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Abstract 

The 2009 Comparative Cost of California Central Station Electricity Generation Technologies Report 

updates the levelized cost of generation estimates that were prepared for the 2007 Integrated 

Energy Policy Report (IEPR). The California  Energy Commission staff provides revised 

levelized cost estimates, including the cost assumptions for 21 central station generation 

technologies: 6 gas-fired , 13 renewable, nuclear, and coal-integrated gasification combined 

cycle.  ÓÓɯÓÌÝÌÓÐáÌËɯÊÖÚÛÚɯÈÙÌɯËÌÝÌÓÖ×ÌËɯÜÚÐÕÎɯÛÏÌɯ$ÕÌÙÎàɯ"ÖÔÔÐÚÚÐÖÕɀÚɯ"ÖÚÛɯÖÍɯ&ÌÕÌÙÈÛÐÖÕɯ

Model.  The levelized costs are useful for  evaluating the finan cial feasibility of a generation 

technology and comparing the cost of one particular energy technology with  another.  

The analysis presented in the report is an improvement over the 2007 report in five ways. 

First, the staff presents a range of cost estimates (low, medium, and high)  that can be 

expected for each of these technologies. The calculated range will allow user s to consider the 

associated risks and uncertainties that may affect project development. Second, the staff 

examined the variables that may change in the future to develop a range of forward 

levelized cost estimatesɭa shortcoming identified in the 2007 IEPR. Third, the model now 

calculates levelized costs using a cash-flow accounting method for merchant projects, 

instead of the revenue requirement approach that was used for the 2007 IEPR. The revenue 

requirement accounting method  can overstate the cost of merchant alternative technologies 

by as much as 30 percent. Fourth, the staff estimates transmission transaction costs and the 

cost of transmission to the first point of interconnection. Fifth, the model has the option to 

carry forward taxes to the following year s in addition to the traditional option to  take taxes 

in the current year. This opt ion is used herein for the high-cost case. 

 

 

 

 

Keywords : Cost of Generation, cost of electrical generation, cost of wholesale electricity, 

levelized costs, instant cost, overnight cost, installed  cost, fuel cost, forecasting natural gas 

prices, fixed operation and maintenance, variable O&M , heat rate, technology, annual, 

alternative technologies, renewable technologies, combined cycle, simple cycle, combustion 

turbine, integrated gasification, coal, fuel, natural gas, nuclear fuel, heat rate degradation, 

capacity degradation, financial variables, capital  structure, cost of capital, cost of debt, debt 

period, cost of equity, corporate taxes, tax benefits, depreciation period, tax credits, 

merchant, IOU, POU, and CPUC 
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Executive Summary 

The goal of the staff levelized cost of generation project is to have a single set of the most 

current levelized cost estimates and supporting data that would contribute to energy 

program studies at the California Energy Commission (Energy Commission) and other state 

agencies. The levelized cost of a resource represents a constant cost per unit of generation 

that is commonly used to  ÊÖÔ×ÈÙÌɯÖÕÌɯÜÕÐÛɀÚɯÎÌÕÌÙÈÛÐÖÕɯÊÖÚÛɯÞÐÛÏɯÖÛÏÌÙɯÙÌÚÖÜÙÊÌÚɯÖÝÌÙɯ

similar periods. These levelized costs are useful for comparing the financial feasibility of  

different  electricity  generation technologies. Since most studies involving new generation or 

transmission require an assessment of the comparative cost of generation for various 

generation technologies, the data provided in this r eport is essential for any resource 

planning study.  

There are numerous studies that provide levelized cost estimates for individual generation 

technologies, but it is difficult to compare the merit s of these different estimates without 

understanding the underlying assumptions. Since plant characteristics, capital costs, plant 

operations, financing arrangements, and tax assumptions can vary, different  assumptions 

will  produce significantly different levelized cost estimates. It is , therefore, important to 

have a consistent set of assumptions to be able to compare the merits of each generation 

technology.  

The 2009 Comparative Cost of California Central Station Electricity Generation Technologies Report 

updates the levelized cost of generation estimates that were prepared for the 2007 Integrated 

Energy Policy Report (IEPR). The Energy Commission staff retained the services of KEMA, 

Inc., to derive a set of cost drivers for renewable, coal-integrated gasification combined 

cycle, and nuclear generation technologies.1 Consultants from Aspen provided the cost 

assumptions for natur al gas generation and assisted in the development of the modeling. 

The Energy Commission staff used the generation technology characterizations to update 

the levelized cost estimates for plants that may be developed by merchants, investor-owned 

utilit ies (IOUs), and publicly owned utilit ies (POUs). The average levelized cost of 

generation results for projects starting in 2009 are summarized in  Table 1 and Figure 1.2  

Merchant facilities are plants financed by privat e investors and sell electricity to the 

competitive wholesale power market. IOU plants are built by the utility and are typically 

less expensive than merchant facilities due to lower financing costs. However, there appear 

to be instances where IOU construction costs are higher. Furthermore, some merchant 

renewable technology plants, such as solar units, can be less expensive due to the effect of 

cash-flow financing with tax benefits. The POU plants are, in general, the least expensive 

                                                      
1 The characterization of the different generation technologies and supporting documentation are 

presented in a Public Interest Energy Research (PIER) interim project report prepared by KEMA, Inc., 

Renewable Energy Cost of Generation Update (CEC-500-2009-084), July 2009.   

2 Nuclear Westinghouse AP1000, ocean-wave, and offshore wind technologies are assumed to not be 

viable in California until about  2018. Tables and figures for 2009 exclude these technologies. 
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because of lower financing costs and tax exemptions. As shown in  the table and figure, 

POUs can build and operate a simple cycle power plant at less than one-half the cost of 

either of the other two developers. However, where tax benefits are large, as in the early 

years of this study, a merchant or IOU can build and operate a renewable technology power 

plant at a lower cost than the POU. 

In this report, t he Energy Commission staff incorporates two directives from the  2007 IEPR 

and the 2008 Update Report. First, staff now provid es a range of levelized cost estimates, 

illustrated  in Figure 2. These ranges reflect not only the wide array of various component 

costs and operational factors, such as capacity factor, but also the cost of financing and the 

unpredictability of future tax  benefits. This figure shows that  the range of costs of a 

technology can be more significant than the differences in average costs between generation 

technologies. Looking at this figure i t is difficult to know for sure which of th e first 

13 technologies is the least costly. These large ranges demonstrate that choosing one set of 

assumptions leading to a point estimate of levelized cost value may not reflect actual market 

dynamics and possible range of costs when evaluating resource development options. The 

uncertainty of these costs also implies that other factors, such as environmental impact and 

system diversity , should be prominent considerations in system planning .  

The high values and wide ranges of the simple cycle units deserve special explanation. The 

high cost of these units reflect their extensive use as peaking unit s and, as such, are not 

comparable to the other load-following and base load unit s. The wide cost ranges for  the 

conventional simple cycle units primarily reflect the variation  in potential capacity factors, 

which emphasizes the importance of applying reasonable operating levels for estimating 

levelized costs. The wide range of the hydro electric units reflects the unusually  large 

variation in capital costs  of the various potential hydro projects. 

The other IEPR directive was to determine the long-term changes in cost variables that 

determine levelized cost, the most significant of which is instant cost. Instant cost, 

sometimes referred to as overnight cost, is the initial capital expendit ure. Figure  3 

ÚÜÔÔÈÙÐáÌÚɯÚÛÈÍÍɀÚɯÓÖÕÎ-term projection of instant costs in real 2009 dollars. Most of the 

units have little or no expected improvement in terms of real cost over the 20-year period 

except for two of ÛÏÌɯÙÌÕÌÞÈÉÓÌɯÛÌÊÏÕÖÓÖÎÐÌÚɯÛÏÈÛɯÈÙÌɯÐÔ×ÖÙÛÈÕÛɯÛÖɯ"ÈÓÐÍÖÙÕÐÈɀÚ resource 

development, wind and solar,  which  show a significant cost decline. Solar photovoltaic, 

which has seen cost reductions since the 2007 IEPR, is projected to show the most 

improvement of all the technologies, bringing its capital cost within range of th e gas-fired  

combined cycle units near the end of the study period .  

The effect of instant cost on levelized cost depends on the complicated and unpredictable 

assumptions of financing, operat ional costs and, most importantly , tax credits. Tax credits 

are both complicated and uncertain and are discussed within the main body of the report . 

The uncertainty  of these assumptions can change the levelized costs dramatically.  
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Table 1: Summary of Average Levelized CostsðIn-Service in 2009 

Size

MW $/kW-Yr $/MWh ¢/kWh $/kW-Yr $/MWh ¢/kWh $/kW-Yr $/MWh ¢/kWh

Small Simple Cycle 49.9 346.91 844.31 84.43 269.31 655.69 65.57 252.90 308.01 30.80

Conventional Simple Cycle 100 326.51 794.67 79.47 252.53 614.84 61.48 239.02 291.10 29.11

Advanced Simple Cycle 200 280.91 341.84 34.18 230.86 281.03 28.10 234.37 190.29 19.03

Conventional Combined Cycle (CC) 500 758.01 123.84 12.38 701.17 114.76 11.48 657.95 107.91 10.79

Conventional CC - Duct Fired 550 727.66 127.38 12.74 670.88 117.64 11.76 627.39 110.25 11.03

Advanced Combined Cycle 800 699.97 114.36 11.44 649.05 106.23 10.62 610.57 100.14 10.01

Coal - IGCC 300 747.38 116.83 11.68 628.75 98.32 9.83 629.53 98.49 9.85

Biomass IGCC 30 656.89 109.99 11.00 666.72 111.65 11.16 701.86 117.58 11.76

Biomass Combustion - Fluidized Bed Boiler 28 683.49 104.02 10.40 661.87 100.75 10.08 698.48 106.42 10.64

Biomass Combustion - Stoker Boiler 38 726.41 108.25 10.83 710.28 105.87 10.59 740.14 110.42 11.04

Geothermal - Binary 15 427.95 83.11 8.31 475.41 93.52 9.35 505.80 106.91 10.69

Geothermal - Flash 30 422.60 78.91 7.89 467.95 88.51 8.85 494.92 100.59 10.06

Hydro - Small Scale & Developed Sites 15 165.65 86.47 8.65 181.77 95.54 9.55 189.61 103.50 10.35

Hydro - Capacity Upgrade of Existing Site 80 135.40 66.96 6.70 131.31 65.39 6.54 99.17 51.29 5.13

Solar - Parabolic Trough 250 376.70 224.70 22.47 399.04 238.27 23.83 452.71 271.52 27.15

Solar - Photovoltaic (Single Axis) 25 439.58 262.21 26.22 466.76 278.71 27.87 533.55 320.00 32.00

Onshore Wind - Class 3/4 50 203.33 72.41 7.24 217.56 77.75 7.78 220.99 80.52 8.05

Onshore Wind - Class 5 100 208.69 65.47 6.55 222.94 70.19 7.02 225.69 72.44 7.24

In-Service Year = 2009                          

(Nominal 2009 $)

Merchant POUIOU

 
Source: Energy Commission 
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Figure 1: Summary of Average Levelized CostsðIn-Service in 2009 
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Figure 2: Range of Levelized Cost for a Merchant Plant In-Service in 2009  

Source: Energy Commission 
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Figure 3: Average Instant Cost Trend (Real 2009 $/kW) 
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Figure  4 compares the average 2009 IEPR levelized costs for merchant plants  to those of the 

2007 IEPR. Although the cost differences are somewhat obscured by the complex differences 

in tax benefits, a number of worthwhile  observations can be noted:  

 Wind Class 5 has lower  levelized costs compared to the 2007 IEPR because of a higher 

assumed capacity factor and more favorable tax benefits. 

 All the biomass units have low er levelized costs, primarily because of better tax benefits. 

 The coal-integrated gasification combined cycle technology shows a comparable cost to 

the 2007 value but would be expected to be much higher  with the addition of carbon 

capture and sequestration that is now required by law in California to meet the 

environmental performance standard. However, this increased cost is offset by higher 

tax credits, a decrease in the base instant cost without carbon capture and sequestration, 

and the higher capacity factor assumed by KEMA (80 percent as compared to previous 

60 percent).  

 The geothermal technologies have slightly higher levelized costs primarily because of 

the assumed higher instant cost, which is partially  offset by higher tax credits. 

 The solar trough  unit show s a significant decrease in levelized cost because of lower 

instant costs and higher tax credits. 

 The solar photovoltaic unit shows a significant decrease in cost because of a decline in 

instant cost and increased tax benefitsɭwhich may reflect both the size difference and 

improvement in cost.   

 Gas-fired  technology levelized costs are generally higher primari ly because large capital 

cost increases, as shown in Table  2. Higher average fuel cost projections also contribute 

to this increase in cost. Even though the increases in capital costs are greater for the 

combined cycle unit, t he impact on levelized cost is seen more in the simple cycle units, 

where fixed cost is the major cost component. 
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Figure 4: Comparing 2009 Average Levelized Costs to 2007 IEPR Results (In-Service in 2009) 

Source: Energy Commission 
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Table 2: Increases in Instant Cost From 2007 IEPR to 2009 IEPR 

Gas-Fired Technology MW 2007 IEPR 2009 IEPR Increase 

Small Simple Cycle 49.9 $1,017 $1,292 26.95% 

Conventional Simple Cycle  100 $966 $1,231 27.33% 

Advanced Simple Cycle 200 $794 $827 4.12% 

Conventional Combined Cycle (CC) 500 $810 $1,095 35.08% 

Conventional CC - Duct Fired 550 $834 $1,080 29.56% 

Advanced Combined Cycle 800 $800 $990 23.72% 

Source: Energy Commission 

 

Changes in the Cost of Generation Model 

The levelized costs provided in this report  ÞÌÙÌɯËÌÝÌÓÖ×ÌËɯÜÚÐÕÎɯÛÏÌɯ$ÕÌÙÎàɯ"ÖÔÔÐÚÚÐÖÕɀÚɯ

Cost of Generation Model (Model) . The Model was first used to produce cost of generation 

estimates for the 2003 IEPR, then again for the 2007 IEPR. The 2007 IEPR effort greatly 

improved the model structure , data, and documentation, making it more accurate and easier 

to use. The 2009 Model has a number of improvements relative to the 2007 version: 

 The Model has an option setting to produce average, high, and low levelized costs.  

 The Model can estimate the cost of transmission from the interconnection point to the 

delivery point . 

 The Model can calculate tax losses as either taken in a single year or carried forward to 

future years. Staff continues to use the assumption of taking losses in a single year for 

the average- and low -cost cases, but uses the latter for its high-cost case.  

 The treatment of merchant modeling has been changed from revenue requirement to 

cash flow  after learning  that using revenue requirement overstates the levelized cost for 

the renewable technologies with tax benefits (tax deductions, tax credits, and accelerated 

depreciation) by as much as 30 percent. 

 The Model has the ability to include the cost of carbon in its calculation , but staff has not 

used this function to calculate how carbon adders may affect levelized cost estimates, 

because these values have not yet been established. 

The Model continues to offer two important  analytical functions of the 2007 IEPR Cost of 

Generation Model: screening curves and sensitivity curves to allow users to evaluate the 

effect of individual cost factors.  

The Model can still produce a wholesale electricity price forecast, but now also provides an 

estimate of high and low forecast values. This feature estimates the fixed cost component 

and applies the variable cost factors from a production cost or market model to produce a 
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wholesale electricity price forecast. Wholesale electricity price forecasts are useful for many 

resource planning studies. 

The Cost of Generation Model and the levelized cost of generation results presented in an 

August staff draft report were the subject of a August 25, 2009, IEPR Committee workshop. 

This final report and the Model were modified to reflect the comments from  the workshop . 

The staff final report and the Model will be available on the Energy "ÖÔÔÐÚÚÐÖÕɀÚɯÞÌÉsite. 

 

Using This Report 

This report is intended to provide a basic assessment of some of the fundamental attributes 

that are generally considered when evaluating the cost of building and operating different 

electricity generation technology resources. However, careful consideration must be taken 

on how the levelized costs are used for evaluating electricity generation options. Levelized 

costs are typically nominal values, not precise estimates. The cost estimates are typically 

based on a specific set of assumptions, but in reality will vary depending on the scope of 

analysis and the specific generation project. Comparing the levelized cost of one generation 

technology against another may be useful when levelized costs are of significantly different 

magnitudes, but problematic where levelized costs are close.  

The levelized cost analysis does not capture all of the system, environmental or other 

relevant attributes that would t ypically be examined by a portfolio manager when 

conducting a comprehensive "comparative value analysis" of a variety of competing 

resource options. The levelized costs estimates do not account for the generation service 

attributes, the value that differen t technologies have to the electricity system or represent 

the negotiated market prices for short -term or long -term power purchase contracts. These 

estimates do not predict how the units will actually operate in an electric system, how the 

units will affec t the operation of other facilities, or their effect on total system costs. Finally, 

the levelized cost estimates presented in this report do not address environmental, system 

diversity or risk factors that are a vital planning aspect for all resource deve lopment studies. 

A portfolio analysis will vary depending on the particular criteria and measurement goals of 

each study.  

The data used in this report is the most current set of generation technology 

characterizations available, based on surveys of recently constructed projects and 

information from industry experts . The COG Model has been modified to capture the 

attributes of different developers and examine a range of possible cost drivers that may 

affect levelized cost calculations. Therefore it is impor tant to use the Model and the 

information in this report carefully. The following guidelines and subsequent issues are 

intended to provide clarity on the proper use of this report:   

 Levelized cost, or for that matter any generation or transmission study , should not rely 

on single point estimates. There is wide variation in operational and cost data. Single 

point values are based on one set of conditional assumptions are simplistic and will not 
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represent the range of costs that a developer may encounter. All  studies should be based 

on a range of data to capture the uncertainties that developers and ratepayers will likely 

encounter. 

 Where the use of single point estimates become unavoidable (for example, setting 

contractual terms), the assumptions should be carefully documented to allow replication 

and understanding of the results. 

Additional studies are required to explore the implications of these large cost bandwidths. 

Staff has identifi ed the following two study areas:  

 The data and levelized costs reported in the COG Report should be integrated into a 

decision analysis platform, such as the RAND robust decision-making (RDM) studies to 

assess the meaning and impact of the large bandwidth of costs. 

 The fixed cost data reported in the COG Report should be combined with production 

cost simulations to produce scenario studies in order to assess the implications of this 

large bandwidth.  

 The characterization of technologies included in this report and supporting 

documentation provides a baseline range of assumptions that have undergone public 

scrutiny and comm ents. Use of values outside these ranges should be well-supported 

and documented. 

 The data collected for this COG Report is applicable to statewide transmission studies 

and should be used to help characterize the cost inputs to such studies.  

 In the absence of project-specific or scenario-specific models of levelized cost, the COG 

Model should be used as a default standard for generating levelized costs as either an 

input to further analysis or as a standalone result. 

 

Organization of Report 

The report is organized as follows: 

 Chapter 1 reports the levelized cost estimatesɭthe output of the Model. The chapter 

provides the levelized cost estimates for 21 technologies. The levelized cost estimates 

and the component costs are provided for three classes of developers: merchant, IOUs, 

and POUs, often referred to as municipal utilities. These costs will be provided at three 

levels: high, average, and low.  

 Chapter 2 summarizes the inputs to the data assumptions for the three cost levels. 

  ××ÌÕËÐßɯ ɯ×ÙÖÝÐËÌÚɯÈɯÎÌÕÌÙÈÓɯËÌÚÊÙÐ×ÛÐÖÕɯÖÍɯÛÏÌɯ$ÕÌÙÎàɯ"ÖÔÔÐÚÚÐÖÕɀÚɯCost of 

Generation Model, instructions on how to use the Model , and a description of the 

various unique features of the Model, such as screening and sensitivity curves. 

 Appendix B provides component, detailed levelized costs for merchant plants, IOUs, 

and POUs in both dollars per megawatt -hour ($/MWh) and dollars per kilowatt -year 

($/kW-Year). 
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 Appendix C provides the documentation for the gas-fired technology  data assumptions 

provid ed in Chapter 2. 

 Appendix D documents the natural gas fuel prices, including the method  for developing 

the high and low gas prices. 

 Appendix E provides the documentation for the transmission loss and cost data.  

 Appendix F provides a description o f the Revenue Requirement and Cash-Flow 

financial accounting techniques used in the COG Model. 

 Appendix G provides a list of contacts if further information about the Model or model 

data is needed. 

  ××ÌÕËÐßɯ'ɯÚÜÔÔÈÙÐáÌÚɯÛÏÌɯÚÛÈÍÍɀÚɯÙÌÚ×ÖÕÚÌɯÛÖɯÊÖÔÔÌÕÛÚɯÙÌÊeived at or as result of the 

August 25, 2009, workshop on the COG Model and Report.  
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CHAPTER 1: Summary of Technology Costs  

This chapter summarizes the estimated levelized costs of the 21 technologies using the Cost 

of Generation Model  (Model) , which incl ude nuclear, fossil fuel, and various renewable 

technologies. The levelized costs include a range of average, high, and low estimates. This 

chapter also compares the average levelized cost estimates to the 2007 Integrated Energy 

Policy Report (IEPR) results. 

 

Definition of Levelized Cost  

The levelized cost of a resource represents a constant cost per unit of generation computed 

to compare one unitɀÚ generation costs with other resources over similar periods. This is 

necessary because both the costs and generation capabilities differ dramatically from year to 

year between generation technologies, making spot comparisons using any year 

problematic.  

The levelized cost formula used in this model first sums the net present value of the 

individual cost component s and then computes the annual payment with interest (or 

discount rate, r) required to pay off that present value over the specified period T. The 

formula is as follows:  

Levelized cost = 
)1)1((

)1(*
*

)1(1
T

TT

t
t

t

r

rr

r

Cost
 

These results are presented as a cost per unit of generation over the period under 

investigation. This is done by dividing the costs by the sum of all the expected generation 

over the time horizon being analyzed. The most common presentation of levelized costs is in 

dollars per megawatt-hour ($/MWh ) or cents per kilowatt -hour (¢/kWh ).  

Levelized cost is generated by the Cost of Generation Model, using multiple  algorithms. 

Using dozens of cost, financial, and tax assumptions, the Model calculates the annual costs 

for a technology on an annual basis, finds a present value of those annual costs, and then 

calculates a levelized cost. Figure 5 is a fictitious illustration of the relationship between 

annual costs and levelized costs. This relationship is  defined by the fact that levelized cost 

values are equal to the net present value of the current and future  annual costs. This 

annualized (or levelized) cost value allows for the comparison of one technology against the 

other, whereas the differing annual costs are not easily compared.  
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Figure 5: Illustration of Levelized Cost 
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Levelized Cost Components 

Levelized costs consist of fixed and variable cost components as shown in Table 3.  

All of these costs vary depending on whether the project is a merchant facility, an investor -

owned utility (IOU), or a publicly owned utility (POU). In addition, the costs can vary with 

location because of differing land costs, fuel costs, construction costs, operational costs, and 

environmental licensing costs. These costs are discussed in detail in Chapter 2 but are 

defined briefly as follows.  



15 

Table 3: Summary of Levelized Cost Components 

Fixed Cost  

Capital and Financing ï The total cost of construction, including financing the plant 

Insurance ï The cost of insuring the power plant 

Ad Valorem ï Property taxes 

Fixed O&M ï Staffing and other costs that are independent of operating hours 

Corporate Taxes ï State and federal taxes 

Variable Costs 

Fuel Cost ï The cost of the fuel used  

Variable O&M ï Operation and maintenance costs that are a function of operating hours 

Source: Energy Commission  

 

Capital and Financing Costs 

The capital cost includes the total costs of construction: land purchase and development; 

permitting including emission reduction credits; the power plant equipment; 

interconnection including transmission costs; and environmental control equipment. The 

financing costs are those incurred through debt and equity financing and are incurred by 

the developer annually  in a manner similar to financing a home. The irregular annual costs, 

therefore, are levelized by this cost structure. 

 

Insurance Cost 

Insurance is the cost of insuring the power plant, similar to insuring a home. The annual 

costs are based on an estimated first-year cost and are then escalated by nominal inflation 

throughout the life  of the power plant.  The first-year cost is estimated as a percentage of the 

installed cost per kilowatt f or a merchant facility and POU plant. For an IOU plan t, the first -

year cost is a percentage of the book value.3 

 

Ad Valorem 

Ad valorem costs are annual property tax payments paid as a percentage of the assessed 

value and are usually transferred to local governments. POU power plants are generally 

exempt from  these taxes but may pay in-lieu fees. The assessed values for power plants are 

set by the State Board of Equalization as a percentage of book value for an IOU and as 

depreciation-factored value for a merchant facility.  

 

                                                      
3 Book value is the net of all assets less all liabilities. 
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Fixed Operating and Maintenance 

Fixed operating and maintenance (O&M ) costs are the costs that occur regardless of how 

much the plant operates. These costs are not uniformly defined by all interested parties  but 

generally include staffing, overhead and equipment (including leasing), regulat ory filings, 

and miscellaneous direct costs.  

 

Corporate Taxes 

Corporate taxes are state and federal taxes, which are not applicable to a POU. The 

calculation of these taxes is different for a merchant facility than for an IOU. Neither  

calculation method  lends itself to a simple explanation, but in general the taxes depend on 

depreciated values and are adjusted for interest on debt payments. The federal taxes are 

adjusted for the state taxes similar to an adjustment for a homeowner.  

 

Fuel Cost 

Fuel cost is the cost of fuel, most commonly expressed in dollars per megawatt-hour. For a 

thermal power plant, it is the heat rate  (British thermal unit per kilowatt -hour  [Btu/kWh ]) 

multiplied by the cost of the fuel (dollars per million Btu [$/MMBtu ]). This includes start-up 

fuel costs, as well as the on-line operating fuel usage. Allowance is made in the calculation  

for the degradation of Èɯ×ÖÞÌÙɯ×ÓÈÕÛɀÚɯheat rate over time. 

 

Variable Operations and Maintenance  

Variable O&M costs are a function of the number of hours a power plant operates. Most 

importantly, this includes yearly maintenance and overhauls. Variable O&M also includes 

repairs for forced outages, consumables (non-fuel products) , water supply, and annual 

environmental costs. 

 

Summary of Levelized Costs 

Table 4 summarizes average levelized costs for the various generation technologies, 

depending on whether they are developed by merchant owners, IOUs, or POUs4. The 

levelized costs are provided in the most common form ats, dollars per kilowatt -year ($/kW-

Year), $/MWh and  ¢/kWh. All costs are in nominal dollars and are for  generation unit s that 

begin operation in 2009. Table 5 shows the corresponding data for the technologies that 

begin operation in 2018, when the ocean wave, offshore wind , and nuclear technologies are 

                                                      
4 Nuclear Westinghouse AP1000, ocean-wave, and offshore wind technologies are assumed to not be 

viable in California until about 2018 . Tables and figures for 2009 exclude these technologies. 
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assumed to have become viable in California.  Figure 6 and Figure 7 show this same 

information as graphs.  

This comparison of costs should always be used with discretion since these technologies are 

not interchangeable in their value to the system, However, a number of cost differences can 

be noted for general screening purposes. In general, the IOU plants are less expensive than 

the merchant facilities because of lower financing costs. However, the merchant plants for 

some of the renewable technologies, such as the solar units, become less expensive because 

of the effect of cash-flow f inancing and tax benefits. The POU plants are the least expensive 

because of lower financing costs and tax exemptions. This difference is most significant for 

the simple cycle units, where levelized costs for merchant or IOU projects are twice that of a 

POU.  

A shortcoming noted in the 2007 IEPR was that the levelized cost estimates did not capture 

long-term changes in cost variables, the most significant of which determining levelized cost 

is instant cost. Instant cost, sometimes referred to as overnight cost, is the initial capital 

expenditure.  Figure 8 summarizes the long-term trend in instant cost in real 2009 dollars. 

Most of the units have little or no expected improvement over the 20 -year period, but two of 

thÌɯÙÌÕÌÞÈÉÓÌɯÛÌÊÏÕÖÓÖÎÐÌÚɯÛÏÈÛɯÈÙÌɯÐÔ×ÖÙÛÈÕÛɯÛÖɯ"ÈÓÐÍÖÙÕÐÈɀÚɯÙÌÚÖÜÙÊÌɯËÌÝÌÓÖ×ÔÌÕÛȮɯÞÐÕËɯ

and solar, show a significant cost decline. Solar photovoltaic, which has shown dramatic 

cost change since 2007, is expected to show the most improvement of all the tech nologies, 

bringing its capital cost within range of the gas-fired  combined cycle units . 

The variations in  levelized costs depend on a complicated set of assumptions on financing, 

operational costs, and, most importantly , tax credits. The patterns of the levelized costs 

become indecipherable when captured in a single figure.  Accordingly, the levelized cost 

estimates are broken up into four figures for average merchant costs: Figure 9 shows the 

trend for Conventional Technologies, Figure 10 for Renewable Technologies, Figure 11 for 

Base Load Technologies, and Figure 12 for Load Following and Int ermittent Technologies. 

Tax credits, which are both complicated and uncertain, obscure the interpretation of this 

data, but it is clear that real levelized cost of gas-fired  and biomass technologies trend 

upward , primarily from fuel cost increases. Nuclear continues to rise beyond competitive 

range. Wind, coal-integrated gasification combined cycle (coal-IGCC), and solar 

technologies trend downward . The other technologies show no or very little cost 

improvement.  The jumps in the years between 2012 and 2018 reflect the end of federal tax 

credits included in both the 2008 Energy Policy Act and the 2009 American Recovery and 

Reinvestment Act. 
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Table 4: Summary of Average Levelized CostsðIn-Service in 2009 

Size

MW $/kW-Yr $/MWh ¢/kWh $/kW-Yr $/MWh ¢/kWh $/kW-Yr $/MWh ¢/kWh

Small Simple Cycle 49.9 346.91 844.31 84.43 269.31 655.69 65.57 252.90 308.01 30.80

Conventional Simple Cycle 100 326.51 794.67 79.47 252.53 614.84 61.48 239.02 291.10 29.11

Advanced Simple Cycle 200 280.91 341.84 34.18 230.86 281.03 28.10 234.37 190.29 19.03

Conventional Combined Cycle (CC) 500 758.01 123.84 12.38 701.17 114.76 11.48 657.95 107.91 10.79

Conventional CC - Duct Fired 550 727.66 127.38 12.74 670.88 117.64 11.76 627.39 110.25 11.03

Advanced Combined Cycle 800 699.97 114.36 11.44 649.05 106.23 10.62 610.57 100.14 10.01

Coal - IGCC 300 747.38 116.83 11.68 628.75 98.32 9.83 629.53 98.49 9.85

Biomass IGCC 30 656.89 109.99 11.00 666.72 111.65 11.16 701.86 117.58 11.76

Biomass Combustion - Fluidized Bed Boiler 28 683.49 104.02 10.40 661.87 100.75 10.08 698.48 106.42 10.64

Biomass Combustion - Stoker Boiler 38 726.41 108.25 10.83 710.28 105.87 10.59 740.14 110.42 11.04

Geothermal - Binary 15 427.95 83.11 8.31 475.41 93.52 9.35 505.80 106.91 10.69

Geothermal - Flash 30 422.60 78.91 7.89 467.95 88.51 8.85 494.92 100.59 10.06

Hydro - Small Scale & Developed Sites 15 165.65 86.47 8.65 181.77 95.54 9.55 189.61 103.50 10.35

Hydro - Capacity Upgrade of Existing Site 80 135.40 66.96 6.70 131.31 65.39 6.54 99.17 51.29 5.13

Solar - Parabolic Trough 250 376.70 224.70 22.47 399.04 238.27 23.83 452.71 271.52 27.15

Solar - Photovoltaic (Single Axis) 25 439.58 262.21 26.22 466.76 278.71 27.87 533.55 320.00 32.00

Onshore Wind - Class 3/4 50 203.33 72.41 7.24 217.56 77.75 7.78 220.99 80.52 8.05

Onshore Wind - Class 5 100 208.69 65.47 6.55 222.94 70.19 7.02 225.69 72.44 7.24

In-Service Year = 2009                          

(Nominal 2009 $)

Merchant POUIOU

 
Source: Energy Commission 
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Figure 6: Summary of Average Levelized CostsðIn-Service 2009 
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Table 5: Summary of Average Levelized CostsðIn-Service in 2018 

Size

MW $/kW-Yr $/MWh ¢/kWh $/kW-Yr $/MWh ¢/kWh $/kW-Yr $/MWh ¢/kWh

Small Simple Cycle 49.9 414.60 1009.05 100.91 325.28 791.95 79.20 319.89 389.59 38.96

Conventional Simple Cycle 100 390.84 951.22 95.12 305.67 744.21 74.42 303.61 369.76 36.98

Advanced Simple Cycle 200 346.62 421.80 42.18 288.69 351.44 35.14 304.98 247.62 24.76

Conventional Combined Cycle (CC) 500 1036.06 169.27 16.93 968.66 158.54 15.85 916.25 150.28 15.03

Conventional CC - Duct Fired 550 992.58 173.75 17.38 925.36 162.27 16.23 872.76 153.37 15.34

Advanced Combined Cycle 800 958.86 156.66 15.67 898.41 147.04 14.70 851.64 139.68 13.97

Coal - IGCC 300 2422.09 178.14 17.81 911.10 142.48 14.25 723.39 113.17 11.32

Nuclear Westinghouse AP1000 (2018) 960 1139.56 342.41 34.24 1929.55 273.07 27.31 1171.66 166.85 16.68

Biomass IGCC 30 1006.20 168.48 16.85 966.60 161.86 16.19 841.43 140.97 14.10

Biomass Combustion - Fluidized Bed Boiler 28 1054.11 160.43 16.04 974.35 148.32 14.83 837.48 127.60 12.76

Biomass Combustion - Stoker Boiler 38 1061.71 158.22 15.82 998.40 148.82 14.88 890.68 132.88 13.29

Geothermal - Binary 15 666.46 129.42 12.94 695.05 136.73 13.67 591.29 124.98 12.50

Geothermal - Flash 30 646.49 120.72 12.07 674.90 127.66 12.77 580.53 117.99 11.80

Hydro - Small Scale & Developed Sites 15 315.28 164.59 16.46 304.10 159.84 15.98 220.33 120.27 12.03

Hydro - Capacity Upgrade of Existing Site 80 157.31 77.80 7.78 152.81 76.09 7.61 115.80 59.88 5.99

Ocean Wave (2018) 40 511.74 261.71 26.17 485.22 249.02 24.90 361.85 189.33 18.93

Solar - Parabolic Trough 250 500.65 298.64 29.86 483.85 288.92 28.89 427.05 256.13 25.61

Solar - Photovoltaic (Single Axis) 25 512.14 305.50 30.55 494.76 295.43 29.54 436.12 261.57 26.16

Onshore Wind - Class 3/4 50 357.14 127.19 12.72 337.44 120.59 12.06 248.91 90.69 9.07

Onshore Wind - Class 5 100 363.57 114.06 11.41 343.90 108.27 10.83 255.53 82.02 8.20

Offshore Wind - Class 5 (2018) 350 731.39 214.16 21.42 690.08 202.78 20.28 504.75 151.21 15.12

In-Service Year = 2018                                        

(Nominal 2018 $)

Merchant IOU POU

Source: Energy Commission 
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Figure 7: Summary of Average Levelized CostsðIn-Service in 2018 

Source: Energy Commission 
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Figure 8: Average Instant Cost Trend (Real 2009 $/kW) 
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Figure 9: Average Merchant Levelized Cost Trend for Conventional Technologies 
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Figure 10: Average Merchant Levelized Cost Trend for Renewable Technologies 
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Figure 11: Average Merchant Levelized Cost Trend for Baseload Technologies 
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Figure 12: Average Merchant Levelized Cost Trend for Load Following and Intermittent Technologies 
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Component Costs 

Table 6 shows the levelized cost components in $/MWh for a merchant plant coming on -line 

in 2009. Figure 13 shows the same data differentiating only between the fixed and variable 

costs. Table 7 and Figure 14 show the comparable information for a merchant plant coming 

on-line in 2018. 

Even though the operating portion of the levelized cost for simple cycle units is only about 

15ɬ18 percent of the cost, depending on the year, it is more than 65ɬ70 percent of the total 

cost for a combined cycle unit. For coal-IGCC and the biomass units, the operating cost is 

not as large, but still  significant. For the other uni ts, operating costs are a small portion of 

their total cost.  
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Table 6: Average Levelized Cost Components for In-Service in 2009ðMerchant Plants 

¢/kWh

In-Service Year = 2009                          

(Nominal 2009 $)

Size 

MW

Capital & 

Financing
Insurance

Ad 

Valorem

Fixed 

O&M
Taxes

Total 

Fixed 

Cost

Fuel
Variable 

O&M

Total 

Variable 

Cost

Transmiss

ion Cost

Total 

Levelized 

Cost

Total 

Levelized 

Cost

Small Simple Cycle 49.9 482.17 23.44 31.87 66.81 134.18 738.46 95.54 5.08 100.62 5.24 844.31 84.43

Conventional Simple Cycle 100 459.43 22.33 30.36 48.56 128.14 688.82 95.54 5.08 100.62 5.24 794.67 79.47

Advanced Simple Cycle 200 158.70 7.71 10.49 22.79 44.28 243.98 88.15 4.47 92.62 5.24 341.84 34.18

Conventional Combined Cycle (CC) 500 28.64 1.38 1.88 1.61 9.42 42.93 72.05 3.66 75.71 5.21 123.84 12.38

Conventional CC - Duct Fired 550 30.26 1.46 1.99 1.67 9.95 45.32 73.19 3.66 76.85 5.21 127.38 12.74

Advanced Combined Cycle 800 25.91 1.25 1.70 1.34 8.52 38.73 67.17 3.26 70.43 5.21 114.36 11.44

Coal - IGCC 300 72.98 3.83 5.21 9.38 -11.33 80.08 19.38 11.98 31.36 5.38 116.83 11.68

Biomass IGCC 30 59.97 3.84 5.08 29.12 -26.40 71.62 26.75 5.08 31.84 6.54 109.99 11.00

Biomass Combustion - Fluidized Bed Boiler 28 60.92 3.78 5.00 17.56 -23.00 64.26 27.35 5.83 33.18 6.58 104.02 10.40

Biomass Combustion - Stoker Boiler 38 48.64 3.02 4.00 27.66 -18.49 64.83 28.06 8.91 36.97 6.45 108.25 10.83

Geothermal - Binary 15 84.76 6.52 9.85 11.15 -48.94 63.33 0.00 5.94 5.94 13.83 83.11 8.31

Geothermal - Flash 30 74.41 5.74 8.67 13.19 -43.22 58.79 0.00 6.61 6.61 13.51 78.91 7.89

Hydro - Small Scale & Developed Sites 15 93.65 7.03 10.62 11.10 -46.78 75.62 0.00 4.85 4.85 6.00 86.47 8.65

Hydro - Capacity Upgrade of Existing Site 80 43.98 2.97 4.48 7.53 -0.84 58.12 0.00 3.16 3.16 5.68 66.96 6.70

Solar - Parabolic Trough 250 257.53 16.58 0.00 47.03 -114.69 206.45 0.00 0.00 0.00 18.26 224.70 22.47

Solar - Photovoltaic (Single Axis) 25 317.91 20.47 0.00 47.03 -141.44 243.96 0.00 0.00 0.00 18.26 262.21 26.22

Onshore Wind - Class 3/4 50 74.66 5.53 8.36 5.90 -36.18 58.28 0.00 6.97 6.97 7.16 72.41 7.24

Onshore Wind - Class 5 100 65.77 4.87 7.37 5.20 -31.88 51.34 0.00 6.97 6.97 7.16 65.47 6.55

$/MWh (Nominal $)

 
Source: Energy Commission 
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Figure 13: Fixed and Variable Costs for In-Service in 2009ðMerchant Plants 
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Source: Energy Commission 
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Table 7: Average Levelized Cost Components for In-Service in 2018ðMerchant Plants 

In-Service Year = 2018                                        

(Nominal 2018 $)

Size 

MW

Capital & 

Financing
Insurance

Ad 

Valorem

Fixed 

O&M
Taxes

Total 

Fixed 

Cost

Fuel
Variable 

O&M

Total 

Variable 

Cost

Transmissi

on Cost

Small Simple Cycle 49.9 554.87 26.89 36.69 79.88 154.26 852.59 144.29 5.88 150.17 6.29

Conventional Simple Cycle 100 528.71 25.62 34.96 58.14 147.34 794.76 144.29 5.88 150.17 6.29

Advanced Simple Cycle 200 182.65 8.85 12.08 22.53 50.93 277.04 133.14 5.33 138.47 6.29

Conventional Combined Cycle (CC) 500 32.95 1.59 2.17 1.93 10.83 49.46 108.82 4.74 113.56 6.25

Conventional CC - Duct Fired 550 34.82 1.68 2.29 1.99 11.44 52.22 110.54 4.74 115.29 6.25

Advanced Combined Cycle 800 29.82 1.44 1.96 1.59 9.80 44.61 101.45 4.36 105.81 6.25

Coal - IGCC 300 86.44 4.25 5.79 11.26 26.64 134.38 22.92 14.38 37.30 6.46

Nuclear Westinghouse AP1000 (2018) 960 202.84 12.52 20.66 31.26 46.83 314.11 13.32 8.25 21.57 6.73

Biomass IGCC 30 76.15 4.41 5.85 34.94 1.77 123.11 31.42 6.10 37.52 7.84

Biomass Combustion - Fluidized Bed Boiler 28 77.10 4.33 5.76 21.07 5.15 113.41 32.13 6.99 39.12 7.90

Biomass Combustion - Stoker Boiler 38 61.57 3.47 4.60 33.19 3.99 106.82 32.97 10.69 43.66 7.73

Geothermal - Binary 15 101.39 7.28 11.04 13.38 -27.43 105.67 0.00 7.14 7.14 16.61

Geothermal - Flash 30 88.87 6.40 9.71 15.84 -24.28 96.54 0.00 7.94 7.94 16.23

Hydro - Small Scale & Developed Sites 15 120.08 8.07 12.23 13.32 -2.15 151.55 0.00 5.83 5.83 7.20

Hydro - Capacity Upgrade of Existing Site 80 50.57 3.41 5.16 9.05 -1.01 67.18 0.00 3.79 3.79 6.82

Ocean Wave (2018) 40 178.95 11.82 17.91 26.74 -1.09 234.34 0.00 18.43 18.43 8.94

Solar - Parabolic Trough 250 216.90 13.01 17.28 56.43 -26.88 276.73 0.00 0.00 0.00 21.91

Solar - Photovoltaic (Single Axis) 25 223.64 13.41 17.81 56.43 -27.70 283.59 0.00 0.00 0.00 21.91

Onshore Wind - Class 3/4 50 88.81 5.85 8.88 7.09 -0.42 110.21 0.00 8.37 8.37 8.60

Onshore Wind - Class 5 100 78.24 5.16 7.82 6.24 -0.37 97.09 0.00 8.37 8.37 8.60

Offshore Wind - Class 5 (2018) 350 152.55 10.06 15.24 11.66 -0.72 188.79 0.00 16.74 16.74 8.63

$/MWh (Nominal $)

Source: Energy Commission 
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Figure 14: Average Levelized Cost Components for In-Service in 2018ðMerchant Plants 
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Levelized CostsðHigh and Low  

Staff provided the average levelized cost tables and graphs since this is the data that is most 

commonly understood and requested by various entitiesɭand all too commonly misused . It 

is also important to understanding levelized costs and its various comp onents. Relying on 

the average values, however, is misleading and can lead to poor decisions. These average 

levelized costs are based on a set of conditional  assumptions that may not necessarily occur. 

Actual costs can vary dramatically as shown in Figure 15. Figure 16 shows this same data 

with the vertical axis expanded to make it more readable. Figure  17 and Figure  18 show the 

same data for technologies coming on-line in 2018. 

Definitions of these costs are important  to understanding the figures. The average cost is 

based on a set of typical assumptions that are considered to be the most common values for 

the respective technologies. The 15 plant type and plant cost assumptions are described in 

Chapter 2, using the most likely set  of financing and tax benefit assumptions . This can be 

though t of as a baseline nominal case. Each component of this average represents a most-

likely -to-occur value.  

The averages are a useful starting point for a more complete analysis that incorporates the 

full range of reasonably expected values. The high value is the maximum level  that can 

reasonably be expected to occur. The highest plant cost and finance assumptions are 

relatively easy to define based on data observations. The tax benefit assumptions, which are 

a function of the political posture of the government , are unpredictable . The staff assumed 

the minimum tax benefits combined with the option of not being able to take all the tax 

credits in the year they occur. Similarly, the low value is the minimum level  that can 

reasonably be expected, assuming lowest plant cost and finance assumptions that might 

occur, plus the most favorable tax benefits. The high and the low trends are not the extreme 

points that can be defined, but rather a reasonable bandwidth of costs given the current 

knowledge and understanding of these factors. 

A casual examination of these figures shows that the apparent differences in average cost 

can be misleading in considering the range of possible costs. The high/low ranges of the 

conventional simple cycle units are striking and primarily reflect the range in capacity 

factors. In contrast, the wide range for the hydro units reflects the rather large variation in 

capital costs. 
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Figure 15: Range of Levelized Cost for a Merchant Plant In-Service in 2009  

Source: Energy Commission 
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Figure 16: Range of Levelized Cost for a Merchant Plant In-Service in 2009ðEnlarged 

Source: Energy Commission 
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Figure 17: Range of Levelized Cost for Merchant Plant In-Service in 2018 
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Source: Energy Commission 
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Figure 18: Range of Levelized Cost for Merchant Plant In-Service in 2018ðEnlarged 

 
Source: Energy Commission 


