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1.0.0 INTRODUCTION 

 Ever since nuclear generating technologies have been around, extreme views in regards 

to their competitiveness and safety have been of great concern.  The first nuclear power plant 

was built on June 27th, 1954 in the USSR and delivered five megawatts of electricity for the 

power grid1.  Later in the year on September 16, 1954; Lewis Strauss who was the chairman of 

the United States Atomic Energy Commission at the time gave a speech that contained the 

infamous quote that nuclear energy is “too cheap to meter”2.  Two decades later, on March 

28th, 1979, a nuclear meltdown occurred at the Three Mile Island power plant in Dauphin 

County, Pennsylvania3, which carried a clean-up cost of one billion dollars and was rated a five 

on the seven-point International Nuclear Event Scale4.  Following this event a year later, 

Sweden decided to phase out of nuclear power completely by 20105.  Postdating this 

occurrence, on April 26th, 1986, at the Chernobyl Nuclear Power Plant in Ukraine, the second 

major nuclear disaster took place6

                                                           
1 IAEA. From Obninsk Beyond: Nuclear Power Conference Looks to Future. IAEA. [Online] June 24, 2004.  
http://www.iaea.org/newscenter/news/2004/obninsk.html 

.  It is widely considered that it has been the worst nuclear 

power accident in history and was classified a seven on the seven-point International Nuclear 

Event Scale.  One year later, Italy commenced its nuclear phase out plan by 1990, agreed upon 

2 NewYorkTimes. Abundant Power from Atom Seen. September 17, 1954, p. 5 
3 NewYorkTimes. 14 Year Cleanup at Three Mile Island Concludes. August 15, 1993 
4 Laura King, Kenji Hall, Mark Magnier. In Japan, workers struggling to hook up power to Fukushima reactor. Las 
Angeles Times. [Online] March 18, 2011. http://articles.latimes.com/2011/mar/18/world/la-fgw-japan-quake-
main-20110319 
5 World-Nuclear. Nuclear Power in Sweden. World-Nuclear. [Online] May 2012. http://www.world-
nuclear.org/info/inf42.html 
6 Chernobyl Accident 1986. World-Nuclear. [Online] April 2012. http://www.world-
nuclear.org/info/chernobyl/inf07.html 
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through the Italian nuclear power referendum7.  In tandem; Netherlands (1994)8 and Belgium 

(1999)9

Since 2001, there has been a belief of a possible nuclear power revival, coined the term 

nuclear renaissance, which is driven by rising fossil fuel prices and concerns over climate 

change

 followed these measures against nuclear power as a source for generating electricity.   

10.  Critics of this era claim that nuclear energy is an unacceptable risk to the 

environment and population11 as well as it not being an economically viable option12.  With 

these arguments, the bases of this paper are created using a proxy measurement of cost 

competitiveness called levelized cost of electricity (LCOE)13

Firstly, an outline of the various costs is defined as well as the most basic model for 

calculating LCOE.  Through this it is seen that coal-fired technologies

. 

14 exhibit being the most 

cost competitive contender over gas-fired technologies15 and nuclear power16

                                                           
7 Nuclear Power in Italy. World-Nuclear. [Online] April 2012. http://www.world-nuclear.org/info/inf101.html 

.  Nuclear power 

and to a lessor extent coal-fired technologies are sensitive to their underlying discount rate as 

well as their capital cost whereas gas-fired technologies are sensitive to their respective fuel 

costs.  A further, more dynamic and stochastic model is built iteratively to more fully model 

each power generating technologies’ cost competitiveness.  Using this final model, in the 

8 Nuclear Power in the Netherlands. April 2012. http://www.world-nuclear.org/info/inf107.html 
9 Nuclear Power in Belgium. July 27, 2012. http://www.world-nuclear.org/info/inf94.html 
10 World-Nuclear. The Nuclear Renaissance. World-Nuclear. [Online] August 2011. http://www.world-
nuclear.org/info/inf104.html 
11 GreenPeace. End the Nuclear Age. GreenPeaceInternational. [Online] 
http://www.greenpeace.org/international/en/campaigns/nuclear/ 
12 Koplow, Doug. Nuclear Power: Still not Viable without Subsidies. s.l. : Union of Concerned Scientists, 2011 
13 LCOE is the constant breakeven price level at which the net present value of a power plant is zero 
14 Defined as electricity generating technologies that use pulverised coal combustion generating systems 
15 Defined as electricity generating technologies that use gas turbine in conjunction with a heat recovery steam 
generators systems 
16 Defined as electricity generating technologies that use nuclear fission systems 
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presence of a carbon tax, nuclear power is shown to be the most cost competitive choice.  In 

the absence of this carbon tax, the former conclusion is reversed and nuclear power is not seen 

to be the most cost competitive technology and is replaced by coal-fired technologies.  Next, 

the risks that are inherent in each power generating technology are analyzed.  Nuclear power is 

proven to be the least risky out of the three power generating technologies, whereas gas-fired 

technologies are the most risky.  Lastly, this paper covers the diversification possibilities in 

which nuclear power seems to exhibit strong diversification benefits by its inclusion in the 

overall power generating mix.  This proves nuclear power to be a vital component in any power 

generating mix. 

2.0.0 RELATED LITERATURE 

 The most notable reports encompassing the economics of power generation stem from 

MIT interdisciplinary studies documented in 2003 and 2009 called The Future of Nuclear Power 

and Update of the 2003 Future of Nuclear Power respectively.  The initial report was motivated 

by the issues arising from greenhouse gas emissions and its effect on global warming, as well as 

the estimated growth in electricity consumption in the world over the next two decades.  In 

order to overcome the problem of greenhouse gas emissions, the report suggests to increase 

the efficiency of electricity production, expand the use of renewable energy, sequester carbon 

emissions at fossil-fuel power plants, and to increase the use of nuclear power.  For nuclear 

power to be competitive with coal and gas plants, the report suggests that the cost of capital 

would need to be lowered to the level consistent with those of coal-fired and gas-fired power 

plants, having slightly lower O&M costs, and decreasing the construction time of nuclear power 
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plants by one year.  Furthermore, it suggests that if carbon emission credits were enacted by 

the government, nuclear power would also become more cost competitive.  In the updated 

report six years later, it reconciles that construction costs have drastically escaladed and the 

arguments for making nuclear power cost competitive still include decreasing capital cost and 

construction times by standardizing designs and having an efficient licencing process function.  

It further discusses the increasing interest in attaining carbon-free electricity generating 

technologies while during the same period of time little progress has been made in 

demonstrating the fossil fuel electricity production with carbon sequestration.    

 The Economic Future of Nuclear Power was conducted by the University of Chicago and 

published in 2004.  The report attempts to simulate levelized cost estimates for nuclear power, 

gas-fired, and coal-fired power generating technologies using multiple future scenarios.  By 

varying the capacity factor, plant life, and overnight cost, the report gives estimates for nuclear 

power LCOE in the range of 4.1 to 7.1 cents per kilo-watt hour.  In comparison, estimates for 

coal electricity generating technologies LCOE are between 3.3 to 4.1 cents per kilo-watt hour 

and 3.5 to 4.5 cents per kilo-watt hour for coal and gas-fired generating technologies. For 

future generating technologies, the report demonstrates that nuclear power becomes very 

competitive when compared with coal-fired and gas-fired power generating technologies when 

stringent greenhouse policies are enacted.  In the very long run, 2025 and beyond, the report 

discusses that higher priority will be given to mitigating global warming, which will result in a 

great advantage for nuclear power over fossil-fuel electricity generating technologies.  It further 

discusses the widespread introduction of hydrogen-powered vehicles to replace gasoline-

powered vehicles, which would further create larger asymmetries in favour of nuclear power.  
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 Following this, the Projected Costs of Generating Electricity 2005 report was released 

one year later by OECD and IEA.  The report uses data composed of plant types and 

technologies that were then under construction or planned to be commissioned between 2010 

and 2015.  The study estimates nuclear power LCOE to be between 2.1 and 3.1 cents per kilo-

watt hour using a five percent discount rate and between 3.0 and 5.0 cents per kilo-watt hour 

using a ten percent discount rate.  These estimates fair well against the coal-fired and gas-fired 

LCOE estimates which are between 2.5 and 6.0 cents per kilo-watt hour for coal-fired 

technologies and 3.7 and 6.3 cents per kilo-watt hour for gas-fired technologies.  The two latter 

estimates are sensitive to their respective fuel costs as they compose of 35 to 45 percent of the 

cost for coal-fired technologies and as much as 90 percent for gas-fired technologies.  Other 

renewable energy LCOE are estimated such as solar-energy, wind generating technologies, and 

micro-hydro generating technologies are all accompanied with uncompetitive cost rates. 

 A study comprising of Monte Carlo simulations for levelized electricity costs was 

composed by Roques, Nuttall, and Newbery in 2006, Using Probabilistic Analysis to Value Power 

Generation Investments under Uncertainty.  The report draws on data from both MIT’s The 

Future of Nuclear Power and IEA/NEA’s International Agency Costs of Generating Electricity 

reports.  Through sensitivity analysis, they find nuclear power NPV to be most sensitive to 

variations in construction time, capital cost, cost of capital, and electricity price.  It follows with 

Monte Carlo simulations for nuclear power, gas-fired technologies, and coal-fired technologies 

using both five and ten percent discount rates.  At the five percent discount rate, nuclear power 

is clearly demonstrated to be the best choice by exhibiting similar standard deviations as the 

other two technologies while having a larger upside potential.  Using the ten percent discount 
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rate, gas-fired technologies indicates the largest standard deviation while also displaying the 

largest upside and downside potential than nuclear power and coal-fired technologies.  The 

distributions estimated for nuclear power and coal-fired technologies are very similar in 

structure.   

 In 2010, IEA/NEA published The Projected Costs of Generating Electricity, which 

encompasses data on power plants located in seventeen OECD and four non-OECD countries.  

Similar to the previous study, it calculates that capital cost, cost of capital, and construction 

time are the most sensitive parameters to nuclear power net present value analysis.  Using a 

five percent discount rate and IEA/NEA’s median case specifications, the LCOE for nuclear 

power is 5.85 cents per kilo-watt hour compared to 8.58 cents per kilo-watt hour for gas-fired 

technologies, and 6.21 to 6.52 cents per kilo-watt hour for coal-fired technologies.  With a ten 

percent discount rate these LCOE change to 9.88 cents per kilo-watt hour for nuclear power, 

9.21 cents per kilo-watt hour for gas-fired technologies, 8.06 to 8.99 cents per kilo-watt hour 

for coal-fired technologies.  The report explains that LCOE for wind and solar power are 

sensitive to their surrounding environment and can be competitive in ideal conditions but are 

otherwise not cost competitive.  For nuclear power, the study points out its capability to deliver 

significant amounts of very low carbon base-load electricity at stable costs over time, while 

considerable amount of capital risk is inherent coupled with its long construction times.   

 The most recent study, The Cost of New Generating Capacity in Perspective by NEI, was 

published in January of 2012.  The report gives updated costs of electricity generating 

technologies.  These estimates for 2015 favour gas-fired and coal-fired technologies over 
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nuclear power and give more competitive LCOE for onshore wind.  Subsequently, for the year 

2025, the study outlines that gas-fired technologies will be the most cost efficient, followed by 

nuclear power, while coal-fired technologies will become far less competitive with the prior 

two.  

3.0.0 THE MODEL 

3.1.0 Basic Assumptions: 

 In order to establish the relative competitiveness within the electricity generating 

technology mix, nuclear power will be compared to coal-fired and gas-fired technologies.  This 

is due to the fact that they represent the three most prevalent forms of generating electricity 

where gas-fired technologies currently representing 41.03 percent of the net electricity 

capacity in the United States followed by coal-fired technologies with 30.06 percent and 

nuclear power with 9.37 percent17

In order to compare base load costs of producing electricity, this study assumes that the 

base load capacity is set at its upper limit, which in this case is 85 percent for both coal and gas-

fired technologies and 91.8 percent for nuclear power.  The capacity factor or base load 

capacity is the ratio of actual output of a power plant over a period of time to the energy that it 

could have generated.  The capacity factor for coal and gas-fired technologies are set at the 

.  Furthermore, these three power generating technologies 

are the focus of this paper since they are by far the most cost competitive when compared to 

other types of power generating technologies such as renewable energy.   

                                                           
17 EIA. Electric Power Annual 2010. Washington : US Department of Energy, 2010 
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upper limit in accordance with recent studies18 and are considered base load capacity factors, 

where even though the coal-fired and gas-fired technologies regularly operate at much lower 

capacity levels19, the maximum potential capacity they were built for is used.  The capacity 

factor for nuclear power is derived from yearly averages given over the period 2005 to 201120, 

where the largest estimate is used.  In tandem by using the upper limit capacity factors, it is 

inherent that operation of these plants is continuous and temporary shut downs due to average 

variable cost being less than the price of electricity, do not occur.  Furthermore, system costs of 

generating electricity, such as costs of not being able to fully store electricity,  is not taken into 

account and the assumption of constant equilibrium in the supply and demand market for 

electricity is necessary.  To keep the base-case scenario as basic as possible, carbon taxes are 

assumed to be set to zero for the full lifetime of the power plant.  Furthermore, in order to 

harmonize uncertainty regarding the future inflation rate; real US dollar values will be used and 

to be consistent with past literature a 38 percent marginal tax rate will be applied21

                                                           
18 IEA/NEA. Projected Cost of Generating Electricity. Paris : Organization of Economic Development/IEA, 2010 

.  All 

monetary units used and referenced throughout this paper, excluding LCOE estimates from 

    Hogue, Michael T. A Review of the Costs of Nuclear Power Generation. Salt Lake City : Bureau of Economic and        
Business Research, 2012 
 
19 NEI. "U.S. Capacity Factors by Fuel Type." April 2012. 

http://www.nei.org/resourcesandstats/documentlibrary/reliableandaffordableenergy/graphicsandcharts/
uscapacityfactorsbyfueltype/ 

20 NEI. "U.S. Nuclear Generating Statistics." March 2012. 
http://www.nei.org/resourcesandstats/documentlibrary/reliableandaffordableenergy/graphicsandcharts/usnuclea
rgeneratingstatistics/ 
21 IEA/NEA. Projected Cost of Generating Electricity. Paris : Organization of Economic Development/IEA, 2010 
    Fabien A Roques, William J Nuttall, David M. Newbery. Using Probabilistic Analysis to Value Power Generation 
Investments under Uncertainty. Cambridge : Electricity Policy Research Group , 2006 
MIT. The Future of Nuclear Power. s.l. : MIT, 2003 
Univerisity of Chicago Department of Economics, Graduate School of Business, and Harris School of Public Policy. 
The Economic Future of Nuclear Power. s.l. : University of Chicago, 2004 
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other sources cited in Section 1.0.0, will be adjusted to 2011 US dollars.  For depreciation 

calculations the MACRS depreciation schedule will be used across all power plant cost 

schedules. 

 

3.2.0 Base Case Scenario Specifications: 

 The debt interest rate is the interest rate on the bonds issued for financing the power 

plants.  Interest rates are assumed to be uniform across the three alternative generating 

technologies in question, set at a nominal rate of 8 percent stemming from MIT’s The Future of 

Nuclear Power report.  The study utilized a three percent inflation rate; therefore to obtain the 

real interest rate, the Fisher equation is used22

This corrects our nominal debt interest rate to a real debt interest rate of 4.8 percent.   

.  

 

 Again using MIT’s The Future of Nuclear Power, estimates for the equity interest rate are 

obtained, which is 15 percent for nuclear power and 12 percent for gas and coal-fired 

technologies.  The rationale behind this asymmetry lies behind the risk premium needed to 

compensate investors to invest in nuclear power instead of an alternative technology due to 

the greater uncertainty and risk inherent for constructing a nuclear power plant.  This 

                                                           
22 Ross Westerfield, Jordan Roberts. Fundamentals of Corporate Finance. 6th. McGraw-Hill Ryerson 

Limited, 2007. Pg 197 
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uncertainty stems from the variance in an already longer construction periods as well as the 

large upfront capital costs required, which in turn raises the need for equity owners to be 

sufficiently rewarded for the extra risk being taken.  Again using the Fisher equations, an 8.7 

percent equity interest rate is obtained for coal and gas-fired technologies and 11.6 percent for 

nuclear power.   

 Coupling the debt interest rate and equity interest rate together with the debt-to-equity 

ratio, the cost of capital can be obtained.  The debt-to-equity ratio is simply the desired debt-

to-equity mix used to finance a power plant’s costs.  Furthermore, debt is considered a tax 

deduction, which lowers the cost of debt.  Cost of capital or also known more specifically as 

weighted average cost of capital is calculated as follows23

Where, 

: 

 

  is the debt-to-equity ratio 

  is the marginal corporate tax rate  

This formula gives nuclear power a weighted average cost of capital of 6.71 with a one debt-to-

equity ratio.  A 4.57 percent WACC is calculated for gas and coal-fired technologies using a 1.5 

debt-to-equity ratio.  This estimate for nuclear power lies between recent estimates of the 

                                                           
23 Ross Westerfield, Jordan Roberts. Fundamentals of Corporate Finance. 6th. McGraw-Hill Ryerson 

Limited, 2007. Pg 421 
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discount rate used in the absence of inflation24

 The net capacity used for nuclear power is derived from a survey in 2010 by IEA and NEA 

called The Projecting Costs of Generating Electricity 2010.   The net capacity is defined as being 

the intended full-load sustained output of electricity for a power plant. The net capacity for the 

most recently built nuclear power plants was estimated at 1350 mega-watts.  Using data from 

the same report, the medium case specifications for the net capacity of 600 and 400 is used for 

coal-fired and gas-fired technologies respectively. 

.  The WACC estimates from other studies for 

coal-fired and gas-fired technologies are in the vicinity of five to ten percent.  The WACC used in 

this paper is considered a lower bound estimate in relation to others.   

Due to a large number of nuclear license renewals over the last decade25

                                                           
24 IEA/NEA. Projected Cost of Generating Electricity. Paris: Organization of Economic Development/IEA, 2010 

, a longer plant 

life than the one from MIT’s The Future of Nuclear Power is implemented.  Nuclear power 

plants generally have a 30 to 40 year lifespan from the date of commercialization and have the 

option to apply for an extension of 20 years thereafter.  There have been 43 such renewals 

effective January 2012 with 15 current unit applications under review.  In accordance with The 

Projected Cost of Generating Electricity, a 60 year life time will be used for nuclear power, while 

gas and coal-fired technologies will be given a 30 year and 40 year life time respectively. 

Univerisity of Chicago Department of Economics, Graduate School of Business, and Harris School of Public Policy. 
The Economic Future of Nuclear Power. University of Chicago, 2004 
Fabien A Roques, William J Nuttall, David M. Newbery. Using Probabilistic Analysis to Value Power Generation 
Investments under Uncertainty. Cambridge: Electricity Policy Research Group , 2006 
Hogue, Michael T. A Review of the Costs of Nuclear Power Generation. Salt Lake City: Bureau of Economic and 
Business Research, 2012 
25 NEI. US Nuclear License Renewal Filings. 2012 
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  The construction time or period is the temporal time measured from the date the 

construction contract is signed until the date of commercialization, from which the power plant 

begins generating electricity.  Estimates for the construction time for nuclear power range 

between five and eight years.  To reconcile these estimates, the base case scenario takes the 

mean of these estimates seen in Table 1, which is six years.  Gas and coal-fired technologies 

have stable estimates for this parameter and are assumed to have a construction period of two 

and four years respectively26

The overnight cost is the cost it would effectively take to build a power plant 

instantaneously, excluding financing costs.  Many of the overnight cost forecast estimates are 

to be treated with scepticism since these forecasts have generally been overoptimistic, mainly 

due to faulty expectations on learning, scale, and innovation effects that have not been 

reflected in costs

.   

27

                                                           
26 IEA/NEA. Projected Cost of Generating Electricity. Paris: Organization of Economic Development/IEA, 2010 

. Therefore, the most reliable indicator of future overnight costs, are past or 

historical overnight costs.  When analyzing overnight cost estimates for nuclear power, a wide 

range of input values can be found and have generally been increasing since early in the 21st 

century.  Estimates in 2000 to 2002 ranged between $1568 and $2000 dollars per kilo-watt.  

These estimates were revised upward by MIT’s The Future of Nuclear Power report to $2500 

per kilo-watt in 2003 and furthermore to $3200 per kilo-watt by Keystone Center in 2007.  

Months after Keystone Center’s overnight cost estimate, Florida Power & Light increased this 

variable’s value to be between $3372 and $4936 dollars per kilo-watt.  In the 2009 Update to 

MIT Future of Nuclear Power, it estimates the overnight cost to be $4339 per kilo-watt. To be 

MIT. The Future of Nuclear Power. MIT, 2003 
27 Thomas, Steve. The Economics of Nuclear Power: An Update. s.l. : Heinrich Böll Foundation, 2010 
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consistent with the recent increase in the overnight cost, the mean of the 2007 to 2009 

estimates are used, which in turn is equal to $3962 per kilo-watt.  Estimates for gas and coal-

fired power plants’ overnight cost are taken from the median case of The Projected Cost of 

Generating Electricity 2010, which give $1160 and $2314 per kilo-watt respectively.  

 Costs that are stressed for nuclear power over coal-fired and gas-fired technologies 

include the large decommissioning cost of $350,000,000 paid at the end of the plant’s life as 

well as a nuclear waste fee of  of a cent per kilo-watt generated.  The decommissioning cost 

is the cost that includes all the clean-up of radioactive material as well as the cost of 

progressively dismantling of the power plant.  The waste fee is a standard cost parameter for 

nuclear power reactors in the United States.  Even though decommissioning costs are difficult 

to estimate due to the scarce amount of actually executed dismantling and radio-active clean-

ups of nuclear power plants28, the estimate for the base-case scenario specification is 

consistent with related literature29

The fuel costs used for each of the power plants are derived from NEI documents

.  For the case of coal-fired and gas-fired technologies, the 

decommissioning cost is much smaller in magnitude and is estimated to be five percent of the 

construction cost 30.   

30

                                                           
28 Decommissioning Nuclear Facilities. World Nuclear Association. [Online] April 2012. [Cited: July 18, 2012.] 
http://www.world-nuclear.org/info/inf19.html 

 and 

are replicated in Table 2.  Correspondingly this paper uses the most recent fuel cost estimates 

29 Hogue, Michael T. A Review of the Costs of Nuclear Power Generation. Salt Lake City: Bureau of Economic and 
Business Research, 2012 
Univerisity of Chicago Department of Economics, Graduate School of Business, and Harris School of Public Policy. 
The Economic Future of Nuclear Power. University of Chicago, 2004 
MIT. The Future of Nuclear Power. MIT, 2003 
30 U.S. Electricity Production Costs and Components (1995-2011)." NEI. May 2012. 
http://www.nei.org/resourcesandstats/graphicsandcharts/operatingcosts/ 
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of $0.0067, $0.0243, and $0.0450 per kilo-watt hour for nuclear power, coal-fired, and gas-fired 

technologies respectively.  From the source cited above and also replicated in Table 2, 

parameters for O&M cost are obtained.  O&M costs are operating and maintenance costs 

incurred while running the power plant.  The most recent O&M cost estimates are used which 

for nuclear power is $0.0153 per kilo-watt hour, while coal and gas-fired technologies are 

$0.0072 and $0.0052 per kilo-watt hour respectively.  A crucial assumption within this base-

case scenario is that both fuel and O&M costs are assumed to be constant over the lifetime of 

the power plant. 

3.3.0 LCOE: 

 The calculation of cost of generating electricity can be done through a temporal 

investment perspective, where the discounted cash outflows are compared to the discounted 

cash inflows from a power plant.  The levelized cost of electricity, also abbreviated as LCOE, is 

the constant unit price of electricity over the economic life of the power plant needed to obtain 

a net present value of zero.  The form after rearrangement of the net present value formula is 

as the follows: 

 

Where,  

  is the capital investment in period “t”  

  is the operating and maintenance cost per kilo-watt hour in period “t” 
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  is the fuel cost per kilo-watt hour in period “t” 

  is the carbon cost per kilo-watt hour in period “t” 

  is the waste fee cost in period “t” 

  is the decommissioning cost incurred in the last year of operation 

  is the electricity generated in period “t” 

 is the homogenous cost of capital over the economic life of the power plant, also   

known as WACC 

 is the depreciation in period “t” 

 is the life of the power plant 

The LCOE estimated through this method is considered the busbar cost of generating electricity.  

The busbar cost is the aggregate accrued cost of generating the electricity up to the point from 

where it leaves the generator but prior to the voltage transmission point.  This ensures 

transportation costs are not included in the per kilo-watt cost, since this would be idiosyncratic 

to the power plant’s location. 

 The overnight cost is the capital cost of virtually constructing a power plant overnight 

and hence without any accrued capital over the construction period.  Equal cash payments are 

assumed to be made over the construction period at the beginning of each year.  Since the 

WACC includes the cost of any accrued interest, no annuity due calculations are necessary.  

Therefore this can be calculated using the following function: 
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Where, 

  is the payment due at the beginning of the respective period 

  is the total number of years required to complete the power plant 

 For the decommissioning cost for coal-fired and gas-fired technologies, a value of the 

capital cost is necessary.  This means that there needs to be a capital cost calculated outside of 

the discounted cash flow analysis framework.  Therefore, the future value annuity due is 

calculated for the capital cost using the WACC as the interest rate as shown here: 

 

Where,  

  is the future value of the capital cost at the end of the construction period ‘ ’  

Using the future value of the capital cost calculated above the decommissioning cost at the end 

of the power plant’s life for coal-fired and gas-fired technologies is calculated as follows: 

 

 To include the benefit of the depreciation tax shield for each power plant type, the 

MACRS depreciation guidelines are incorporated.  The rates for depreciation are shown in Table 

3.  Nuclear power plants are depreciated over a fifteen year schedule, whereas coal and gas-

fired technologies over a twenty year schedule.   
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The depreciation tax shield is calculated through the following formula: 

 

To calculate the aggregate annual kilo-watt hours generated, the net capacity and 

capacity factor of the power plant are taken into account.  Both of these parameters are 

assumed to be constant over the lifetime of the power plant.  The formula to calculate this is as 

following: 

 

Where, 

  is the capacity factor 

  is the net capacity measured in mega-watts 

 Using these two parameters again, the incremental capital cost can be calculated.  This 

is the cost incurred tantamount to depreciation, where the latter is used for tax filling purposes 

and the former is incurred as a direct operating expense.  It is assumed to be constant over the 

life of the power plant.  The yearly incremental capital cost or investment can be calculated 

using the following formula: 
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Where, 

  is the incremental capital cost measured in dollars per kilo-watt 

The waste fee cost is determined by the nuclear power plant’s electricity generated.  It is 

calculated as follows: 

 

Where, 

  is the waste cost in period ‘ ’ in dollars per kilo-watt 

Lastly, to calculate the carbon tax cost incurred by the plant the following function is used: 

 

Where,  

 is the carbon tax per ton of carbon emission in period ‘ ’ 

This cost is assumed to be zero in this scenario. 

 Once all of these definitions are placed into the general equation listed above the 

following formula is attained: 
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 Using the base case scenario parameters, a LCOE of 7.54 cents per kilo-watt hour was 

calculated for nuclear power compared with 5.43 and 6.18 cents per kilo-watt hour for coal and 

gas-fired technologies respectively.  From this static analysis, coal-fired technologies are shown 

to be the most cost competitive and are followed by gas-fired technologies and nuclear power. 

3.4.0 Cost Components and Sensitivities: 

 The static LCOE measures give us a uniform break-even cost of electricity.  Further break 

down of each respective cost to determine the most sensitive parameters affecting LCOE is 

required to more fully understand each respective cost dynamics.  This can be done by 
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computing the elasticity of LCOE for various input variables and inserting the base case scenario 

values.  Also, the main cost components are divided into separate divisions and assigned a 

percentage that it represents out of the total LCOE estimate. 

 Using a static snapshot of our base-case scenario, the following cost components are 

broken down in their respective parts as seen in Figure 1.  Furthermore, Table 4 shows the 

individual cost component elasticities of demand.   

 

Figure 1 - LCOE Percent Factor Share 

 

Beginning with nuclear power, the largest cost component consists of its overnight cost 

representing 64.47 percent of the per kilo-watt hour cost of LCOE.  This is also a very sensitive 

variable when examining nuclear power’s overnight cost elasticity of LCOE, which has a value of 
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0.83.  This variable has been very volatile since 200031

The incremental cost for all three power generating technologies represents less than 

three percent of their total respective cost.  Coherently, all power generating technologies have 

minimal sensitivities to changes in this cost component. 

 and henceforth may result in a wide 

range of LCOE estimates for nuclear power depending on the overnight cost estimates used.  

This cost component for coal and gas-fired technologies’ represents 40.13 and 20.70 percent of 

their total cost with elasticities of 0.558 and 0.229 respectively.  Therefore coal-fired 

technologies are still volatile to changes in its overnight cost but to a lesser extent than nuclear 

power is.  Gas-fired technologies are the least sensitive to overnight cost out of this power 

generating mix even though idiosyncratically it is still the second largest and second most 

sensitive cost component.   

The O&M cost represents between seven and 15 percent of the total LCOE for all three 

power generating technologies, where nuclear has the largest relative value and gas has the 

lowest.  The sensitivities agree with this ranking where nuclear power’s elasticity is 0.197, 

whereas coal and gas-fired technologies are 0.123 and 0.084 respectively.   

When analyzing the corresponding fuel elasticities of this power generating mix, a 

significant difference can be seen.  Gas-fired technologies’ fuel cost consists of 65.91 percent of 

its LCOE.  This seems to be a large part of coal-fired technologies LCOE as well with a 37.26 

percent fuel cost component.  Nuclear power fuel cost on the other hand only consists of 6.74 

percent of its LCOE.  The sensitivities for nuclear, coal-fired, and gas-fired technologies are 

                                                           
31 D. Schlissel, B. Biewald. Nuclear Power Plant. Cambridge, MA: Synapse Energy Economics, 2008 
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0.086, 0.414, and 0.729 respectively.  This shows that gas-fired technologies and to a lessor 

extend coal-fired technologies’ LCOE can become very volatile in an unstable fossil fuel price 

environment whereas nuclear power is less dependent on the direction of its fuel price market.   

The discount rate in many studies is considered one of the most sensitive parameter 

input values for determining nuclear power’s LCOE.  This is also the case in this study where 

nuclear power’s WACC is the most sensitive parameter with an elasticity of 1.037, which is also 

the highest value among the three power generating technologies’ elasticity values.  Coal-fired 

technologies are also sensitive to this parameter with an elasticity of 0.501, which is still much 

lower relative to that of nuclear power.   Gas-fired technologies are relatively inelastic when 

compared to the other two power generating technologies with an elasticity of 0.174.   

The construction time in all three cases are relatively in-sensitive.  It can be noted that 

nuclear power’s elasticity is approximately five and ten times larger than that of coal-fired and 

gas-fired technologies respectively.  Therefore, an equal percentage decrease in construction 

time for all power generating technologies will greatly increase nuclear power’s cost 

competitiveness relative to the other two fossil fuel-fired generating technologies.   

The idiosyncratic cost for nuclear power consisting of the waste fee as well as the 

decommissioning cost for all three power generating technologies composes a minimal 

percentage share of their respective LCOE.  The elasticities all of these costs are also very 

inelastic, which may support the argument that in the case of nuclear power; these two extra 

costs that are either idiosyncratic or idiosyncratically much larger for nuclear power than the 

other two generating technologies do not affect its cost competitiveness relative to coal-fired 
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and gas-fired technologies.  Therefore, the risk inherent in nuclear power is not driven by these 

two cost parameters. 

3.5.0 Robustness: 

 Since the model specified above assumes parameters that may not harmonize with 

certain readers beliefs, further scenarios are carried out in attempt to consolidate multiple 

input values and give a more wide range of possible and more acceptable LCOE estimates.  

Beginning with the discount rate or the weighted average cost of capital, the majority of 

parameters utilized in other papers are either 5 or 10 percent for all three electricity generating 

technologies with the exception of The Future of Nuclear Power, which uses a 7.33 percent real 

discount rate for nuclear power and 6.41 percent for coal and gas-fired technologies.  A LCOE of 

5.99, 5.59, and 6.25 cents per kilo-watt hour is estimated at the 5 percent discount rate for 

nuclear power, coal-fired, and gas-fired technologies respectively.  Using The Future of Nuclear 

Power’s discount rate a LCOE of 8.18, 6.21, and 6.52 cents per kilo-watt hour is estimated again 

for nuclear power, coal-fired, and gas-fired technologies.  Lastly, at the 10 percent level the 

LCOE for nuclear power is 11.33 cents per kilo-watt hour compared to coal-fired and gas-fired 

technologies’ LCOE of 8.16 and 7.32 cents per kilo-watt hour.  As shown in Section 3.4, nuclear 

power is very sensitive to its underlying discount rate and this can be seen by its wide LCOE 

variability calculated above. 

 When analyzing overnight cost estimates, a wide range of input values can be found and 

have generally been increasing since early 2000’s as outlined in Section 3.1.  The variables least 

consistent with the overnight cost used in our base case scenario are used to check the 
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robustness of our base case LCOE.  With an overnight cost of $1568, $2500, $3200, and $4936 

per kilo-watt as input variables, a LCOE of 4.45, 5.66, 6.56, and 8.80 cents per kilo-watt hour are 

calculated respectively.  As in the case of nuclear power’s WACC; its LCOE is sensitive to 

changes in its overnight cost as discussed in Section 3.4, which can be reaffirmed from the 

result calculated above.  For coal-fired technologies, estimates for overnight costs of $1625, 

2892, and $3267 per kilo-watt are used from The Future of Nuclear Power 2003 report, The 

Projected Costs of Generating Electricity 2010 report, and EIA 2010 documents respectively.  A 

LCOE of 4.82, 5.93, and 6.26 cents per kilo-watt hour are estimated for overnight costs of 

$1625, $2892, and $3267 per kilo-watt.  For gas-fired technologies the estimates for its 

overnight cost do not vary as much as they do for nuclear power, but in lieu of this two extreme 

cases are taken from The Projected Costs of Generating Electricity 2010 report, consisting of 

overnight cost estimates of $866 and $2091 per kilo-watt.  Furthermore, an alternative 

estimate of $1009 per kilo-watt is taken from 2010 EIA documents32

                                                           
32 EIA. "Updated Capital Cost Estimates for Electricity Generation Plants." November 2010. 
http://www.eia.gov/oiaf/beck_plantcosts/. 

, which constitutes to an 

input value between the former two.  For these figures a LCOE for gas-fired technologies of 

5.90, 6.03, and 7.06 cents per kilo-watt are obtained for overnight costs of $866, $1009, and 

$2091 per kilo-watt respectively.  As we can see these alternative inputs do not drastically 

change gas-fired technologies’ LCOE as they did for nuclear power and coal-fired technologies.   

Coal-fired technologies seem to stay very cost competitive relative to its two competitors in the 

environment of higher coal-fired technologies’ overnight costs, while nuclear power continually 

becomes much less competitive within the same environment. 
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 For the construction period, nuclear power’s estimates have ranged between four and 

eight years.  Therefore, values of five, seven, and eight years will be used as these are the 

estimates from various studies as shown in Table 1.  A LCOE of 7.42, 7.86, and 8.11 cents per 

kilo-watt hour are calculated for construction times of five, seven, and eight years respectively.  

Coal-fired technologies’ construction period estimates are stable around the four year period.  

This is a similar case with gas-fired technologies, where estimates for construction time are 

stable at two years. 

4.0.0 EXTENSION OF THE BASE-CASE SCENARIO 

4.1.0 Implicit Drawbacks to Base-Case Scenario: 

 In the model outlined above, one of the assumptions is that the nuclear power disaster 

or accident cost is zero.  This area of discussion amounts to being one of the major arguments 

against the use of nuclear power due to the large potential disaster or accident cost present by 

running a nuclear power plant.  Therefore, it would not be a rational conclusion to exclude a 

variable pertaining to this.  In opposition to this argument, coal-fired and gas-fired 

technologies’ critics ascertain the major environmental cost caused by greenhouse gases such 

as carbon dioxide being polluted into the atmosphere by these power plants.  Therefore, the 

carbon tax or carbon social cost, which is assumed to be zero in the base-case scenario, would 

have to be adjusted to carbon cost estimates. 

The base-case scenario is also static in its nature in that minimal dynamics are 

embedded into the calculation of the LCOE for each power generating technology.  This can be 

seen from the assumption that both O&M and fuel cost input values are assumed to be 
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constant over the lifetime of the power plant.  This is an unlikely scenario for the fuel cost, 

especially for coal-fired and gas-fired technologies, where the underlying price of each 

respective fossil fuel directly drives the fuel cost.  Nuclear power is less reliant on its underlying 

input price due to its unique fuel cycle characteristics which have complexities that are beyond 

the scope of this paper.   Furthermore, when examining the O&M costs, it is inherent that a 

trend is present for all three generating technologies.  This can be seen as being due to a 

potential learning curve function being present or changes in the economic environment that 

demand certain operational standards for industry participants.   

Lastly, the nuclear power input parameter for the construction period may not always 

be 6 years due to uncertainties.  This can be seen from the multiple construction period 

estimates for this power generating technology. 

4.2.0 Cost of Nuclear Accident or Disaster: 

 The risk of a nuclear power accident or disaster is among the major concerns against 

this power generating technology.  This can be seen after major nuclear power plant disasters 

such as Three Mile Island, Chernobyl, and Fukushima; where countries such as Sweden, Italy, 

Australia, Belgium, and Germany began pursuing a nuclear phase out plan shortly thereafter.  

The difficulty in quantifying this social cost is attempting to estimate the extent to which the 

accident or disaster affects health and its environment years after the event with the lifetime of 

by-products from the nuclear reprocessing cycle being measured in thousands of years.  

Therefore, to calculate this cost, this paper uses the best proxy for these costs.  These proxy 

costs are found in a paper that outlines the major global nuclear power accidents over the 
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period 1952 to 201033.  To be coherent with the rest of this study, the focus is on input 

parameters derived strictly from the United States and are replicated in Table 5.  Furthermore, 

since this data is historical, the assumption that over time nuclear power plants become safer 

due to some kind of technology improvement is utilized.  This assumption allows us to use 

these historical costs and estimate the upper cost level per kilo-watt hour produced.  This is 

done by the addition of all accident costs in a given year divided by the electricity produced by 

nuclear power in the same respective year.  The data pertaining to the amount of electricity 

produced is derived from NEI documents and cover the period 1971 to 201034

 To make these accident costs stochastic, the assumption of constant per kilo-watt hour 

accident cost per year is dropped and is replaced with the assumption that the accident cost 

.  The result of 

these calculations as well as the nuclear power generated per year used can be seen in Table 6. 

From this the maximum cost per kilo-watt hour is given in 1979, the year of the Three Mile 

Island accident, with a cost of 1.06 cents per kilo-watt hour.  The mean and median for this time 

series are 0.0722 and 0.0021 cents per kilo-watt hour respectively.  In calculated the new LCOE, 

this accident cost is not treated as tax deductible.  Assuming constant nuclear power accident 

cost over the lifetime of the plant and using the median, mean, and maximum parameter 

values a LCOE of 7.64, 7.77, and 9.34 cents per kilo-watt hour is calculated.  In the absence of 

extreme values occurring consistently over the lifetime of the power plant, this cost parameter 

does not drastically change nuclear power’s LCOE, which is one of the main argument grounds 

against this power generating technology.   

                                                           
33 Sovacool, Benjamin K. "A Critical Evaluation of Nuclear Power and Renewable Electricity in Asia." Journal of 
Contemporary Asia 40, no. 3 (August 2010): 393-400 
34 U.S. Nuclear Generating Statistics (1971 - 2011)." NEI. March 2012. 
http://www.nei.org/resourcesandstats/graphicsandcharts/generationstatistics/ 
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are stochastic and follow a normal distribution.  With this, every year an accident cost per kilo-

watt hour is randomly generated out of a normal distribution with a mean of 0.0722 cents per 

kilo-watt hour and a standard deviation of 0.205 cents per kilo-watt hour.  This Monte Carlo 

simulation gives the following distribution shown in Figure 2, which has a mean of 7.76 cents 

per kilo-watt hour and a standard deviation of 0.0437 cents per kilo-watt hour.  These variables 

show that estimates for nuclear power’s LCOE are stable around its mean, with the tail on the 

right side being slightly fatter than that of the left.  This is due to the truncation of accident 

costs being set at zero dollars.  From this Monte Carlo simulation it can be seen that with 

stochastic nuclear power accidents, the underlying cost competitiveness using only quantitative 

data, is only minimally affected. 

 

Figure 2 
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4.3.0 Carbon Tax: 

 In lieu of the United States not having a carbon tax present, it is a crucial social cost that 

needs to be incorporated into the total cost of generating electricity.  The amount of carbon 

emission per plant is estimated to be 66, 960, and 443 grams per kilo-watt hour produced for 

nuclear power, coal-fired, and gas-fired technologies respectively35.  Furthermore, the ad hoc 

OECD Expert Group for an EIA/NEI study agreed upon a $30 per ton of carbon dioxide to be a 

reasonable price to include in empirical papers pertaining to calculating costs of power 

generating technologies36.  With this carbon tax in place and being treated as an after-tax cost, 

a LCOE of 7.95, 10.06, and 8.31 cents per kilo-watt hour is calculated for nuclear power, coal-

fired, and gas-fired technologies respectively.  From this static calculation, the carbon tax 

elasticities of LCOE are 0.0356, 0.4346, and 0.2569 for nuclear power, coal-fired, and gas-fired 

technologies respectively.  As can be seen, coal-fired technologies and to a lessor extent gas-

fired technologies are very sensitive to the underlying carbon tax.  Using a more dynamic social 

cost of carbon pricing methodology, a study in 2011 uses the RICE model37

                                                           
35 Sovacool, Benjamin K. "Valuing the Greenhouse Gas Emissions from Nuclear Power: A Critical Survey." Energy 
Policy, April 2008 

 and estimates these 

costs to be as shown in Table 7, which are defined to be within no control environments using 

the study’s base parameter inputs.  No control environment is defined to a district where no tax 

or policy is in affect to change the cost of producing carbon emissions.  Since these estimates 

are given in increments of ten years beginning with 2015 all the way to 2055; it is necessary to 

find costs pertaining to the years in between these estimates.  Assuming the costs follow a 

linear relationship in between cost estimates, the secant line can be calculated between cost 

36 IEA/NEA. Projected Cost of Generating Electricity. Paris: Organization of Economic Development/IEA, 2010 
37 An economic and geophysical model of climate change, see (Nordhaus, 2000) 
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estimates.  Then using these linear relationships the years in between the estimates are filled in 

and any year beyond 2055 is truncated at this respective estimate.  Using these parameters for 

carbon cost inputs, a LCOE of 8.56, 19.39, and 11.99 cents per kilo-watt hour is calculated for 

nuclear power, coal-fired, and gas-fired technologies respectively.  Another carbon cost is 

derived from the Australian government that introduced a $24 carbon tax effective July 1st, 

201238.  With this carbon tax a LCOE of 8.37, 9.14, and 7.89 cents per kilo-watt hour is 

calculated for nuclear power, coal-fired, and gas-fired technologies.  Lastly the southern African 

Finance Minister Pravin Gordhan announced that there will be a carbon tax from 2013 to 2014.  

A carbon tax of $16 is expected with an increase of $0.10 per year until the year 201939

 As can be seen through the above scenarios, the potential of coal-fired technologies 

becoming a much more risky investment within an environmental of potential carbon policies 

that are being put into place is increased drastically.  Gas-fired technologies also become more 

risky but to a lessor extent than coal-fired technologies.  Nuclear power, as expected, seems to 

generate consistent LCOE in an uncertain carbon cost environment.  This is one of the main 

.  

Assuming that this tax remains constant after the year 2019 a LCOE of 7.81, 8.01, and 7.37 

cents per kilo-watt hour is calculated for nuclear power, coal-fired, and gas-fired technologies 

with these carbon costs.  Within the specification of this carbon tax, all three power generating 

technologies seem to have similar cost competitiveness with each other.   

                                                           
38 Examining the Origins and Content of Australia's Carbon Tax Policy . n.d. 
http://cleanenergysolutions.org/blogs/128/examining-origins-and-content-australias-carbon-tax-policy 
39 Winkler, Harald. South Africa to Introduce Carbon Tax in 2013. March 13, 2012. 
theenergycollective.com/jakeschmidt/79248/guest-blog-harald-winkler-south-africa-introduce-rising-price-carbon-
pollution-maj 
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arguments in favour of this generating technology and its validity is shown through these 

various calculations. 

 Coal-fired and gas-fired technologies using the base case scenario assumptions as seen 

in Section 3.2.0 are considered to be the more cost competitive choices when compared to 

nuclear power.  It is interesting to see at what level the carbon taxes would need to be for 

nuclear power to be just as competitive as coal-fired and gas-fired technologies.  Therefore, for 

coal-fired technologies to have the same LCOE as nuclear power, the carbon tax would have to 

be $18.59 per ton of carbon emissions consistently over the lifetime of the power plant.  For 

gas-fired technologies to be as competitive as nuclear power, the carbon tax would have to be 

$31.76 per ton of carbon emissions consistently over the lifetime of power plant.  Comparing 

these two types of alternative Pigovian taxes, it can be seen that if the OECD Expert Group 

agreed upon carbon tax is put into effect, coal-fired technologies will be at a great disadvantage 

versus nuclear power, whereas gas-fired technologies would remain slightly more competitive 

than nuclear power but drastically more cost competitive than coal-fired technologies.  These 

differences can be interpreted as being risk premiums with respect to the uncertainty of future 

carbon taxes.  If carbon taxes stay at zero or at minimal levels, coal-fired technologies will 

greatly outperform both gas-fired and nuclear power technologies.  The risk premium being 

that there is considerable risk inherent if the carbon tax or cost increases in that coal becomes 

drastically less competitive to the former two power generating technologies.  Tantamount to 

this, nuclear power is considered to have a low risk premium with respect to the carbon tax 

since it returns consistent costs in the event of high carbon taxes.   
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4.4.0 Incorporating the O&M Dynamic: 

 As mentioned above, it can be seen that a time trend is present in the O&M cost 

estimates for all three generating technologies.  This time series can be seen in Table 2 and 

consists of O&M costs per kilo-watt hour for the period 1995 to 2011.  To add a dynamic aspect 

to this time trend, The Future of Nuclear Power 2003 study includes an O&M escalation rate for 

each of the three power generating technologies.  The O&M escalation rate is defined to be the 

expected percentage change of the operating and maintenance costs, which can either be 

increasing or decreasing, over a specified time period.  These figures from the MIT study, when 

converted to real rates, correspond to a value of negative 1.94 percent annually for each of the 

three technologies.  In order to calculate the O&M escalation rate for this paper, the following  

Log-Lin model is estimated: 

 

 

 

 

Where, 

  is the operating and maintenance cost per kilo-watt hour in period t 

  is the operating and maintenance cost per kilo-watt hour in period zero 

  is equal to the compounded growth rate over the time period 
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Using this model coupled with the time series over the period 1995 to 2010, a positive 1.771 

percent annual growth or escalation rate is estimated for coal-fired technologies.  In contrast to 

this, nuclear power and gas-fired technologies demonstrate a negative escalation rate of 1.628 

and 1.486 percent respectively.  The output for this regression can be seen in Figure 12, Figure 

13, and Figure 14.  Therefore to incorporate the dynamics of this variable in the calculation of 

the LCOE, the following formula for the O&M cost in year “t” is used: 

 

Where,  

  is the operating and management cost in year zero 

  is the operating and management escalation rate 

With the inclusion of this new dynamic a LCOE of 7.26, 5.43, and 6.10 cents per kilo-watt hour 

are calculated for nuclear power, coal-fired, and gas-fired technologies respectively.  As can be 

seen from the direction of the escalation rate, the LCOE estimates for these three power 

generating technologies move in same direction.   

 

4.5.0 Incorporating the Fuel Cost Dynamic: 

 The method of including a constant escalation rate for the O&M costs would not be a 

rational way of modeling fuel costs.  This is due to the fuel costs being dependent on the 

underlying resource price in the commodity markets, which in turn are considered to be 
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stochastic when the .  Furthermore, it is inherent that autocorrelation is present since the price 

of the resource this year will depend on the price of last year.  To model this uncertainty, 

Monte Carlo simulations will be used for all three power generating technologies.  Fuel cost and 

commodity prices are assumed to follow an autoregressive of degree one relationship in which 

the error terms are assumed to be normally distributed.    

4.5.1 Nuclear Power with Stochastic Fuel Costs: 

 The calculations involved in the nuclear power fuel cycle are beyond the scope of this 

paper and therefore, there is no simple relationship between uranium prices and nuclear 

power’s fuel prices, which is mainly due to the complexity of the nuclear power uranium 

reprocessing micro-cycle.  Therefore, for this generating technology the following 

autoregressive of degree one expression is estimated over the time period 1995 to 2010 and is 

not extended to historical fuel prices before 1995: 

 

See Figure 6 for the output data for these parameters.  Using these parameter values and 

beginning with the base-case scenario fuel cost input value; the following scenario can be 

calculated: 

 

 

Where,  

  is a random value chosen out of the distribution  for each time period 
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Using each respective fuel price calculated above for each year, a new LCOE can be calculated.  

Repeating this loop 1000 times, the following distribution of LCOE is estimated, as seen in 

Figure 3.  The mean of this distribution is 7.53 cents per kilo-watt hour with a standard 

deviation of 0.02289 cents per kilo-watt hours.  This distribution is shown to exhibit very stable 

LCOE estimates. 

 

Figure 3  

 

4.5.2 Coal-Fired Technologies with Stochastic Fuel Costs: 

Coal-fired technologies’ fuel prices are dependent on the price of coal.  Using data on 

the fuel price over the period 1995 to 2010 seen in Table 2 and data on the price of coal over 

the period 1950 to 2005 seen in Table 8, a relationship can be calculated between the two 
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using the intersecting time periods 1995 to 2005.  Therefore, over the period 1995 to 2005 the 

following expression is estimated: 

 

From this,  is estimated to be 0.010326, see Figure 17.  Using this relationship, the data series 

for fuel price can be estimated over the period 1950 to 2010, see Table 8.  Again, using the 

autoregressive of degree one relationship, the following expression is estimated: 

 

See Figure 14 for output data for the estimated parameters.  Using these parameter values and 

beginning with the most recent fuel price given in the NEI 2012 documents the following 

scenario can be calculated: 

 

 

Where,  

  is a random value chosen out of the distribution  

Using each respective fuel price per year, a new LCOE can be calculated.  Repeating this loop 

2000 times, the following distribution of LCOE for coal-fired technologies is estimated as seen in 

Figure 4.  The mean of this distribution is 5.49 cents per kilo-watt hour with a standard 

deviation of 0.5501 cents per kilo-watt hour.   This shows that the coal-fired technologies are 

very inconsistent in their LCOE in an unstable fuel price environment.  Furthermore it can be 
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seen that this power generating technology in the worst possible conditions is still just as 

competitive as nuclear power. 

 

Figure 4  

4.5.3 Gas-Fired Technologies with Stochastic Fuel Costs: 

 Gas-fired technologies’ fuel prices are dependent on the price of natural gas.   Using 

data on the fuel price over the period 1995 to 2010 and data on the wellhead gas price over the 

period 1950 to 2010 see Table 9; a relationship can be calculated between the two.  Therefore, 

over the period 1995 to 2010 the following expression is estimated: 

 

Output data for this estimation are found in Figure 16.  Using this relationship, the data series 

for fuel price can be estimated over the period 1950 to 2010, see Table 9.  Again, using the 

autoregressive of degree one relationship we estimate the following expression: 
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See Figure 15 for the output data for this regression.  Using these parameter values and 

beginning with the most recent fuel price given in the NEI 2012 documents the following 

scenario can be calculated: 

 

 

Where,  

  is a random value chosen out of the distribution  

Using each respective fuel price per year, a new LCOE can be calculated.  Repeating this loop 

1000 times, the following distribution of LCOE for gas-fired technologies is estimated as seen in 

Figure 5.  The mean of this distribution is 9.30 cents per kilo-watt hour with a standard 

deviation of 2.19 cents per kilo-watt hour.  Through these statistics, it can be seen that gas-fired 

technologies LCOE is extremely variable with stochastic fuel costs.  It exhibits the best upside 

and downside potential. 
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Figure 5 

4.6 Incorporating the Nuclear Power Stochastic Construction Period: 

Within the related literature, there exists uncertainty regarding nuclear power’s 

construction period.   A list of the construction period estimates are listed in Table 1.  To 

incorporate this uncertainty the construction periods are assumed to follow a normal 

distribution with a mean and standard deviation equal to the mean and standard deviation of 

the construction period estimates.  After fitting the data to this distribution, a construction 

period is randomly selected out of this normal distribution and is used in the calculation of 

nuclear power’s LCOE.  The distribution after repeating this loop 1000 times is shown in Figure 

6.  This distribution has a mean of 7.57 kilo-watt hours and a standard deviation of 0.2586 kilo-

watt hours.  It can be seen from this distribution that nuclear power has a slight upside LCOE 

potential from its heavy tail located on the upper end of the distribution.   
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Figure 6 

 

5.0.0 Preferred Model: 

 To obtain a more accurate measure of each respective power generating technologies’ 

competitiveness, an aggregate of the extended base-case model is compiled.   

Beginning with nuclear power, this aggregation entails stochastic fuel prices, stochastic 

construction time, stochastic accident costs, and dynamic O&M costs as outlined in Section 

4.0.0.  A constant year over year carbon tax of $30 per ton of carbon emission is also used.  

With the consolidation of these various extended models the following LCOE distribution seen 

in Figure 7 is estimated with 1000 observations. 
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Figure 7 

This distribution has a mean of 7.58 cents per kilo-watt hour and a standard deviation of 

0.258 cents per kilo-watt hour.  From the shape of the distribution it can be seen that nuclear 

power has a slight upside cost potential shown by its fat tail towards the higher price ranges.   

The preferred model specifications for coal-fired technologies include stochastic fuel 

prices and dynamic O&M costs as specified in Section 4.4.0.  Again the constant carbon tax per 

year of $30 per ton of carbon emission is included in the model.  After iterating this simulation 

1000 times the following distribution shown in Figure 8 is calculated.   
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Figure 8 

This distribution has a mean of 10.01 cents per kilo-watt hour and a standard deviation 

of 0.553 cents per kilo-watt hour.  It can be seen that this power generating technology does 

not fare well versus nuclear power after the preferred model specifications are implemented.  

Both the mean and variance of coal-fired technologies’ LCOE estimates are higher than that of 

nuclear power.  The standard deviation of coal-fired technologies is roughly two and a half 

times as large as that of nuclear power.  The most opportunistic estimates for coal-fired 

technologies are still shown to be just as competitive as nuclear power’s average cost 

estimates. The large variance shows that there is significant risk inherent in the cost 

competitiveness of coal-fired technologies depending on the direction and volatility of the 

underlying resource price.   

Finally, the preferred model specifications for gas-fired technologies include stochastic 

fuel prices and dynamic O&M costs.  A constant carbon tax per year of $30 per ton of carbon 



43 
 

 
 

emissions is included once again.  After completing the Monte Carlo simulation with 1000 trails, 

the following distribution seen in Figure 9 is formed.   

 

Figure 9 

This distribution has a mean of 11.31 cents per kilo-watt hour and a standard deviation of 2.01 

cents per kilo-watt hour.  This standard deviation is again roughly two times and 11 times larger 

than that of coal-fired technologies and nuclear power respectively.  This is by far the most 

volatile power generating technology.  In lieu of this, gas-fired technologies have a large 

potential upside and downside depending on the magnitude and direction of its underlying fuel 

resource price.  This can be seen from its heavy end tails.   
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5.1.0 Robustness: 

 Again to harmonize with various alternative views concerning the parameters, further 

scenarios are carried out.  The alternative parameter input values used are to stay consistent 

with those outlined in Section 3.5.   

 By changing the WACC of nuclear power to five and ten percent, a mean LCOE of 5.91 

(see Figure 29) and 11.46 (see Figure 21) cents per kilo-watt hour with a variance of 0.1383 and 

0.6145 cents per kilo-watt hour is calculated for nuclear power.  With a WACC of five and ten 

percent, a mean LCOE of 10.13 (see Figure 23) and 12.79 (see Figure 24) cents per kilo-watt 

hour is calculated for coal-fired technologies with a standard deviations of 0.5450 and 0.4616 

cents per kilo-watt hour.  Using the same alternative WACC input parameters, a LCOE of 11.31 

(see Figure 28) and 11.55 (see Figure 29) cents per kilo-watt hour is calculated for gas-fired 

technologies with standard deviations of 1.954 and 1.507 cents per kilo-watt hour. 

 Beginning with nuclear power, a mean LCOE of 4.48 (see Figure 22) and 8.84 (see Figure 

23) cents per kilo-watt hour is calculated for overnight costs of $1568 and $4936 per kilo-watt.  

The respective standard deviations in order as shown above are 0.1075 and 0.3110 cents per 

kilo-watt hour.  With overnight costs of $1625, and $3267 a LCOE for coal-fired technologies of 

9.44 (see Figure 26) and 10.89 (see Figure 27) cents per kilo-watt hour is calculated with a 

standard deviation of 0.5603 cents per kilo-watt hour for each distribution.  Lastly, for gas-fired 

technologies with an overnight cost of $866 and $2091 a LCOE of 8.29 (see Figure 30) and 12.16 

(see Figure 31) cents per kilo-watt hour is calculated with a standard deviation of 2.037 cents 

per kilo-watt hour for each distribution. 
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 With the introduction of carbon taxes into the preferred model, it is interesting to see 

how these distributions will vary according to different carbon tax input parameters.  Beginning 

with the base-case scenario parameter of zero dollars per ton of carbon emissions a mean LCOE 

of 7.38 (see Figure 32),  5.41 (see Figure 33), and 9.47 (see Figure 34) cents per kilo-watt hour is 

calculated for nuclear power, coal-fired, and gas-fired technologies with standard deviations of 

0.2510, 0.5604, and 2.037 cents per kilo-watt hour respectively.  Therefore, without the 

presence of a carbon tax, coal-fired technologies exhibit the most cost competitive estimates.  

Using the RICE model input parameters for the carbon tax a LCOE of 7.54 (see Figure 35), 19.38 

(see Figure 36), 14.96 (see Figure 37), and cents per kilo-watt hour with standard deviations of 

0.2507, 0.5604, and 2.037 cents per kilo-watt hour respectively. 

6.0.0 Cost of Generating Electricity Index: 

 In the sections above, the cost competitiveness per power generating technology was 

calculated in isolation to each other.    It is interesting to see what a basic index pertaining to an 

environment with only these three power generating technologies would look like.  This is 

calculated by using the specified proportion of each of the power generating technologies in 

the United States as outlined in Section 3.1.0.  Nuclear power represents 11.65 percent out of 

this threefold power generating mix, while coal-fired technologies consist of 37.36 percent and 

gas-fired technologies of 50.99 percent.   



46 
 

 
 

A problem arises in this simultaneous estimation environment.  The possibility arises 

that the fossil fuel prices may be correlated in their price movements40.  This means that 

further estimation of the error term relationship between the two fossil-fuel power generating 

technologies would be needed.  To see if this potential relationship is present in the data set 

used in this paper, the Granger-Causality test is used to determine the possible causality.  The 

Granger-Causality test is a statistical hypotheses test to determine if a time series is useful in 

forecasting another41

6.1.0 Granger-Causality Test for Fossil-Fuel Prices 

.   

Beginning with coal-fired technologies; the null hypothesis is that gas fuel prices do not 

Granger-cause coal fuel prices.  The respective equation used to test this hypothesis is as 

follows: 

 

In order to determine the amount of lag lengths pertaining to coal-fired and gas-fired 

technologies, the Hsiao method of choosing lag lengths is utilized.  This method begins by 

choosing the dependent variable’s own-lag length, which in this case is the lagged coal fuel 

price.   

                                                           
40 Steve Sorrell, Gordon Mackerron. Comments on the DECC paper: Fossil Fuel Price Assumptions - Supporting 
Paper on the Coal Market. Sussex Energy Group, 2011 
41 Granger, C W J. "Investigating Causal Relations by Econometric Models and Cross-Spectral Methods." 
(Econometric Society) 37(3) (July 1969): 424-438 
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The next step is running regressions of the equation specified above with increasing values of 

.  For each regression, the Akaike Information Criterion or AIC is calculated.  The AIC is used 

for both in-sample and out-of-sample forecasting performance of a regression model 42

Where, 

 and is 

one of the more stringent measures penalizing extra variables.  It is calculated through the 

following function: 

 

  is the residual sum of squares 

  is the number regressor 

  is the number of observations 

The optimum value of  is the one at which gives the minimum value of AIC and is denoted by 

.  For coal fuel prices, this value is two.  The next step is estimating the other variable’s lag 

length. 

 

                                                           
42 Gujarati, Damodar N. Basic Econometrics. New York, NY: McGraw-Hill/Irwin, 2009: P. 494 
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Again, like before, this is done by running multiple regressions with increasing values of .  The 

regression that minimizes the AIC, is the preferred lag length and is denoted by .  For gas fuel 

prices, this value is one.  This gives the final equation for the optimal lag length as follows: 

 

Now testing the hypotheses that gas fuel prices do not Granger-cause coal fuel prices: 

 

 

It can be seen in Figure 38 that at the 5 percent significance level, the null hypothesis is not 

rejected and this implies that gas fuel prices do not Granger-cause coal fuel prices.  

 Repeating this procedure as outlined above for gas fuel prices the following equation 

coupled with its appropriate lag lengths is determined: 

 

 

 

It can be seen in Figure 39 that at the 5 percent significant level, the null hypothesis is not 

rejected and this implies that coal fuel prices do not Granger-cause gas fuel prices. 

 Therefore, this paper assumes no price relationship exists between the two fossil fuel 

price movements.  It is now appropriate to use both previously specified in Section 7.5.3 and 
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Section 7.5.4, without the addition of further joint distribution of the error process estimates 

for the fossil fuel-fired technologies.   

6.2.0 Cost of Generating Electricity Index (Continued) 

 To estimate this LCOE index, simultaneous Monte Carlo simulations will be estimated 

for all three power generating technologies.  These individual LCOE estimates for each type of 

technology will be then normalized to the portion of the power generating mix it represents.  

This is calculated as follows: 

 

 

 

 

The following distribution seen in Figure 10 is estimated after all three power generating Monte 

Carlo simulations are simultaneously estimated with 1000 trials. 
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Figure 10 - LCOE All Encompassing Mix 

 

This distribution has a mean of 10.39 cents per kilo-watt hour and a standard deviation of 1.010 

cents per kilo-watt hour.  The large variances shown in this LCOE are mainly due to the majority 

of the index being composed of gas-fired technologies.   

 In the absence of a carbon tax, the following distribution is estimated with 1000 trials 

seen in Figure 11.  This distribution has a mean of 7.46 cents per kilo-watt hour and a standard 

deviation of 1.013 cents per kilo-watt hour. 
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Figure 11 

 6.3.0 Systematic Risk 

 With the two separate LCOE indices calculated above, it is interesting to note the type of 

relationship this aggregate cost measurement has with the individual power generating 

technologies.  To obtain an estimate of this relationship, the systematic risk or beta 

measurement will be used.  The systematic risk or beta is a numerical value that describes the 

volatility of the individual asset in question with respect to some benchmark.  An absolute value 

of beta larger than one implies that the individual asset will be more volatile in magnitude in 

relation to the benchmark’s movements.  Furthermore, a negative beta implies opposing 

movements in the two asset groups.  To calculate this relationship, the following function is 

used: 
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Where, 

 is the systematic risk or beta of asset ‘ ’ 

 is the rate of return of asset ‘ ’ 

 is the rate of return of the benchmark 

To make the LCOE estimates compatible with this calculation, the Monte Carlo simulation 

observations are treated as a time series.  After this assumption has been implemented, the 

period over period percent change in LCOE is calculated.  With this type of return the 

covariance and variance terms specified above are calculated.  The values of the period over 

period percentage change in the LCOE index (see Section 6.2.0) are treated as the benchmark 

rate of return.  It is important to note that the rate of return defined in the systematic risk 

equation is a desired attribute when its values are increasing.  This is opposed to the period 

over period percentage change in LCOE, where this value is viewed as being more positive in 

values that are decreasing.  For the purposes of this calculation, the only argument in question 

is the relationship between the movements of the two variables; therefore this dissimilarity is 

of little importance in this type of calculation.  Using the preferred case scenarios for nuclear 

power, coal-fired, and gas-fired technologies specified in Section 5.0.0, the betas or systematic 

risk measurements are calculated.  This amounts to a beta of 0.011, 0.091, and 1.83 for nuclear 

power, coal-fired, and gas-fired technologies respectively.  From this it can be seen that nuclear 

power and coal-fired technologies do not follow in accordance to the movement of the overall 

LCOE index.  Furthermore, gas-fired technologies are shown to be very volatile to changes in 

the LCOE index.  Therefore, with the preferred model specifications and the current power 
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generating mix, nuclear power and coal-fired technologies are a lot less volatile than gas-fired 

technologies are.   

 

6.4.0 Sharpe Ratio: 

  To incorporate both parts of the statistics used in the estimated distribution and to 

more fully understand the riskiness of each of the three power generating technologies, the 

Sharpe ratio is utilized.  The Sharpe ratio is a risk-adjusted performance measure and its original 

form is as follows: 

 

Where, 

  is the return on the asset in question 

  is the risk-free rate 

  is the standard deviation of the return on the asset in question 

To adjust this measurement for the purpose of this paper, a surrogated Sharpe ratio, which is 

defined hereafter, is used.  To obtain desired Sharpe ratios values, the excess return over the 

risk-free rate is desired to be larger in value, while the standard deviation is desired to be 

smaller in value.  This sought after dynamic in the numerator is of opposing interest when the 

original return parameter is replaced by LCOE measurements.  Therefore, to make LCOE 

measurements compatible with the Sharpe ratio, the inverse is taken of the LCOE estimates.  
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This operation maintains the proportions of the LCOE values and also makes the numerator 

values of the Sharpe ratio to be desired to be larger in value.  Next, the risk-free rate in the 

context of the Sharpe ratio model is defined to be the interest rate at which agents can invest 

virtually-risk free.  Its counterpart within the context of the costs defined in this paper is value 

of infinity, since the safest cost is not constrained to a cost ceiling.  With these alternatives in 

place, the following surrogated Sharpe ratio is calculated: 

 

Where, 

 is the mean LCOE measured in cents per kilo-watt hour for the power generating 

technology ‘ ’ 

 is the standard deviation of LCOE measured in cents per kilo-watt hour for the power 

generating technology ‘ ’ 

Using this formula and the preferred model specifications defined in Section 5.0.0, a Sharpe 

ratio of 0.511, 0.181, and 0.044 is calculated for nuclear power, coal-fired, and gas-fired 

technologies respectively.   The interpretation of these values, beginning with nuclear power is 

that for every cent per kilo-watt hour of deviation, there is  or 1.85 cents per kilo-watt hour 

of LCOE.  Similarly, there are 5.52 and 22.73 cents per kilo-watt hour of LCOE for every cent per 

kilo-watt hour of deviation for coal-fired and gas-fired technologies respectively.  This can be 

seen as the amount of cost that is incurring per unit of risk or deviation. Therefore, it can be 
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seen that nuclear power has the by far the most favourable risk-adjusted costs out of the three 

power generating technologies while gas-fired technologies exhibits the most unfavourable.  

Using the preferred model specifications with a carbon tax of zero dollars per ton of carbon 

emissions, a Sharpe ratio of 0.54, 0.33, and 0.052 for nuclear power, coal-fired, and gas-fired 

technologies is calculated respectively.  From this, nuclear power is again to be seen as the best 

risk to return trade-off power generating technology followed by coal-fired technologies.  As 

before, gas-fired technologies exhibit the worst ratio. 

7.0.0 Diversification Possibilities: 

 As can be seen from the various scenarios specified throughout this paper, each power 

generating technology has its own specific sensitivities to certain parameter values.  Nuclear 

power and to a lessor extend coal-fired technologies are sensitive to the discount rate or WACC 

used.  It is inherent that by having nuclear power combined with gas-fired technologies will 

result in more diversification.  This can be seen in an environment where after the power plants 

have been built, the cost competitiveness of nuclear will increase in periods of lower WACC 

values, such as lower debt and equity rates. In periods of higher WACC rates, nuclear power will 

become less competitive and gas-fired technologies will become more competitive, all other 

parameters staying equal.  Another diversification possibility arises in an environment of 

unstable and undesired fossil-fuel prices, in which nuclear power acts as a safe-haven.  In 

periods of stable and favourable fossil-fuel prices, the coal-fired and to a greater extend gas-

fired technology power plants will begin to outperform nuclear power, all other parameter 

values being equal.  Furthermore, in an environment where the possibility of carbon taxes will 



56 
 

 
 

be implemented, it will add value through diversification to have nuclear power and gas-fired 

technologies.  Therefore, short term arguments such as falling or rising fossil fuel prices should 

not drastically change the short term allocation of the power generating mix as the reversal 

may occur and the opposing power generating technology will become the more cost efficient 

once again.   

8.0.0 Conclusion: 

 Throughout this paper, a more complex model was built iteratively in small steps.  This 

is done so the reader may understand the individual input parameters and their affect on each 

power generating technologies’ costs.  It should be used in conjunction with the readers belief 

on which costs, parameters, or assumptions they find to be of more importance and use this to 

see possible scenarios with certain emphasizes placed at various model specifications levels.   

 From the point of view of this paper the following is a reiteration of the main 

emphasises this paper attempts to illuminate.  Nuclear power, in the absence of carbon costs is 

at a great disadvantage when compared to the other two fossil-fuel technologies.  This is largely 

due to its large upfront capital cost and construction time, which on a twofold level both 

increase the inherent risk, due to more capital being invested as well as there being a more 

variant construction period.  Also, the capital inflow of this power generating technology is 

greatly set back when compared to the other two power generating technologies, which 

depending on the discount rate used, can be a devastating combination to the net present 

value analysis.  One of the largest arguments against nuclear power is its large potential 

accident cost, which this paper attempts to shed some light on as well.  From the perspective of 
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this paper, it gives rise to the cost of a nuclear power accident, once spread amount the rest of 

the nuclear electricity generated throughout the respective year to be very minimal.  In lieu of 

this, this statement should be taken as purely quantitative as qualitative factors that are not as 

easily measurable, are not accounted for.   Costs other than the overnight cost are meager in 

comparison in the nuclear power cost mix.  This gives rise to nuclear power, once built, delivers 

large constant electricity at very low marginal costs and should not be shut down before their 

specified lifetime is over.  In comparison both fossil-fuel power generating technologies display 

a lot lower cost estimates in the absence of a carbon tax with large overall variances.  These 

large variances are mainly due to the dependence of these power generating technologies on 

their underlying resource price, which can become very volatile.  With the inclusion of carbon 

tax, coal-fired technologies loose their prior cost competitiveness at an alarming rate.  This 

factor should be taken into account for the readers that place certain emphasise on the 

assumption on the future carbon cost environment.  Gas-fired technologies in the presence of a 

carbon tax will still be cost competitive in favourable fuel price environments.  Therefore gas-

fired technologies when looked at in its cost competitiveness, is considered to have potential 

for exhibiting both the lowest and highest costs.  All of these unique sensitivities can be used in 

a way to diversify different risks associated with different power generating technologies.  

Furthermore, this means that it would be an unwise decision from the point of view of this 

essay to fully phase-out of a certain power generating technology as there inherently will be 

some type of diversification aspect lost and therefore nuclear power is considered to be viable 

option for generating electricity. 
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APPENDIX (FIGURES) 10.0.0 

Figure 12 

Nuclear Power Escalation Rate Estimation 
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Figure 13 

Coal-Fired Technologies’ Escalation Rate Estimation 
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Figure 14 

Gas-Fired Technologies’ Escalation Rate Estimation 
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Figure 15 

AR(1) Estimation for Nuclear Power’ Fuel Cost 
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Figure 16 

AR(1) Estimation for Coal-Fired Technologies’ Fuel Cost 
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Figure 17 

AR(1) Estimation for Gas-Fired Technologies’ Fuel Cost 
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Figure 18 

Gas-Fired Technologies’ Fuel Cost and its Resource Spot Price Relationship 
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Figure 19 

Coal-Fired Technologies’ Fuel Cost and its Resource Spot Price Relationship 
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Figure 20 

LCOE of Nuclear Power with Preferred Specifications using a WACC of 5% 

 

Figure 21 

LCOE of Nuclear Power with Preferred Specifications using a WACC of 10%
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Figure 22 

LCOE for Nuclear Power with Preferred Specifications using an Overnight Cost of $1568/kw 

 

 

Figure 23 

LCOE for Nuclear Power with Preferred Specifications using an Overnight Cost of $4936/kw 
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Figure 24 

LCOE for Coal-Fired Technologies with Preferred Specifications using a WACC of 5% 

 

 

Figure 25 

LCOE for Coal-Fired Technologies with Preferred Specifications using a WACC of 10% 
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Figure 26  

LCOE for Coal-Fired Technologies with Preferred Specifications using an Overnight Cost of $1625/kw 

 

 

Figure 27 

LCOE for Coal-Fired Technologies with Preferred Specifications using an Overnight Cost of $3267/kw 
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Figure 28 

LCOE for Gas-Fired Technologies with Preferred Specifications using a WACC of 5% 

 

 

Figure 29 

LCOE for Gas-Fired Technologies with Preferred Specifications using a WACC of 10% 
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Figure 30 

LCOE for Gas-Fired Technologies with Preferred Specifications using an Overnight Cost of $866/kw 

 

 

Figure 31 

LCOE for Gas-Fired Technologies with Preferred Specifications using an Overnight Cost of $2091/kw 
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Figure 32 

LCOE for Nuclear Power with Preferred Specifications without a Carbon Tax 

 

 

Figure 33 

LCOE for Coal-Fired Technologies with Preferred Specifications without a Carbon Tax 
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Figure 34 

LCOE for Gas-Fired Technologies with Preferred Specifications without a Carbon Tax 

 

 

Figure 35 

LCOE for Nuclear Power with Preferred Specifications with the RICE model Carbon Tax
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Figure 36 

LCOE for Coal-Fired Technologies with Preferred Specifications with RICE model Carbon Tax 

 

 

Figure 37 

LCOE for Gas-Fired Technologies with Preferred Specifications with RICE model Carbon Tax
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Figure 38 

Granger-Causality Test for Gas Fuel Prices on Coal Fuel Prices 
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Figure 39 

Granger-Causality Test for Coal Fuel Prices on Gas Fuel Prices 
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APPENDIX (TABLES) 11.0.0 

Table 1 

Nuclear Power Construction Period Estimates 

Construction Period Reference 

5 The Projected Cost of Generating Electricity 2005 

7 The Projected Cost of Generating Electricity 2010 

5, 8 Economics of Nuclear Power 

5, 7 The Economic Future of Nuclear Power  

5 The Future of Nuclear Power 

Table 1 - Nuclear Power Construction Period Estimates 

 

 

 

Table 2 

O&M and Fuel Costs for Nuclear Power, Coal-Fired, and Gas-Fired Technologies 

Year Operation & Maintenance Costs Fuel Costs 

Nuclear Coal Gas Nuclear Coal Gas 

1995 0.01961 0.00640 0.00741 0.02051 0.00816 0.00815 

1996 0.01837 0.00561 0.00731 0.01968 0.00735 0.00735 

1997 0.01940 0.00544 0.00704 0.01897 0.00717 0.00717 

1998 0.01785 0.00580 0.00632 0.01814 0.00708 0.00708 
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1999 0.01651 0.00549 0.00536 0.01756 0.00651 0.00651 

2000 0.01589 0.00538 0.00596 0.01712 0.00610 0.00610 

2001 0.01558 0.00571 0.00667 0.01739 0.00572 0.00572 

2002 0.01548 0.00579 0.00648 0.01706 0.00536 0.00536 

2003 0.01507 0.00574 0.00687 0.01679 0.00543 0.00543 

2004 0.01465 0.00597 0.00569 0.01745 0.00534 0.00534 

2005 0.01440 0.00598 0.00548 0.01939 0.00498 0.00498 

2006 0.01486 0.00618 0.00563 0.02023 0.00495 0.00495 

2007 0.01476 0.00632 0.00550 0.02060 0.00504 0.00504 

2008 0.01517 0.00634 0.00579 0.02305 0.00508 0.00508 

2009 0.01476 0.00710 0.00625 0.02404 0.00562 0.00562 

2010 0.01538 0.00723 0.00516 0.02437 0.00649 0.00649 

Table 2 - http://www.nei.org/resourcesandstats/graphicsandcharts/operatingcosts/ 

Table 3 

MACRS Depreciation Schedule 

Recovery Year Nuclear Utility Production Plant  Electric Utility Production Plant 

1 5.000 % 3.750 % 

2 9.500 % 7.219 % 

3 8.550 % 6.677 % 

4 7.700 % 6.177 % 

5 6.930 % 5.713 % 

http://www.nei.org/resourcesandstats/graphicsandcharts/operatingcosts/�
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6 6.230 % 5.285 % 

7 5.900 % 4.888 % 

8 5.900 % 4.522 % 

9 5.910 % 4.462 % 

10 5.900 % 4.461 % 

11 5.910 % 4.462 % 

12 5.900 % 4.461 % 

13 5.910 % 4.462 % 

14 5.900 % 4.461 % 

15 5.910 % 4.462 % 

16 2.950 % 4.461 % 

17 - 4.462 % 

18 - 4.461 % 

19 - 4.462 % 

20 - 4.461 % 

21 - 2.231 % 

Table 3 MACRS Depreciation Schedule - http://www.irs.gov/pub/irs-pdf/p946.pdf 
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Table 4 

Individual Cost Elasticities of LCOE for Nuclear Power, Coal-Fired, and Gas-Fired Technologies 

Elasticity Type Nuclear 

Power 

Coal-fired 

Technologies 

Gas-fired 

Technologies 

Capital Cost Elasticity of LCOE 0.8278125 0.5579495 0.2291372 

Incremental Cost Elasticity of LCOE 0.0294563 0.0291763 0.0110926 

O&M Cost Elasticity of LCOE 0.1973982 0.1226805 0.0834671 

Fuel Cost Elasticity of LCOE 0.0864423 0.4140467 0.7287828 

WACC Elasticity of LCOE 1.0374366 0.5008454 0.1743206 

Construction Time Elasticity of LCOE 0.0022675 0.000609 0.0001933 

Waste Fee Elasticity of LCOE 0.0000015 - - 

Decommissioning Cost Elasticity of LCOE 0.0005781 - - 

Table 4 - Cost Component Elasticities of LCOE 
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Table 5 

United States Nuclear Power Accidents with their Respective Estimated Costs 

Year Location Estimated Cost 

($) 

1959 Simi Valley, California 36,032,000 

1961 Idaho Falls, Idaho 24,772,000 

1966 Monroe, Michigan 21,394,000 

1971 Cordova, Illinois 1,126,000 

1973 Palisades, Michigan 11,260,000 

1975 Browns Ferry, Alabama 270,240,000 

1975 Brownsville, Nebraska 14,638,000 

1977 Waterford, Connecticut 16,840,000 

1979 Surry, Virginia 13,512,000 

1979 Middletown, Pennsylvania 270,240,000 

1980 San Onofre, California 14,638,000 

1981 Florida City, Florida 16,840,000 

1982 San Clemente, California 1,126,000 

1982 Lycoming, New York 50,670,000 

1982 Buchanan, New York 63,056,000 

1982 Senaca, South Carolina 11,260,000 

1983 Fork River, New Jersey 36,032,000 

1983 Pierce, Florida 60,804,000 
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1983 Athens, Alabama 38,284,000 

1983 Plymouth, Massachusetts 4,504,000 

1984 Delta, Pennsylvania 20,268,000 

1984 Platteville, Colorado 24,772,000 

1984 Athens, Alabama 123,860,000 

1985 Athens, Alabama 2,060,580,000 

1985 Oak Harbour, Ohio 25,898,000 

1985 Soddy-Daisy, Tennessee 39,410,000 

1985 Clay Station, California 756,672,000 

1986 Plymouth, Massachusetts 1,127,126,000 

1987 Delta, Pennsylvania 450,400,000 

1987 Burlington, Kansas 1,126,000 

1987 Lycoming, New York 168,900,000 

1988 Burlington, Kansas 1,126,000 

1988 Surry, Virginia 10,134,000 

1989 Tonopah, Arizona 15,704,000 

1989 Lusby, Maryland 135,120,000 

1991 Scriba, New York 5,630,000 

1992 Southport, North Carolina 2,252,000 

1993 Bay City, Texas 3,378,000 

1993 Buchanan, New York 2,252,000 

1993 Soddy-Daisy, Tennessee 3,378,000 

1993 Newport, Michigan 75,442,000 
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1995 Wiscasset, Maine 69,812,000 

1995 Salem, New Jersey 38,244,000 

1996 Waterford, Connecticut 286,004,000 

1996 Crystal River, Florida 432,384,000 

1996 Clinton, Illinois 42,788,000 

1996 Senaca, Illinois 79,946,000 

1997 Bridgmen, Michigan 12,386,000 

1999 Waterford, Connecticut 7,882,000 

1999 Lower Alloways Creek, New Jersey 2,252,000 

2002 Oak Harbour, Ohio 161,018,000 

2003 Bridgmen, Michigan 11,260,000 

2005 Braidwood, Illonois 46,166,000 

2005 Indian Point, New York 33,780,000 

2006 Erwin, Tennessee 110,348,000 

2010 Montpelier, Vermont 788,200,000 

Table 5 - Benjamin K. Sovacool (2010): A Critical Evaluation of Nuclear Power and Renewable Electricity in Asia, Journal of 

Contemporary Asia, 40:30, 393-400 
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Table 6 

United States Nuclear Electricity Generated and Estimated Nuclear Accident Cost per Mega-Watt Hour 

Year Nuclear Electricity Generated 

(MW) 

Nuclear Accident Cost  

($ per mega-watt hour) 

1971 38,104,545 0.0296 

1972 54,091,135 0.0000 

1973 83,479,463 0.1349 

1974 113,975,740 0.0000 

1975 172,505,075 1.6514 

1976 191,103,531 0.0000 

1977 250,883,283 0.0673 

1978 276,403,070 0.0000 

1979 255,154,623 10.6442 

1980 251,115,575 0.0045 

1981 272,673,503 0.0083 

1982 282,773,248 0.4460 

1983 293,677,119 0.4754 

1984 327,633,549 0.5155 

1985 383,690,727 7.5127 

1986 414,038,063 2.7223 

1987 455,270,382 1.3628 

1988 526,973,047 0.0214 

1989 529,354,717 0.2850 
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1990 576,861,678 0.0000 

1991 612,565,087 0.0092 

1992 618,776,263 0.0036 

1993 610,291,214 0.1384 

1994 640,439,832 0.0000 

1995 673,402,123 0.1605 

1996 674,728,546 1.2466 

1997 628,644,171 0.0197 

1998 673,702,104 0.0000 

1999 728,254,124 0.0139 

2000 753,892,940 0.0000 

2001 768,826,308 0.0000 

2002 780,064,087 0.2064 

2003 763,732,695 0.0147 

2004 788,528,387 0.0000 

2005 781,986,365 0.1022 

2006 787,218,636 0.1402 

2007 806,424,753 0.0000 

2008 806,208,435 0.0000 

2009 798,854,585 0.0000 

2010 806,968,301 0.9767 

Table 6 - http://www.nei.org/resourcesandstats/graphicsandcharts/generationstatistics/ 
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Table 7 

RICE Model Social Cost of Carbon Emission Estimate 

Year Social Cost of Carbon Estimate  

($ per ton of Carbon Emission) 

2015 42.68 

2025 69.68 

2035 88.58 

2045 121.10 

2055 161.06 

Table 7 - Michael Greenstone & Elizabeth Kopits & Ann Wolverton, 2011: "Estimating the Social Cost of Carbon for Use in U.S. 

Federal Rulemakings: A Summary and Interpretation," 

 

Table 8 

Historic Coal Prices  

Year 
 

Coal 
($ per short ton) 

Year 
 

Coal 
($ per short ton) 

1950 31.40 1978 47.77 
1951 29.86 1979 47.93 
1952 29.24 1980 45.61 
1953 28.67 1981 44.66 
1954 26.12 1982 43.44 
1955 25.02 1983 39.84 
1956 25.83 1984 37.85 
1957 26.35 1985 36.15 
1958 24.73 1986 33.39 
1959 23.85 1987 31.52 
1960 22.96 1988 29.16 
1961 22.23 1989 27.78 
1962 21.42 1990 26.67 
1963 20.87 1991 25.45 
1964 20.79 1992 24.34 
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1965 20.19 1993 22.46 
1966 19.93 1994 21.50 
1967 19.63 1995 20.44 
1968 19.07 1996 19.71 
1969 19.43 1997 19.01 
1970 23.03 1998 18.32 
1971 24.73 1999 16.99 
1972 25.59 2000 16.78 
1973 26.97 2001 16.97 
1974 45.56 2002 17.27 
1975 50.92 2003 16.84 
1976 48.66 2004 18.27 
1977 46.66 2005 19.43 

Table 8- www.earthpolicy.org/datacenter/xls/update52_11.xls 

 

Table 9 

Historic Wellhead Natural Gas Prices 

Year 
 

Wellhead Spot  
($ per thousand 

square feet) 
Year 

 

Wellhead Spot 
($ per thousand 

square feet) 
1950 0.63 1981 4.75 
1951 0.59 1982 5.56 
1952 0.59 1983 5.67 
1953 0.74 1984 5.58 
1954 0.81 1985 5.09 
1955 0.81 1986 3.86 
1956 0.88 1987 3.21 
1957 0.85 1988 3.12 
1958 0.91 1989 2.97 
1959 0.97 1990 2.85 
1960 1.03 1991 2.63 
1961 1.09 1992 2.7 
1962 1.16 1993 3.08 
1963 1.14 1994 2.72 
1964 1.06 1995 2.22 
1965 1.11 1996 3.02 
1966 1.08 1997 3.15 
1967 1.04 1998 2.62 
1968 1 1999 2.87 
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1969 1.01 2000 4.66 
1970 0.96 2001 4.93 
1971 0.97 2002 3.58 
1972 0.99 2003 5.78 
1973 1.08 2004 6.30 
1974 1.33 2005 8.18 
1975 1.8 2006 6.91 
1976 2.22 2007 6.57 
1977 2.84 2008 7.90 
1978 3.04 2009 3.73 
1979 3.54 2010 4.48 
1980 4.21 2010 4.48 

Table 9 - http://www.eia.gov/dnav/ng/hist/n9190us3a.htm (NEI, U.S. Nuclear Generating Statistics 2012) 
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