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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 levelized cost of resource represents a constant cost per unit
of generation computed to compare one unit’s generation cost with other resources over
similar periods. 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. All
levelized costs are developed using the Energy Commission’s Cost of Generation Model.
The levelized costs are useful for evaluating the financial 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 levelized cost estimates (low, medium, and high) that can
be expected for each of these technologies. The calculated range will allow users 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 estimates—a 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 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 years in addition to the traditional option to take taxes in the
current year. This option is used herein for the high-cost case.

Keywords: Cost of Generation, levelized costs, instant, installed, fixed operation and
maintenance, O&M, variable, heat rate, technology, annual, alternative technologies,
combined cycle, simple cycle, combustion turbine, integrated gasification, coal, fuel, natural
gas, nuclear fuel, heat rate degradation, financial variables, capital
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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 that would be used for energy program studies at the
California Energy Commission and other state agencies. The levelized cost of resource
represents a constant cost per unit of generation computed to compare one unit’s generation
cost with other resources over similar periods. These levelized costs are useful for
evaluating the financial feasibility of an electricity generation technology and comparing the
attributes of different generation projects. Since most studies involving new generation
require an assessment of costs, accurate and readily available levelized cost of generation
estimates are 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 merits 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.! Consultants from Aspen provided the cost
assumptions for natural gas generation. 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 utilities (IOUs), and publicly owned utilities
(POUs). Merchant facilities are plants financed by private investors and sell electricity to the
competitive wholesale power market. The average levelized cost of generation results for
projects starting in 2009 are summarized in Table 1 and Figure 1.2

IOU plants are typically less expensive than merchant facilities due to lower financing costs.
However, 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 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

1 The characterization of the different generation technologies and supporting documentation are
presented in a 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.



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, the Energy Commission staff incorporates two directives from the 2007 IEPR
and the 2008 Update Report. First, staff now provides a range of levelized cost estimates,
illustrated in Figure 2. This figure shows that the range of costs can be more significant than
the differences in average costs between generation technologies. It also shows that
assuming one set of conditional assumptions leading to any one cost value, or single-point
estimate, will not reflect actual market dynamics and possible range of costs when
evaluating resource development options. These ranges reflect not only the wide array of
the various component costs and operational factors, such as capacity factor, but also the
complexity and unpredictability of future tax benefits. The wide ranges for the conventional
simple cycle units are the most striking and primarily reflect the range in capacity factors,
which emphasizes the importance of operating levels for estimating cost. The wide range of
the hydroelectric units reflects the unusually large variation in capital costs.

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 expenditure. Figure 3
summarizes staff’s long-term projection of instant costs in real 2009 dollars. Most of the
units have little or no expected improvement over the 20-year period except for two of the
renewable technologies that are important to California’s 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 the 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, operational costs and, most importantly, tax credits. Tax credits
are both complicated and uncertain and are discussed within the main body of the report.
Uncertainty can change the levelized costs dramatically. The report also includes the low
and high range of levelized cost estimates to reflect possible variations in fuel, material, and
other relevant cost variables.



Table 1: Summary of Average Levelized Costs — In-Service in 2009

Source: Energy Commission



Figure 1: Summary of Average Levelized Costs—In-Service in 2009
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Figure 2: Range of Levelized Cost for a Merchant Plant In-Service in 2009 (Nominal $/MWh)
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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:

e Wind Class 5 has lower levelized costs-compared to the 2007 IEPR because of a higher
assumed capacity factor and more favorable tax benefits.

e  All the biomass units have lower levelized costs, primarily because of better tax
benefits.

e The coal-integrated gasification combined cycle technology shows a comparable cost to
the 2007 value but would 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).

e The geothermal technologies have slightly higher levelized costs primarily because of
the assumed higher instant cost, which is largely offset by higher tax credits.

e The solar trough unit shows a significant decrease in levelized cost because of lower
instant costs and higher tax credits.

e The solar photovoltaic unit shows a significant decrease in cost because of a decline in
instant cost and increased tax benefits —which may reflect both the size difference and
improvement in cost.

¢ Gas-fired technology levelized costs are generally higher primarily because capital cost
increases, as shown in Table 2. Higher average fuel cost projections also contribute to
this increase in cost. The impact of the increased capital cost is seen mostly in the simple
cycle units, where fixed cost is the major cost component.



Figure 4: Comparing 2009 Average Levelized Costs to 2007 IEPR Results (In-Service in 2009)
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Table 2: Increases in Installed Cost From 2007 IEPR to 2009 IEPR

Gas-fired Technology MW 2007 IEPR | 2009 IEPR | Increase
Combustion Turbine - 49.9 MW 49.9 $1,100 $1,484 35.0%
Combustion Turbine - 100 MW 100 $1,045 $1,416 35.6%
Combustion Turbine - Advanced 200 $858 $991 15.4%
Combined Cycle — No Duct Firing 500 $876 $1,346 53.6%
Combined Cycle - Duct Firing 550 $901 $1,329 47.4%
Combined Cycle Advanced (H Frame) 800 $865 $1,225 41.6%

Source: Energy Commission

The levelized costs provided in this report were developed using the Energy Commission’s
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:

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

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

e 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.

e 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, such as deductions, tax credits, and
accelerated depreciation, by as much as 30 percent.

e 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.

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 Cost of Generation Model can still produce a wholesale electricity price forecast, but
now 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 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 this
report will be the subject of a August 25, 2009, workshop. The Model and levelized cost
estimates will then be modified to reflect the input from the workshop. A final report will be



prepared soon afterwards. The staff final report and the Model will be available on the
Energy Commission’s website later.

The report is organized as follows:

Chapter 1 reports the levelized cost estimates —the 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.

Appendix A provides a general description of the Energy Commission’s Cost of
Generation Model, instructions on how to use the Model, and describes 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).

Appendix C provides the documentation for the gas-fired technology data assumptions
provided 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 list of contacts if further information about the Model or model
data is needed.
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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 include 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 unit’s 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 components, 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:

T, Cost * T
Levelized cost = Z tox_F d+r)

T @0 (@+n' -1

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 MWh or cents per 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.

11



Figure 5: lllustration 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.
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Table 3: Summary of Levelized Cost Components

Fixed Cost
Capital and Financing — The total cost of construction, including financing the plant
Insurance — The cost of insuring the power plant
Ad Valorem — Property taxes
Fixed O&M — Staffing and other costs that are independent of operating hours
Corporate Taxes — State and Federal taxes

Variable Costs
Fuel Cost — The cost of the fuel used
Variable O&M — 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 for a merchant facility and POU plant. For an IOU plant, the first-
year cost is a percentage of the book value.?

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), regulatory 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 (Btu/kWh) multiplied by the cost of the fuel
($/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 a power plant’s heat 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 POUs*. The
levelized costs are provided in the most common formats, $/kW-Year, $/MWh and ¢/kWh.
All costs are in nominal dollars and are for generation units that begin operation in 2009.
Table 5 shows the corresponding data for the technologies that begin operation in 2018,

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.

14



when the ocean wave, off-shore wind, and nuclear technologies are assumed to have
become viable in California. Figure 6 and Figure 7 show this same information as graphs.

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 financing 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
the renewable technologies that are important to California’s resource development, wind
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 technologies,
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 Intermittent 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 assumed 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 Costs—In-Service in 2009

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

Source: Energy Commission
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Figure 7: Summary of Average Levelized Costs—In-Service in 2018
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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
15-18 percent of the cost, depending on the year, it is more than 65-70 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 units, operating costs are a small portion of
their total cost.
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Table 6: Average Levelized Cost Components for In-Service in 2009—Merchant Plants

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

Source: Energy Commission
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Figure 14: Average Levelized Cost Components for In-Service in 2018—Merchant Plants

Small Simple Cycle |

Conventional Simple Cycle |

Advanced Simple Cycle |
Conventional Combined Cycle (CC) |
Conventional CC - Duct Fired |
Advanced Combined Cycle |

Coal- IGCC |

[

Nuclear Westinghouse AP1000 (2018) |

Biomass IGCC |

Biomass Combustion - Fluidized Bed.]
Biomass Combustion - Stoker Boiler |
Geothermal - Binary |

Geothermal - Flash 1

Hydro - Small Scale & Developed Sites |

Hydro - Capacity Upgrade of Existing Site |

Ocean Wave (2018) |

Solar - Parabolic Trough |

Solar - Photovoltaic (Single Axis) |

Onshore Wind - Class 3/4 1
Onshore Wind - Class 5

Offshore Wind - Class 5 (2018) 1

HUH i il “

O Total Fixed Cost

B Total Variable Cost

o

100

200 300

400 500 600 700 800

Levelized Cost (Nominal 2018 $/MWh)

900

1000

1100

Source: Energy Commission

29




Levelized Costs—High 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 entities—and all too commonly misused. It
is also important to understanding levelized costs and its various components delineated in
Table 7. 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 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
thought 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
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Figure 16: Range of Levelized Cost for a Merchant Plant In-Service in 2009—Enlarged
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Figure 17: Range of Levelized Cost for Merchant Plant In-Service in 2018
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Figure 18: Range of Levelized Cost for Merchant Plant In-Service in 2018—Enlarged
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Comparison to 2007 IEPR Levelized Costs

Figure 19 compares the preliminary 2009 IEPR estimates to the 2007 IEPR values for the
in-service year 2009. Figure 20 provides the same comparison for the in-service year 2018.
These costs are highly affected by tax benefits. Table 8 compares the change in tax benefits
used for the 2009 IEPR estimates to those in the 2007 IEPR. Table 9 shows the same
comparison of plants with an in-service date of 2018. These tables show that the effect of
tax benefits is much larger in 2009 than in 2018. Although, the relationship of the various
cost factors that include the tax benefits is complex, a number of worthwhile observations
are noted:

e Wind Class 5 is slightly lower in cost for 2009, but by 2018 it is higher than that of the
2007 IEPR estimates. These differences are largely from changes in the tax treatment.

e All the biomass units have lower levelized costs in 2009, but higher costs in 2018.
Although the instant costs are lower, the difference is driven largely by the tax
assumptions: higher in the early years, lower in the later years.

e The coal-IGCC technology shows a comparable cost to the 2007 value, but would be
much higher with the addition of carbon capture and sequestration (CCS) 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 CCS, and the higher capacity factor assumed by KEMA
(80 percent as compared to previous 60 percent).

e The geothermal technologies have slightly higher levelized costs in the early years and
a much higher levelized cost in 2018. Although the instant costs are significantly
higher, the difference is primarily from changes in the tax credits.

e QOcean wave has a much lower levelized cost because of a dramatic reduction in the
instant cost.

e The solar trough unit shows a significant decrease in levelized cost because of lower
instant costs and higher tax credits.

e The solar photovoltaic unit shows a dramatic decrease in cost in 2009, which may
reflect the size difference more than cost improvement, and an even larger decrease in
2018 that is primarily from the dramatic decrease in instant cost.

e Gas-fired technologies are generally higher primarily because of the dramatic
increases capital cost, as shown in Table 10.

e Fuel costs also contribute to this increase in gas-fired technologies cost. The effect of
the increased capital cost is seen mostly in the simple cycle units, where fixed cost is
the major cost component. For the final cost, these increases are masked by the change
in accounting.

Staff also implemented a significant change in tax accounting for merchant plants, which
accounts for part of the reduction.
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Figure 19: Comparing 2009 IEPR Levelized Costs to 2007 IEPR—In-Service in 2009
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Figure 20: Comparing 2009 IEPR Levelized Costs to 2007 IEPR—In-Service in 2018
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Table 8: 2009 IEPR Merchant Tax Benefits vs. 2007 IEPR—In-Service in 2009

Source: Energy Commission

Table 9: 2009 IEPR Merchant Tax Benefits vs. 2007 IEPR—In-Service in 2018

Source: Energy Commission

Table 10: Increases in Installed Cost From 2007 IEPR to 2009 IEPR

Gas-Fired Technology MW 2007 IEPR 2009 IEPR | Increase
Combustion Turbine - 49.9 MW 49.9 $1,100 $1,484 35.0%
Combustion Turbine - 100 MW 100 $1,045 $1,416 35.6%
Combustion Turbine - Advanced 200 $858 $991 15.4%
Combined Cycle — No Duct Firing 500 $876 $1,346 53.6%
Combined Cycle - Duct Firing 550 $901 $1,329 47.4%
Combined Cycle Advanced (H Frame) 800 $865 $1,225 41.6%

Source: Energy Commission




CHAPTER 2: Assumptions

This chapter summarizes the assumptions that were used to develop the levelized costs
displayed in the previous chapter. The details of these assumptions can be found in
Appendix C for gas-fired generation and in the July 2009 Public Interest Energy Research
(PIER) interim report, Renewable Energy Cost of Generation Update, (CEC-500-2009-084), for
renewable, nuclear, and IGCC generation. Figure 21 is a block diagram of the input
assumptions.

Figure 21: Block Diagram of Input Assumptions

Plant Characteristics General Assumptions
e Gross Capacity (MW) (Merchant, Muni & 10U)
e Plant Side Losses e |nsurance

e Transformer Losses e O&M Escalation

e Transmission Losses e Labor Escalation
Forced Outage Rate
Scheduled Outage Rate
Capacity Factors

Heat Rate (if applicable)
Heat Rate Degradation
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¢ Instant Cost ($/kW)
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Source: Energy Commission
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The assumptions are organized into five categories:

e Plant Data

e Plant Cost Data

e Fuel Cost & Inflation Data
¢ Financial Assumptions

¢ General Assumptions

Plant Data

Table 11 summarizes the plant data assumptions (power plant characteristics) for the
average case. Table 12 and Table 13 summarize the high and low cases.

Gross Capacity (MW)

This is the capacity of the power plant absent plant-side losses, that is, the capacity of the
power plant before accounting for the power used by the plant for operational purposes.
Net Capacity is the capacity of the plant net of plant-side losses.

Plant Side Losses (Percentage)

These are sometimes defined as “parasitic losses” or “station service losses.” This is the
power consumed by the power plant as a part of its normal operation. It can also be
defined as the difference between the gross capacity and net capacity.

Transformer Losses (Percentage)

Transformer losses are the losses in uplifting the power from the low voltage side of the
transformer (generator voltage) to the high voltage side of the transformer (transmission
voltage).

Transmission Losses (Percentage)

Transmission losses represent the power lost in getting the power from the high side of
the transformer to the load center (sometimes designated as “GMM to Load Center”).
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Table 11: Plant Data—Average Case

Source: Energy Commission
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Table 12: Plant Data—High Case

Source: Energy Commission
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Table 13; Plant Data—Low Case

Source: Energy Commission
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Schedule Outage Factor (SOF)

This is a term developed by the North American Reliability Council’s (NERC)*> Generating
Availability Data System (GADS). The NERC/GADS term is used to define the
maintenance period. SOF is the ratio of scheduled outage hours (SOH) to the period hours
(PH), typically the hours in a year (8,760), that is, the percentage of the year that a plant is
on scheduled maintenance. If a plant has 876 hours of scheduled maintenance, then its
SOF is 10 percent. This is generally synonymous with the commonly misused modeling
term maintenance outage rate (MOR). The formula for this measure is:

SOF = SOH/PH

Forced Outage Rate (FOR)

This is a NERC/GADS term to measure a power plant’s rate of failure. This calculation
ignores the period during reserve shutdown (economic shutdown). The FOR is based
solely on when it is called upon to be dispatched. The simplified GADS formula for this
measure is:

FOR =FOH / (FOH + SH)
Where: FOH = Forced Outage Hours (Hours of Failed Operation)
SH = Service Hours (Hours of Successful Operation)

This is a commonly used characterization but is very simplified since a power plant can
have a partial failure and operate at reduced power. The more precise term is equivalent
FOR (EFOR), which includes other plant variables. EFOR is relevant for analyzing the
performance of operating power plants. However, it should be understood that where
EFOR data is available, it is applied to the Model. For simplicity, the term FOR is used in
the Model, with the understanding that the appropriate value is really EFOR.

Capacity Factor (Percentage)

The capacity factor (CF) is specified as a percentage and is a measure of how much the
power plant operates. More precisely, it is equal to the energy generated by the power
plant during the year divided by the energy it could have generated if it had run at its full
capacity throughout the entire year (8,760 hours).

5 NERC was developed as a result of the Northeast blackout on November 9, 1965. It is a non-profit
organization that was created in 1968 to improve the reliability of the electric system.

¢ NERC recognized the need to gather data to be effective in proposing reliability measures and
created GADS in 1979.
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Heat Rate (Btu/kWh)

Heat rates are a measure of the efficiency of power plants. It is the amount of heat
supplied in British thermal units (Btus) to generate 1 kWh of electricity. The smaller the
heat rate, the greater the efficiency. The efficiency of a power plant can be calculated as
3,413 divided by the heat rate (3,413 being the conversion factor to convert one kWh into
Btu).

Capacity Degradation Factor (Percentage)

This is the percentage that the gross capacity will decrease each year from wear and tear,
which affects not only the capacity, but also the energy generation. This is reflected in the
energy calculation in the Model. This degradation can be partially offset by maintenance,
such that a true characterization would have an up and down characterization that trends
generally downward. The fluctuation reflects the wear and tear, followed by an improved
period. The factor used herein is an equivalent constant annual amount that reflects both
the net effect of the deterioration and maintenance periods.

Heat Rate Degradation Factor (Percentage)

Heat rate degradation is a measure of the decrease in efficiency due to aging. It is the
percentage that the heat rate will increase per year. Similar to capacity degradation, it
fluctuates up and down, generally trending downward. The percentage used herein is an
equivalent annual amount that reflects both the net effect of the deterioration and
maintenance periods.

Plant Cost Data

Table 14 summarizes the data for the average case. Since the ocean wave and offshore
wind technologies do not become feasible until 2018, the data shown here are the

2018 costs deflated to 2009 dollars. Table 15 and Table 16 summarize the corresponding
high and low cases.
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Table 14: Plant Cost Data—Average Case

Source: Energy Commission
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Table 15: Plant Cost Data—High Case

Source: Energy Commission
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Table 16: Plant Cost Data—Low Case

Source: Energy Commission
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Instant Cost

Instant cost, sometimes referred to as overnight cost, is the initial capital expenditure. The
instant costs do not include the costs incurred during construction (see installed cost).
Instant costs include all costs: the component cost, land cost, development cost, permitting
cost, connection equipment such as transmission, and environmental control costs.

Installed Cost

Installed cost is the total cost of building a power plant. It includes not only the instant costs,
but also the costs associated with the fact that it takes time to build a power plant. Thus, it
includes a building loan, sales taxes, and the costs associated with escalation of costs during
construction.

Construction Period

The construction costs are dependent on the number of years to build the power plant since
the loan period is increased. Year 0 is the last year of construction, and for a 5-year
construction period. Year 5 would be the first year.

Fixed Operations and Maintenance Cost

Conceptually, fixed O&M comprises those costs that occur regardless of how much the
plant operates. The costs included in this category are not always consistent from one
assessment to the other, but always include labor and the associated overhead costs. Other
costs that are not consistently included are equipment (and leasing of equipment),
regulatory filings, and miscellaneous direct costs. The Energy Commission staff uses the
latter convention that includes these other costs.

Variable Operations and Maintenance Cost

Variable O&M is a function of the power plant operation and includes costs for:

e Scheduled outage maintenance including annual maintenance and overhauls
e Forced outage maintenance

e  Water supply

¢ Environmental equipment maintenance

Scheduled outage maintenance is by far the largest expenditure.
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Fuel Cost and Inflation Data

The fuel prices used in this report are summarized in Table 17. The natural gas average
California prices are the final 2007 IEPR price series. The high and low prices were derived
as explained in Appendix D. KEMA developed the nuclear, coal, and biomass fuel prices.
The deflator series is taken from Moody’s Economy.com, dated November 11, 2008.

Table 17: Fuel Prices ($/MMBtu)

Source: Energy Commission

Financial Assumptions

Financial assumptions include capital structure, debt term, and economic/book life.

Table 18 summarizes the capital structure assumptions being used in the Model. Note that
the debt to equity split is different for merchant gas-fired plants than other technology
plants (renewables and alternative technologies). The rationale is that financial institutions
are likely to see power purchase agreements signed under legislative and regulatory
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mandates, such as the Renewables Portfolio Standard (RPS), as less risky than those signed
under open market conditions. The average case assumptions for IOU and merchant plants
are taken from the Board of Equalization’s 2008 Capitalization Rate Study’ and adjusted to
match May 2009 financial market conditions. This source was chosen because it was
developed by another state agency using a public review process. Debt costs for all three
owner types were derived from public sources as of May 2009. Note that the equity rates of
return are after-tax rates that are grossed up in the model to before-tax rates. The
corresponding assumptions for the high- and low-cost cases for renewable plants are based
on KEMA estimates. The appropriate discount rates and allowance for funds used during
construction (AFUDC) rates are based on the weighted average cost of capital (WACC).

Table 18: Capital Cost Structure

Average Case

% Equity Debt
Equity Rate Rate WACC
Merchant Fossil 60.0% | 14.47% 7.49% | 10.46%
Merchant Alternatives 40.0% 14.47% 7.49% 8.45%
Default IOU 52.0% | 11.85% 5.40% 7.70%
Default POU 0.0% 0.0% 4.67% | 4.67%

High Case

% Equity Debt
Equity Rate Rate WACC
Merchant Fossil 80.0% | 18.00% | 10.00% | 15.59%
Merchant Alternatives 60.0% | 18.00% | 10.00% | 13.17%
Default IOU 55.0% | 15.00% 9.00% | 10.65%
Default POU 0.0% 0.0% 7.00% 7.00%

Low Case

% Equity Debt
Equity Rate Rate WACC
Merchant Fossil 40.0% 14.47% 7.49% 8.45%
Merchant Alternatives 35.0% | 14.00% 6.00% 7.21%
Default IOU 50.0% | 10.00% 6.00% 6.78%
Default POU 0.0% 0.0% 4.00% | 4.00%

Source: Energy Commission

7 Board of Equalization, Capitalization Rate Study, March 2008,
http://www .boe.ca.gov/proptaxes/pdf/2008capratestudy.pdf
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General Assumptions

Insurance

Insurance is calculated differently depending on the type of developer. For an IOU, the cost
is a fraction of the book value. For a merchant or POU plant, the cost is calculated as a
fraction of the installed cost, and then escalated with nominal inflation. The fraction
assumed for all three entities is 0.6 percent and is based on a California Public Utility
Commission (CPUC) survey of brokers used in preparing the Market Price Referent®.

Operation and Maintenance Escalation

Escalation of costs above general inflation for both fixed and variable O&M are estimated at
0.5 percent based on reviews of indu