of 

electricity generation in most developing and developed countries.  However, 

there is also a lack of high quality reliable data for these analyses. 

 Nuclear power plants have long project schedules and relatively high capital costs 

compared to other forms of generation.  Therefore as the costs of nuclear plants 

are considered, it is the capital cost that requires the most attention. 

 Fossil plant costs are more sensitive to fuel prices as they represent a larger 

portion of the total cost of energy.  Fossil fuel prices can be very volatile. 

 Nuclear capital costs are often quoted on an “overnight” basis.  The cost at the in-

service date including escalation and interest can be 150% or more of the 

overnight cost. 

 Capital costs of new nuclear plants have escalated in recent years.  This is a direct 

result of increases in commodity costs, increased labour costs, supply chain issues 

and of most importance, first of a kind experience and more realistic estimates for 

projects looking more likely to proceed. 

 That being said, there is evidence from recent new builds in Japan and Korea, and 

Korea‟s winning bid in the UAE, that costs may have peaked in terms of same 

year dollars in these countries as more and more of the same model plant are built 

in series.  

 The winning Korean bid for new nuclear plants in the UAE reflects the 

importance of competition in improving economics. 

 The cost of fuel is low in a nuclear plant, about 10 to 15% of the total cost.  

Uranium only represents about a third of the cost of fuel.  This means nuclear 

electricity costs are relatively insensitive to the cost of uranium and hence tend to 

be very stable over the plant life. 

 The O&M costs for a nuclear plant are significantly larger than for fossil plants.  

The economies of scale for O&M mean that larger plants and multiple units on a 

site are more economic. 

 Costs of nuclear plants and other generating options vary significantly from 

country to country making the economic outcome very location specific. 

 Nuclear costs are influenced by site specific characteristics, local supply chain, 

contractual structure, regulatory regime and government policies. 
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continues to be an economic option in most jurisdictions, there is also a lack of good reliable data to 

be used for this analysis.  As shown in more detail below, capital costs of new nuclear plants have 

escalated in the past decade but recently there is evidence that capital costs may have peaked in 

constant dollar terms. 

Compared to its most likely alternatives, nuclear plants have different economic characteristics 

(Table 2.1-1 ).  Nuclear plants are capital intensive and have long project schedules, while gas plants 

are fuel cost intensive with short project schedules.  Coal plants are somewhere in between these two 

extremes. 

Table 2.1-1 Share of Costs for Different Technologies 

Share Nuclear Gas CCGT Coal 

Investment 50-60% 15-20% 40-50% 

O&MA 20-35% 5-10% 15-25% 

Fuel 15-20% 70-80% 35-40% 

Various sources including calculations using the MZConsulting economic model 

Therefore, as the costs of nuclear power are considered, it is the capital cost that requires the most 

attention.  This section of the report will consider recent reports from different jurisdictions, as well 

as the latest commentary in nuclear industry journals and newsletters and examine the key elements 

of nuclear power and how they impact its cost and economic competitiveness. 

2.2 Capital Cost Estimates and Definitions for Nuclear Plants 

Over the past few years there have been many studies and assessments of nuclear economics with an 

emphasis on the capital cost of the next generation plants.  In these assessments, project costs of 

anywhere from $3,000 to $5,000/kW (overnight
6
) were assumed.  These numbers are higher than the 

studies performed earlier in the decade when costs of $2,000/kW or less were common.  The recent 

increases have been attributed to a number of factors from increasing prices of raw materials to 

higher labour costs.  Table 2.2-1 below shows some of these assumptions.  Given the capital 

intensive nature of the project, capital cost is the key assumption in the business case of a new 

nuclear unit. 

                                                 
6
 Overnight capital costs are the actual costs to construct a nuclear plant assuming that the construction period is 

instantaneous, hence “overnight”.  The total capital cost at the in-service date of a plant includes the overnight cost, the 

escalation and the interest during construction. 
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Table 2.2-1 Recently Published Overnight Estimates for New Nuclear Plants
7
 

The New Economics of Nuclear Power (WNA 

2005 report) 

US$1,500 to $2,0000/kW 

CRS Report for Congress US$2,100/kW (escalated to 2008) 

ISO-NE Scenario Analysis 2007 US$3,000 to $5,000/kW 

Moody‟s 2007 Report on nuclear US$5,000 to $6,000/kW 

UK DTI 2007 £1,250/kW (~US $2,500/kW in 2007) 

NEI 2008 Analysis $3,500 to $4,500/kW 

EDF 2008 Analysis €2,500/kW (~US$3,200/kW) 

MIT Nuclear Report Update (2009) US $4,000 /kW 

OECD NEA/IEA Report 2010 Edition Median US$4,100/kW 

Overnight capital costs are only one component of the completed capital costs.  The relatively long 

project schedules for nuclear plants mean that the costs escalate with inflation as the project proceeds 

and the funds used to finance the project accumulate interest until completion.  These costs are 

substantial in that depending upon the magnitude of inflation and interest rates, the completed cost of 

a project can be 150% or more of the original overnight cost.  In the currently reported projects in the 

US, projects starting at about $4,000/kW are estimating completion at between $6,000 and 

$6,500/kW.  Therefore, the general economic conditions existing at the time a nuclear plant is built 

are very important.  Plants built during times of high escalation and interest rates are more costly than 

in times of lower inflation and interest rates. 

Published estimates for the cost of new nuclear plants can vary greatly depending on the basis of the 

estimate.  The MIT report uses an example of a hypothetical nuclear power plant to describe 

standard, but very different, methods for quoting the same costs.  This is the cost quoted in Table 

2.2-1. 

                                                 
7
 The New Economics of Nuclear Power, World Nuclear Association, 2005 

Larry Parker and Mark Holt, CRS Report for Congress, Nuclear Power: Outlook for New U.S. Reactors, Updated March 

9, 2007 

New England Electricity Scenario Analysis, August 2007 

Moody‟s, New Nuclear Generation in the United States: Keeping Options Open vs Addressing An Inevitable Necessity, 

October 2007 (104977)  

Nuclear Power Generation Cost Benefit Analysis, UKDTI, April 2007 

The Cost of New Generating Capacity in Perspective, Nuclear Energy Institute, August 2008 

EDF Investor Day, London, 4 December, 2008 

Yangbo Du and John E. Parsons, Update on the Cost of Nuclear Power, MIT-NFC-TR-108, May 2009 

Projected Costs of Generating Electricity, Organization for Economic Cooperation and Development/International Energy 

Agency/ Nuclear Energy Agency, 2010 Edition 
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It assumes construction to occur over a 5 year period from 2009-2013, with the plant being 

constructed under an EPC contract for a 1,000MW plant at a vendor overnight cost in $2007 of 

$3,333/kW. 

When regulated utilities submit their filing seeking approval for the plant, the EPC costs are adjusted 

for inflation, additional owners‟ costs (typically about 20%), and transmission upgrade costs.  These 

three additional costs bring the total cost of the hypothetical plant to $4,706/kW.  The utility will also 

be allowed to recover financing charges on capital costs, assumed to be 11.5% in the hypothetical 

case, and with the capital recovery costs, this brings the Total Cost to $5,837/kW, or 75% more than 

the vendor‟s EPC overnight cost of $3,333/kW. 

The overnight cost that is often quoted totals the EPC costs and the owners‟ costs for each year and 

adjusts for inflation, taking the total back to $2007.  In the hypothetical case this is $4,000/kW.  This 

does not include transmission costs (other than local busbar costs) or capital recovery costs. 

Table 2.2-2 Alternate Basis for Cost Estimates 

METHOD $/kW 

EPC Vendor Overnight Cost $2007 3,333 

Total Cost (including inflation, owners‟ cost and 

transmission upgrades; but excluding financing 

cost)  

4,706 

Total Cost (as above, including financing cost)  5,837 

Overnight Cost (EPC and owners‟ cost, 

excluding transmission and financing) $2007 

4,000 

Source: Yangbo Du and John E. Parsons, Update on the Cost of Nuclear Power, MIT-NFC-TR-108, May 2009 

One difficulty in understanding and comparing costs from various sources is that they are often 

reported using different methods and including different scopes.  Care must be taken when quoting 

costs to ensure that the basis of the cost is clear.  The Overnight Cost is the most standard basis for 

reporting costs.  This is the cost quoted in Table 2.2-1 and used in the MIT report.  In this report, care 

will be taken when reporting on capital costs details to be as clear as possible which method is being 

used and, if unclear, what is thought to be included. 

2.3 Understanding the Increase in Capital Costs 

There are a number of reasons for the increase in capital costs associated with new build nuclear in 

recent years.  These range from changes due to the impact of rising commodity prices, rising labour 

costs, supply chain issues and finally, due to the vendors having to actually price real projects rather 

than talk in generalities as they have been doing for many years. 

Changes in Commodity Costs 

Nuclear plants are very large projects with a relatively high capital cost.  This is in part because of the 

need for large volumes of equipment and materials.  Over the five year period from 2003 to 2008, 

basic commodity prices increased dramatically.  As shown in Figure 2.3-1 below, basic commodities 
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such as steel more than doubled during this period with others such as iron ore and copper increasing 

by a factor of 4.  Oil increased dramatically as well which increased the energy costs associated with 

manufacturing equipment and transporting it to sites. 

Figure 2.3-1 Commodity Price Increases to 2008 

 

In addition to basic commodities, the cost of labour in the nuclear industry continues to rise.  Work 

force issues in the industry are paramount with all jurisdictions putting in place plans to ensure that 

there is enough labour, both professional and trade labour to meet the needs of the industry going 

forward.  Labour tends to be a local issue and while somewhat mobile; engineering labour can be 

available internationally, but trade labour tends to be local and national at best. 

And finally, the industry has seen a deterioration of the supply chain due to the many years of no new 

building.  For LWRs, the issue has been very focused on the limiting factor which is the ability to 

produce very large forgings.  But in all cases, manufacturers are finding that their shop floors are full 

and as such, prices of equipment are rising. 

Real Project Experience 

There has been little new build nuclear in the western world over the past two decades.  This lack of 

real life data has had an impact on the projections of the industry.  Under tremendous pressure to 

reduce both costs and risks, the industry has been working diligently to target lower capital costs and 

schedules for the next generation of nuclear plants.  However, now that there has been a start to new 

construction, the realities of the market have come to pass. 

The first projects in North America have been restarts of older reactors and refurbishments.  In the 

United States, TVA has restarted and uprated its Brown‟s Ferry 1 plant that has been shut down since 

the 1980s after suffering a fire.  The final cost to bring this unit back into service in 2007 was about 

US$1,600/kW.  Following this project, TVA has taken a decision to complete the Watts Bar 2 unit, 

which was stopped in the mid 1990s more than 50% complete at a total cost of about US$2,100/kW. 

In Canada, the existing CANDU fleet has shown that it requires a major refurbishment to replace its 

nuclear fuel channels and extend the life of the reactors.  The first project was to restart Units 1&2 at 
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Bruce.  These units were shut down more than a decade ago and have been in a state of disrepair.  

The first estimates from Bruce Power for this project was for about $2.75 billion and a 4 years 

project schedule.  Currently the project is running late and the price tag has increased to between $3.1 

and $3.4 billion
8
 or about $2,200/kW.  The next Canadian refurbishment is the Point Lepreau unit in 

New Brunswick.  This cost is estimated at about $1.4 billion or also about $2,200/kW.  This project 

is also now experiencing considerable delays and overruns. 

Clearly this experience shows that if it takes over $2,000/kW to restart or refurbish an existing plant, 

it is likely that new plants will cost considerably more.  That being said, it is also accepted that in 

some cases, the refurbishment of these units is very complex.  A refurbishment takes place in a 

nuclear environment with all the necessary radiation protection issues while a new build is basically a 

construction project that does not become “nuclear” until fuel is loaded. 

As for experience with new build, all eyes are on the Olkiluoto project in Finland.  This project, the 

first-of-a-kind EPR for Areva, has had extensive overruns and delays.  With an original estimate of 

about €3 billion and a schedule of 4 years; the project is now estimated to be experiencing an overrun 

of about €1.7 billion and a delay of about 3 years. 

EDF in France has completed an assessment of new build nuclear.  EDF has noted that since their 

last major update, the cost of all technologies has increased.  Figure 2.3-2 shows their assessment that 

nuclear costs has actually increased less than the costs of both coal and gas plants. 

This result has not been replicated in the USA.  MIT, in its updated study issued in 2009 has 

indicated that while costs of all generating options have increased since it original report in 2003; the 

cost of nuclear has risen faster than the cost of fossil generation.
9
 

                                                 
8
 http://www.transcanada.com/news/2008_news/20080417.html 

9
 “Update of the MIT 2003 Future of Nuclear Power” - 2009 
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Figure 2.3-2 EDF Assessment of Increases in Cost from 2005 to 2008 

               

Source: EDF Investor Day, London, 4 December, 2008 

2.4 Operating Cost Characteristics of Nuclear Plants 

As shown in Table 2.1-1 above, nuclear plants are very capital intensive.  They also have relatively 

long project schedules that impact the capital cost.  Once the plant is complete about 60% of the cost 

of electricity is fixed for the remainder of the life of the plant. 

On the other hand, the fuel costs of nuclear plants are extremely low representing about 15% of the 

cost of electricity.  Therefore the sensitivity to fuel cost is extremely low.  Figure 2.4-1 below shows 

the variation in fuel cost in the United States.  It can be seen that the nuclear fuel cost is by far the 

lowest cost of any fuel. 

Figure 2.4-1 US Fuel Costs by Generation Type (US ¢/kWh) 

 
Source: US Nuclear Energy Institute (NEI) 
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As shown in Table 2.1-1, the cost of fuel is relatively small in a nuclear plant.  And of this 15% or so 

that is the cost of fuel, only about a third of that is related to the cost of uranium.  The cost of uranium 

has been low for many years and then in recent years has become quite volatile consistent with other 

commodities.  Figure 2.4-2 shows that the price of uranium increased from $20/lb in 2005 to over 

$130/lb in 2007.  The price has now fallen back to just over $40/lb. 

Figure 2.4-2 Spot Price of Uranium 

 

Source: The UxC Consulting Company 

 

This volatility does have an impact on the profitability of nuclear utilities especially those who 

operate in a deregulated market.  However, the low impact to the cost of electricity is a clear benefit 

to the customers of nuclear power plants.  As can be seen in Figure 2.4-3 below, even a 50% increase 

in fuel costs for uranium has a small impact on the generation cost.  Alternatively, a 50% increase in 

the cost of gas has a 40% impact on the cost of gas fired electricity.  This demonstrates that nuclear 

electricity costs can be extremely stable and, as such, make an important part of generation mix. 
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Figure 2.4-3 Impact of a 50% Increase in Fuel Cost 

 

Source: IEA World Energy Outlook 2006 

The third cost element is the Operations and Maintenance (O&M) costs.  Although not much talked 

about, the O&M costs for nuclear plants tend to be considerably higher than for other generation 

technologies with most of the costs being fixed.  In fact, while there are some variable costs of 

operations, they tend to be inversely related to production as costs go up during outages when there is 

a need to bring additional resources to the site to do maintenance off power.  In fact, the O&M cost 

for nuclear plants tend to be almost an order of magnitude higher than for the alternatives.  For 

example, it is common to operate a coal station with less than 100 staff while nuclear stations 

typically require closer to seven times that.  This offsets some of the advantages of the low fuel cost. 

Nuclear plants require much larger staffing at the stations for a number of reasons.  First the 

complexity and capital intensive nature of the plant mean that there are more systems and equipment 

than in other plant types.  The highly regulated nature of the industry and the unwavering focus on 

safety also has a large impact.  Outages take months to plan and activities must be planned down to 

the hour, and single item or component.  As well there are many highly specialized skills at a nuclear 

plant.  Finally, there is additional site security and also staff related to safeguards. 

Figure 2.4-4 shows that when considering the total productions costs (O&M plus Fuel), nuclear and 

coal are almost the same due to the relatively higher O&M cost for nuclear and the higher fuel cost 

for coal. 
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Figure 2.4-4 US Utility Production Costs 

 
Source: US Nuclear Energy Institute (NEI)  

This means that to operate a nuclear plant economically requires that the plant be operated as base 

load.  Its relatively high fixed costs and low fuel costs means that the economics are directly related 

to the overall operating performance of the plant. 

The relatively high O&M costs are an important consideration when considering the size of the plant.  

While there are economies of scale in the capital cost of a nuclear plant, the economies of scale on 

operating costs are considerably greater thus making larger unit sizes more economic than smaller 

units and twin units at a site more economic than single units.  The staff count at a station is a 

function of the number of systems, not their size.  Therefore, within a size range the staff count does 

not increase with output.  For example, the staff count for a 600 MW unit is not materially different 

from that of a 1,000 MW unit.  This would reduce the unit O&M cost by close to 40%. 

2.5 Relative Economics of Nuclear Power 

The relative costs of generating electricity from coal, gas and nuclear plants vary considerably 

depending on location.  Coal is, and will probably remain, economically attractive in countries such 

as China, the USA and Australia with abundant and accessible domestic coal resources as long as 

carbon emissions are cost-free.  Gas is also competitive for base-load power in many places, 

particularly using combined-cycle plants, though rising gas prices have removed much of the 

advantage. 

There have been numerous studies on the economics over the past decade.  Most of these studies are 

out of date with respect to the current capital costs of nuclear and other technologies.  A key report 

has been published by the World Nuclear Association (WNA) in 2005 (The New Economics of 

Nuclear Power)
10

.  This report was a comprehensive review of many of the important studies 

available at that time.  It concluded that in most jurisdictions, nuclear continues to be an attractive 

energy source.  There are now a number of more up to date studies available.  The most recent and 

arguably the most comprehensive global study is the new edition of the OECD NEA/IEA report 

                                                 
10

 WNA Report “The New Economics of Nuclear Power”, 2005 
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“Projected Costs of Electricity 2010 Edition” issued at the end of March 2010.   This is the seventh 

report in this series dating back to 1983. 

This report collects data from 21 countries and 190 power plants of different types including nuclear, 

coal, gas and wind.  It calculates the Levelized Cost of Electricity (LCOE) at two discount rates, 5% 

and 10%.  Both sets of results are shown in the following two figures. 

Figure 2.5-1 Regional Ranges of LCOE at 5% Discount Rate 

 

Source: Projected Costs of Generating Electricity, OECD/IEA/ NEA, 2010 Edition 

  



Page 13 

 

333 Adelaide Street East, Suite 702, Toronto, Ontario, Canada M5A 4T4 

Tel: +1.647.271.4442  info@mzconsultinginc.com 

www.mzconsultinginc.com 

Figure 2.5-2 Regional Ranges of LCOE at 10% Discount Rate 

 

Source: Projected Costs of Generating Electricity, OECD/IEA/ NEA, 2010 Edition 

At a 5% discount rate, nuclear is the most competitive option in all regions.  However at 10%, it 

relative advantage is decreased and in Europe, coal and gas become more economic.  In summary 

this study shows that there is no clear winner when it comes to generating technology.  Each option 

has its merits and may be selected for use in a given situation. 

In fact, a key outcome of this study is “The results vary widely from country to country; even within 

the same region there are significant variations in the cost for the same technologies. While some of 

this spread of data reflects the timing of estimates (costs rose rapidly over the last four years, before 

falling late in 2008 and 2009), a key conclusion is that country-specific circumstances determine the 

LCOE. It is clearly impossible to make any generalisation on costs above the regional level; but also 

within regions (OECD Europe, OECD Asia), and even within large countries (Australia, United 

States, China or Russia), there are large cost differences depending on local cost conditions (e.g. 

access to fossil fuels, availability of renewable resources, different market regulations, etc.). These 

differences highlight the need to look at the country or even sub‑country level.” 

The other major issue is related to the quality of the data.  While high quality data is required to 

produce reliable figures, the widespread liberalization of electricity markets has reduced access to 

data on the basis of commercial confidentiality.  The final figures are also subject to uncertainty due 

to the uncertainty of a number of the assumptions including plant costs, future fuel prices and the cost 

of carbon. The uncertainty in government policies with regards to low carbon technologies in the 
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form of both incentives to build and applying costs to carbon itself is a major uncertainty at this point 

in time.  Policies with regards to the environment are still at an early stage and are likely to change in 

the coming years. 

2.6 Impact of Location on Nuclear Costs 

As discussed above the cost and economic competitiveness of new nuclear plants vary by location.  

The OECD data has a wide range of costs for nuclear from as little as US$1,600 to $5,900/kWe.  The 

median value is $4,100/kWe. 

Another approach is to consider the global average of the OECD data.  Taking all 20 entrants into 

account, the average is US $3,687/kWe.  If we then eliminate China and South Korea due to their 

unique low cost structures, we calculate an average of US $4,299/kWe.  This value supports the view 

that current nuclear costs are in the $4,000/kW range. 

Table 2.6-1 Overnight Costs of Nuclear Generated Electricity (OECD 2010) 

 
Source: Projected Costs of Generating Electricity, OECD/IEA/ NEA, 2010 Edition 

Capacity

O/night 

Cost4

O/night 

Cost4

O/night 

Cost4

OM&A 

Costs

Country Type MWe $/kWe $/kWe $/kWe $/MWh

Belgium EPR1600 1,600 5,383 5,383 5,383 7.20

Czech PWR 1,150 5,858 5,858 5,858 14.74

France5 EPR1600 1,630 3,860 3,860 3,860 16.00

Germany PWR 1,600 4,102 4,102 4,102 8.80

Hungary PWR 1,120 5,198 5,198 5,198 29.79/29.84

Japan ABWR 1,330 3,009 3,009 3,009 16.50

Korea OPR1000 954 1,876 1,876 10.42

APR1400 1,343 1,556 1,556 8.95

Netherlands PWR 1,650 5,105 5,105 5,105 13.71

Slovakia VVER 954 4,261 4,261 4,261 19.35/16.89

Suisse PWR 1,600 5,863 5,863 5,863 19.84

PWR 1,530 4,043 4,043 4,043 15.40

USA Gen III+ 1,350 3,382 3,382 3,382 12.87

Brazil PWR 1,405 3,798 3,798 3,798 15.54

China CPR1000 1,000 1,763 7.10

CPR1000 1,000 1,748 7.04

AP1000 1,250 2,302 9.28

Russia VVER1150 1,070 2,933 2,933 2,933 16.74/16.94

EPRI AP/BWR 1,400 2,970 2,970 2,970 15.80

Eurelectric EPR1600 1,600 4,724 4,724 4,724 11.80

AVG 1,327 3,687 1 3,995 2 4,299 3 13.79
1 Average US $/kWe of the 20 global entries.
2 Average US $/kWe of the 17 global entries - China removed.
3 Average US $/kWe of the 15 global entries - China & Korea removed.
4

5 The cost estimate refers toFlamanville EPR (EDF data) and is site specific.

Overnight costs include pre-construction (owner's), construction (EPC), 

contingemcy, but not IDC.



Page 15 

 

333 Adelaide Street East, Suite 702, Toronto, Ontario, Canada M5A 4T4 

Tel: +1.647.271.4442  info@mzconsultinginc.com 

www.mzconsultinginc.com 

The above OECD data was collected from 21 countries specifically for this OECD study.  Table 

2.6-2 below summarizes actual data from a number of projects both recently completed and those 

now under consideration as reported in various sources
11

.  A detailed discussion of projects in a 

range of countries is presented in Appendix A. 

Table 2.6-2 Summary of Capital Costs by Region of New-Build Nuclear 

Region Plant Type Size 

MW 

Operation Total 

Cost 

US$B** 

Overnight 

Cost  

US$/kW 

ASIA 

Japan Onagawa 3 BWR 825 2002  4336 

 Genkai 3 PWR 1080 1994  5072 

 Genkai 4 PWR 1080 1997  4118 

 K-Kariwa ABWR 1356 1996  3636 

 K-kariwa 7 ABWR 1356 1997  3222 

 Hamaoka 5 ABWR 1325 2004  2759 

 Higashidori  BWR 1067 2005  3351 

 Shika 2 ABWR 1304 2006  2357 

Korea Yonggwang 2-PWR 2000 2001-02  3600 

 Ulchin 5 OPR 995 2004  3357 

 Ulchin 6 OPR 995 2005  2942 

China Taishan  2-EPR 3500 2014- 7.3  

India Tarapur 2PHWR 1080   1800 

North America 

USA VC Summer AP1000 2234  11.479 3787 

 Vogtle 3&4
* 

AP1000 2200  9.91 3187 

 Calvert Cliffs EPR 1650  > 10  

 So. Texas 3/4 ABWR 2660   3480 

 Turkey Pt. AP1000 2200  15-18  

 Levy County AP1000 2200  17  

Europe 

Finland Olkiluoto 3 EPR 1650 2012 6.3 4000 

France Flamanville 3 EPR 1650 2012-14 4.8-6 3500-4375 

Italy  EPR 1650 2020 5.9-6.6  

Hungary   1000  4.5  

Romania  2PHWR 1440  4.1  

Middle East 

UAE  4-APR 5600   2300 

  EPR bid    2900 

  GEHbid    3583 

* Regulator has accepted Construction Work in Progress (CWIP) meaning financing charges can be passed through to the 

customers during construction. 

**The total cost column includes both escalation and financing costs i.e. it represents the cost of the plant as completed. 

                                                 
11

 Update of the MIT 2003 Future of Nuclear Power - 2009 and Appendix A 
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Looking at all of this data we can conclude:  

 A capital cost of $4,000/kW is reasonable for a use as a reference cost for a plant built in the 

United States. 

 The cost is somewhat higher in Europe 

 There is evidence in Japan and Korea that costs have peaked and are now coming down due 

to the benefits of standardization.  This is expected and the EIA in the USA makes this 

assumption in their Annual Energy Outlook 

 Costs are low in China, Korea and India due the low cost of local labour and materials and 

the high level of local content in these countries.  Over time, they will become exporters and 

the global cost of nuclear power will decline.  This is now evidenced by the recent sale from 

Korea to the UAE. 

Figure 2.6-1 below shows the variety of costs by location versus the amount of localization.  As can 

be seen from the figure, Europe and the USA are high cost countries with high local contents while 

Korea, China and India are benefiting from their low local cost structures and relatively high local 

contents.  The UAE is an interesting case as it has a low local content but is importing its plant from 

Korea, a lower cost supplier.   

For nuclear plants, costs vary due to differences in a number of factors including: site specific 

characteristics, local supply chain, government policies, contractual structure and regulatory regime. 

Figure 2.6-1 Variation in Nuclear Cost by Location 

 

Source: OECD 2010, MIT 2009 and Appendix A 

Site Specific Characteristics 

The international trend is to move towards a global fleet of standardized nuclear designs as a major 

strategy to both reduce cost and risk.  However this cannot completely shield these designs from 

requiring adaptation to local conditions.  Costs are impacted by the temperature and type of cooling 
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water available (sea or river water) and the potential need for external cooling in the form of cooling 

towers. 

Of course weather conditions are also extremely important.  Issues such as the risk of flood, 

earthquake and tornado protection will affect the capital cost of a nuclear plant. 

Also the location is subject to different transportation costs depending upon whether there is a good 

port at sea side, or whether equipment must be delivered by road access.  Nuclear plants have some 

equipment that is very large in size and weight making road transport difficult, especially if there are 

limitations due to overpasses, tunnels, roads through towns etc.  A port to transport these oversize 

items is preferable and in some cases a requirement depending upon the site.   

Cooling requirements also have an effect on costs.  Many sites that are inland or on rivers may 

require cooling towers.  Sites that are sea side are less likely to have such a requirement. 

Finally, the remoteness of a site will affect the cost of site labour.  Being closer to a city where staff 

and construction labour don‟t have to be relocated to work at the plant site imposes different costs 

than a remote location where there is a need to build up a new town site for plant staff.  In addition to 

building a town site, a remote location may require payment of a premium to site labour as they are 

required to be away from home for long periods of time plus provide transport to their homes for 

weekends and holidays. 

Local supply chain 

The local supply chain impacts a number of plant cost categories.  The ability to “buy local” may 

either decrease or increase the costs of equipment.  Use of local labour is the minimum issue that 

needs to be considered.  The cost and availability of local staff to both build and operate the plant is 

important to the final costs.  There is also the cost of construction materials such as concrete, rebar 

and other materials that generally are provided locally. 

Contractual structure  

The nuclear plant costs are impacted by the sharing and managing of risks.  Transferring risk to the 

vendors generally is associated with higher costs due to higher contingencies built into the vendor 

price.  Discussions in Chile during our first visit in January highlighted this issue as project 

developers for both hydro and coal plants acknowledged that they pay more for a project in which 

the vendor takes on full EPC risk.  They see this as worthwhile to operate within the Chilean 

electricity market as cost certainty is an important issue when taking a decision to move forward with 

a project. 

Regulatory regime 

Nuclear plants operate in a highly regulated environment.  There is generally a long period of project 

development during which time the project applies for a variety of permits including environmental 

permits and licences to both construct and operate.  Meeting regulations can be quite onerous and 

where these regulations differ significantly from the country of origin of the plant, it can be both 

risky and costly to adapt the plant design to meet these requirements. 

Government policies 

Government policies towards nuclear will have an impact on the costs associated with the plant.  

Support can be provided in a number of ways.  For example, in the United States the government has 
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offered incentives to build the first new nuclear units.  These include insurance for regulatory delays, 

production tax credits and government loan guarantees.  All of these incentives improve upon the 

competitiveness of nuclear relative to other technologies.  Recently, loan guarantees have been the 

biggest issue as raising the necessary financing at an acceptable level of risk is paramount to project 

success. 

The other area of government policy that will impact the cost of generation options is related to the 

environment and carbon.  Many jurisdictions are either implementing or contemplating a variety of 

approaches to carbon pricing from incentivizing low carbon technologies (such as nuclear), 

implementing a carbon tax, or some form of cap and trade system. 

2.7 Impact of New Suppliers on Costs 

Another recent impact on nuclear cost is the entry of new vendors from Asia.  The recent win by 

Korea for a project in the United Arab Emirates (UAE) brings a new dimension to the global 

competition for nuclear plant sales.  The UAE awarded a contract to KEPCO of Korea to supply four 

nuclear power plants plus operations over its lifetime.  The total value of the contract is estimated at 

$40 billion.  This event is monumental for the industry as it clearly establishes Korea as a vendor 

with its own design – the APR 1400.  It also shows that commercial issues have won over political 

strength.  No one predicted Korea to win over its two main rivals, Areva and GEH.  Both were 

strongly supported by the French and US governments respectively.  It has been suggested that the 

total bid was $16 billion higher for Areva than the Korean bid. 

The impact on the industry of this sale was significant.  France denounced the Korean design as less 

safe than the French EPR design to justify the difference in cost.  However it has also been reported 

that both Areva and GEH are turning to Asia to bolster their supply chains with lower cost suppliers.  

The outcome is likely lower nuclear plant costs for the global industry going forward. 

There will always be differences in pricing across vendors and regions, but increased competition 

will positively impact prices for utilities. 
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3. COST FOR NUCLEAR PLANT IN CHILE 

 

 

3.1 Introduction 

Section 3 establishes the cost basis of a Reference Plant, based on the international assessment 

provided in Section 2.  This reference cost is then adjusted to meet local conditions in Chile.  

The scope is assessed using the IAEA code of accounts and takes into account the appropriate 

local conditions.  Most of these were determined through a set of meetings with both 

government and private sector stakeholders in January 2010. 

Key Findings 

 Nuclear plants are capital intensive and as such the capital cost is the most 

important factor in determining the economic competitiveness of nuclear 

energy. 

 The cost of a nuclear plant in Chile is based on a generic 1,000MW LWR 

design based in the United States.  Adjustments are then made to adapt this 

cost to relevant local conditions. 

 In Chile, the cost is impacted by the technical requirements of the site (i.e. 

high seismic, tornado, tsunami) and the cost of labour and materials in Chile.  

The cost will also be impacted by the electricity market.  This will be 

discussed in Section 4. 

 Most nuclear plants (with the exception of the EPR) are built in pairs.  This 

applies to Chile and likely requires a commitment to 2,000MW to achieve 

these price levels. 

 A cost of a nuclear plant in Chile is derived and provided with a high level 

breakdown using the IAEA code of accounts. 

 MZConsulting estimates the capital cost of a nuclear plant in Chile to be 

$4,018/kW including an allowance to meet increased seismic requirements  

 This indicative cost is useful for preparing a preliminary economic analysis to 

determine the viability of a nuclear unit in Chile, But it does not replace the need 

to perform a more detailed cost assessment as a project is developed. 

 Global costs have peaked and are expected to decline in part due to the economies 

of standardization.  Given the timeframe for decision, this should reduce both the 

cost and risk of implementation in Chile by the time a first project is started so 

long as Chile selects a proven standard international design. 

 Operation and Maintenance costs are calculated taking into account the cost of 

labour in Chile.  These are valid for a two unit station. 

 MZConsulting estimates the O&M cost for a nuclear plant in Chile to be 

$7.6/MWh.  With a fuel cost of $9MWh (including spent fuel and 

decommissioning), this sums to a production cost for a nuclear plant of 

$16.6/MWh 

 Labour rates in Chile result in an O&M cost on the lower end of the global 

spectrum. 



Page 20 

 

333 Adelaide Street East, Suite 702, Toronto, Ontario, Canada M5A 4T4 

Tel: +1.647.271.4442  info@mzconsultinginc.com 

www.mzconsultinginc.com 

This estimated cost of a nuclear plant is provided for the purpose of assessing the viability of a 

potential nuclear project in Chile.  A preliminary assessment is made in Section 4 of this report.  

This will then provide a useful reference analysis for future feasibility studies as Chile 

continues down the path towards the possible introduction of nuclear power. 

3.2 Basis of Estimate 

To develop a reasonable cost estimate for a nuclear project in Chile requires the development of an 

estimating process suitable to this early stage in the assessment of project feasibility.  We selected an 

approach that first develops a cost estimate for a defined reference plant for a project in North 

America.  This cost is based on our extensive database of nuclear costs and our experience in nuclear 

project estimating.  Once developed, this cost is then adjusted to incorporate the local conditions in 

Chile. 

At the detailed level the cost is developed considering the following: 

 Direct costs – these are costs (e.g. labour, materials, equipment) that are readily traceable to 

the final product or activity.  The direct costs include salaries, wages, equipment, materials or 

other assignable project costs. 

 Indirect costs – these are all costs other than direct costs, i.e. costs that do not become part of 

the physical facility, but are required for the successful completion of the installation.  

Typically project indirect costs include management, insurances, consumables and such. 

The estimate then individually considers the following components that make-up total estimate: 

 Labour – this item represents the cost of staff employed to execute the project tasks.  It 

includes all associated activities required to deliver the project. 

 Materials – are required to construct the product, project according to defined specifications.  

It includes civil materials, electromechanical items, control & instrumentation and process. 

 Equipment – includes all equipment & components required for construction and installation 

of systems. 

 Subcontracts – typically, the complexity of the nuclear projects requires more than one 

contract to complete the full project.  The total project scope is sub-divided within a qualified 

group of contractors that jointly design, construct and commission the project. 

 Fees – covers all associated fees, permits, insurances, license agreements and such. 

The next step in developing a cost estimate is to provide a Work Breakdown Structure (WBS).  For 

large projects using an established WBS assists with ensuring that the project is properly defined and 

that there are no systems and/ or equipment missing from the scope.  There are various account 

systems for nuclear technologies.  For this project we have selected the most common WBS - the 

IAEA Bid Evaluation Code of Accounts.  The estimate will be provided to the 2
nd

 level system 

breakdown illustrated in the table below.  Slight adjustments were made to the code of accounts to 

accommodate the approach of using an amalgamation of different technologies for the reference 

plant.  The IAEA code of accounts is an internationally accepted industry standard work breakdown 

system check list that allows a cross-technology economic evaluation without having to implement 
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major modifications to the systems structure.  For this purpose alone it is part of international 

tendering requirements. 

Figure 3.2-1 Work Breakdown Structure 

 

(Source - www-pub.iaea.org/MTCD/publications/PDF/TRS396_scr.pdf).   

The scope of the estimate is a complete nuclear plant including the reactor plant, conventional plant 

including the switchyard and all other site work assuming the site has been prepared and is level.  

The costs include the Owner's costs which usually consist of:  site acquisition, licensing, duties, taxes 

and fees, insurances, security provisions, owner's project team and public relations. 

The cost will be shown in the above format, in constant US dollars with a base date of January 2010. 

3.3 Selecting a Reference Plant 

There are over 400 nuclear power plants in operation today.  The current operating fleet of reactors 

operates extremely well.  Most of these are considered to be “Generation II Reactors”. 

Today, vendors are offering reactor designs considered “Generation III Reactors”.  These are 

advanced designs with an emphasis on design standardization, up-front licensing and advanced 

construction techniques.  The objective of these designs is to increase safety and reduce risk, while 

maintaining economic competitiveness. 

Nuclear power is a mature technology.  Even so, there are a variety of designs available in the 

market.  Light Water Reactors (LWR) have most of the market with Pressurized Water Reactors 

WBS Description

IAEA Direct Costs

21 Structures and Improvements

22 Reactor Plant

23 Turbine Plant

24 Electrical Plant

25 Miscellaneous Plant

26 Main Heat Rejection System

Indirect Costs

91 Construction

92 Engineering Home Office

93 Field Office Engineering & Mgmt

94 Owner's Costs

Base (Overnight) Cost

Contingency

Total Cost

Plant Cost in $/kWe Gross
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(PWR) having the largest market share and Boiling Water Reactors (BWR) following next.  The 

Canadian based Pressurized Heavy Water Reactors (PHWR) or CANDU has 10% of the market.  

The global market is most interested in the PWR going forward, although interest in the other 

designs remains. 

Generation IV reactors will become available sometime after the next 20 years.  Their primary 

purpose is either to increase temperatures to enable the production of hydrogen for the future 

hydrogen economy, or they are of advanced fuel cycle design to move nuclear power forward in 

becoming sustainable. 

All mature technologies now being offered widely on the world market are over 1,000MWe.  

Economics make small reactors a challenge. 

All that being said, and given the maturity of the market, it is non technical issues that will likely 

govern the selection of a design.  Strong vendor companies able to take risk are a requirement with 

international alliances being paramount. 

It is on this basis that we have selected three representative nuclear technologies (as an indicative mix 

of price, technology, reference plants), to determine a Base Case Reference plant for Chile.  All are 

currently available in the market: 

 ABWR 1,400MWe 

 PWR 1,154MWe 

 PHWR 725MWe
12

 

Given the prevalence of the PWR we have combined all of this data to create a hypothetical nuclear 

unit as the Reference Plant.  This unit is nominally 1,000MW and for discussion purposes (i.e. to 

enable consideration of key components) a PWR.  This in no way intends to suggest any specific 

type for Chile – only to create a reference for discussion. 

Once the reference is defined, there are other assumptions required to develop a nominal cost 

estimate. 

Configuration – Two units of 1,000MW built together as one project with one year between in-

service dates.  Most designs today are offered in a two unit configuration with the exception of the 

EPR.  Costs are reduced due to savings in construction costs and significant savings on O&M due to 

lower staffing requirements.  The units are also n
th
 in a series i.e. these are not First-of-a-Kind 

(FOAK) designs (the FOAK units carry additional risk of costs and schedule associated with 

unforeseen development of design, supply, manufacturing and construction activities that may occur 

during the initial implementation of the first nuclear units, as illustrated on many projects of this 

type). 

Location – An East Coast United States location is assumed as the reference site.  This selection 

assumes access to adequate cooling water, i.e. there is no requirement for cooling towers.  This is 

equal to our assumption for Chilean Site – Sea Coast location without the need of cooling towers
13

. 

                                                 
12

 For purposes of this estimate the heavy water is assumed to be part of the fuel cost to facilitate comparison with the light 

water technologies.  The sum of the heavy water amortized over the project life plus fuel cost with natural uranium fuel is 

similar to the cost of enriched fuel used by BWRs and PWRs.. 
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Form of contract and financial structure – A typical EPC structure where the vendor and utility 

share in the risks of the project is selected.  This means some element of fixed pricing and some part 

of the project at risk to the owner.  The long schedules associated with nuclear projects make full 

EPC contracts difficult.  This will be discussed further in Section 4. 

Schedule – The project will be implemented in six years from project start to completion.  This 

excludes project development and securing necessary environmental approvals.  Based on recent 

studies in Chile, an in-service date of 2024 is assumed. 

3.4 Reference Plant Cost Estimate 

On the basis of these above assumptions, the specific capital cost for the Reference Plant is US 

$4,277/kW.  This is our reference point for the Cost of Nuclear in Chile before taking into account 

the local conditions.  A breakdown by IAEA code of accounts is shown in Table 3.4-1.  This is the 

total cost for a single 1,000MW unit. 

Table 3.4-1 Reference Plant Cost Basis PWR 1,000MWe 

                

                                                                                                                                                            
13

 While many sites require cooling towers to meet environmental requirements it remains uncommon to require a cooling 

tower on a sea side site.  The more likely scenario is for a deep sea outfall to mitigate the impact of releasing heat into the 

sea at a given location. 

WBS Description USM$2010 %

IAEA Direct Costs 2,686 62.8%

21 Structures and Improvements 701 16.4%

22 Reactor Plant 918 21.5%

23 Turbine Plant 620 14.5%

24 Electrical Plant 237 5.5%

25 Miscellaneous Plant 99 2.3%

26 Main Heat Rejection System 111 2.6%

Indirect Costs 1,334 31.2%

91 Construction 579 13.5%

92 Engineering Home Office 235 5.5%

93 Field Office Engineering & Management 246 5.8%

94 Owner's Costs 274 6.4%

Base (Overnight) Construction Cost 4,020 94.0%

Contingency 257 6.0%

1-Unit Cost (based on a twin-plant construction) 4,277 100.0%

Plant Cost in $/kWe Gross 4,277
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3.5 Cost Estimate for Chile - Assumptions 

In January 2010 meetings were held with both government and private sector stakeholders to 

establish the basis and assumptions for a project in Chile
14

.  As discussed in Section 2.6 there 

are a number of considerations that impact the cost of a nuclear plant in any given location. 

At this time government policy is being considered.  Discussions concluded that there is 

considerable flexibility in government as it considers its nuclear policy so there are no 

immediate constraints or impediments that impact this cost estimate.  The same is true for the 

regulator.  The regulatory framework is somewhat immature.  It is assumed that action will be 

taken to develop the regulatory system in time for a project. 

Therefore, there are three areas to be considered that will impact the cost of a nuclear plant in 

Chile: local participation and content, site conditions (nominally the seismic level) and the 

contractual approach.  The first two are discussed below.  The contractual approach is discussed 

further in Section 4. 

Local participation and content 

As we have learned in Chile, there are limitations to what level of scope the Chile industry is able to 

participate under the present conditions.  In power generation industry in general, the aim is to get the 

best value for the money in relations to the quality, safety and reliability of the product.  This 

approach will not change for nuclear generation project either, in fact it will be even more likely to 

take this route. 

The general overview of the supply chain indicates that there is very little in terms of nuclear 

manufacturing and fabrication available, which would not change without a substantial amount of 

investment, and which would not be economically advisable for a small number of nuclear projects.  

It is therefore not anticipated that any substantial localization will be expected in the major 

equipment areas. 

Chile does, however, have some well-established and technologically advanced manufacturers 

in the energy sector.  The same principles of economic liberalism that define energy legislation 

apply to the wider economy, and there are few trade barriers to protect Chilean manufacturers.  

Chile is probably the most pro-market economy in South America, and numerous trade 

agreements have forced energy components manufacturers to sink or swim.  Whatever we can 

expect to be supplied from Chile will probably be of good quality and at a competitive price.  

Material supply, as related to the nuclear or conventional systems, is probably capable of 

supplying 10-15% in certain specific areas, e.g. wiring, cabling, small pipe, ducting, cable trays, 

rebar, aggregates, and such (all in non-nuclear grades). 

In terms of engineering in design, support, layout, field engineering, commissioning – there is a 

potential to a small degree, and also a need to develop local know-how.  To the extent feasible we 

prorated various categories of local engineering support into the local costs. 

One other important element of the local scope is the Owner‟s Management.  The participation of the 

Owner on the high and mid management level provides a direct oversight of the total project, as well 

                                                 
14

   MZConsulting met with the following companies to discuss the local conditions in Chile: Pacific Hydro, Genero, SYS 

Ingenieros Consultores, Barros & Errázuriz and Endesa.  We thank all of these companies for their cooperation and inputs. 
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as develops the know-how required for future plant operation, or future additional nuclear 

construction. 

Probably the largest impact on local scope participation comes from the construction labour 

resourcing.  In this context, the amount of local labour is in the range of 65-80% depending on 

category. 

Based on the detailed assessment of each main line item of the Cost estimate and considering 

the assessment of the local expectations as expressed during the visit of January 2010, we can 

estimate the overall plant foreign vs local scope to be in the range of approximately 85% 

foreign & 15% local. 

On this basis, most of the local participation will come from construction labour (with 

stipulated requirements and defined qualifications per trade or work phase); some smaller 

conventional controls & instrumentation material supply; local procurement services; partial 

“shadow” management support; and designated level of commissioning activities with 

technology transfer (TT) training for development of the operations & maintenance staff. 

This level of local participation is not out of line based on our experience for new nuclear 

market entry of similar proportions.  Our experience in Korea (late 70s and early 80s) has 

shown that when the first unit nuclear construction project stipulated 14% local content in total, 

the maximum the country could adopt was 9%
15

. 

                                                 
15

 It is interesting to note that following a strong commitment to developing a local industry, by the fourth nuclear 

unit, the local content was at 75%. 
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Table 3.5-1 Local Cost of Labour 

 

The Table 3.5-1 describes the individual impact of local conditions on construction labour per trade, 

group, category, or separate activities.  Based on discussions in Chile specific formulae for each 

category of construction work, trades required, complexity of installation sequencing and specialty 

trades needed were developed.  This then provided a basis for determining the percentage ratio of 

each category, developing the base construction man hour requirements.  These have been factored 

on a productivity basis and then converted to a local construction labour cost (utilizing the local rates 

in US $).  This was then combined with the foreign labour component to calculate a total 

construction cost. 

The full impact of the local scope of work on the reference plant total cost is illustrated in the Table 

3.5-2 below.  The table identifies the direct percentage of local participation per individual category, 

as well as Weighted Average of each category vs the total cost of the project. 

Chile Reference Labour Rates in US$2010

WBS Description Rate Ref

Prod 

Factor Ref

IAEA Construction Trades

21 Structures and Improvements 15.17 Local Sources 10% Local dBase

22 Reactor Plant 15.92 Local Sources 20% Local dBase

23 Turbine Plant 15.83 Local Sources 15% Local dBase

24 Electrical Plant 13.27 Local Sources 10% Local dBase

25 Miscellaneous Plant 13.27 Local Sources 15% Local dBase

26 Main Heat Rejection System 15.81 Local Sources 10% Local dBase

Engineering

Design 22.72 Local Sources 15% Local dBase

Local ESP 16.24 Local Sources 15% Local dBase

Layout 18.95 Local Sources 20% Local dBase

Site 35.88 Local Sources 20% Local dBase

Management

High Level 56.82 AVG 10% AVG

Mid Level 35.50 AVG 10% AVG

Commissioning

Various 14.00 AVG 20% AVG

Vendor TT 85.00 AVG = =
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Table 3.5-2 Chile Local Scope per Category (Direct & Weighted) 

 

Site Conditions 

While there is no specific site, an assumption is made that the plant will be located on the sea coast 

with a reasonable access to communities and with road and sea access.  This means there is no need 

for an extensive town site at the project site. 

Chile has very high seismic requirements.  To meet these requirements, we started with reference 

plants, where all have seismic, tornado, missile and tsunami (not all to the same degree) protection as 

part of their base requirements and technical specifications.  Specifically, the ABWR unit reference 

plant is a typical Japanese design that is designed for the rigorous seismic conditions of Japan. 

Quoting Dr. Mauricio Sarrazin Arellano‟s Report 
16

“…They conclude that SSE earthquake 

accelerations greater than 600 gal (which would be the Chilean case), the additional cost of a power 

of 1,000MWe of power would be about US M$400 to 600 (1978).  The present total cost of a plant of 

this size, including financing, would be about US B$6.  With the dollar value inflation between 1978 

                                                 
16

 Caracterización De Riesgos Naturales Para El Desarrollo De Un Programa Núcleo-Eléctrico En Chile” prepared by 

Departamento de Geología, Universidad de Chile 

Chile Local Participation in %

WBS Description

Local  

Scope %

Foreign 

Scope %

Local  

Scope %

Foreign 

Scope %

IAEA Construction Trades

21 Structures and Improvements 80% 20% 4.9% 1.2%

22 Reactor Plant 65% 35% 2.2% 1.2%

23 Turbine Plant 75% 25% 1.9% 0.6%

24 Electrical Plant 75% 25% 1.3% 0.4%

25 Miscellaneous Plant 80% 20% 0.3% 0.1%

26 Main Heat Rejection System 75% 25% 0.3% 0.1%

Engineering

Design

Local ESP

Layout

Site 9% 91% 0.6% 6.4%

Management

High Level 10% 90%

Mid Level 7% 93%

Commissioning

Various

Vendor TT

Balance of Scope 0.0% 62.0%

48.5% 51.5% 13.7% 86.3%

1.2% 1.1%

Direct Weighted

1.0% 13.1%

Included in Site 

Eng

7% 93%

50% 50%
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and today, this compares to roughly 3 times the original value, meaning the additional cost of central 

seismic zone would be 20% to 30% more.” 

Dr. Sarrazin‟s report is very detailed in terms of Chile‟s seismic history, major faults, anticipated 

impact conditions, as well as collating various seismic hazard reports.  We agree with his findings, 

given the fact that Chile is located in a very active seismic region, as well as largest recorded 

earthquake zones; it is only appropriate to address this issue with careful consideration. 

As Dr. Sarrazin notes: “Although the seismic situation can be interpreted as a significant constraint 

to development, installation of infrastructure and human settlements in the country, experience 

shows that engineering, if you have technically adequate information on the characterization of 

seismic hazard, it can drastically reduce impact to acceptable levels, therefore mitigate the seismic 

risk.  Moreover, recent findings in the field of earthquake science has shown that the greatest 

damage will not necessarily come from those high-magnitude seismic events, but those earthquakes 

that have specific characteristics depending on the type of seismic source, and where site effects can 

become significantly important in strong ground motion.”… this is a very important point to consider 

and to realize the extent of the seismic threat as well as its mitigation. 

As we have witnessed in the case of recent Kashiwazaki- Kariwa event (Japan 2007), the conclusion 

of post-event investigation and assessment underlined the positive effects of the existing seismic 

design features, while also identifying some additional improvements in specific areas of these 

plants. 

Most of these post-event improvements were reflected in application of additional snubbers (Figure 

3.5-1), reinforcement brackets (Figure 3.5-2), beams and other structural members.  However, there 

was no major refurbishment of equipment nor any major redesign required as a direct result of the 

event and both units are back in operation
17

 . 

Figure 3.5-1 Added Snubber 

                                

                                                 
17

 TEPCO of March 18, 2010 – “Updates of Situation of Kashiwazaki-Kariwa NPP after the Niigataken Chuetsu-Oki 

Earthquake 2007”). 
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Figure 3.5-2 Added Bracket 

                                
 

On this basis we recommend additional an allowance to the reference plant cost to cover any 

specifically required additional seismic reinforcement, based on local conditions (keeping in mind 

that the reference plant includes significant seismic design features and cost for implementation).  It 

is also important to note that designing for these requirements up front will be more cost effective 

than retrofitting as in the case Kashiwazaki- Kariwa: 

Table 3.5-3 Seismic Impact Additional Costs (in US$) 

Item Description US M$ 2010 

1 Site – special seismic and geological studies and surveys 20 

2 Structural & General Civil Improvements 100 

3 Major equipment – additional restraints 50 

4 General – anchors, hangers, fasteners, supports (already in, but 

improved) 

50 

5 Seismic Instrumentation 15 

6 Compliance with additional International Standards 20 

 Total 255 

3.6 Chile Reference Plant Cost 

Table 3.6-1 below presents the cost of nuclear plant for Chile.  Utilizing the IAEA WBS, the vertical 

breakdown identifies the direct & indirect component grouping, within which there is a 

system/area/activity breakdown. 
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Table 3.6-1 Chile Reference Plant Cost (PWR 1,000MWe) 

        

 

Overall, we feel that this cost estimate represents an accurate assessment of the nuclear project costs 

of today, while modified for the local conditions, and based on references that are valid today. 

It can be seen that Chile, as a low labour cost country, has a lower capital cost than the reference 

plant cost in the United States.  This cost is then adjusted upwards for the higher seismic conditions.  

However since Chile is also a low localization country, it does not achieve the lowest costs as in 

China and India. 

3.7 O&M Costs 

After the capital cost, it is important to estimate the cost to operate and maintain the plant 

(O&M).  The O&M costs for nuclear plants are significantly larger than for fossil plants and 

represent 25 to 35% of the unit electricity cost of the plant.  It is also very much dependent upon 

the local conditions since the largest cost is labour. 

There are many ways in which an owner can arrange to manage and execute the O&M business 

functions required for operation of a nuclear plant.  The differences usually depend on the 

design features of the plant, and the degree to which the owner seeks to retain work internally as 

WBS Description

US Ref 

Plant 

US M$

Eqt & HO 

US M$

Site 

Mat'l & 

Labour 

US M$

Other 

US M$

Σ Cost 

US M$ Σ %

IAEA Direct Costs 2,686 1,341 908 0 2,249 56.0%

21 Structures and Improvements 701 35 456 0 491 12.2%

22 Reactor Plant 918 628 181 0 809 20.1%

23 Turbine Plant 620 476 124 0 600 14.9%

24 Electrical Plant 237 82 102 0 184 4.6%

25 Miscellaneous Plant 99 40 22 0 62 1.5%

26 Main Heat Rejection System 111 80 23 0 103 2.6%

Indirect Costs 1,334 982 232 100 1,314 32.7%

91 Construction 579 187 221 0 408 10.2%

92 Engineering Home Office 235 532 0 0 532 13.2%

93 Field Office Engineering & Mgmt 246 263 11 0 274 6.8%

94 Owner's Costs 274 0 0 100 100 2.5%

Base (Overnight) Cost 4,020 2,323 1,140 100 3,563 88.7%

Contingency 257 0 0 200 200 5.0%

Seismic Allowance 0 0 0 255 255 6.3%

Total Cost 4,277 2,323 1,140 555 4,018 100.0%

Plant Cost in $/kWe Gross 4,018
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opposed to contracting it out to an external supplier.  There are also other costs that vary such as 

allocations to corporate overheads and local taxes. 

There is always a trade off between the cost of maintenance and the capacity factor of the plant.  

In the USA, experience has shown that strong management focus on O&M to deliver preventive 

maintenance can increase capacity factors and hence lower the O&M cost per unit energy.  This 

does not necessarily require that a plant maintain a high level of staffing on a continuous basis.  

It can be achieved through good planning and contracting of maintenance services.  The latest 

summary of O&M data is published in Nucleonics Week, Volume 50, Number 51, December 

24, 2009. 

Recent OECD publication of Global Nuclear Power Plants Reference Data, see Table 2.6-1, 

summarizes the overnight capital and average OM&A costs of plants.  As with the capital cost data, 

there is a wide variation in these costs across markets. 

Based on this data, we conclude the following: 

 Recent US data shows the average O&M achieved in 2008 is $15.44/MWh and the median 

cost is $13.67/MWh. 

 Assuming a typical O&M split of labour and materials (70/30) and applying the labour rate 

differential between the US and Chile (approximately 4:1), this yields an O&M cost for Chile 

as follows: 

o US Avg $15.44/MWh adjusted for 90% capacity factor
18

 to $16.6 

o Chile O&M based on adjusting US average for lower labour cost in Chile 

 Labour    $2.8 

 Material   $4.8 

 Chile O&M  $7.6 

The OECD 2010 Report (see Table 2.6-1) indicates a global average of $13.79/MWh.  The lowest 

costs are about $7MWh.  It is reasonable for Chile, being a low labour cost country to have an O&M 

cost closer to the lower range in the OECD data.  It should also be noted that the newer nuclear 

designs are taking O&M into account with an objective of reducing the costs of operations.  

3.8 Price Trends for the Future 

The cost estimates developed in this section are based on a database of reference data and current 

expectations with regards to new nuclear plant pricing.  There are a number of factors that need 

consideration when looking to nuclear costs in the future. 

First, all new designs are intended to be standardized and implement in global fleets.  At this point in 

time only the first of these units are under construction.  This is resulting in higher first-of-a-kind 

costs as the nuclear renaissance takes hold and industry re-establishes the supply chain and 

knowledge base to increase production of new plants at lower cost and risk. 

                                                 
18

 The US data average is achieved at 91.2% capacity factor.  In Section 4 a 90% capacity factor is assumed.  The total 

costs remain the same. 
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Given the time frame for a potential project in Chile, it is expected that the ongoing development of 

the global fleets with extensive development in China and India will continue to reduce costs.  

Adding new vendors such as the Korea to the mix increases our confidence that prices can continue 

to improve over the next decade. 

This cost estimate is suitable for a study at this stage of the process.  As Chile moves forward 

towards a potential new nuclear unit, a more detailed feasibility study is required at the appropriate 

time. 

3.9 Fuel Costs 

The nuclear fuel cycle is unique when compared to other forms of electricity generation.  In the 

case of fossil fuelled generation, the fuel is entirely a commodity in the form of coal, gas or oil.  

And for fossil generation the fuel represents a very significant proportion of the cost of 

electricity varying from about 40% or more for coal to 80% or more for gas. Nuclear fuel is 

comprised of four key stages: uranium (yellowcake); conversion, enrichment and fabrication.  

Only the uranium is a true commodity.  The remainder of the fuel cycle requires technology 

with the amount of technology increasing with each stage so that fuel fabrication is a very high 

technology product. 

Table 3.9-1 Nuclear Fuel Cycle 

 

Source: World Nuclear Association 

For this project, the reference plant is assumed to be a nominal 1,000 MW PWR.  On average 

over the global nuclear fleet, a nuclear plant consumes about 180 tU/year of uranium. Based on 

this assumption the following table illustrates the costs associated with each phase of the front 

end of the nuclear fuel cycle to provide a fuel cost. 
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Table 3.9-2 Fuel Cost Calculation 

Uranium (kg U3O8) 9 $50 $/lb $990 Burnup 45000 MWdays/t 

Conversion (KgU) 7.6 $12 $/kg $91 Efficiency 33%   

Enrichment (SWU) 7 $164 $/SWU $1,148    

Fabrication (kg) 1 $240 $/kg $240    

Total (1 kg of fabricated fuel)   $2,469 Fuel Cost $6.93 $/MWh 

Source: World Nuclear Association and MZConsulting Economic Model 

Nuclear plants include the costs of decommissioning and spent fuel management in their economic 

calculations.  Spent fuel costs are assumed to be $1MWh, based on the cost in the USA.  

Decommissioning costs are assumed to be the same ($1/MWh) although a decommissioning analysis 

would likely yield costs somewhat lower.  This compares well with the assumption in the OECD 

2010 report of $2.33/MWh for the sum of spent fuel and decommissioning.   

 



Page 34 

 

333 Adelaide Street East, Suite 702, Toronto, Ontario, Canada M5A 4T4 

Tel: +1.647.271.4442  info@mzconsultinginc.com 

www.mzconsultinginc.com 

4. ECONOMIC ANALYSIS 

 

4.1 Introduction 

As discussed in Section 2, recent studies of the economics of electricity generation have illustrated 

that nuclear is competitive in most markets.  However, it is also clear that the relative economics of 

various forms of electricity generation vary by location. 

In Section 3, the cost of a nuclear plant for Chile was determined.  In this Section 4, this cost will be 

compared to the cost of the alternative forms of electricity generation in Chile including coal, hydro 

and LNG to determine the economic viability of a nuclear plant for implementation in Chile. 

The competitive analysis will be performed using the Levelized Cost of Electricity (LCOE) method 

as described and used by the OECD NEA/ IEA in their report.  This method is recognized as an 

internationally accepted method of calculating electricity generation costs for the purpose of 

comparing different forms of electricity generation. 

A base case scenario will be established using a set of assumptions determined from conditions in 

Chile as discussed further in this section.  This will be supplemented by sensitivity analysis to key 

parameters.  This will provide useful information to better understand the relative economics of 

nuclear in Chile and to support the further development of government policy. 

Chile has an open and transparent electricity market with generation provided by private sector 

generating companies.  LCOE analysis is not sufficient to determine the viability of building a 

nuclear plant into this market.  A financial analysis will be performed in Section 5 assessing the 

potential for a nuclear plant to be economically competitive in this open market. 

Key Findings  

 The relative competiveness of a nuclear plant relative to the alternatives is 

considered using the standard Levelized Cost of Electricity (LCOE) 

methodology. 

 The assumptions for nuclear are calculated primarily in Section 3 of this 

report.  The assumptions for fossil and hydro plants are consistent with 

Ministry of Energy assumptions modified based on discussions with private 

sector generators and international data where appropriate. 

 Nuclear plants are the least cost alternative relative to fossil generation for 

base load electricity at a 10% discount rate. 

 The LCOE for nuclear is $83.6 /MWh with the capital portion being about 

80% of the cost.  This compares to $89.7 /MWh for coal and $98.4 /MWh for 

LNG. 

 Results are sensitive to the capital cost of nuclear, the discount rate and the 

cost of fossil fuels. 

 Under all scenarios nuclear remains competitive demonstrating the robustness 

of the economics of nuclear power. 

 A carbon market will further enhance the economic competitiveness of 

nuclear relative to fossil fuels. 
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4.2 Methodology 

The LCOE is a convenient way to calculate the costs of various electricity generation alternatives for 

the purpose of comparison.  By taking the time value of money into account and discounting back to 

a common date, generation alternatives with widely varying cash flows can be compared 

successfully. 

The LCOE
19

 is defined as the fixed price of electricity so that sum of the revenues is equal to the sum 

of the costs when discounted over the plant‟s lifetime.  The formula is: 

∑                          ∑                     

      ∑                            ∑                                               

          

      ∑                                                            ∑                   

         

Where: 

LCOE is the fixed price of electricity over the plant lifetime 

Investmentt is the capital investment cost in year t 

O&Mt is the operating and maintenance cost in year t 

Fuelt is the cost of fuel in year t 

Other Costst are costs that may be included such as decommissioning, spent fuel and/or the cost of carbon in year t 

Electricityt is the electricity generated in year t; and 

(1+r)
-t
 is the discount factor in the year t and r is the discount rate 

While this method can include a variety of costs such as decommissioning and the cost of carbon, 

there are costs that are not normally included in such calculations.  First of all, this method is 

generally used for calculations where the relative risk of each technology is the same i.e. a regulated 

utility or government owned utility model. 

It is also not usual to include corporate taxes in the LCOE calculation.  This is because, conceptually, 

the LCOE is the price where the revenues and the costs are exactly balanced over the plant life.  In 

this case, there are no profits so there is no tax payable in a perfect tax system. 

This means that while the LCOE method is extremely useful to compare generation options, it is not 

the best model to compare varying alternatives with different risk profiles as to whether they can be 

built into a private or deregulated electricity market.   In some cases
20

 the calculation is adjusted to 

take some of these issues into account. 

At MZConsulting we believe the best approach to assess a project under these conditions is to 

prepare a business case analysis modelling the project with its financing structure and assessing the 

return to equity holders based on the projected cost of electricity in the market.  Therefore in addition 

to the LCOE analysis to compare the costs of nuclear to other options, we will also prepare a 

business case analysis for building a nuclear plant into the Chilean electricity market.  This will 

include assumptions on the debt/equity ratio, the costs of debt, the price of electricity and the 

corporate tax rate.  The output will be calculated based on the actual annual corporate cash flow and 

                                                 
19

 As described in “Projected Costs of Electricity 2010 Edition” OECD NEA/IEA 2010 
20

 In the MIT report “Update of the MIT 2003 Future of Nuclear Power” – 2009, both taxes and differing risk adjusted 

discount rates are used in the LCOE analysis. 
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will be the discounted return on equity to the shareholder.  The shareholder would then compare this 

to his own internal hurdle rate for the project. 

Both analyses will be performed on a “real” basis i.e. there will be no escalation although there can 

be real escalation for various cost components such as fuel. 

4.3 Assumptions 

To establish a base case scenario requires a number of assumptions.  These include assumptions with 

regards to the cost of the different types of generating plant (nuclear, coal, hydro and LNG) such as 

its capital (including project schedule and cash flow), operating costs, cost of fuel and other costs as 

appropriate.  Other costs are the cost of decommissioning and spent fuel management for nuclear and 

some scenarios with a cost of carbon assigned to fossil generation.  Consistent with assessments 

performed in Chile, a 10% discount rate is assumed. 

These assumptions are shown in Table 4.3-1.  A discussion of the base case scenario assumptions 

follows. 

Table 4.3-1 LCOE Input Summary – Base Case Scenario 

LCOE Assumptions 

  Nuclear Coal Hydro LNG Units 

Net Output 1000 400 300 400 MW 

Project Schedule 6 4 4 2 Years 

In-service Date 2024 2024 2024 2024 Year 

            

Capital Cost 4018 2300 3000 700 $/kW 

O&M Cost 7.60 2.47 5.00 3.00 $/MWh 

Fuel Cost 6.93 49.40 0.00 85.82 $/MWh 

Decommissioning 1.00 0.00 0.00 0.00 $/MWh 

Spent Fuel disposal 1.00 0.00 0.00 0.00 $/MWh 

Capacity Factor 90% 82% 58% 89% % 

Economic Life 40 40 40 40 Years 

Discount Rate 10% 10% 10% 10% % 

Carbon emissions 0 0.839 0 0.361 t/MWh 

Carbon price 0 30 0 30 $/tonne 

Plant Data 

Plant costs and schedule information is required to perform a LCOE analysis.  For the nuclear 

assumptions, data is taken from Section 3 of this report where they are fully described.  For the fossil 

and hydro assumptions, data is taken from Table 4.3-2 below presented by the CNE and then 

modified based on discussions with Chilean generating companies during meetings to discuss costs 

in January 2010. 
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Table 4.3-2 Assumption from previous analysis from the CNE
21

 

 

Nuclear assumption subsequently changed to $4,000/kW 

Plant Capacities and In-service Date 

This analysis is intended to compare the cost per unit of energy for various forms of electricity 

generation.  It was thus decided that different plant sizes can be assumed for different technologies.  

A more detailed system analysis would need to be prepared to consider the impact of these different 

sizes to the system and the economic impact of implanting different technologies on different 

schedules.  In this case, the analysis assumes a plant size based on Table 4.3-2 and discussions with 

local fossil and hydro plant generating companies. 

In a recently released study on the nuclear option, the CNE (now Ministry of Energy) has concluded 

that a nuclear plant would be a viable option to be in-service in 2024
22

.  Therefore 2024 is selected as 

the in-service date for all options. 

Capital Cost 

The coal and LNG capital costs are assumed to be the same as in Table 4.3-2 above based on 

discussions with fossil plant owners.  The capital cost for hydro was modified based on discussions 

with a local hydro generating company.  

Project cash flows are assumed to be the same as the MIT 2009 update report.  The project schedules 

agree with the above table with a modest change for coal plants.   

Table 4.3-3 Project Cash Flows 

Cash Flow 
(Year) Nuclear Coal Hydro LNG 

2019 8.0% 0.0% 0.0% 0.0% 

2020 21.0% 0.0% 0.0% 0.0% 

2021 27.1% 14.6% 14.6% 0.0% 

2022 19.6% 35.4% 35.4% 0.0% 

2023 12.0% 35.4% 35.4% 50.0% 

2024 12.3% 14.6% 14.6% 50.0% 

Source: Update of the MIT 2003 Future of Nuclear Power” – 2009, 

                                                 
21

 Modelación Eléctrica de Largo Plazo Ajustada a Informe Precio Nudo Octubre 2009 
22

 ANTECEDENTES PARA EL ANÁLISIS DE LA OPCIÓN NUCLEAR DOCUMENTO DE TRABAJO - ÁREA DE 

ESTUDIOS Y DESARROLLO ENERGÉTICO January 2010 

Tecnologia
CINV CVT

Tiempo 

Construcción
Modulos FP Vida Util

LIMTE TOTAL 

TEORICO

Limite Total 

BAU 80%
LIMITE ANUAL

US$/KW US$/MWh Años MW PU Años MW MW MW

Hidrica convencional 2,000 5.0 4 45 0.58 50 4,500 3,600 225

Hidrica ERNC 2,200 5.0 2 20 0.68 50 800 640 40

Carbon 2,300 37.9 3 200 0.82 30 s/Lim s/Lim s/Lim

GNL 700 75.3 2 200 0.89 25 s/Lim s/Lim s/Lim

Eolica 1,800 7.7 1 50 0.30 20 5,500 4,400 275

Geotermica 3,550 2.0 2 16 0.84 40 2,050 1,640 103

Biomasa 1,800 15.3 2 30 0.87 30 600 480 30

Diesel 450 99.0 1 50 0.91 20 s/Lim s/Lim s/Lim

Nuclear 3,500 20.0 6.0 1100.0 0.85 40 s/Lim s/Lim s/Lim

Fotovoltaica 4,500 4.5 1 1 0.35 20 6,250 5,000 313

CSP 4,500 4.5 1 1 0.35 20 6,250 5,000 313
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O&M costs  

Operation and Maintenance costs for fossil fuel and hydro plants have been provided by the Ministry 

of Energy. 

Fuel costs 

The price of uranium was discussed in Section 2.  The current spot market price is in the $40/lb 

range.  Most analysts predict that it will stay in the $40 - $60 for the near future.  In the longer term, 

higher uranium prices are likely.  Predictions vary considerably.  It is expected that a price of at least 

$50 to $60/lb is required to enable the new mines necessary to meet future demand to come into 

operations.  For this analysis, a price of $50/lb is assumed for the base case.  The costs for 

conversion, enrichment and fabrication are based on January 2010 analysis, presented by the WNA 

and have been presented in the last section in Table 3.9-2. 

Fossil fuel prices forecasts have been used by the Ministry of Energy for its own analysis.  The 

anticipated prices of fossil fuels are shown in Table 4.3-4.  Since the prices are assumed to increase 

until 2025, the price in 2024, the year of in-service of the plants is taken for this analysis.  Post 2025, 

the Ministry assumes real escalation continues with coal growing at about 0.4%/year and gas by 

1%/year consistent with the WEO 2009.  However, recently international fossil prices have fallen 

below these current value assumptions.  Therefore for purposes of this analysis to provide a good 

understanding of the impact of fuel prices on the relative economics of different technologies,  it is 

assumed that there is no real growth in fuel prices after 2024.  Sensitivity analysis then considers the 

impact of alternative fuel prices. 

Table 4.3-4 Fossil Fuel Price Projections 

Año Coal Diesel LNG 

  US$/TON US$/BBL US$/MMBTU 

2009 100.80 56.30 9.51 

2010 98.82 64.80 10.46 

2011 99.46 65.64 10.45 

2012 106.83 71.99 9.28 

2013 108.90 73.21 7.18 

2014 112.90 74.35 7.78 

2015 115.39 75.07 8.29 

2016 116.88 76.16 8.72 

2017 118.77 77.68 9.12 

2018 120.22 79.19 9.51 

2019 122.04 80.85 9.76 

2020 125.25 82.63 10.23 

2021 128.68 84.52 10.69 

2022 132.23 86.47 11.17 

2023 135.79 88.42 11.67 

2024 139.23 90.32 12.15 

2025 142.44 92.09 12.62 

Growth factors are considered every year, according to data from the projection  

of Purvin & Getz prices between 2019 and 2025 
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4.4 LCOE Results 

Figure 4.4-1 shows the results of the LCOE analysis for the base case.  After hydro, nuclear at 

$83.6/MWh, is the lowest cost option when compared to its fossil fuel alternatives.  It can also be 

seen that the fuel cost is relatively small.  Therefore the cost of nuclear is likely to be very stable over 

its lifetime while the costs of fossil fuels are more likely to be volatile.  In the case of hydro, sites are 

limited and there are ongoing concerns with maintaining reservoir levels.  As a result, it is noted that 

the Ministry of Energy in its analysis assumes a relatively low capacity factor (58%).  In our view, 

this capacity factor is not sufficient to consider hydro as a base load option.  Therefore, from this 

comparative analysis, nuclear is a viable option for base load energy in Chile on an economic basis. 

Figure 4.4-1 Levelized Cost of Electricity 

 

4.5 Issues Affecting Economics - Sensitivity Analysis 

The key parameters that impact the competitiveness of nuclear are: nuclear investment cost, the 

discount rate, cost of fossil fuel (primarily LNG) and the cost of carbon, if any.  The following 

discussion uses the OECD NEA/ IEA report sensitivity analysis to demonstrate the effect of each of 

these parameters.  Chile specific sensitivity analysis then follows. 

Since nuclear is a very capital intensive technology, it is most sensitive to its investment cost.  The 

relatively long project schedules amplify this effect.  Figure 4.5-1 below illustrates the large impact 

of investment cost for capital intensive technologies.  This demonstrates that managing the risks of a 

nuclear plant and building to cost and schedule are essential to a successful nuclear program. 

The nuclear industry has been taking significant action over the last two decades to improve upon the 

capital cost both in terms of reducing the cost and the risks associated with the costs.  These 

initiatives include a strong move towards design standardization, upfront and pre-licensing, 

shortening project schedules, making use of existing sites and, for the existing fleet, power uprating, 

performance improvement and life extension.  All of these things ensure that the maximum amount 

of energy is produced per dollar of capital invested. 
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Figure 4.5-1 Sensitivity to investment cost for various technologies 

 

Source: OECD NEA / IEA “Projected Costs of Electricity 2010 Edition” 

Using the base case analysis the impact of a change in nuclear capital cost is shown in Figure 4.5-2. 

Figure 4.5-2 Sensitivity to Nuclear Capital Cost 

 
 

The capital intensive nature of a nuclear plant coupled with the long project schedule mean that the 

LCOE is very sensitive to the discount rate.  Higher discount rates favour low capital technologies 

where most of the costs are far into the future and lower discount rates favour capital intensive 

projects where the large investment costs are spent early in the project life.  The following figure 

illustrates how overwhelming the sensitivity to discount rate is for nuclear relative to the alternatives.  
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This clearly means that the cost of funds is a very important parameter in developing any nuclear 

project, especially in the context of a private sector market. 

Figure 4.5-3 LCOE as a function of discount rate 

 

Source: OECD NEA / IEA “Projected Costs of Electricity 2010 Edition” 

For this analysis discount factors of both 5% and 12% were also considered.  As shown in Figure 

4.5-4 the capital intensive technologies such as nuclear and hydro have a large sensitivity to the 

discount factor.  A lower discount factor enhances the advantage of nuclear over the fossil 

alternatives substantially. 
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Figure 4.5-4 LCOE at varying discount factors 

 
 

The third parameter is the fuel cost.  Gas is most affected and then coal.  Coal is interesting in that its 

costs are balanced so it is equally sensitive to a number of parameters.  Figure 4.5-5 shows the 

sensitivity in a slightly different way, illustrating the relative share of fuel cost to the total LCOE for 

different technologies.  This demonstrates the sensitivity of LCOE to fuel costs for gas and the 

relative lack of sensitivity of LCOE to fuel costs for nuclear.  The importance of this sensitivity is 

magnified as it becomes apparent that the cost of electricity in the market will most closely track 

LNG (gas) prices. 

Figure 4.5-5 Share of Fuel Cost over total LCOE 
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Source: OECD NEA / IEA “Projected Costs of Electricity 2010 Edition” 

Over the past year international fossil fuel prices have dropped.  Figure 4.5-6 shows the LCOE 

varying the fossil fuel prices by +/- 30%.  Nuclear remains competitive at most fossil prices.  Both 

gas and coal only fall below nuclear when the price of the fuels drop significantly.  Therefore the 

competitiveness of nuclear in Chile remains quite robust. 

Figure 4.5-6 LCOE sensitivity to fossil fuel prices 

 

4.6 Outside Impact – Environment and Climate Change Policies 

Many of the global studies on the economics of nuclear power demonstrate that nuclear can be 

competitive with other forms of generation technologies in most jurisdictions around the globe.  This 

is true even without considering the cost of carbon and how it may soon add to the cost of fossil 

fueled generation. 

Nuclear plants have had to internalize the full costs of generation associated with the technology 

since its inception.  This means that every nuclear plant in the world takes the cost of spent fuel 

disposal and final plant decommissioning in its costs.  This has not been the case for coal and gas 

plants. 

In today‟s world, climate change has become a top level issue with most governments planning to 

take significant action to combat carbon emissions.  The current issue of the World Energy Outlook 

has two alternate scenarios – a 550ppm scenario and a 450ppm scenario.  These scenarios 

demonstrate to governments what is needed to be done to achieve a lower carbon emission world.  

The purpose of these scenarios is to provide input to policy decisions especially for the upcoming 

Copenhagen meetings where countries are going to explore the post Kyoto world. 

To achieve lower carbon emissions requires a step change in the way electricity is produced, 

meaning that most new generation will have to be low carbon technologies.  This means either 

nuclear, renewables or new technologies for fossil fuels that include Carbon Capture and 

Sequestration (CCS).  In order to incent this direction requires that carbon start to be priced in the 
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market.  Given the time frame for the implementation of a plant in Chile, it is likely that some form 

of carbon market will be established on a more global basis and that Chile will be a participant.  

Adding a cost of carbon improves the economics of nuclear power.  Assuming a modest carbon cost 

of $30/tonne CO2, Figure 4.6-1 illustrates the impact to the LCOE.  It can be seen that a nuclear plant 

becomes a very economic option in times when there is a price for carbon.  Therefore having nuclear 

in the system reduces the overall cost risk associated with fossil fuels, both due the volatility of the 

price of the fuel itself, and the risk of increasing the price of fossil fuels due to the implementation of 

a price for carbon. 

Figure 4.6-1 LCOE with Carbon Price 
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5. THE ELECTRICITY MARKET IN CHILE – FINANCIAL ANALYSIS 

 

5.1 Introduction 

Chile was a pioneer in deregulating the electricity sector and is now justifiably proud of its well 

developed market for electricity.  The regulatory framework for Chile‟s electricity supply 

industry is based on the principle of competitive markets for generation and supply. 

The Chilean electricity systems are operated as mandatory pools, into which generators are required 

to sell all their hourly generation at the corresponding hourly marginal cost projected for the injection 

node.  The only participants in the spot market are generators, who perform two roles: as generators 

and as retailers to both distribution companies and to non-regulated customers.  Generators are also 

required to buy their hourly contracted demand at the corresponding hourly marginal cost projected 

for the demand node.  Dispatch and prices are based on an economic merit order in which the lowest 

marginal cost generator is used to satisfy demand before the next lowest marginal cost producer is 

dispatched.  The dispatch schedule takes account of transmission constraints, so that the prices that 

come out of the process include the cost of dispatching the system to alleviate constraints.  

Generators are not free to bid what they like to be dispatched.  They are instead dispatched on the 

basis of their audited variable generating costs (fuel plus variable operation and maintenance costs 

defined as their “Production Cost”). 

Income from energy sales is complemented by capacity income.  All generating units receive a 

capacity payment, on the basis of their potencia firme (capacity payment).  The price paid for peak 

power is determined by the CNE on the basis of the annualised cost of a reference efficient peaking 

unit.  An open cycle gas turbine has been chosen as the least-cost peaking unit.  Its capital costs are 

annualised using a 10% real discount rate and the cost includes annual fixed operation and 

maintenance costs.  The reference peaking unit is currently a diesel-fired gas turbine with an installed 

capacity of 70 MW. 

Key Findings  

 Chile has a market-based electricity system with generation provided by 

independent private generating companies 

 A financial analysis is provided considering the structure and costs of 

implementing a nuclear plant into the electricity market in Chile. 

 Nuclear is a viable option for implementation into the Chile electricity 

market. 

 An after tax return of 10 to 15% is feasible to investors.  This would 

result from prices in the range of $80/MWh and higher and are within the 

range of prices seen in the current market. 

 Due the risk profile of a nuclear plant, it is unlikely that off balance sheet 

financing can be secured on a purely market basis 

 A strong creditworthy generator is required to raise debt financing 

 Experience in the USA has demonstrated that even relatively large 

utilities require support to manage these risks. 

 Government support is likely required to assist with the management of 

construction-period risks and to enable project financing. 
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All generators in the market are private companies.  They are expected to build new capacity without 

any government incentive.  There are currently 35 generating companies in the SIC and 8 in the 

SING systems.  However, in both systems, most of the market is controlled by 3 companies. 

There have been a number of disruptions to the market, the most recent in 2008 when Argentine gas 

was removed from the market and the water levels for hydro were low
23

.  Government took a 

number of actions and avoided a complete crisis as electricity supply continued to meet demand.  

Figure 5.1-1 shows the marginal cost in the SIC over the past decade.  It shows the impact of the 

crisis in recent years but the price has now reduced once again and is about $100/MWh.  The lack of 

gas and the need to use LNG as well as imported coal will continue to support higher prices going 

forward. 

Figure 5.1-1 System Marginal Cost in SIC (US$/MWh) 

 
Source: Chile Energy Policy Review 2009, IEA 

 

In this system, a nuclear plant would nominally be implemented by a private sector company on the 

same basis as any other form of generation.  There are a number of issues associated with 

implementing nuclear into a private sector open market system.  The following section will consider 

the financial impacts of implementing a nuclear plant into this market.  It will determine if the 

financial returns are there for a potentially viable project.  However, there are issues associated with 

financing a project in this type of market.  Therefore, an adequate return alone will not be sufficient 

for a project to proceed.  The issues with this type of market and nuclear is discussed further in 

Section 5.3. 

5.2 Financial Analysis Assumptions 

The objective of this business case is to lay out the general parameters of the project and determine if 

there is a set of inputs that can result in project success.  It is a high level study, not intended to be at 

the level of detail required by an investor, but rather to demonstrate project viability.  If this project is 

to proceed, it is essential that the revenues generated by the project cover the costs and provide an 

                                                 
23

 Argentina started to reduce gas deliveries in 2004.  The combination of gas reduction and lack of water made 2008 into 

an electricity crisis. 
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adequate return to the investors.  The structure of the project will affect the costs so must be 

considered in the analysis. 

The financial data is a function of a number of things including the project structure selected as well 

as the financial markets.  The Base Case assumption is that the project is structured as a private sector 

plant with a 50/50 debt/equity ratio.  This will then be assessed relative to the rate of return required 

by an owner in Chile. This assumption is consistent with current thinking in other countries.  While 

fossil projects can justify higher debt levels, nuclear plants have long schedules, are considered to 

have more risk and generally lenders require better debt coverage than for smaller and more routine 

fossil projects.  Once more projects are completed on time and on budget, this is likely to approach 

the level of other projects.   

The additional financial assumptions used for the nuclear business case are shown in Table 5.2-1. 

Table 5.2-1 Financial Assumptions for Business Case 

 Business Case Assumptions Nuclear 

Debt / Equity Ratio 50% 

Tenor 30 

Rate 7.0% 

Depreciation Period 20 

Tax Rate 17.0% 

Debt 

Interest rates continue to be at historical lows as a result of the current global financial crisis.  It is 

expected that rates will start to increase later in 2010.  Since this project is to be in service in 2024, 

meaning a project start in about 2018, it is very difficult to predict the interest rates suitable for this 

far in the future.  In this case, a real interest rate of 7% is assumed.  

Depreciation Method 

A simple straight line depreciation method is assumed for this calculation.  An accelerated 

depreciation period of 20 years is assumed. 

Tax Rate 

For Chile, a corporate tax rate of 17% is assumed based on discussions with local generators and the 

Ministry. 

Market Data 

Figure 5.1-1 above shows the current marginal cost to be of the order of $100/MWh.  Electricity 

price also includes a capacity charge, currently on the order of $9 /MWh.  For the purpose of this 

analysis the return to equity holders is shown for a range of electricity costs.  

Business Case Results 

As this calculation is at a high level and is real, without any assumption for inflation, a return of 

between 10-15% (real) would be expected to be required, assuming that the risk allocation is 

sufficient to attract investors.  During discussions with the private sector in Chile, a weighted average 



Page 48 

 

333 Adelaide Street East, Suite 702, Toronto, Ontario, Canada M5A 4T4 

Tel: +1.647.271.4442  info@mzconsultinginc.com 

www.mzconsultinginc.com 

cost of capital (WACC) of 8.5% nominal or 6.8% real was deemed to be reasonable for some 

companies. 

Figure 5.2-3 below shows the variation of IRR after tax to electricity price.  Therefore, the project is 

viable for marginal costs of about $80/MWh and higher.  Of course, the outcome will be very 

dependent upon the actual costs and the financial model finally implemented. 

In their analysis
24

, SYSTEP concluded that the lower marginal cost for nuclear would impact the 

system marginal cost resulting in a reduction on the order of $15/MWh.  The SYSTEP analysis 

expects that the nuclear plant will reduce the cost to the system with the first unit coming into service 

in 2024 followed by a second unit in 2028
25

. 

Figure 5.2-1 Marginal cost forecast to 2028 

 

Source: Análisis y Propuesta de Regulación Núcleo-Eléctrica Resumen Informe Final – SYSTEP January 2010 

The impact of this reduction in price would negatively impact the viability of the project.  The 

potential for this type of negative feedback requires further study as more details of a project are 

developed. 

                                                 
24

 Análisis y Propuesta de Regulación Núcleo-Eléctrica Resumen Informe Final – SYSTEP January 2010 
25

 Note that it is likely that units will have to be implemented in pairs to achieve favourable economics.  Therefore it will 

be unlikely to implement two units more than 18 months apart. 
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Figure 5.2-3 Impact of Marginal Cost  

 

 

5.3 Potential Impact of Structure on Cost and Financing 

Nuclear reactors are capital intensive, have long project schedules and operate in a complex and 

rigorous regulatory regime.  Due to the nature of the risks for a nuclear plant, vendors and generators 

are unable to take as much risk as for other generation options.  Market models whereby some level 

of risk is passed on to the customer are necessary for a nuclear project to succeed.  First-of-a-Kind 

projects such as the EPR project in Finland are having significant issues resulting in extensive delays 

and overruns.  In this project, the vendor took significant risk, more than has been the norm in 

nuclear projects.  The belief that this risk transfer would reduce project risk to the owner was a 

fallacy.  In fact, this model has clearly failed as even with this contractual model the project is years 

late and well over budget. 

Project structuring must focus on success, not pushing risk onto others.  The plant owner (generator) 

must ensure adequate oversight of the project as the ultimate risk of the project remains with him.  

Pushing more risk onto the contractors is not a replacement for adequate oversight that can identify 

and take action when project issues arise in a timely manner. 

For a competitive private market system as in Chile, many projects are structured to achieve “off 

balance sheet” financing, in which the project itself would be the security for the lenders and 

investors.  This structure requires complex contractual arrangements and is generally more expensive 

that on balance sheet financing.  A PPA is not sufficient security to raise financing for a nuclear 

project.  The project schedules are long and the case of non completion or delayed completion with 

increased costs needs to be addressed. 

The financing arrangements for a project are the test of structuring success.  Lenders and equity 

investors are very careful with their funds and will only invest in projects that they believe will 

succeed.  Usually this means for off balance sheet financing that the lenders will require the generator 

to secure a full EPC fixed price contract for the plant.  First of all, as confirmed in discussions with 

private companies in Chile, this can increase the cost of the plant by about 20%.  This would have a 

serious negative impact on the project economics and the returns to equity holders.  In any case, as 
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discussed above, this model is likely not feasible for a nuclear plant due to its more complex risk 

profile and longer project schedule. 

The only viable alternative to raise debt, either in the long term debt (bond) market, or short term 

from commercial lenders requires that there be a creditworthy borrower.  Normally for a project of 

this magnitude, this would mean a large utility type of company with a very strong balance sheet.  

However, even with a strong balance sheet, the structure of the project itself will affect the 

creditworthiness of the company.  We can see in the US today that the industry has stated a need for 

a strong government guarantee program, hence removing much of the project risk from the lender 

and the completion risk from the equity investor, a key to project success. 

As a result of these issues, many governments have implemented policies to incentivize new nuclear 

plants.  The most generous are in the US as it has been recognized, that in some cases, the ability to 

take on risk may go beyond the capability of large companies, hence requiring government support. 

A recent publication from the OECD NEA has clearly stated that nuclear plants require some form of 

government support in most cases.  “In countries with large utilities with the financial strength to 

invest directly in new NPPs, or where there are well-resourced foreign utilities willing to make such 

investments, fully commercial financing may be possible.  However, in other cases it may prove 

impossible for a nuclear project to go ahead without direct or indirect public sector financial 

support, in order to reduce the investment risks to acceptable levels. 

This could involve supporting a state-owned utility in making nuclear  investments, providing 

support to private sector utilities through loan guarantees, tax credits or other measures, or 

establishing public-private partnerships.  However, it must be recognised that governments will not 

wish to remove too much risk from private sector investors, that investors should pay the full costs of 

any financial assistance they receive, and that risk-reward ratios should be appropriate for all 

investors.
26

” 

It is also recognized that the risk is higher during construction than during the operations of the plant.  

Therefore, models that provide support during construction but expire during operation are possible. 
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 The Financing of Nuclear Power Plants, OECD NEA, 2009 
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Appendix A COST OF NUCLEAR PLANTS IN DIFFERENT COUNTRIES 

The status of programs in countries in Asia, Europe, the Middle East and North America are 

reviewed below as to current costs and economic competitiveness relative to the alternatives that are 

relevant in these markets. 

A.1  United States 

In the USA, there has been a significant move towards new nuclear.  There are currently 18 

applications before the USNRC for licenses for new plants, both in regulated and in deregulated 

utilities.  Given the changes in the cost of new nuclear plants, the Nuclear Energy Institute (NEI) 

issued an updated comparison between nuclear and other options in August of 2008. 

Figure A-1 US Cost Analysis prepared for NEI 

 
Source:  The Cost of New Generating Capacity in Perspective, NEI August 2008  

This analysis by NEI shows that nuclear continues to be competitive in its markets with the 

alternatives including coal and gas although gas is expected to be the most economic option.  In 

addition to this analysis, regulators in Georgia, Florida and South Carolina have approved going 

forward with new nuclear projects.  While these approvals are an indication that the economics of 

these projects makes sense in these markets, capital costs remain an issue and recently the regulator 

in Florida did not approve applications to have Florida Power and Light and Progress Energy include 

construction work in progress (CWIP) into their rate bases.  Both utilities subsequently announced 

that they would delay their plans for new nuclear.  At a recent conference in the USA, Areva‟s senior 

person for new builds in the USA said CWIP is the cheapest way to build a plant, and is needed. 

In February 2009, President Obama announced that the first DOE loan guarantee would go to 

Southern Company to build a twin AP-1000 plant at Vogtle.  This is a major breakthrough as it 

demonstrates the current administration‟s support for nuclear and will hopefully lead the way to the 

first nuclear new builds in the USA in more than 30 years.
27
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 Loan guarantee offers for Vogtle project advances construction hopes; Nucleonics Week, February 18, 2010 
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The DOE offered conditional loan guarantees to three partners in the project: $3.4 billion to Southern 

Co., a subsidiary of Georgia Power; a $3.1 billion guarantee to Oglethorpe Power; and a $1.8 billion 

guarantee to Municipal Electric Authority of Georgia (MEAG will sell 65% of its share to utilities in 

Florida and Alabama).  A fourth partner, the city of Dalton, Georgia did not apply for a loan 

guarantee.  Project cost to completion is estimated at $14 billion, excluding financing.  The 

remaining costs would be paid by utilities issuing bonds, raising equity, or using cash.   Southern has 

not sought loan guarantees from Japan‟s export credit agency for the project (Westinghouse is 

majority owned by Toshiba). 

Meanwhile, another of the four short-listed projects for loan guarantees, NRG‟s South Texas project 

(2 Toshiba ABWRs), remains in the running for guarantees after a dispute between project owners 

over project costs threatened to derail it.
28

  Rather than own half the expansion project as originally 

planned, the San Antonio municipal utility will now hold just 7.625% of the project.  NRG is seeking 

Japanese export bank financing for their project. 

New nuclear construction in the USA presents many challenges and requires various financial 

options and partnering.  President Obama has proposed an increase to the loan guarantee program 

from $18.5 billion to $54.5 billion as part of the fiscal 2011 budget.  This increase would help several 

other projects waiting in the wings. 

As part of MIT‟s Update on the Future of Nuclear Power, the Center for Advanced Energy Systems 

updated the cost of nuclear power as calculated in its 2003 study
29

.  This was done by updating the 

2003 calculations, adding further data on more recent builds in Japan and Korea and careful analysis 

of the forecasted costs on some recently proposed plants in the US. 

While the main focus is on the changing cost of construction of new nuclear plants, the 2009 Update 

also looks at recent cost escalations for commodities and engineering projects, and compares the 

updated levelized cost for nuclear against similar considerations for coal and gas plants. 

The updated study found that the overnight cost of building a nuclear plant had approximately 

doubled, from $2,000/kW in $2002 to $4,000/kW in $2007.  Incorporating all costs, the 2009 study 

found that the levelized cost for nuclear is 8.4c/kWh in $2007.  The levelized cost of coal and gas, 

exclusive of any carbon charge, is 6.2 and 6.5c/kWh respectively.  When included a $25/tCO2 

carbon charge, the cost for coal and gas increase to 8.3 and 7.4c/kWh respectively. 

The 2009 MIT study looked in detail at overnight costs for several proposed nuclear plants in the US.  

The costs lay between $3,500 and $4,800/kW.  They were careful to note that none of the figures 

represent actual costs and take as their central estimate $4,000/kW.  The escalation from $2,000 to 

4,000/kW between 2002 and 2007 is the basis of their 15% escalation factor. 

Three of the plants Table 4 of the MIT 2009 study are short-listed for the US federal loan guarantee 

program and, along with the fourth short-listed project - Unistar‟s Calvert Cliffs 3 project, are 

discussed in detail below 
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 NRG Energy, CPS Energy settle dispute over funding for new nuclear reactors, Dallas News, February 18, 2010 
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 MIT, 2003, Future of Nuclear Power 
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A.2  South Carolina Electric & Gas/Santee-Cooper V.C. Summer 2&3 

The cost estimate for South Carolina Electric & Gas (SCE&G) proposed two AP1000s at its V.C. 

Summer site in South Carolina was made in a combined environmental and petition for a 

determination of need filed by SCE&G with the Public Service Commission of South Carolina in 

May 2008.  Costs were projected with generation starting in 2016 for the first unit and 2019 for the 

second.  Total project costs were $6.313 billion for SCE&G‟s 55% share, which translates to a total 

project cost of $11.479 billion.  Excluding capital and other charges and denominating in 2007 

dollars, they calculate a total project cost of $8.459 billion in 2007 dollars, which translates to 

$3,787/kW overnight costs in 2007 dollars.  

A.3  Southern Vogtle 3&4 

Georgia Power, owned by Southern Company, is proposing the addition of two AP1000 units with a 

total capacity of 2,200MW at its Vogtle plant site in Georgia.  The capacity would be shared with 

Oglethorpe Power Corp., Municipal Electric Authority of Georgia (MEAG) and Dalton utilities with 

shares being 45.7% for Georgia Power and 30%, 22.7% and 1.6% respectively for the others. 

Georgia Power‟s cost estimate was produced in its application for certification of the units and its 

updated integrated resource plan filed with the Georgia Public Service Commission in August 2008.  

The two units were proposed to come on line in 2016 and 2017.  The total in service cost is 

forecasted to be $6.447 billion for Georgia Power‟s share, or $14.107 billion in total.  Details were 

not provided so MIT assumes the capital and transmission components are the same as SCE&G‟s 

and arrive at an overnight cost of $10.439 billion or $4745/kW in 2007 dollars. 

In January 2010 Southern reached an agreement with the DOE on terms of the government loan 

guarantee.
30

 The DOE will not award the actual loan guarantee until the NRC has issued a 

construction permit-operating license (COL).  According to Southern‟s Chief Nuclear officer, Jeffrey 

Glasser, for a regulated utility like Southern, the benefits of loan guarantees would be passed on to 

utility customers in the form of lower rates, but they were not central to the competitiveness of a 

nuclear plant over its lifetime.  He said the cost of a nuclear plant is the most important factor for 

utilities in regulated markets.
31

 

On the other hand, Michael Wallace, Chairman of Unistar Nuclear Energy, said that federal loan 

guarantees are “absolutely critical” to the construction of merchant power plants in deregulated 

markets like Maryland where Unistar, a joint venture between Constellation energy ad EDF, are 

proposing to build Calvert Cliffs 3, a 1,650MW USEPR.  Unistar was successful in its application for 

a loan guarantee for Calvert Cliffs.  In commenting on Obama‟s proposal to almost triple the size of 

the loan guarantee program
32

 Wallace said it will be a “decade or so” before banks will have 

sufficient confidence to finance a merchant nuclear power project without loan guarantees. 

Wallace went on to say “only the DOE really knows” how the loan guarantees will shake out and 

that the cost of credit will depend on several factors including how the DOE views the risk of each 

project and how much financing is guaranteed by others such as export credit agencies.  He expects 

shareholders to finance 20% of the project from equity and 80% through a combination of export 

credits and commercial debt.  The cost estimate for Calvert Cliffs-3 has come down as design 
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 Southern, DOE agree on terms of loan guarantee, sources say; Nucleonics Week, January 7, 2010 
31

 Cost, not guarantees, said key to new nuclear in regulated markets; Nucleonics Week, February 4, 2010  
32

 Expanded loan guarantees seen providing boost to projects, industry; Nucleonics Week, February 4, 2010 
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information has firmed up thanks to the EPR projects in Finland, France and China.  Details are not 

given but Wallace did say that the estimated cost of the units exceeds $10 billion. 

A.4  NRG South Texas 3&4 

NRG are proposing two new units at its South Texas project.  Units 3 & 4 would be GE‟s ABWR 

with a combined capacity of 2,660MW. 

The existing two units are co-owned with CPS Energy, San Antonio‟s municipal utility, and Austin 

Energy.  In early 2008, the city of Austin chose not to participate in the new project, citing overly 

optimistic cost estimate and construction schedule, leaving the ownership 50-50 with NRG and CPS 

Energy. 

NRG announced a partnership with Toshiba for the development of new nuclear plants in the US in 

March 2008 - Nuclear Innovation North America (NINA) and updated the cost estimate.  MIT 

estimated the total overnight cost at $3,480/kW, the lowest of the estimates but close to Florida Light 

and Power‟s (FPL) Turkey Point. 

The project has been subject to much controversy and risked cancellation due to a lawsuit between 

the two partners NRG and CPS
33

.  Problems arose over Toshiba‟s cost estimate which was 

reportedly several billion dollars higher than the $13 billion estimate CPS had given city officials.  

CPS continued to fund the project through January and Toshiba was scheduled to provide an updated 

cost estimate.
34

  The suit has been settled as discussed elsewhere in this report with CPS reducing its 

share in the project but no new cost estimate from Toshiba has been made public. 

A.5  Asia 

The MIT 2003 Study looked at the cost of building 7 reactors in Japan and South Korea between 

1994 and 2002.  They found that the Overnight Cost was about $4,000/kW in $2007. 

To obtain the cost in $US, they converted from the local currency to $US and then used a Purchasing 

Power Parity (PPP) conversion factor to get the US equivalent in $/kW.  Costs were then adjusted to 

2002 overnight costs.  These costs are then escalated to $2007 by applying a 15%/y inflation factor to 

get $2007 Overnight Costs, which ranged between $3,222 and 5,072/kW and averaged $4,000/kW 

Over the years 2004 to 2006, five additional reactors were completed in Japan and Korea.  For these 

Japanese and Korean plants, the average cost is just under $3,000/kW in $2007.  The authors suggest 

this perhaps reflects continuing improvements in construction or other design features. 

The 2009 Annual Energy Outlook
35

 published by the EIA looked at the cost characteristics of 

advanced nuclear technology and gives a reference case for overnight cost in $2007/kW decreasing 

with time from $3,318/kW in 2008 to $2,954 in 2020 and $2,372 in 2030. 

A.6  Canada 

In Ontario, the first assessment of nuclear economics for new build was done in 2005 as part of the 

Ontario Power Authority (OPA) supply mix report.  In this report, nuclear continues to be the most 

economic option for the province of Ontario.  In this case, coal is not an option as the Ontario 
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 NRG „perplexed‟ as CPS explores exiting plan for new Texas reactors; Nucleonics Week, December 10, 2009 
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 CPS to fund Texas nuclear project for at least one more month; Nucleonics Week, January 7, 2010 
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 EIA 2009 Annual Energy Outlook, March 2009 
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government has taken a decision to shut down all coal.  Therefore, nuclear generally compares 

favourably to gas and wind. 

Figure A-2 Economics of Nuclear in Ontario 

 

This study led to a decision in Ontario to proceed with a new nuclear unit.  Following a staged bid 

process, bids were received from two bidders at the end of February 2009.  A decision was expected 

by summer 2009 but on June 29, 2009 the Ontario government bid process for new reactors was 

suspended as a result of the bid prices being billions too high.
36

 

AECL‟s bid was the only „compliant‟ bid but was 3 times higher than what the Ontario government 

had expected to pay.  Sources said that 2 next-generation CANDUs (ACR-1000s) would have cost 

$26 billion or $10,800/kW.  By comparison, the Ontario Power Authority has assumed $2,900/kW 

for planning purposes in 2007. 

Areva‟s bid came in at $7,375/kW and was based on a similar cost estimate Areva had prepared for 

Calvert Cliffs 3.  Areva‟s lower price than AECL‟s was because they were not prepared to take on as 

much risk as the Ontario government had hoped. 

AECL complied with the Ontario risk-sharing requirement but was in turn required by the federal 

government to price this risk into its bid. 

The numbers have not been confirmed by the Ontario ministry. 

A.7  Europe 

France has the highest percentage of nuclear power of any country in the world.  They are at close to 

80% nuclear.  They have taken a decision to follow up the Finnish reactor with the first EPR in 

France at Flamanville.  More recently the utility EDF has published the results of its assessment 

                                                 
36
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showing that nuclear continues to be economic.  This has led to a recent decision to add another EPR 

at Penly. 

Figure A-3 Economics of Nuclear versus Gas and Coal in France 2008 

 
Source: EDF Presentation to the WNA Economic Working Group January 12, 2009-03-18 

Finland is the first of the western nations to embark upon a renewed nuclear program.  The Olkiluoto 

3 project has received much press as it is the first of the Areva EPR reactors to be constructed.  This 

project is now over budget and 3 years behind schedule, however, the case for nuclear was 

compelling in Finland as shown below. 

Figure A-4 Comparatives Costs in Finland (2006 €/MWh) 

 
Source: Nuclear Energy Outlook 2008 

These numbers presented the case prior to the current project overruns.  The original estimate was 

€3.2 billion ($4.5 billion) with completion date of 2009.  This translates to $2,900/kW.
37

 

The project is behind schedule and the revised completion date is 2012.  The revised cost estimate is 

€4.5 billion ($6.3 billion), or about $4,000/kW.  It is uncertain if interest costs are included. 

The second EPR under construction is at Flamanville in France.  There have been construction issues 

and the cost has risen from €3.3 billion ($4.8 billion) to €4billion.  This puts the cost at about 

$3,500/kW.  The reports are that Flamanville 3 is two years behind the 2012 completion schedule 

                                                 
37

 Reference 2- Update on the cost of nuclear power, Yangbo Du and John Parsons, MIT-NFC-TR-108, May 2009 
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and the cost of the unit has risen to €5billion.
 38

 However, even in light of these overruns, Finland is 

now going through the process of seeking approval for a 6
th
 nuclear plant to follow on from the 

Olkiluoto 3 project demonstrating Finland‟s continuing belief in the economic competitiveness of 

nuclear power. 

In the UK, support for new nuclear continues to grow.  Energy security is now considered of utmost 

importance.  The market in the UK is rapidly changing with the purchase of British Energy by EDF 

of France.  This coupled with the auctioning of nuclear sites and the interest by various other large 

European utilities clearly demonstrates their belief in the competitiveness of nuclear power. 

The current government model in the UK is for the private sector to take on the risk of new build 

nuclear. Updated analysis by government in the UK issued in 2007 shows that nuclear is competitive 

with alternative generation options. 

Figure A-5 UK Government Projection (£/MWh) 

Nuclear CCGT Onshore Wind Offshore Wind Existing Coal 

CCS 

New Coal 

CCS 

37.7 37.3 56 84 40 – 48 43 – 55 
Source: UKDTI “Nuclear Power Generation Cost-Benefit Analysis” 

However, according to a recent report by Citigroup Investment Research
39

, new nuclear plants will 

not be built in the UK without direct government support.  The report put construction costs, 

excluding financing, in the range of €2,500/kW to €3,500/kW (US$3,719/kW to $5,206/kW).  For a 

1,600 MW EPR, this means construction cost of €5.6 billion.  Citigroup say in a purely wholesale 

market such as the UK, there is no active way for a developer to recover construction cost overruns.  

The UK government continues to insist that there will be no subsidy for new nuclear.
40

 

A.8  UAE 

At the end of 2009, it was announced that a KEPCO led consortium won the contract to supply four 

reactors to the United Arab Emirates (UAE).  The reactors are scheduled to start supplying electricity 

to the grid in 2017. 

The Koreans unexpectedly won over the French and GE.  The construction units of Samsung and 

Hyundai along with 67% Toshiba owned Westinghouse were part of the KEPCO-led consortium.  

The French consortium included Areva, GdF Suez SA, Electricite de France and Total SA.  General 

Electric and Hitachi (GEH) made up the US-Japanese consortium. 

The value of the deal was less than some expected.  It is reported that he Korean bid was $2,300/kW 

compared to $2,900/kW for Areva and $3,583/kW for GEH
41

. According to UAE officials, the price 

had come down as a result of the economic crisis.  It also appears that international competition has 

changed, positively impacting the future price of nuclear plants globally
42

. 
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 French union „Flamanville delayed‟; Nucleonics Week, January 28, 2010. 
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 New Nuclear – The Economics Say No; Citigroup Global Markets, November 9, 2009 
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 The UK government will not subsidize new nuclear power plants; Nuclear News Flashes, January 21, 2010 
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 Landmark nuclear power plant deal sounds energy alarm within South Korea; The Hankyoreh, December 28, 2009 
42

 Korean Team to Build UAE Nuclear Plants; Wall Street Journal, December 28, 2009 
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The Koreans offered the APR 1,400, Areva its 1,650MW EPR and GEH the 1,350MW ABWR 

(many of which have been built in Japan).  The first APR 1,400 began construction at Shin-Kori 3&4 

in 2008 and is under construction.  This unit is also planned for use at two other sites in Korea. 

The APR 1,400 is a third-generation model based on the Westinghouse AP 1000.  Recent plants in 

Korea are the smaller OPR 1000 design, Korea‟s first domestic design.  Four more OPR 1000s 

started construction between 2006 and 2008. 

The Korean win has sparked a debate on the relative safety of various reactor designs with the 

French claiming the EPR is more expensive due to enhanced safety measures such as steel-lined 

double containment and a core catcher.  The Korean design has a single-containment structure and 

doesn‟t have a core catcher.  The French claim the Korean design would not be licensed in France.
43

  

UAE officials countered saying the APR 1,400 met the highest international standards and reflected 

new reactor safety guidelines published by the USNRC.
44

  The design issue debate is largely related 

to the ability to cope with external events such as air crashes and terrorist attacks. 

In the case of the APR 1,400, the decision by Korean industry to opt for the single containment was 

made in large part to reduce construction cost and shorten the schedule.
45

 

The ENEC said it evaluated supply chain, construction, quality assurance, and operations 

performance to obtain a holistic and accurate picture of expected total safety performance. 

The bid result has led Areva and GEH to look at ways to cut costs.
46

  They will not materially change 

their designs but are looking to change supply chain and contractors to different geographical areas.  

Both are looking at closer cooperation with Indian contractors and manufacturers and Areva is 

planning on working more closely with Chinese partners. 
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 Lauvergeon: French lost UAE bid because of expensive EPR safety Features; Nucleonics Week, January 14, 2010. 
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Appendix B MAJOR NUCLEAR COMPONENTS 

Outline below is a high-level description of a typical PWR unit with reference to technology, 

systems, components, as well as some major specific equipment. 

Figure B-1 Reference Plant Technology Base 

                                     

 

Source: US NRC 2008 

B.1  Major Equipment Description 

The PWR nuclear reactor selected is based on tested and proven technology.  The reactor 

coolant system (RCS) consists of two, three, or four-loop heat transfer circuits (based on vendor 

design concept), each with a steam generator; reactor coolant pumps; and a single hot leg and 

two cold legs for circulating coolant between the reactor and the steam generators.  The system 

also includes a pressurizer, interconnecting piping, valves and instrumentation necessary for 

operational control and the actuation of safeguards.  NSSS equipment is located in the reactor 

containment.  All safety-related equipment is located in containment or in the auxiliary 

building.  These two buildings are on a common, seismically qualified base-mat, therefore 

reducing the plant's seismic footprint.  All major components have been proven in operating 

reactors under similar flow, temperature, and pressure conditions, except reactor coolant pump. 

Basically, there are two major systems utilized to convert the heat generated in the fuel into electrical 

power for industrial and residential use.  The primary system transfers the heat from the fuel to the 

steam generator, where the secondary system begins.  The steam formed in the steam generator is 

transferred by the secondary system to the main turbine generator, where it is converted into 

electricity.  After passing through the low pressure turbine, the steam is routed to the main condenser.  

Cool water, flowing through the tubes in the condenser, removes excess heat from the steam, which 

allows the steam to condense.  The water is then pumped back to the steam generator for reuse. 
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In order for the primary and secondary systems to perform their functions, there are approximately 

one hundred support systems.  In addition, for emergencies, there are dedicated systems to mitigate 

the consequences of accidents. 

B.2  Steam Generators 

The reactor coolant flows from the reactor to the steam generator.  Inside of the steam generator, the 

hot reactor coolant flows inside of the many tubes.  The secondary coolant, or feedwater, flows 

around the outside of the tubes, where it picks up heat from the primary coolant.  When the feedwater 

absorbs sufficient heat, it starts to boil and form steam.  At this point, the steam generators used by 

the three Pressurized Water Reactor vendors differ slightly in their designs and operations. 

B.3  Reactor Coolant Pumps 

The purpose of the reactor coolant pump is to provide forced primary coolant flow to remove the 

amount of heat being generated by the fission process.  Even without a pump, there would be natural 

circulation flow through the reactor.  However, this flow is not sufficient to remove the heat being 

generated when the reactor is at power.  Natural circulation flow is sufficient for heat removal when 

the plant is shutdown (not critical). 

The reactor coolant enters the suction side of the pump from the outlet of the steam generator.  The 

water is increased in velocity by the pump impeller.  This increase in velocity is converted to 

pressure in the discharge volute.  At the discharge of the reactor coolant pump, the reactor coolant 

pressure will be approximately 90 psi higher than the inlet pressure. 

After the coolant leaves the discharge side of the pump, it will enter the inlet or cold leg side of the 

reactor vessel.  The coolant will then pass through the fuel to collect more heat and is sent back to the 

steam generators. 

B.4  Pressurizer 

The pressurizer is the component in the reactor coolant system which provides a means of controlling 

the system pressure.  Pressure is controlled by the use of electrical heaters, pressurizer spray, power 

operated relief valves, and safety valves. 

The pressurizer operates with a mixture of steam and water in equilibrium.  If pressure starts to 

deviate from the desired value, the various components will actuate to bring pressure back to the 

normal operating point.  The cause of the pressure deviation is normally associated with a change in 

the temperature of the reactor coolant system.  If reactor coolant system temperature starts to 

increase, the density of the reactor coolant will decrease, and the water will take up more space.  

Since the pressurizer is connected to the reactor coolant system via the surge line, the water will 

expand up into the pressurizer.  This will cause the steam in the top of the pressurizer to be 

compressed, and therefore, the pressure to increase. 

The opposite effect will occur if the reactor coolant system temperature decreases.  The water will 

become more dense, and will occupy less space.  The level in the pressurizer will decrease, which 

will cause a pressure decrease.  For a pressure increase or decrease, the pressurizer will operate to 

bring pressure back to normal. 
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B.5  Containment 

The containment vessel is freestanding 130ft diameter, consisting of three ring sections and an 

upper and lower head.  The ring sections and vessel heads are constructed of steel plates pre-

formed in an offsite fabrication facility and shipped to the site for assembly and installation 

using a large-capacity crane.  The largest ring section includes the polar crane support and 

weighs approximately 658 metric tonnes. 

B.6  Reactor Pressure Vessel 

The reactor core and all associated support and alignment devices, are housed within the reactor 

vessel.  The major components are the reactor vessel, the core barrel, the reactor core, and the upper 

internals package. 

The reactor vessel is a cylindrical vessel with a hemispherical bottom head and a removable 

hemispherical top head.  The top head is removable to allow for the refuelling of the reactor.  There 

will be one inlet (or cold leg) nozzle and one outlet (or hot leg) nozzle for each reactor coolant 

system loop. 

The reactor vessel is constructed of manganese molybdenum steel, and all surfaces that come into 

contact with reactor coolant are clad with stainless steel to increase corrosion resistance.   

The core barrel slides down inside of the reactor vessel and houses the fuel.  Toward the bottom of 

the core barrel, there is a lower core support plate on which the fuel assemblies sit.  The core barrel 

and all of the lower internals actually hang inside the reactor vessel from the internals support ledge.  

On the outside of the core barrel will be irradiation specimen holders in which samples of the 

material used to manufacture the vessel will be placed.  At periodic time intervals, some of these 

samples will be removed and tested to see how the radiation from the fuel has affected the strength of 

the material. 

The upper internals package sits on top of the fuel.  It contains the guide columns to guide the control 

rods when they are pulled from the fuel.  The upper internals package prevents the core from trying 

to move up during operation due to the force from the coolant flowing through the assemblies. 


