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EXECUTIVESUMMARY

S.1. BACKGROUND

This study was conducted in response to Section 1205 of the Energy Policy Act
of 1992 (EPACT), requiring the U.S. Department of Energy in conjunction with state
regulatory commissions to determine if conventional tax measures and ratemaking
procedures provide economic barriers to or incentives for the adoption of renewable
electric generating plants compared to conventional ones. For this study, we defined
barriers and incentives in terms of financial criteria used by investor-owned utilities (IOUs)
and nonutility electricity generators (NUGs) when making decisions on technologies for
new generating plants. For IOUs, the major criterion used was the levelized cost of
producing power over the useful life of the technology. For NUGs, the major criterion
used was the internal rate of return.

Clearly, there are many factors outside the scope of this study that relate to the
decisionmaking process of IOUs and NUGs. This study to determine barriers and
incentives does not attempt to determine which technologies would most likely be
adopted by IOUs and NUGs. Technologies are only cost (in)effective relative to a given
power system and its set of internal and external conditions. Other technology-related
factors such as availability, dispatchability, diversity, and reliability of generating
alternatives are also considered in the decisionmaking process used by IOUs and NUGs.
The results of this study show only the relative impact of certain tax measures and
ratemaking procedures on financial criteria that IOUs and NUGs use as inputs to make
technology-adoption decisions. Where these tax measures and ratemaking procedures
provide incentives for an alternative, they increase the likelihood that the alternative will
be selected by IOUs or NUGs when making generating-resource decisions.

In quantifying the parameters of the seven renewable and four conventional
generating options studied, we used today's 'conventional wisdom' on the values of
variables defining the technologies. We did not speculate on the technological evolution
of the generating options, consequent changes in their costs, and changes in their
attractiveness to IOUs and NUGs in the future.

Consistent with the direction provided by the legislation, this study was limited to
the portions of the electric power industry that make decisions on generating
technologies. We did not investigate barriers or incentives that may result from tax
policies affecting other segments of the fuel cycle, such as incentives for production of
fossil fuels.1 It was also not possible to quantify the ratemaking treatment of risks. For
example, the ratemaking procedure of passing through the costs of fuel to customers
removes the risk of unexpected fuel price fluctuations for decisionmakers selecting
conventional technologies. The structure of financial, labor, materials, fuel, and

1An analysis of the total fuel cycle was not included in this study for two reasons. First, Section 1205
clearly states that the study is to evaluate barriers and incentives for renewable _ la_. A second
reason is that Section 3015 of EPACT requires that the National Academy of Sciences conduct a study on
energy subsidies.
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purchased power contracts are also beyond the scope of this study. Finally, the
transmission and distribution of electric power was not studied.

S.2. CONCLUSIONS

The study results show that tax measures and ratemaking procedures are both
barriers and incentives for renewable energy power plants, depending on the measure
or procedure and whether the decisionmaker is an IOUor a NUG. More specifically, for
the taxes and ratemaking procedures that were modeled, the study shows:

• Federal income tax laws provide incentives for IOUs to invest in solar,
wind, geothermal, and dedicated-plantation biomass technologies. These
incentives result from short tax depreciation lives and the recently enacted
1.5C/kWh production tax credit for dedicated-plantation biomass and wind
technologies.

• In addition to short tax depreciation lives and the production tax credit,
the investmenttax credit for solar and geothermal technologies also
providesincentivesfor a NUG to adopt renewabletechnologiesifthe NUG
is not subjectto the alternativeminimumtax (AMT).

• If a NUG is subject to the AMT, the NUG is not able to take full
advantage of the federal tax incentives for renewables and federal tax laws
become a barrier to the adoption of renewable technologies.

• Local property taxes are barriers to the adoption of hydro, solar, and
wind technologies. This conclusionis robustunder differentassumptions
about the bases used for calculatingpropertytaxes.

• For the r_temaking procedures for IOUs that we modeled, tax
normalization is an incentive for hydro, solar, and wind technologies
because this procedure allows utilities to use short tax depreciation lives.

• Although we were not able to model the procedure of passing through
the risk of fuel-price fluctuations to ratepayers, this ratemaking procedure
generally is a barrier to the adoption of renewable technologies.

xvi



1. INTRODUCTIONAND SUMMARY

1.1. PURPOSEOF THE STUDY

Thisstudy was conducted in response to the requirements of Section 1205 of the
EnergyPolicyAct of 1992 (EPACT),whichstates:

The Secretary (of Energy), in conjunction with State regulatory commis-
sions, shall undertakea studyto determine if conventionaltaxation and
ratemaking procedures result in economic barriersto or incentivesfor
renewableenergy power plantscompared to conventionalpower plants.

The purpose of the study, therefore, is not to compare the cost-effectiveness of
different types of renewable and conventional electric generating plants. Rather, it is to
determine the relative impact of conventional ratemaking and taxation procedures cn the
selection of renewable power plants compared to conventional ones.

To make this determination,wequantify the technical and financial parameters of
renewable and conventional electric generating technoiogies, and hold them fixed
throughout the study. Then, we vary taxation and ratemaking procedures to determine
their effects on the financial criteria that investor-owned electric utilities (IOUs) and
nonutility electricity generators (NUGs) use to make technology-adoption decisions. In
the planning process of a typical utility, the opposite is usually the case. That is, utilities
typically hold ratemaking and taxation procedures constant and look for the least-cost mix
of resources, varying the values of engineering and financial parameters of generating
plants in the process.

1.2. SCOPE OF THE STUDY

The enabling legislation for this study also defines its scope. That is, the
legislation requires that we address "barriers to or incentives for renewable energy power
plants compared to conventional power plants." This suggests, first, that we limit the
study to portions of the electric power industry that make decisions on the adoption of
generating technologies and, second, that we focus on financial criteria that
decisionmakers use to adopt technologies to see if there are tax measures or ratemaking
procedures that provide barriers and/or incentives for the selection of generating
technologies.

In Figure 1.1, we indicate in shaded areas the position of these decisionmakers
in the context of the extended U.S. electric power industry.1 The extended industry
consists of (1) fuel suppliers for electricity generation; (2) financing, labor, materials, fuel,
and purchased power contracted for by IOUs and NUGs to generate power; (3) the
electric power industry, including IOUs, state and municipally owned utilities, federal
power projects, and rural electric cooperatives; and (4) export, wholesale and end-use

1Forthesakeof clarityinFigure1.1,weincludethetotalsetofinputsusedtoproduceelectricityfor
IOUsonly. WeexcludedtheseinputsforNUGsto simplifythediagram.
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Figure 1.1

Schematic Representation of the U.S. Electric Utility Industry
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electricity sales. As indicated by the shaded areas of Figure 1.1, the applicable
decisionmakers under Section 1205 of EPACTare IOUs and NUGs. The latter consist of
qualifying facilities (QFs) and nonqualifying facilities (non-QFs). In 1991, QFs accounted
for 75 percent of the electric generating capacity of NUGs (Energy Information
Administration, 1993c).2

As Figure 1.1 indicates, the scope of the study defined by EPACT's Section 1205
means that we do not consider in depth four other important features of the extended
U.S. electric power industry:

• the entire fuel cycles of the energy used to produce electric power;
• the structure of the financial, labor, materials, fuel, and purchased-power

contracts entered into by IOUs and NUGs;
• utilities other than those owned by the private sector (i.e., IOUs); and
• the transmission and distribution of electricity beyond the busbar (i.e., export,

wholesale, and retail sales).

However, as indicated in Figure 1.1, we do include the sales and labor taxes incurred by
IOUs and NUGs in constructing generating facilities and running them. We do not include
those same types of taxes incurred by purchasers of electric power beyond the busbar.
We discuss these four portions of the extended industry in turn:

Clearly, historical and current policy measures that have shaped the development
of electric generating technologies and energy industries upstream from the production
of electric power are important factors in explaining the adoption of electric generating
technologies by both IOUs and NUGs today and, as such, would be interesting topics of
study. For example, development of some energy forms have been subsidized over the
years, giving them a competitive advantage in today's marketplace.3 Also, an
examination of the entire fuel cycles of certain technologies suggest that some have fared
better from policy initiatives than others.4 However, these issues are beyond the scope
of Section 1205 of EPACT.

Second, the management of electric utilities e_ter into many different types of
contracts related to financing, labor matters, material purchases, energy requirements,
and purchased power. The structure of some of these contracts may provide

L

2In 1991, NUGs owned 48,200 MW of capacity. Of this amount, QFs owned 75 percent of it (i.e,
cogenerators owned 59 percent and small power producers using renewable energy forms 16 percent); non-
QFs owned the remainder (cogenerators 14 percent and independent power producers and other
commercial/industrial establishments 11 percent). In 1992, EPACT created the exempt wholesale generator
(EWG), another type of non-QF. EWGs differ from QFs in that (1) they are not required to meet PURPA's
cogeneration or renewable fuels limitations and (2) utilities are not required to purchase power from EWGs0

3For recent studies on energy subsidies, see The Alliance to Save Energy (1993) and Energy
Information Administration (1992). Also, Section 3015 of EPACT requires that the National Academy of
Sciences conduct a study on energy subsidies and report to Congress by April 24, 1994.

4See, for example, Oak Ridge National Laboratory and Resources for the Future (1992).
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(dis)incentives for entering into them. For example, the structure of a long-term fuel-
supply contract may not be appealing to an electric utility for any number of reasons,
including escalation costs over time, fuel delivery dates, and the like. Or, the structure
of a purchased-power contract may provide (dis)incentives for an electric utility to
purchase power from a given source,s Again, while contractual issues are important in
the electric power industry, the structure of contracts is well beyond the scope of
EPACT's Section 1205.

Third, the U.S. electric power industry consists of IOUs and, from Figure 1.1,
different types of publicly owned systems, including state and municipal utilities, federal
power projects (five power marketing agencies and the Tennessee Valley Authority), and
rural electric cooperatives.6 Although the investor-owned segment accounts for nearly
80 percent of the industry in terms of sales and investment, publicly owned systems also
make technology-adoption decisions. We focus here on IOUs because, for one, publicly
owned systems are not subject to federal income taxes and, therefore, federal tax policy--
by definition--is neither an incentive nor barrier to the adoption of renewable technologies
compared to conventional ones. Also, even in the minority of cases in which publicly
owned utilities are regulated by state commissions, they are not generally subject to rate-
of-return regulation as are IOUs. Therefore, ratemaking barriers and incentives do not
exist for publicly owned electric utilities as they do for IOUs.7

Finally, in this study, we consider electric power generation up to the busbar. No
attempt is made to look beyond electric power generation at, for example, incentives and
barriers to the use of the solar photovoltaic technology on transmission systems to
enhance reliability. And, from Figure 1.1, because electric utilities do not incur the taxes
that may be applied to export, wholesale, and retail electricity sales, these taxes are also
not considered a barrier to or incentive for adoption of renewable and conventional
generating technologies.

1.3. APPROACH USED IN THE STUDY

To conduct this study, we first quantified the capital and operating parameters of
11 electric generating alternatives, seven renewable and four conventional. The 11
options are:

= biomass with dedicated-plantation feedstock,
,, biomass with waste-wood feedstock
• geothermal

5Fora discussionof thetypesofpowercontractsnegotiatedbyNUGs,seeEdisonElectricInstitute
(1992).

S'l'echnically,ruralelectriccooperativesarenotpubliclyownedutilities.However,becausetheyare
notsubjecttofederalincometaxesandtheircapitalcostsaresubsidized,theyaregenerallytreatedaspublicly
owned(Hill,1988).

7Fora morelengthydiscussionof thesetaxandratemakingissues,seeHill(1988).
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,, hydroelectric
n solar-photovoltaic
[] solar-thermal
[] wind
[] coal
• combined cycle
• combustion turbine
[] nuclear

Each of the alternatives was assigned a hypothetical work load in a power system,
defined by its capacity factor. For example, the biomass and geothermal renewable
options are base-load plants and, therefore, given high capacity factors. On the other
hand, a combustion turbine unit is a peaking unit and, therefore, given a low capacity
factor. These issues are discussed fully in Section 3. The 11 technologies--and their
associated capital and operating costs--are technologically and financially feasible at the
present time. That is, we made no attempt to speculate on expected changes in the
costs of the technologies in the future. Also, all of the values defining the parameters are
in constant 1991 dollars as is the entire analysis.8 However, as shown in Section 5.4 in
which the results of our sensitivity studies are presented, conducting the analysis in
current dollars has no bearing on the conclusions.

Second, we constructed a financial regulatory model of the electric utility industry
that can handle ratemaking procedures and tax measures used in the U.S. electric utility
industry, including federal, state, and local taxes, the treatment of construction work in
progress, normalized vs. flow-through tax accounting, and fuel adjustment clauses. The
model is documented in Appendix A.

Third, we defined decisionmaking criteria used to evaluate geperating technolo-
gies. Because we examine incentives and barriers for both IOUs and NUGs, we use two
sets of decisionmaking criteria. For IOUs,we use primarily the levelized cost of producing
electricity from each of the 11 alternatives and, secondarily, their internal rate of return.
We do not look at interactions among the technologies within a given power delivery
system. Rather, we use individual project analysis of the type that would be used to
develop screening curves in electric-utility planning. Recognizing that NUGs are not
subject to rate-of-return regulation as are IOUs, we use the total internal rate of return
(IRR) and IRR-equity as measures of financial attractiveness for NUGs.

Under certain circumstances, it would be more appropriate to use IRR-equity as
the primary financial criterion for NUGs. This is especially true in analyzing individual
projects in which detailed financing information is known. Because we conducted this
study at an aggregated level, financial returns are calculated on the basis of a 'generic
project.' In real-world applications in which the relationships among project type, credit-
worthiness of the investor, leveraging of debt, and repayment schedules are clearly
defined, values of IRR-equity more accurately reflect the true return to equity
shareholders. In this study, the values of IRR-equityare included for information purposes

_'his is consistent with the approach recommended by the Electric Power Research Institute (1989).
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Fourth, we define a reference case for each of the 11 technologies and two
ownership types. Inthe reference case, we attempt to capture as closely as possible the
current tax measures and ratemaking procedures for IOUs and taxes for NUGs. In the
alternative scenarios, we estimate the effects of these taxes and procedures, include
effects of the following:

• all taxes,
• local property taxes,
• taxes on construction and operating inputs,
• state income taxes,
• federal income taxes,
• accelerated federal tax depreciation under the modified accelerated

cost recovery system provided for by the Tax Reform Act of 1986,
• federal production and investment tax credits for various renewable

technologies,
• an alternative minimum tax for NUGs,
• including construction work in progress (CWIP) in the rate base for

IOUs,
• flow-through tax accounting for IOUs, and
• a fuel adjustment clause for IOUs.

Fifth, using the financial regulatory model, we simulated the reference and
alternative scenarios for both IOUs and NUGs. The results for the alternative scenarios
were then indexed to the reference case. Comparing results for the scenarios indicates
the direction and extent to which tax measures and ratemaking procedures affect the
values of the decisionmaking criteria and, hence, whether or not the measures and
procedures are barriers or incencivesfor individual technologies. For example, comparing
values of levelized cost for the case in which all construction work in process is allowed
in the rate base and the reference case in which no CWlP is allowed shows whether or

not the ratemaking treatment of CWIP is a barrier or incentive for adoption of a
technology by an IOU.

Finally, we used the ratios calculated in the fifth step to define barriers and
incentives for renewable technologies compared with conventional ones. To accomplish
this, we examined the ratios of each renewable technology to see if the ratios are
significantly different from the corresponding ones for conventional technologies.
Significance was defined in terms of a five-percent threshhold in comparing the ratios for
a renewable technology to the average value of the ratios of conventional technologies
for each of the tax measures and ratemaking procedures. For IOUs, if the value of the
ratio for a renewable technology was more than five percent less than the corresponding
average value for conventional technologies, the measure or procedure is an 'incentive'

_Ll'heresults using total IRRand IRR-equityare very similar and major conclusions of the report wGuld
not change if IRR-equity were used as the sole clecisionmaking criterion. The interested reader should review
the results in Appendix B for confirmation of this conclusion.
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for the adoption of that renewable technology compared to conventional ones. Similarly,
if the value of the ratio for a renewable technology is more than five percent greater than
the corresponding average value for conventional technologies, the measure or
procedure is a 'barrier' to a_option of that renewable technology compared to
conventional ones. Because the decisionmaking criterion for NUGs is the internal rate
of return rather than levelized cost, the percentage differences from the average value for
conventional technologies are reversed in determining barriers and incentives for
renewable technologies.

1.4. OVERVIEWOF RESULTS

1.4.1. Effectson Investor-OwnedElectricUtilities

The data in Table 1.1 are a summary of the tax simulation results for IOUs. All of
the data are indexed to the reference case which was designed to be 'representative' of
the tax and ratemaking situations of a typical IOU. Specifically, (1) federal taxes on
income are 35 percent and various federal tax incentives such as accelerated
depreciation and investment and production tax credits are included; (2) state taxes on
income are six percent; (3) local taxes on property (valued on the basis of net book
value) are three percent; (4) no CWlP is allowed in the rate base; and (5) the benefits of
accelerated tax depreciation are normalized.

By indexing the results of the alternative scenarios to the reference case, we put
the data in Table 1.1 on a ratio basis, with values greater than 1.00 representing increases
in costs as a result of the various tax measures and values less than 1.00 representing
decreases. Therefore, using our definition of barriers and incentives, the 0.97 'effect of
all taxes' for dedicated-plantation biomass systems indicates that the taxes imposed on
these systems--i.e., the sum of local, state, and federal taxes--are incentives to adopting
that technology because these taxes decrease the levelized cost of producing electricity.
On the other hand, the 1.19 result for waste-wood biomass systems indicates that
imposing these same taxes on that technology is a barrier to adopting it by IOUs because
the taxes increase its levelized cost. Of course, it is these kind of results--and, more
important, their causes-- which are the subject of this study.

The results presented in Table 1.1 are disaggregated in Section 5. That is, many
more simulations for each category of taxes were run than are presented in the summary
data of Table 1.1. In Section 5.2.1, we present and discuss federal taxes in greater detail.
In Section 5.2.2, we present and interpret results using different bases for calculating
property taxes. Finally, in Section 5.2.3, we discuss input taxes at greater length.

As indicated in Table 1.1, local, state, and federal taxes and credits taken together
are a barrier to adopting five of the seven renewable and all conventional technologies.
The largest barrier is provided hydro in which taxes increase the levelized cost by 40
percent over the reference case. Taxes are an incentive for dedicated-plantation biomass
and wind technologies because of the financial advantages of the 1.5C/kWh production
tax credit which override all other tax effects. This will be discussed in greater detail in
Sections 5.2.1 for IOUs and 6.2.1 for NUGs.
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Table 1.1

Summary of Tax Effects on Levelized Costs,
Investor-Owned Utilities

(Cost Ratio of Case with Taxes to Case Without Taxes)
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Source: Section 5 in Text

Ratios greater than 1.0 indicatebarriers; ratios less than 1.0 indicate incentives.

a Because of multiple effects, individual tax effects cannot be summed to obtain the total effect.



Property taxes, based on the net book value of property, plant, and equipment,
increase the levelized cost of all technologies. Therefore, property taxes are a barrier for
the adoption of both conventional and renewable technologies. Looking at individual
technologies, property taxes increase the levelized costs of renewable technologies more
than conventional ones, especially for hydro, solar, and wind. The reason is that these
technologies are more capital intensive--i.e., higher capital-operating ratios (See Figure
5.1 in Section 5).

Taxes on inputs used to construct generating plants (i.e., sales taxes on energy
and materials, and payroll taxes on labor) and run them (i.e., sales taxes on operation
and maintenance expenses and payroll taxes on labor) affect renewable and conventional
technologies in a similar manner and to generally the same degree. Because they
increase their levelized costs, input taxes are barriers to adopting all technologies.

State income taxes have a nominal effect on all technologies. They are
incorporated in a manner similar to federal income taxes (i.e.,same tax-book depreciation
lives, normalized accounting for IOUs), but their effects are less than federal income taxes
because a six-percent rate rather than a 35-percent rate is used.

Federal income taxes have very different effects on conventional and renewable
technologies. For all conventional technologies, the effect of federal income taxes is to
increase their levelized cost and, therefore, pose a barrier for adopting the technologies.
With the exception of waste biomass and hydro, this is not the case for renewable
technologies. Here, the effect of federal taxes is to reduce the levelized cost of the
technologies and, thereTore,provide an incentive for their adoption. The reasons are the
certain provisions of the federal tax code allowing greater accelerated depreciation rates
for most renewable technologies than conventional ones, an investment tax credit for
solar and geothermal technologies, and a 1.5C/kWh production credit for dedicated-
plantation biomass and wind technologies. These effects are discussed in greater detail
in the context of federal taxes in Sections 5 and 6.

InTable 1.2,we summarize the simulation results for ratemaking procedures used
by IOUs. The reference case for the results in Table 1.2 is the same as that used for
Table 1.1. The ratios also have the same interpretation as Table 1.1.

Allowing all CWIP in the rate base has a nominal effect on the levelized costs of
all generating technologies, renewable and conventional. The major effect of CWlP is on
cash flow, and not the levelized cost of the technologies. This is illustrated in Figure 5.6
in Section 5. Similar to the effects of allowing CWIP in the rate base, lagging the time
period over which fuel costs are allowed for ratemaking purposes has a nominal effect
on the levelized cost of the technologies.

Flowing the tax benefits of accelerated depreciation directly to ratepayers in the
year in which the benefits are received for tax purposes--rather than normalizing them and
creating a deferred reserve--increases the levelized costs of all technologies because
current tax law also requires that tax depreciation lives increase when flow-through tax
accounting is used. Normalized vs. flow-through accounting is discussed in greater detail
in Section 4.
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Table 1.2
Summary of Ratemaking Effects on Levelized Cost

Investor-OwnedUtilities
(costRatioofCasewithRatemakingProceduretoCaseWithout)

Effectof Not Effectof
IncludingCWlP Normalizing Effectof Automatic

GeneratingType in RateBase Taxesin RateBase FuelAdjustments

Renewable

Biomass-Plantation 1.00 0.98 1.00
Biomass-Waste 1.00 0.98 1,00
Geothermal 1.00 0.94 1.00

Hydro 1.00 0.90 1.00
Solar-Photovoltaic 1.00 0.89 1.00
Solar-Thermal 1.00 0.90 , 1.00
Wind 1.00 0.89 1.00

Conventional

Coal 1.00 0.98 1.00

CombinedCycle 1.00 0.98 1.00
CombustionTurbine 1.00 0.98 1.00
Nuclear 1.00 1.03 1,00

Source:Section5 in Text

1.4.2, Effectson NonutilityGenerators

Summary results for NUGs are presented in Table 1.3. For tax measures,the
referencecase for NUGs is the same as that for IOUs in Tables 1.1 and 1,2. Because

NUGs are not subject to the ratemaking procedures that IOUs are, CWIP and tax
normalizationare not applicable and not included in the referencecase or any of the
scenarios. Also, becausethe decisionmakingcriterionused as the basisfor the results
presented in Table 1.3 is the internal rate of return (IRR), values greater than 1.00
representincentivesfor the technology,whilevaluesless than 1.00 are barriers--directly
oppositeto the interpretationof Tables 1.1 and 1.2.

With minorexceptions,the taxationbarriersand incentivesfor IOUs in Table 1,1
for propertytaxes,inputtaxes,statetaxes,and federaltaxesare similarto thosefor NUGs
shown inTable 1.3, The main differencebetween IOUs and NUGs is the effectof the
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Table 1.3

Summary of Tax Effects on Internal Rate of Return,

Nonutility Generators

(Ratio of IRR of Case with Taxes to Case Without Taxes )
|
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I
|
I
!
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...," Hydro 0.71 0.83 0.93 1.00 0.99 _ 0.91
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Wind 1.35 0.75 0.88 1.06 3.58 *t 0.65

!
!

Conventional
I

Coal 0.64 I 0.84 0.87 0.99 0.93 t 0.97
!

Combined Cycle 0.56 0.80 0.83 0.99 0.90 _ 0.98
!

Combustion Turbine 0.56 0.78 0.83 0.99 0.96 , 0.94
I

Nuclear 0.67 0.85 0.87 0.99 0.96 , 0.94
I

Source. Section 6 in Text

Ratios greater than 1.0 indicate incentives; ratios less than 1.0 indicate barriers.

a Because of multiple effects, individual tax effects cannot be summed to obtain the total effect.



AMT. For noncorporate and corporate entities to which the AMT applies, the AMT is a
significant barrier to adoption of all technologies--but primarily renewable technologies
which benefit to a larger extent than conventional ones from certain provisions of the
federal tax code. From Table 1.3, the federal income tax and its special provisions
increase the IRR for dedicated-plantation biomass systems by more than 400 percent
from the reference case. If the corporate entity building the plant were subject to the
AMT, however, those federal tax advantages would be totally lost.

1.4.3. BarriersTo and IncentivesFor RenewableTechnologies

The ratios in Tables 1.1 through 1.3 indicate how tax measures and ratemaking
procedures affect the decisionmaking criteria used by IOUs and NUGs in evaluating
individual technologies. We use that data in this section to determine the types of taxes
and ratemaking procedures that are barriers to or incentives for renewable technologies
compared to conventional ones. Concisely, a tax or rate procedure is an incentive for the
adoption of a renewable technology by IOUs if its ratio in Table 1.1 or 1.2 is more than
five percent less than the corresponding average value for all conventional ones. It is a
barrier if the ratio is more than five percent greater. For NUGs, the direction of change
from the average value of conventionals is reversed for barriers and incentives. This is
discussed in greater detail in Section 7.3.

The results on barriers and incentives for renewable technologies are summarized
in Tables 1.4 and 1.5 for IOUs and NUGs, respectively. The results show that tax
measures and ratemaking procedures are both barriers and incentives, depending on the
measure or procedure and whether the decisionmaker is an IOU or a NUG. More
specifically, five important conclusions emerge from the data in Tables 1.4 and 1.5.

First,certain federal income tax laws provide incentives for IOUsto invest in most
renewable technologies. Short tax depreciation lives provide incentives for solar, wind,
and geothermal technologies. Additional incentives are provided by the investment tax
credit for solar and geothermal technologies and a 1.5C/kWh production tax credit for
dedicated-plantation biomass and wind technologies.

Second, short tax depreciation lives, the investment tax credit, and the production
tax credit also provide incentives to a NUG to adopt renewable technologies if the NUG
is not subject to the alternative minimum tax (AMT).

Third, if a NUG is subject to the AMT, the NUG is not able to take full advantage
of the federal tax incentives for renewables and, therefore, the federal tax laws become
a barrier to the adoption of these technologies.

Fourth, local property taxes are barriers to the adoption of capital-intensive
renewable technologies. This conclusion is robust under different assumptions about the
bases used for calculating property taxes.

Fifth, for the ratemaking procedures for IOUs that we modeled--automatic fuel
adjustment clauses vs. adjusting for fuel costs in rate cases, the inclusion in the rate base
of construction work in progress (CWlP) vs. the calculation of allowance for funds used
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Table 1.4

Summary of Barriers To and Incentives For Renewable Technologies
Comparison With Conventional Technologies

Investor-Owned Utilities

Measure/ Biomass Biomass Solar Solar
Procedure Plantation Waste Geothermal Hydro PV Thermal Wind

Taxation Effects:
AllTaxes I - B B - I

Local PropertyTaxes - B B B B
Taxes on Inputs - - -
State Income Taxes - - -
Federal Income Taxes" I - I I I I

AcceleratedDepreciation=' - I I I I I
Federal Tax Creditsc I NA NA NA NA NA I

Ratemaking Effects:
No CWIP in the Rate Base - - -
Tax Normalization - I I I I
Fuel AdjustmentClauses - - -

SOURCE:Table7.1 inSection7.3,

A 'B'indicatesthatthetax measureorratemakingprocedureis a barrierto adoptingthetechnologybased
oncomparisonwithconventionaltechnologies.An'1'indicatesthatthetaxmeasureorratemakingprocedure
isan incentiveforadoptingthetechnologybasedoncomparisonwithconventionaltechnologies.An 'NA'
indicatesthatthemeasureisnotapplicabletothetechnology.An'-' indicatesthatthe measureorprocedure
isapplicable,butthevalueofthe ratioiswithin+__fivepercentofthe averageforconventionaltechnologies.

9ncludesthe effectsofall federalincometaxes,includingaccelerateddepreciation,and federalproduction
and investmenttax credits.

9ncludesthe effectsof accelerateddepreciationexclusively.

Clncludesthe effectsof federalproductionand investmenttax creditsexclusively.

• III I I III1" II I II

during construction (AFUDC), and normalization vs. flowing taxes through the rate base--
the automatic fuel adjustment clause and CWlP have minimal effect on the selection of
generation resources. Normalization is an incentive for hydro, solar, and wind
technologies.

1.5. REMAINDER OF THE REPORT

The remainder of the report is divided into six sections with three supporting,
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Table 1.5

Summary of Barriers To and Incentives For Renewable Technologies
Comparison With Conventional Technologies

Nonutility Generators

Measure/ Biomass Biomass Solar Solar
Procedure Plantation Waste Geothermal Hydro PV Thermal Wind

All Taxes I I I I I I I
Local Property Taxes - - B
Taxes on Inputs - I I I -
State Income Taxes I - I
Federal Income Taxes" I I I I I I I

Accelerated Depreciation b I I I I I I
Federal Tax Creditsc I NA I NA I I I
Alternative Minimum Taxd B B B B B B B

SOURCE:Table7.2in Section7.3.

A 'B' Indicatesthat the tax measureor ratemakingprocedureis a barrierto adoptingthetechnologybased
on comparisonwithconventionaltechnologies.An T indicatesthatthetax measureor ratemakingprocedure
is an incentivefor adoptingthe technologybasedon comparisonwithconventionaltechnologies. An 'NA'
indicatesthatthe measureis not applicableto thetechnology.An 'o'indicatesthat themeasureor procedure
isapplicable,but thevalueof the ratiois within+ five percentof theaveragefor conventionaltechnologies.

alncludesthe effectsof all federalincometaxes,includingaccelerateddepreciation,and federalproduction
and investmenttax credits.

blncludesthe effectsof accelerateddepreciationexclusively.

Clncludesthe effectsof federalproductionand investmenttaxcredits exclusively.

dlncludes the effects of the alternative minimum tax.

technical appendices. In Section 2, we discuss differences between individual project
analysis of the type conducted in this study and system-wide, electric-utility planning.
Integrated resource planning is seen as the latest method in the evolution of electric-
utility planning. In Section 3, we quantify the technical cost and engineering parameters
of the seven renewable and four conventional electric generating technologies considered
in the study, along with the time path of construction expenditures for those technologies
and assumptions about the real cost of fuel.

in Sections 4 through 6, we present the detailed results of the study. In Section
4, the simulation scenarios are defined in the context of existing taxation procedures for
IOUs and NUGs and ratemaking procedures for IOUs. Actual simulation results and their
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interpretation for IOUs and NUGs are presented in Sections 5 and 6, respectively. A
summary of all of the results is follcwed by a discussion of the key findings.

A synthesis of the study and its conclusions are presented in Section 7. In this
section, we determine the taxation and ratemaking barriers and incentives for adopting
renewable technologies compared to conventional ones and place those results in the
context of the process of electric-utility decisionmaking, risk, and public policy toward
conventional and renewable technologies.

In Appendices A, B, and C, we provide technical details on both inputs and
outputs of the study. The model used to simulate the taxation and ratemaking scenarios
is described in Appendix A. Results of all the simulations are provided in more detail in
Appendix B. The raw data used to determine whether or not a tax or ratemaking
procedure is a relative barrier to or incentive for renewable technologies are presented
in Appendix C.
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2. DECISIONMAKINGCRITERIAAND RESOURCESELECTION

2.1. INDIVIDUALPROJECTANALYSIS

Inthis study, conventional and renewable technologies were evaluated individually.
Values were assigned to key parameters (to be discussed in Section 3) with no
interaction allowed between generating alternatives. Therefore, the amount of time that
the technologies are used during the course of a year (i.e., their capacity factors) are not
based on system optimization, but were predetermined and provided from published
sources. For example, the relative costs of fuel inputs did not determine if a technology
should be adopted or the amount of time it was used during a year. Rather,the running
rate was determined exogenously.

2.2. SYSTEM PLANNING

In real-world electric-utility planning, of course, much more sophisticated
techniques are used to evaluate electric generating alternatives. Historically, capacity
expansion modeling has allowed utilities to trade off technology characteristics based on
peak-load projections, projected load duration curves, fuel price forecasts, and other
characteristics of their power delivery systems. The degree of sophistication depends on
the goals and resources of the utility. An approach that has the capability to

• determine an optimal mix of resources,
• characterize demand for 8,760 hours in every year of the planning horizon,
• determine the variable costs of employing supply-side resources,
• simulate the financial performance of the utility, and
• include uncertainties in resource selection

tends to be very large and complex with significant data requirements.

Therefore, the alternatives were evaluated under "laboratory conditions." That is,
no attempt was made to emulate a utility's entire planning process. That process would
normally include uncertainty and financial analyses of the type discussed above in
addition to the 'screening curve' approach used in this study. If uncertainty and financial
analyses were conducted, it could lead to final resource portfolios different from those
suggested by the analysis here.

2.3. EFFECTS OF INTEGRATEDRESOURCEPLANNING

The integrated resource planning (IRP)process complicates utility planning even
more. In the IRP process, demand-side management (DSM) resources are placed on an
equal footing with both conventional and renewable electric generating alternatives. The
process is complicated by the different fundamental characteristics of demand and supply
resources because they have different economic and reliability attributes. For example,
DSM programs such as those used for load management during peak summer months
are not available throughout the course of a year and do not have the same reliability
characteristics as renewable and conventional generating alternatives.
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The importance of IRP in the selection of resources by electric utilities is that
utilities now have more options to choose from, more alternatives 'competing' to satisfy
projected load and energy requirements. By all accounts, the process is expected to
result in the selection of more DSM resources--at the expense of renewable and
conventional supply. It is expected, for example, that DSM resources will provide as
much as 30 percent of the incremental capacity needs from 1990 to 2000 in the United
States (Schweitzer, Hirst, and Hill, 1991).

In some IRPprocesses, renewable options can compete with conventional options
better using decisionmaking criteria other than revenue requirements. For example, some
states require a societal test in IRP that requires utilities to look at the total cost of
providing the electricity service, including environmental costs. To the extent that
renewable options result in less harmful environmental emissions than conventional
generating alternatives, their chances of adoption are improved using the societal test.
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3. GENER,_TINGALTERNATIVES

3.1. OVERVIEW

InTables 3.1 through 3.3, we summarizethe financial and technology assumptions
used to characterize the seven renewable and four conventional technologies. The
primary sources of information for the data in these tables were a recent study of
renewable technologies commissioned by the National Association of Regulatory Utility
Commissioners (Hamrin and Rader,1993),the Assumptions for the Annual EnergyOutlook
1993 (Energy Information Administration, 1993)and the Electric Power Research Institute's
Technical Assessment Guide on electricity supply options (EPRI, 1989). Other sources
cross-checked for consistency are listed in Table 31. The data were also checked for
consistency with the assumptions underlying the National Energy Strategy (DOE,
1991/1992).

Two biomass technologies are considered because of provisions of the Energy
Policy Act of 1992. Under that legislation, closed-loop biomass systems, in which tree
plantations are dedicated to produce feedstock for boilers, are eligible for a $0.015/kWh
production incentive if certain conditions are met. Waste-wood biomass systems are not
eligible for the credit. Other types of technologies are generally representative of typical
power system construction. For most technologies, the region is the Midwest. However,
for some renewable technologies such as solar and geothermal, the western part of the
United States is applicable. Renewable and conventional technologies are described in
greater detail in Sections 3.2 and 3.3, respectively.

The capacities included for each of the technologies are representative of what
would currently be constructed, consistent with information available on characteristics
of the technology. For renewable technologies, capacities were generally taken from
Hamrin and Rader (1993) consistent with the corresponding construction periods
provided by EPRI (1989). For conventional technologies, capacities were also based on
EPRI(1989) assumptions.

The assumed usage or capacity factors for renewable alternatives are based on
data provided by Hamrin and Rader (1993), cross-referenced with the sources listed in
Table 3.1. Therefore, given the data in Table 3.1, the only base-load renewable
alternatives are biomass and geothermal plants with capacity factors of 70 percent or
greater. The hydro alternative chosen for consideration here with a 45 percent capacity
factor performs an intermediate duty in the load order. The capacity factors chosen for
the conventional alternatives reflect their assumed load duties and are consistent with
their relative capital and operating costs. Forexample, the combustion turbine option has
a capacity factor of 10 percent and is used for peaking purposes, consistent with its
relatively low capital cost. The combined cycle unit with a 30-percent capacity factor is
an intermediate unit, while the coal and nuclear units are used for base-load purposes.
The capacity factors for conventional alternatives are generally the ones used for planning
purposes (EIA, 1993a; DOE, 1991/1992; and EPRI, 1989).

The total amount of time to construct each of the generating alternatives was
taken from EPRI (1989). The total amount consists of a 'preconstruction, licensing,
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Table 3.1

Cost and Engineering Assumptions
Renewable and Conventional Generating Altematives

Plant Fuel O&M Costs=

Generating Heat Rate Capacity Usage b Construct c Cost d Cost e Variable Fixed
Type (Btu/kWh) (MW) (%) (Years) ($/kW) Type ($/MWh) ($/MWh) ($/kW)

Renewable

Biomass-Plantation 13,648 50 70 4 1,570 Wood 37.53 9.00 f
Biomass-Waste 13,648 50 70 4 1,570 Wood 27.30 9.00 f
Geothermal NA 60 81 4 2,400 NA NA 10.00 150.00
Hydro NA 100 45 6 1,067 NA NA 2.00 6.40

ro Solar-Photovoltaic NA 5 22 2 7,200 NA NA 5.00 f
Solar-Thermal NA 80 20 2 2,885 NA NA 22.60 f
Wind NA 50 30 2 1,070 NA NA 10.00 f

Conventional

Coal 10,060 300 65 6 1,51 2 Coal 14.60 7.00 30.30
Combined Cycle 8,140 120 30 4 590 Gas 19.40 2.20 8.40
Combustion Turbine 13,1 O0 80 10 2 342 Gas 31.20 5.00 0.50
Nuclear 10,530 1,300 70 7 1,548 Uran 4.80 15.00 65.00

SOURCES:Energy InformationAdministration(1993); Hamrin and Rader (1993); Electric Power Research Institute (1992); Palmerini(1993); National
Renewable Energy Laboratory (1990); DeLaquil et al. (1993); American Solar Energy Society (1992); and Department of Energy (1991/1992).

NA - Not Applicable.



Table 3.1 (Cont.)
Footnotes

aExcluding fuel costs.

bCapacity factor--i.e., the portion of the annual maximum number of hours (i.e., 8,760) that the plant is used. The assumed capacity
factors are the ones used for the National Energy Strategy (DOE, 1991/1992).

_he number of years that it takes to construct the plant. The portion of total expenditures for each year is presented in Table 2. Data
,_ for coal, combined cycle, combustion turbine, and hydro generating plant types is that used for the Annual Energy Outlook, 1993 (EIA,
co 1993). Data for other generating types were obtained from multiple sources, including phone conversations with industry experts.

dOvernight construction costs. Data were obtained from multiple sources including EIA (1993), Hamrin and Rader (1993), and ASES.

_l-he cost of fuel in 1991. The assumed growth in fuel prices is presented in Table 3.3 and was obtained from the Annual Energy
Outlook, 1993 (EIA, 1993).

flncluded in the cost of the plant.



Table 3.2

Expenditures
Renewable and Conventional Generating Alternatives

Renewable Generating Alternatives Conventional Generating Alternatives

Solar Solar Coal Comb. Comb.

Biomass a Geothml Hydro Therm PV Wind Steam Cycle Turbine Nuclear

Capacity (MW) 50 60 1O0 80 5 50 300 120 80 1,300
Construction Cost (1991 $Million) b 78.5 144.0 106.7 230.8 36.0 53.5 453.6 70.8 27.4 2,012.4

Construction Expenditures (%)
,co (Years before coming on line)j_

1 38 38 20 75 75 75 20 38 75 8
2 37 37 25 25 25 25 25 37 25 15
3 13 13 30 30 13 30
4 12 12 13 13 12 30
5 9 9 15
6 3 3 1
7 1

Total 1O0 1O0 1O0 1O0 1O0 1O0 1O0 1O0 1O0

SOURCES: Table 1, Electric Power Research Institute (1989), and Energy Information Administration (1993).

"The amounts are the same for plants that use both dedicated plantations and waste wood.

='Overnight costs.
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Table 3.3
Assumed Growth in Fuel Prices

1993-2022

Biomass
Natural Nuclear

Period Coal Gas Fuel Waste Plantation

Fuel PriceAmounts:
($1991perMMBtu)

1991 1.45 2.38 1.41 2.00 2.75

Growth in Fuel Prices:
(Averageannual%growthrates)

1992-2021 1.3 3,2 0.0 1.0a 0.0

SOURCE:CalculatedfromEnergyInformationAdministration(1993).

=Assumedtogrowat1.0%peryearforthefirst10years.

and design' period and an 'idealized' plant constructiontime. For the renewable
technologiesand coal,combined-cycle,and combustion-turbinealternatives,the number
of years in each of these phaseswere evenlydivided. For the nuclear alternative,the
idealized plant constructiontime was five years. The time stream of expendituresin
percentage terms for those constructionperiods are provided in Table 3.2. Where
possible,an attempt was made to make the time streamsconsistentwith those used by
EIA in producing the Annua/ Energy Out/ook (EIA, 1993). However, construction
expendituresare site-and region-specific.To showthat ourconclusionsare invariantto
assumptionsaboutthe timestreamofconstructionexpenditures,sensitivityanalyseswere
performedfor someof the technologies. The resultsof these analysesare presentedinSection 5.4.

The capital and operating costs in 1991 dollars for renewable alternativeswere
generally taken from Hamrin and Rader (1993). The amounts were cross-referenced for

consistency with the other sources listed in Table 3.1. The current capital and operating
costs for conventional alternatives are the same as those used by EIA in the Annual
Energy Outlook (EIA, 1993). Fossil and nuclear fuel costs and their projected growth over
the next 30 years (Table 3.3) are based on forecasts in the Annual Energy Outlook (EIA,
1993). Plantation and waste-wood fuel costs are based on Hamrin and Rader (1993),
cross-referenced with EPRI (1992).
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3.2. RENEWABLEALTERNATIVES

This section lists key variables and qualifying assumptionsfor each of the
renewable technologies. There is no single source of informationthat providespoint
estimates for all of the variables required for this study. However, a recent study
completedby Hamrinand Rader (1993)is relativelycomprehensiveand was chosen as
the source for most of the plant and cost leveldata. Where Hamrin and Rader provide
Intervalestimatesforkey variables,studiesbythe AmericanSolarEnergySociety(1992),
Johanssonet al. (1993), DOE (1992), and NREL (1990) are used to reduce the Hamrin
and Rader range to a pointestimateand/or to providea verification. As with all studies
that provide informationon a wide range of technologies,the basic information are
abstractedfrom secondary literaturesourcesand existingstudies. Althoughthere may
be slight inconsistenciesamong underlyingassumptionsgiventhe differingsources of
information,these inconsistenciesare considered minor relative to the uncertainties
inherentinthe estimatesof capital,fuel, and operatingcosts. For alltechnologieslisted
below, costdata are reported in constant1991 dollars.

3.2.1. Biomass

The data are for a conventionalsteam-turbine(spreader-stoker) operating at a net
efficiencyof about 25%. Plant, fuel, and operatingdata are derived from Hamrinand
Rader (1993). Their estimateof the installedcapitalcost for the plant is higher than an
estimateprovidedby USDOE(1992). The USDOEestimate($1366/kW) is about$200/kW
less. However, Hamrin and Rader report lower non-fueloperating costs ($O.O09/kWh
versus$0.0135/kWh). Bothof thesesourcesareconsistentwiththeactual installedcosts
for a similarsizedfacilityusingconventionalconversiontechnology. Actualcapitalcosts
for the 57 MW McNeil plant (Burlington,VT) were about $80 millionor $1410/kW with
annualoperatingand fuel costsof $19.6 million(EPRI, 1992). All reportsimilarcapacity
factors and fuel costsof $2.00/MMBtu.

3.2.2. Geothermal

The geothermal plant is assumed to use a hydrothermal system (geopressured,
hot dry rock, and magma systems, which may offer more promise, are not technologically
mature). The costs for hydrothermal systems vary widely and are a function of the
resource (dominated by water or steam), the amount of drilling and depth, the productivity
per well, the type of gathering system required, and the required environmental controls
(reinjection of fluids). Palmerini (1993) reports electricity costs ranging from a low of
about $O.03/kWh to over SO.lO/kWh (Palmerini, 1993). Hamrin and Rader (1993) cite
capital costs from $2400 to $3100/kW. The Interlaboratory White Paper reports capital
costs at $1800/kW in 1989 dollars (NREL,1990)0 Using the mean of data (well depth, well
productivity, etc.) contained in Palmerini implies costs toward the lower end of the $2400
to $3100/kW range. Capital costs were therefore assumed to be at the lower end of the
cost interval provided by Hamrin and Rader--$2400/kW,including all net costs of drilling.
All other data are taken directly from Hamrin and Rader.
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3.2.3. Hydroelectric

The hydro technology is assumed to be run-of-the-river utilizing off-the-shelf
equipment. The costs of hydro projects are highly site dependent and will vary with
topography (e.g., civilworks), resourceconditions(head and flow), distanceto nearest
transmissionline, andthe extentof environmentalmitigation(e.g., fish passage facilities)
measuresthat may be required. There are no fuel costs withthe operation of a hydro
facility. Non-fuel O&M costs tend to be low. However,these costs can increaseif the
facilityis requiredto provideminimumfish flowsthat resultinlostgeneration,to maintain
some thresholddissolvedoxygen level,and to operate fish passage facilities. The cost
and plant informationare derivedfrom Hamrin and Rader. Hamrin and Raderapparently
derived their data from the InterlaboratoryWhite Paper,which uses informationfrom a
1986 DOE/EIA report. Hamrin and Rader estimatewas inflatedto 1991 dollars.

3.2.4. SolarThermal

The solar thermal application is based on parabolic trough technology. (Solar
thermal systems relying on central receivers and parabolic dishes have not been
commercialized), The only commercial solar thermal system in use is manufactured by
Luz. This system uses natural gas as a backup system. The natural gas backup allows
electricity to be sold as firm power during peak load periods. Hamrin and Rader report
costs of $3500/kW with the natural gas backup. Capital costs without the natural gas
backup are reported by ASES at $2885/kW with O&M costs of about $0,022 to
$0.03/kWh. The ASES data are also consistent with those found in DeLaquil et al. (1993)
--$2800-$3500/kW capital and $0,018-$0.025/kWh. In this application, the ASES estimate
was used.

3.2.5. Solar Photovoltaic

Photovoltaic systemsare generally cost effectivesources of power for remote and
stand-alone applications as well as for a variety of consumer products. Capital costs are
relatively high, Hamrin and Rader provide a total installed capital cost range of $6200 to
$9000/kW. This estimate includes all balance-of-system components. A point estimate
is provided by the ASES at $7200/kW. Both sources report O&M costs at about
$0,005/kWh.

3.2.6. Wind

Plant and cost data for a utility-scalewind farm isderived in part from ASES (1992)
and Hamrin and Rader (1993). The wind farm is assumed to consist of 250 turbines with
each having a rated power output of 200 kW. The installed capital costs for a wind farm
are estimated to range between $1000 and $1200/kW (Hamrin and Rader). ASES
estimates total capital costs at $1070/kW, O&M costs are placed at from $0.01 to
$0,015/kWh by Hamrin and Rader and slightly less than $0.01/kWh by ASES. Capacity
factors for wind systems range between 25% and 30%.
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3.3. CONVENTIONAL ALTERNATIVES

In contrast to the renewable alternatives (with the exception of hydro), many more
conventional plants exist with years of operating experience and, therefore, much more
information and data on their operating characteristics. For the study, we tried to select
'representative' plant types. For the coal alternative, for example, we selected a plant that
would likely operate in the midwestern portion of the country.

3.3.1. Coal

The data in Table 3.1 represent a 300-MW, coal-fired steam unit with flue gas
desulfurization(FGD). The unit is assumedto burn Illinoisbituminous,high-sulfurcoal
and is located in the East/WestCentral portionof the country. The majorcomponents
of the plant includecoal-handlingequipment,steam-generatorisland,turbine-generator
island,FGD system,bottomandfly ash handlingsystem,andthe stack. The FGD system
achieves90% SO2 removal.

3.3.2. CombinedCycle

The combined cycle plant is a conventional unit burning natural gas and is used
in the East/West Central region of the country. Combustion turbine generators account
for two-thirds of the power and one-third comes from a steam turbine generator. A heat
recovery system accounting for the steam generation improves the efficiency of the
system. NOx emissions are controlled by injecting water or steam into the combustor.
More stringent NOx emission standards may require selective catalytic reduction.

3.3.3. CombustionTurbine

The combustion turbine is a conventional system that would be constructed in the
East/West Central portion of the country. The unit consists of an air compressor, a
combustor, and an expansion turbine. NOx emissions are controlled by injecting water
or steam into the combustor. Because the power output of a combustion turbine is very
sensitive to the ambient temperature, it is assumed that the ambient temperature for the
data presented in Table 3.1 is 59° .

3.3.4. Nuclear

The data for the nuclear unit are based on current experience for building large,
commercial nuclear power plants of U.S. design world-wide. We are basing our analysis
on two U.S. advanced boiling water reactor units that are under construction for the
Tokyo Electric Power Company at the Kashiwazaki-Kariwa site, and the construction time
from first concrete pour to fuel load is expected to be less than four years. Additionally,
four U.S. pressurized water reactor units are under construction in Korea and also will be
completed in less than four years. For a U.So application, we assume a five-year
construction period and, with passage of EPACT,a two-year licensing period for a total
construction and licensing period of seven years (Table 3.2). Nuclear plants in operation
in the U.S. are experiencing total O&M (fixed and variable) costs as low as 8 mills/kWh,
but averaging 15 mills/kWh; and capacity factors exceeding 90 percent, but averaging 70
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percent. Although it is expected that Advanced Light Water Reactors, to be completed
in the next decade, will achieve a lower average O&M cost and a higher average capacity
factor, this study assumes actual experiences to date.
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4. TAXATION, RATEMAKING,AND DEFINITION OF SCENARIOS

In this section, we define the scenarios that will be simulated using the financial
regulatory model described in Appendix A, The scenarios are placed in the context of
current taxation and ratemaking policies. That is, each variant from the reference scenario
is chosen to reflect departures from existing federal, state, and local tax laws and the
application of ratemaking principles in individual states.

The reference scenario is defined in Section 4.1. For IOUs and NUGs, tax
scenarios deviating from the reference scenario are defined in Section 4.2. For IOUs
exclusively, ratemaking scenarios deviating from the reference scenario are defined in
Section 4.3.

4.1. REFERENCESCENARIO

In the reference scenario, we define financial conditions for IOUs and NUGs that
come as close as possible to representing the types of conditions that a typical IOU or
NUG would confront in the real world, recognizing differences in ratemaking and tax types
across the 50 states. We assume that the typical IOU or NUG is subject to the following:

• 3% local property taxes,
• sales and payroll taxes on construction and operating expenses
• 6% state income taxes,
• 35% federal incometax,
• differencesbetween tax and book depreciationfor federal and state

income taxes, dependingon the type of ownershipand the type of
technology(defined in Table 4.3),

• federal productiontax credits for integrated biomass systemsand wind
technologies,and

• federal investmenttax creditsfor solarand geothermaltechnologies.

In addition, for IOUs we assume that (1) no CWIP is allowed in the rate base for
ratemaking purposes, (2) all differences between tax provisions for tax and book
purposes are 'normalized' in determining rates, and (3) all assumed changes in the real
cost of fuels are passed on to the ratepayer in the year in which they are experienced by
the utility.

in addition to the tax and ratemaking factors considered above, financial
parameters applicable to the utility or NUG are defined to execute the financial regulatory
model described in Appendix A. In Table 4.1, we show these parameters for IOUs, along
with representative values. In most cases, the title of the input parameter is self-
explanatory. Debt ratio is the percentage of assets financed through debt. This study
used constant dollars for its analysis and no inflation. Consequently, average allowed
returns on debt and equity were reduced by 4% points from real world values averaging
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o 1
9% and 11%. Construction and O&M cost escalation rates were kept at 0%. Fuel
escalation rates varied, depending on the type of fuel. Table 3.3 shows the rates used
for fuel costs.

I

Table 4.1
Financial Parameters for Investor-Owned Utilities

P_,ameter Value Parameter Value

Work Capital % of O&M 12.5% CWlP allowed in Rates "

Debt Ratio 5096 Normalized Tax Yes

Labor Tax Rate 10% Interest Rate 5.0%

Energy Tax Rate 5.0% Allowed Return on Equity 7.0%

Material Tax Rate 5.0% Fuel Recover Lag, years "

Land Tax Rate 5.3% Fed. Income Tax Rate 35%
n

Construction Escalation rate State Income Tax Rate 6%
8

O&M Escalation rate Property Tax Rate 3.00%
a

Fuel Escalation rate Property Tax Method Net Book

aValuesdependon thespecificcircumstancesofthescenariosthataresimulated.

A working capital accot_nt was established equal to 12.5% of the next year's
operations and maintenance cost. This caus_.d the utility to issue additional equity and
debt the year before operation and to recover this money in the last year of operation.

Similar financial information for NUGs is presented inTable 4.2. Most financial data
is the same as for the IOUreference scenario. Parametersthat are different are the sales

price, the debt ratio, and flags to use the alternative minimum tax and/or the carry forward
of tax losses. The debt ratio was set at 80% for the NUG scenarios. This reflects the
increased use of debt by nnn-utility generators in the construction of their plants.

The sales price is equal to the levelized cost to customers from the reference IOU
scenario for each technology. This means that for each technology, as far as customers

1Relaxingthe constant.dollarassumptiondoesnot affecttheconclusionsof the study. Simulation
resultsusingcurrentdollarsarereportedinSection5.4.
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Table 4.2
Financial Parametersfor Non-UtilityGenerators

Parameter Value Parameter Value

NUG Sales Price, C/kWh " Alternative Minimum Tax No

Debt Ratio 80% CarryForward Losses No

LaborTax Rate 10% InterestRate 5.0%

Energy Tax Rate 5.0% Work Capital% of O&M 12.5%

MaterialTax Rate 5.0% Fed. IncomeTax Rate 35%

Land Tax Rate 5.3% State IncomeTax Rate 6%

ConstructionEscalationrate ° PropertyTax Rate 3%

O&M Escalationrate = Property Tax Method Net Book
a

Fuel Escalationrate

"Valuesdependonthespecificcircumstancesofthescenariosthataresimulated.

III I

are concerned, the cost of either the IOUscene,rio or NUG scenario are the same. It also
makes the utilities relatively indifferent to the ownership. The net effect is to remove the
NUG price as a major factor in this analysis.

4.2. ALTERNATIVETAX SCENARIOS FOR IOUs AND NUGs

After the reference scenarios were established, a number of variations on the
differenttax rates and tax methods were performed. These were done to identify the
relativeimpact of each parameteron the key criteria. By identifyingtax parametersthat
had a significantlydifferenteffect on renewablesversus conventionaltechnologies,we
could identifythose which may create a disincentivefor one or the other.

Synergiesexisted among some of the input parameters. Modifying one of the
variablesamplifiedthe effect of others.To study this in more detail, we ran combined
scenarios and measured their results against the scenarios with only one of the
parametersaltered.

4.2.1. Effectof AllTaxes

The first variation to the reference case was to run each technology with no taxes
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of any kind. This also meant that tax credits were set at zero.

4.2.2. PropertyTax Effects

We used a property tax rate of 3% of the net book value of the plant and
equipment, including land, in the reference scenarios. We based this on an analysis of
the typical rate charged by states and localities, when adjusted for differences in
assessment value used as a percentage of full assessed value. Net book value (gross
plant and equipment less depreciation) was used as representative of the market value
assessment that would be placed on a plant.

In reality, property taxes vary across the country by wide amounts, depending
largely on local tax needs. According to the report from the U. S. Advisory Commission
on Intergovernmental Relations, tax rates can vary from less than 1% to over 10% in
different localities. Generating plants are usually located in rural areas, which tend to have
lower property tax rates. However, these plants are often the major source of revenues
for local governmental needs such as schools and fire protection.

To understand the effect of different methods for calculating the property tax base
we used two other methods, gross book value and the net present value of the future
cash flow stream. Also, we studied the effect of charging property tax on the added plant
and equipment but not on the original land value.

4.2.3. Taxes on Constructionand OperatingInputs

The coststhat go into building and operating a generating plant often have taxes
placed on them. We split capital costs into four categories: labor, energy, material, and
land. Labor and material each were assigned between 40% and 45% of the capital cost.
Energy was assigned 10% and land 5%. Wind was given a land value of 10% to reflect
the higher land requirement for this technology. We split the O&M costs between labor
and material.

Representative tax rates on the input labor, energy, material, and land were
established as shown in Table 4.1. Labor taxes represent such factors as social security
and unemployment taxes. The values used are to represent only the company's
contribution. Energy, material, and land taxes are based on a 5% sales tax with an
additional 0.3% deed transfer tax for land. These are based on approximate average
values for the states and localities; actual amounts vary widely from 0% to over 9%. Also,
some states exclude businesses from sales tax. For this study, fuel tax rates are assumed
to be the same as for other materials going into the plant, but actual taxes on fuel may
be based on different parameters.

4.2.4. State IncomeTax Effects

We set the state income tax to zero to understand its effect on the technologies.
Our reference case used an input rate of 6%. Because state taxes are deductible from
federal taxes, the net state tax rate in the model for the reference case was about 4%. As
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with property taxes, the actual rates varied across the states from 0% to more than 10%.

4.2.5. Federal IncomeTax Effects

To study the effect of income taxes, we set the federal tax rates at zero. The
reference case uses a federal tax rate of 35%. In addition, federal tax credits were set to
zero as well. This means that the dedicated biomass plant and wind plant did not have
the production tax credit and the geothermal and solar technologies did not have the
investment tax credit. By zeroing both taxes and credits, we could understand the
combined effect of the major federal tax policies. We ran a separate scenario eliminating
the credits only (see Section 4.2.7)

4.2.6. Effectsof FederalTax DepreciationLives

Federal tax depreciation law is affected by three asset depreciation systems
defined in three differentpieces of legislation.The ModifiedAccelerated Cost Recovery
System (MACRS), introduced by the Tax Reform Act of 1986, is mandatory for
depreciatingmost tangible propertyplaced in service after 1986. MACRS substantially
changesthe AcceleratedCost RecoverySystem (ACRS) for tangible property placed in
service after 1980 and before 1987.ACRS was created as part of the Economic Recovery
Tax Act of 1981. Pre-1981 assets are depreciated under provisions of the Revenue Act
of 1971 which created the Asset Depreciation Range (ADR)depreciation system. Today,
both MACRS and ACRS are related to the ADR system in that property is generally
classified by reference to class lives.

Under MACRS,the cost of depreciable p,r perty is recoverable over 3, 5, 7, 1O,15,
20, 27.5, or 31.5 years, depending on the type of property through use of statutory
recovery methods. Those statutory recovery methods relate a 'class life' as defined in the
ADR depreciation system to a recovery period under MACRS. These relationships were
defined in two revenue procedures subsequent to enactment of the Tax Reform Act of
1986. In Table 4.3, the recovery periods (i.e., the tax lives) for conventional technologies
and hydroelectric are based on the table of MACRS Tax Lives.

Classes of depreciable property are defined by Code Sections 1245 and 1250
property and the class life as of January 1, 1986. The class life of an asset affects its
recovery period, the method of depreciation used, arid the applicable convention. Under
MACRS,five-year property generally includes property with a class life of more than four
years and less than ten years. Specifically added to this class are

i geothermal, solar, and wind energy properties; and
• certain biomass properties that are small power production facilities.2

The effects of this section of the code are also contained in Table 4.3 for biomass
systems operated by non-utility generators (i.e., qualifying facilities in terms of the code),

21RSCode Sec 168(e)(3),
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Table 4.3

Book and Tax Depreciation Lives
Renewable and Conventional Generating Altematives

Investor-Owned Utilities" Non-Utility Generators
Generating
Alternative Book Tax Internal Revenue Source Book Tax Internal Revenue Source

Renewable

Biomass-Plantation 30 20 Rev. Proc. 88-22, 1988-1 CB 785 30 55 IRS Code Sec. 168(e)(3)
Biomass-Waste 30 20 Rev. Proc. 88-22, 1988-1 CB 785 30 5b IRs Code Sec. 168(e)(3)
Geothermal 30 5 IRS Code Sec. 168(e)(3) 30 5 IRS Code Sec. 168(e)(3)

Hydro 50 20 Rev. Proc. 88-22, 1988-1 CB 785 50 20 Rev. Proc. 88-22, 1988-1 CB 785
,_ Solar-Photovoltaic 30 5 IRS Code Sec. 168(e) (3) 30 5 IRS Code Sec. 168(e) (3)
o_ Solar-Thermal 30 5 IRS Code Sec. 168(e) (3) 30 5 IRS Code Sec. 168(e) (3)

Wind 30 5 IRS Code Sec. 168(e)(3) 30 5 IRS Code Sec. 168(e)(3)

Conventional

Coal 30 20 Rev. Proc. 88-22, 1988-1 CB 785 30 20 Rev. Proc. 88-22, 1988-1 CB 785

Combined Cycle 30 20 Rev. Proc. 88-22, 1988-1 CB 785 30 20 Rev. Proc. 88-22, 1988-1 CB 785
Combustion Turbine 30 15 Rev. Proc. 88-22, 1988-1 CB 785 30 15 Rev. Proc. 88-22, 1988-1 CB 785
Nuclear 30 15 Rev. Proc. 88-22, 1988-1 CB 785 30 15 Rev. Proc. 88-22, 1988-1 CB 785

"For all renewable and conventional technologies, assumes that investor-ownedelectric utilities 'normalize' book to tax differences inaccelerateddepreciation
for ratemaking purposes.

bOnly available for 'qualifying facilities' under the Federal Power Act, one type of non-utility generator.



and geothermal, solar, and wind plants operated by investor-owned utilities and nonutility
generators.

All of these depreciation provisions under MACRS listed in Table 4.3--and
including the ones related to renewable generating technologies--do not pertain to 'public
utility property,' unless a normalization method of accounting is used.3

'Public utility property' that does not qualify under MACRS is depreciated under
Code Sec. 167(a) using the same depreciation method and useful life as is used to
compute the ratemaking depreciation allowance for the asset.

In the reference scenario, normalization is used for tax accounting. Therefore, all
of the favorable tax lives provided by MACRS for both conventional and renewable
generating technologies as shown in Table 4.3 are available for both IOUs and NUGs.
However, as discussed in Section 4.3.2, a ratemaking scenario deviating from the
normalization case is simulated.

Under MACRS, the cost of depreciable property is recovered using (1) the
applicable depreciation method, (2) the applicable recovery period, and (3) the applicable
convention (Code Section 168(a)). However, instead of the applicable depreciation
method, taxpayers may elect to claim straight-line MACRS deductions over the regular
recovery period. Additionally,

[] the cost of property recovered over 3, 5, 7, and 10 years is recovered using
the 200% declining-balance method, the half-year convention, with a switch to
the straight-line method in order to maximize the deduction (Code Sec.
168(b)(1))).

[] the cost of property recovered over 15 and 20 years is recovered by the 150%
declining balance method, using the half-year convention, with a switch to the
straight-line method at a time to maximizethe deduction (Code Sec. 168(b)(2)).

In our depreciation accounting, we use the 200% and 150% variants as specified in the
legislation.

4.2.7. Effects of Federal Tax Credits

Provisions of EPACTallow tax credits for the production of electricity using closed-
loop biomass and wind energy sources (i.e., a production tax credit) and extends the tax
credit for investment in solar and geothermal electric generating stations. These credits
are available to any taxpayer (i.e., IOU or NUG) that meets the performance and quality
standards of the legislation.

The reference cases included the tax credits available to IOUs and NUGs. The

31RSCode Sec. 168(i)(10).
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credits were not allowed in the scenario excluding all taxes (Section 4.2.1 above), the
scenario excluding federal income taxes (Section 4.2.5) and the scenario excluding tax
credits.

According to section 1914 of EPACT, a production tax credit of 1.5 C/kWh is
available for wind and closed-loop biomass, with some limitations. The key factor is that
the tax is phased-in as the price of electricity generated falls below 11C/kWhand reaches
the full 1.5 C/kWhwhen the price is at or below 8C/kWh.Also, the credit is available only
during the first 10 years of a plant's operation.

Section 1916 of EPACTpermanently extends the investment credit (i.e., the energy
investment credit) for solar and geothermal property. The credit equals 10 percent of the
value of solar and geothermal facilities placed in service. Up until recently, both NUGs
and IOUs could take advantage of the ITC. IOUs had to normalize the benefits of the
credit over the useful life of the asset to take advantage of the ITC. Recent changes in
tax law, however, only allow NUGs to take advantage of the ITCfor solar and geothermal
property. IOUs are excluded from the benefit.

4.2.8. Effectsof the AlternativeMinimumTax (AMT)

The AMT was created to ensure that at least a minimum amount of income tax is
paid bycorporateandhigh-incomenon-corporatetaxpayerswho derivelargetax savings
fromcertain provisionsof theCode, including favorabletax depreciationprovisionsunder
MACRS. All taxpayers whether corporate or non-corporate must make a depreciation
adjustment.For propertyplaced in service after 1986, thealternativedepreciationsystem
must be used. MACRS deductions are reduced for certain property by requiring that an
'alternative MACRS' method based on generally longer recovery periods be used (Code
Sec. 168(g)). In computing depreciation for AMT purposes, the 'alternative MACRS' must
be used with certain modifications.

After taxable income is adjusted by the alternative depreciation amounts, a lower
income tax rate of 20% is applied. If income taxes are higher using the adjusted income
and tax rate than taxes under the regular rate using standard MACRS rules, then the
corporation must pay the higher tax.

The reference scenarios for the IOUs and NUGs did not have the AMT. It was
assumed that the corporations would have sufficient depreciation from older facilities to
make the net tax higher under the input 35% rate. A sensitivity was run for NUGs in
which the alternative minimum tax did apply. The model calculates taxes under both the
regular MACRS rules and 35% rate, and using the alternate depreciation schedule and
a 20% rate. The higher of the two taxes in each year is then what was owed to the federal
government.

In the reference scenarios tax losses occurred in some years, resulting in a
negative income tax. Supposedly, the government would then pay the company. In
actuality, we assume that the corporation (IOU or NUG) would have sufficient positive
income from other investments to offset these losses. The "negative taxes" would
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actually be a reduction in the total taxes the corporation would pay that year.

Ifa corporation does not have offsetting positive taxes, it would either apply these
losses to profits made in earlier years (i.e., carry back the losses), or it would carry
forward the losses to apply them against profits in a future year. There are limits on how
far back or forward a corporation may carry tax losses. We did not model carry-back of
losses, but did model the option to carry losses forward a maximum of 15 years. This is
because tax losses occur mainly in the early years of operation, so that there are not
profits in earlier years to which carry-back can apply.

We only applied this carry-forward of losses scenario to NUGs because they are
more likely to be small companies to which the requirement applies.

4.3, ALTERNATIVERATEMAKINGSCENARIOS FOR IOUs

4.3.1. Treatmentof ConstructionWork in Progress

When state regulatory commissions set rates for utilities in their jurisdiction, they
use a set of ratemaking procedures that determine what costs are included for recovery.
Appendix A describes the methodology used within this study to simulate the regulatory
process. It includes establishing a rate base for which the utility may earn a return on its
investment, fuel costs, O&M costs, taxes, and depreciation. The sum of these provides
the amount of required revenues for the modeled project. We assumed that the utility
would incorporate this amount with the required revenue from its other operations (not
modeled) in determining its overall electricity prices.

If a utility receives no revenue from CWlP in the rate base, it includes an
accounting revenue called Allowance for Funds Used During Construction (AFUDC) on
its books. This is the amount of return the utility would have earned on the plant each
year and is based on the debt and equity rates and cost of capital. This amount gets
capitalized on the books as an asset and compounds over time. When the plant starts
producing electricity AFUDC is included in the rate base of the plant. It then is
depreciated like the other capital costs and recovered in the revenues.

4.3.2. Normalizationvs. Flow-ThroughTax Accounting

If there were no differences between provisions of the tax law and accounting for
ratemaking, the question of normalization would not arise. Because of the MACRS
depreciation system, however, timing differences arise between ratemaking accounting
and tax accounting. That is, expenses are recorded for tax purposes in one year and for
book purposes in another. Over a sufficient number of years, these expenditui'es have the
same nominal effect on both financial and tax accounting.

Regulatory commissions historically have used two methods to deal with these
differences in ratemaking. First, the utility defers the tax benefits and amortizes them over
the useful life of the asset. Or, a charge is made to current operations ('provision for
deferred taxes') and a corresponding credit is made to a deferred liability ('reserve for
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deferred taxes'). When the timing difference turns around, the reverse entry is made (i.e.,
income is creditedand the reservecharged.) Under the second method, 'flow-through
accounting,'no deferred reserveiscreated.The currenttax benefitsare not amortizedfor
ratemaking,but impact rates in the currentperiod.

A similaroptionexistsfor the investmenttax credit(ITC)0 The ITC allowsutilities
a dollar-for-dollarcreditagainsttheir federal incometax liabilitvfor a specifiedpercentof
the amountof the investmentina qualifiedplant.Froman accountingstandpoint,the ITC
represents a permanent savings in taxes rather than a deferral. The key ratemaking
questionis the year in whichtax expenseshouldbe reduced for ratemakingpurposes.

Likedepreciationaccounting for timing differences, discussed above, there aretwo
methods used to reflect the impact of ITC for ratemaking purposes. The first method
requires a deferral of the credit in the year that it is realized. The amount of the credit is
then amortized over the useful life of the property. The second method allows the entire
credit to affect book income the year in which the asset is placed in service.

4.3.3. Fuel AdjustmentClauses

Regulatorycommissions set the levelof required revenues based on the expected
costs for a future period. Fuel costs are the most volatile of these costs and may be
significantly different from what was predicted. Recognizing this, many commissions
allow utilities to automatically adjust their rates as fuel costs change without requiring a
new rate hearing. This practice protects the utility from the financial risk of absorbing the
extra costs if fuel prices increase faster than expected.

In our reference scenario, we capture the effects of a fuel adjustment clause. As
an alternative scenario, we modeled a case in which the commission expects that fuel
costs would escalate only at tile general rate of inflation. Any increase above that would
not be recovered until the following year. In a sense, this portrays commissions as less
prescient than reality dictates. On the other hand, we use only a single escalation rate
for fuel for all years. In the real world, fuel prices would increase at rates both greater
and lower than the average value that we used.

Many advocates of renewable technologies argue that passing all fuel price
increases on to ratepayers--whether instantaneously or on a lag--represents an incentive
for utilities to adopt conventional technologies because fuel costs represent a large
portion of the total costs of using conventional technologies. Most renewables do not
require fuel and, therefore, are generally more capital-intensive than conventional
technologies. Utilities, it is argued, are exposed to more risk from capital-intensive
technologies because of the danger that commissions may disallow a portion of capital
expenditures in the rate base as a result of prudency reviews.

To see the effects of disallowing a portion of fuel price increases to be passed
along to ratepayers, we conducted a sensitivity analysis. The results of that analysis are
presented in Section 5.4 along with other sensitivity results.
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5. SIMULATIONRESULTSFOR INVESTOR-OWNEDUTILITIES

5.1. SUMMARY

In Table 5.1, we compare the results of different tax measures with the reference
case.AsinTable 1.1,the resultsin Table 5.1 reflectthe ratio of the referencecase--which
includes a 35% federal tax on income, accelerated tax depreciation, and federal
productiontax credits--toa scenariothat does not includethe subjecttax, depreciation,
or credit. The results in Table 5.1, unlike those in Table 1.1, also include the second
decisionmakingcriterionfor IOUs: the internalrate of return (IRR). For levelized costs,
values greater than 1 indicate increasesin cost and therefore barriersto adopting the
technologies.The reverse is true for values less than 1. Conversely, for IRR, values
greater than 1 indicate increasesin IRR and are therefore incentivesto adopting the
technology.The reverse is true for valuesless than 1.

The value of 1 for the reference case of each technology and decisionmaking
criterion reflects the ratio of values of the simulation results for levelized cost and IRRto
themselves. For information purposes, we show the breakdown of costs for the reference
cases of each technology in Fig. 5.1. The cost components sum to 100%. The negative
components below the 0% indicator offset the costs above the 100% line. Because the
levelized cost calculation is based on required revenues from the rate base, the capital
costs include both depreciation and return on investment. The characterization of
technologies in Fig. 5.1 indicates the relative capital intensity of each of the technologies
adopted by a "representative" utility without quantifying the levelized costs of those
technologies. The figure shows the relatively higher capital intensity of the renewable
technologies in comparison with conventional ones. This observation will be important
later in interpreting the results of many of the scenarios.

InTable 5.1, in the first scenario we show the effects of all taxes and credits--local,
state, and federal--on levelized cost and IRR.The results for the levelized costs of all the
technologies are depicted in Fig. 5.2. For conventional technologies, all taxes raise costs
by approximately 20%. For renewable technologies, on the other hand, the simulations
indicate a more varied response to taxes. While most renewables show effects from taxes
similar to or higher than the effects for conventional technologies, the levelized costs of
dedicated biomass and wind plants decrease when taxes are imposed. To see why, we
analyzed the effects of each tax measure.

The effects of property taxes shown in Table 5.1 indicate the relatively higher
capital-intensity of renewable technologies (especially hydro, solar, and wind) compared
with conventional ones, with cost increases on the order of 20-30%. This is discussed
in more detail in Sect. 5.2.2.

As Table 5.1 shows, input taxes (on labor, fuel, material, and land) increase costs
approximately 7%. The effects of the different input taxes are discussed in more detail in
Sect. 5.2.3.
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Table 5.1

Summary of Tax Effects on Levelized Cost and Internal Rate of Return,
Investor-Owned Utilities

(Ratio of Case With Taxes to Case Without)

Effectof Effectof

Including Effect of Effect of Effect of Includ- Including
All Taxes Including Including ing State Federal Taxes

GeneratingType and Credits i PropertyTaxes Input Taxes IncomeTaxes and Credits

RENEWABLES
Biomass-Plantation

Levelized Cost 0.97 1,09 1.07 0.99 0.85
Int. Rate of Return 0.99 1.00 1,00 1.00 0.99

Biomass-Waste
Levelized Cost 1.19 1.08 1.06 1.01 1.03
Int. Rate of Return 0,99 1,00 1.00 1.00 0.99

Geothermal
Levelized Cost 1.16 1.11 1.07 1.00 0.98
Int. Rate of Return 0.95 1.00 1.00 0.99 0.96

Hydro
Leveli:,ed Cost 1.40 1.24 1.07 1.01 1.04
Int. Rate of Return 0,98 1.00 1.00 1.00 0.98

Solar-Photovoltaic
Levelized Cost 1.27 1,27 1.07 0.99 0.95
Int. Rate of Return 0.94 1.00 1.00 0.99 0.95

Solar-Thermal
Levelized Cost 1,24 1.23 1,07 0.99 0,95
Int. Rate of Return 0.94 1.00 1.00 0.99 0.95

Wind
Levelized Cost 0.91 1.31 1.10 0.97 0.71
Int. Rate of Return 0.95 1.00 1.00 0.99 0.95

CONMENTIONALS
Coal

Levelized Cost i .22 1.09 1.07 1.01 1.04
Int. Rate of Return 0.99 1.00 1.00 1.00 0.99

Combined Cycle
Levelized Cost 1.18 1,07 1.06 1.00 1.03
int. Rate of Return 0,99 ! .00 1.00 1.00 0.99

Combustion Turbine
Levelized Cost 1.18 1.09 1.06 1.00 1.02
Int. Rate of Return 0.98 1.00 1.00 1.00 0.98

Nuclear
Levelized Cost 1.20 1.09 1.07 1.00 1.03
Int. Rate of Return 0.98 1.00 1.00 1.00 0.98

, i I

The tax effects are the ratios of the levelized costs and IRRs of the cases with taxes to the cases
without the taxes. Levelized cost ratios greater than 1.0 indicate barriers; ratios less than 1.0 indicate
incentives. IRR ratios greater than 1.0 indicate incentives; ratios less than 1.0 indicate barriers.
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Figure 5.1
Levelized Cost Components for Each Technology,

IOU Reference Scenarios
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Changes in costs due to the 6% state income tax are small, but favorable, for
several of the renewable technologies. This is due largely to accelerated depreciation of
investment in plant and equipment, which mirrored the tax lives used for federal purposes.
These effects are described in more detail in Sect. 5.2.1.

The effects of federal income taxes (including accelerated depreciation) and
production tax credits quantified in Table 5.1 are characterized in Fig. 5.3. Technologies
which have no tax credits associated with them and which have fairly long tax
depreciation lives (i.e,, th'e conventionals, hydro, and waste wood biomass plants) are
harmed by federal taxes by approximately 2-4%. Renewables that have short tax
depreciation lives and are able to take advantage of production tax credits benefit from
federal taxes. These issues are discussed in detail in Sect. 5.2.1.

We also examined the effects of three ratemaking procedures--the amount of
CWIP allowed in the rate base, normalization vs flow-through of taxes and credits, and
the ability of IOUs to pass fuel price increases automatically to ratepayers-.on
decisionmaking criteria that IOUs use. We show the results of these scenarios in Table
5.2.

As can be seen by the results in Table 5.2, allowing all of CWIP in the rate base
has negligible effects on the criteria considered. The rate base calculation adjusts
required revenues to provide an allowed return to the utility each year. Because the model
discounts the costs and returns over the life of the facility by the allowed returns, there
is essentially no net change in the criteria. This is discussed in Sect. 5.3.1.

In the reference scenario, taxes and credits are normalized. This means that the
reduction in taxes due to accelerated depreciation are not passed directly to the
ratepayers in the year of their occurrence, but are spread over the life of the facility.
Customers pay the deferred credits early, at which point a reserve for payment of deferred
taxes is established as a liability on the balance sheet. Later in the plant's life, this
reserve is depleted as the deferred taxes are paid.

When taxes flow through to customers, the levelized cost increases. The capital-
intensive renewables experience increases in cost of over 10%, while the conventionals
experience cost increases of around 2%. There are several reasons for these results. They
are discussed in more detail in Sect. 5.3.2.

The results of the automatic fuel adjl:stment clause as modeled indicate little effect
on the decisionmaking criteria. Gas-fueled technologies are the most sensitive because
gas prices are assumed to increase faster than the prices of other fuels. The levelized
cost for a combustion turbine declines 0.1% without the clause because of delays in
passing the higher fuel prices to customers. For example, the IRRdeclined 0.6% because
of the delay in receiving the funds. The major issue with fuel adjustment clauses is not
the economic impact on the utility and its customers but the lessening of financial risk to
the utility from fuel cost increases. This lowers the riskiness of fuel-intensive technologies
more than the capital-intensive technologies.
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Figure 5.3
Effect of Federal Taxes and Credits on Levelized Cost,

Investor-Owned Utilities
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Table 5.2

Summary of Ratemaking Effects on Levelized Cost
and Internal Rate of Return,

Investor-Owned Utilities

(Ratio of Case with Ratemaking Procedure to Case Without)

Effect of Not Effect of
Including CWIP Normalizing Effect of Automatic

Generating Type in Rate Base Taxes in Rate Base Fuel Adjustments

RENEWABLES
Biomass-Plantation

Levelized Cost 1.00 0.98 1.00
Int. Rate of Return 1.00 0.99 1.00

Biomass-Waste
Levelized Cost 1.00 0.98 1.00
Int. Rate of Return 1.00 0,99 1.00

Geothermal
Levelized Cost 1.00 0.94 1.00
Int, Rate of Return 1.00 0.95 1.00

Hydro
Levelized Cost 1.00 0.90 1.00
Int. Rate of Return 1.00 0.98 1.00

Solar-Photovoltaic
Levelized Cost 1.00 0.89 1.00
Int. Rate of Return 1.00 0.94 1.00

Solar-Thermal
Levelized Cost 1.00 0.90 1.00
Int. Rate of Return 1,00 0.94 1.00

Wind
Levelized Cost 1.00 0.89 1.00
Int. Rate of Return 1.00 0.95 1,00

CONVENTIONAL
Coal

Levelized Cost 1.00 0.98 1.00
Int. Rate of Return 1.00 0.99 1.00

Combined Cycle
Levelized Cost 1.00 0.98 1.00
Int. Rate of Return 1.00 0.99 1.01

Combustion Turbine
Levelized Cost 1.00 0.98 1.00
Int. Rate of Return 1.00 0.98 1.01

Nuclear
Levelized Cost 1.00 0.97 1.00
Int. Rate of Return 1,00 0.98 1.00

Note: The ratemaking effects are the ratio of the levelized costs and IRR of the scenarios
with the ratemaking by the cost and IRR without the procedure. Levelized cost ratios greater
than 1.0 indicate barriers; ratios less than 1.0 indicate incentives. IRR ratios greater than 1.0
indicate incentives; ratios less than 1.0 indicate barriers.
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5.2. KEYTAX EFFECTS

Only some of the tax measures have a major impact on the costs of the
technologies. Of those studied, aspects of federal income tax policy were the most
significant. Tax depreciation lives and the availability of tax credits were the most
important factors. Apart from federal taxes, local property taxes also affect capital-
intensive technologies more than those that are not as capital-intensive.

5.2.1. Federal IncomeTax Effects

The effect of federal income taxes and credits were surprising. As shown in Fig.
5.3, the conventionals and two of the renewables had slight increases (2-4%) in their cost
because of taxes. But the remaining renewables showed significant declines. There are
two main reasons for the difference. Four of the renewables used a double-declining
balance, 5-year-tax-depreciation life. In addition, two renewables used the production tax
credit. In Table 5.3 we show the results of varying these parameters separately and
together.

First, we studied accelerated depreciation by itself by setting the tax depreciation
equal to book depreciation. (Thereference tax and book lives are listed in Table 4.3.) The
geothermal, solar, and wind technologies had tax lives of 5 years and consequently used
a double-declining-balance depreciation schedule. The rest of the technologies had tax
lives of 15 or 20 years. As can be seen in Table 5.3 and Fig. 5.4, accelerated depreciation
had the most effect on those technologies with short tax lives. (Hydro is similarly affected
because of the large change in its tax life, from 20 to 50 years.)

Accelerated depreciation lowers levelized costs because it lowers taxes to the
utility in the early years. For tax purposes, the project has much higher depreciation
expenses in the early years, which lowers the utility's tax payments. After the tax
depreciation life is past, tax payments are higher because there is no depreciation to
lower taxable income. The total taxes paid are generally the same over the life of the
plant, but because of the time value of money, the accelerated depreciation is still a net
benefit. Lower taxes early in the plant life more than offset the higher taxes later. There
is an added factor due to normalizing tax payments that accentuates the benefit from
accelerated depreciation. This is discussed in Sect. 5.3.2.

There is a production tax credit available to the wind and biornass plantation
technologies. It is described in Sect. 4.2.7. In Fig. 5.4 and Table 5.3, we show that the
credits are a significant benefit to the cost of the technologies. The production tax credit
lowers the cost of wind power 27% and the biomass plantation by 17%. Both of the
technologies have "prices" low enough in every year to take full advantage of the 1.5¢
credit. (The model divides the calculated required revenue by the production amount to
determine a quasi-price for the plant.) The wind plant is most affected on a percentage
basis because of its lower base cost. For both technologies, the reduction in levelized
cost is 1.24C/Kwh.Actually, the credit alone is worth only 0.75C/kWh in levelized cost
reduction, because of the 10 year life of the credit, but the synergistic effect on prices and
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Table 5.3

Summary of Federal Income Tax Effects on
Levelized Cost and Internal Rate of Return,

Investor-Owned Utilities

(Ratio of Case with Tax Policies to Case Without)

Effect of Effect of Effect of Effect of Includ-

Including Including Including ing Accel.

Income Taxes Accelerated Federal Depreciation and
Generating Type and Credits Depreciation Tax Credits Tax Credits

RENEWABLES

Biomass-Plantation

Levelized Cost 0.85 0.97 0.83 0.81
Int. Rate of Return 0.99 0.99 1.00 0.99

Biomass-Waste

Levelized Cost 1.03 0.97 1.00 0.97

Int. Rate of Return 0.99 0.99 1.00 0.99
Geothermal

Levelized Cost 0.98 0.90 1.00 0.90

Int. Rate of Return 0.96 0.95 1.00 0.95
Hydro

Levelized Cost 1.04 0.90 1.00 0.90
Int. Rate of Return 0.98 0.98 1.00 0.98

Solar-Photovoltaic

Levelized Cost 0.95 0.81 1.00 0.81
Int. Rate of Return 0.95 0.94 1.00 0.94

Solar-Thermal

Levelized Cost 0.95 0.83 1.00 0.83

Int. Rate of Return 0.95 0.94 1.00 0.94
Wind

Levelized Cost 0.71 0.81 0.73 0.62

Int. Rate of Return 0.95 0.95 1.00 0.95

CONVENTIONAL
Coal

Levelized Cost 1.04 0.97 1.00 0.97

Int. Rate of Return 0.99 0.99 1.00 0.99
Combined Cycle

Levelized Cost 1.03 0.98 1.00 0.98
Int. Rate of Return 0.99 0.99 1.00 0.99

Combustion Turbine

Levelized Cost 1.02 0.96 1.00 0.96
Int. Rate of Return 0.98 0.98 1.00 0.98

Nuclear

Levelized Cost 1.03 0.96 1.00 0.96

Int. Rate of Return 0.98 0.98 1.00 0.98

Note: The tax effects are the ratios of the levelized costs and IRRs of the cases with the tax policies
in effect to the cases without the tax policies. Levelized cost ratios greater than 1.0 indicate barriers;

ratios less than 1.0 indicate incentives. IRR ratios greater than 1.0 indicate incentives; ratios less
than 1.0 indicate barriers.
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Figure 5.4
Effect of Accelerated Depreciation and Tax Credits on Levelized Cost,

Investor-Owned Utilities



income taxes lowers the levelized cost a further 64%, to 1.24C/kWh. This effect is
explained in Appendix A.

Section 1916 of the Energy Policy Act permanently extends the energy investment
credit for solar and geothermal property. However, the tax code was changed in 1992
prior to EPACTsuch that public utilities are not eligible for this credit. Since NUG's can
take the credit, this creates a tax advantage for NUG development of these technologies
rather than IOU's,

The final column in Table 5.3 lists the effect of accelerated depreciation and the
tax credits together. We ran a set of cases using book depreciation and no credits, and
found that the levelized costs rose for all cases, compared to the reference cases. By
dividing the reference cost by this higher cost we find that the combined effect is roughly
equal to multiplying the effect of each together.

5.2.2. PropertyTax Effects

The effects of property taxes are shown in Table 5.1 above. Property taxes affect
the capital-intensive renewable technologies (hydro, solar, wind) much more than the
conventional technologies, with costs raised from 20% to 30%. Because much of the
costs for the renewables are capital-related, as opposed to fuel- or operating-related, a
higher proportion of their cost is subject to the tax. In addition, the property tax declines
over time as the plant is depreciated. This means the cost from property tax is "front-
loaded", with higher payments early in the life of the plant, which in turn have a higher
weighting when levelizing the cost due to the discount rate.

To understand the effect of different methods for calculating the property tax base
we used two other methods, gross book value and the net present value of the future
cash flow stream. Also, we studied the effect of charging property tax on the added plant
and equipment but not on the original land value. The results are shown in Table 5.4 and
Fig. 5.5. When compared to the no-property-tax scenario, all have roughly the same
result: a much higher impact on the capital-intensive renewables than on the
conventionals. Since the cost of land was set at only 5% of total capital cost (except in
the case of wind technology, where it is set at 10%),the effect of exempting land from the
property tax is not large. The conventionals and biomass technologies had their overall
costs lowered less than 1% by exempting land, while solar and hydro technologies
dropped around 1.5%, and wind 2.7%.

5.2.3. Input Tax Effects

We show the effect of taxes on the inputs to production (labor, energy, material,
and land) in Table 5.5. Most technologies show an overall effect from input taxes of
around 7% of the levelized cost. Input taxes have a slightly larger effect on wind plants
because the production tax credits lower the underlying cost of both scenarios. The input
taxes are thus a higher percentage of the remaining cost. If the production tax credit is
eliminated from both the reference and the no-input-tax scenarios, the effect of input taxes
on wind becomes only 7%, similar to the other technologies.
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Table 5.4

Summary of Property Tax Effects on Levelized Cost
and Internal Rate of Return,

Investor-Owned Utilities

(Ratio of Alternative Scenarios to No Property Tax Scenario)

Effect of Effect of
Tax Based on Effect of Effect of Tax Based un

Net Book Value Tax Based on Tax Based on Net Book Value +

Generating Type (Reference) Gross Book Value Future Cash Flow No Tax on Land

RENEWABLES

Biomass- Plantation
Levelized Cost 1.09 1.14 1.09 1.08

Int. Rate of Return 1.00 1,00 1,00 1.00
Biomass-Waste

Levelized Cost 1.08 1.13 1.08 1,07

Int. Rate of Return 1.00 1.00 1.00 1.00
Geothermal

Levelized Cost 1.11 1.18 1.09 1.10
Int. Rate of Return 1.00 1.00 1.00 1.00

Hydro
Levelized Cost 1.24 1.35 1.24 1.22
Int. Rate of Return 1.00 1.00 1.00 1.00

Solar-Photovoltaic
Levelized Cost 1.27 1.44 1.20 1.25

Int. Rate of Return 1.00 1.00 1.00 1.00
Solar-Thermal

Levelized Cost 1.23 1.37 1.17 1.21
Int. Rate of Return 1.00 1.00 1.00 1.00

Wind

Levelized Cost 1.31 1.48 1.24 1.26
Int. Rate of Return 1.00 1.00 1.00 1.00

CONVENTIONAL
Coal

Levelized Cost 1.09 1.15 1.10 1.08
Int, Rate of Return 1.00 1.00 1.00 1.00

Combined Cycle
Levelized Cost 1.07 1.12 1.07 1.07

Int. Rate of Return 1.00 1.00 1.00 1.00
Combustion Turbine

Levelized Cost 1.09 1.14 1.08 1.08

Int. Rate of Return 1.00 1.00 1.00 1.00
Nuclear

Levelized Cost 1.09 1.14 1.09 1.08
Int. Rate of Return 1.00 1.00 1.00 1.00

.Note: Effects are the ratios of the levelized costs and IRRs of the cases with the listed property
tax method to the case with no property taxes. Levelized cost ratios greater than 1.0 indicate barriers;
ratios less than 1.0 indicate incentives, IRR ratios greater than 1.0 indicate incentives; ratios less than
1.0 indicate barriers.
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Table 5.5

Summary of State Input Tax Effects on Levelized Cost
and Internal Rate of Return,

Investor-Owned Utilities

(Ratio of Case with Taxes to Case Without)

Effect of Effect of Effect of Effect of Effect of

Generating Type All Input Taxes Labor Taxes Fuel Taxes Material Taxes Land Taxes

RENEWABLES
Biomass- Plantation

Levelized Cost 1.07 1.02 1,03 1.01 1.00
Int. Rate of Return 1o00 1.00 1.00 1.00 1.00

Biomass-Waste

Levelized Cost 1.06 1.02 1.02 1.01 1.00
Int, Rate of Return 1.00 1.00 1.00 1,00 1.00

Geothermal

Levelized Cost 1.07 1.04 1.00 1.02 1.00
Int. Rate of Return 1.00 1.00 1.00 1.00 1.00

Hydro
Levelized Cost 1.07 1.04 1o00 1.02 1.00

Int. Rate of Return 1.00 1.00 1.00 1.00 1.00
Solar-Photovoltaic

Levelized Cost 1.07 1.04 1.00 1°02 1.00
Int. Rate of Return 1.00 1.00 1.00 1.00 1.00

Solar-Thermal

Levelized Cost 1.07 1.04 1.00 1.02 1.00

Int. Rate of Return 1.00 1.00 1.00 1.00 1.00
Wind

Levelized Cost 1.10 1.06 1.00 1.03 1.01
Int. Rate of Return 1,00 1.00 1.00 1,00 1.00

CONVENTIONAL
Coal

Levelized Cost 1.07 1.03 1.02 1.02 1.00
Int. Rate of Return 1.00 1o00 1.00 1.00 1.00

Combined Cycle
Levelized Cost 1.06 1.02 1.03 1.01 1.00
Int. Rate of Return 1.00 1.00 1.00 1.00 1.00

Combustion Turbine

Levelized Cost 1.06 1°02 1.03 1.01 1.00
Int. Rate of Return 1.00 1.00 1.00 1.00 1.00

Nuclear

Levelized Cost 1.07 1.04 1.01 1.02 1.00
Int, Rate of Return 1.00 1.00 1.00 1.00 1.00

Note: The tax effects are the ratios of the levelized costs and IRRs of the cases with taxes to the cases

without the taxes. Levelized cost ratios greater than 1.0 indicate barriers; ratios less than 1.0 indicate
incentives. IRR ratios greater than 1.0 indicate incentives; ratios less than 1.0 indicate barriers.
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We also show in Table 5.5 the results of each input tax separately. The change
due to taxes on each component of the inputs is roughly proportional to the percentage
each component has on the overall cost. For the capital-intensive technologies, little fuel
is involved beyond that used during construction; the change is driven by the taxes on
material, labor, and land. The most fuel-intensive technologies--biomass, combined cycle,
and combustion turbines--are more affected by the fuel tax. With these, the fuel tax
represents about half of the total impact from the taxes on inputs.

5.3. KEYRATEMAKINGEFFECTS

5.3.1. CWIP in Rate Base

Allowing CWlP in the rate base raised the levelized cost for most technologies, but
the effects were small, even for nuclear plants with 7-year construction periods. Hydro
experienced the largest increase in cost (0.4% increase); nuclear experienced a 0.3%
increase.

The two key decisionmaking criteria (levelized cost, IRR) are not the best
indicators of CWlP's effects. They capture the costs of a project over its life but are not
sensitive to the timing of the costs. The rate base formula levelizes the effects of changing
the time frame when revenues are received. Revenues received early have a higher
weighting in the levelized cost but lower the net investment. The decrease in net
investment, in turn, lowers revenues required later during operation of the plant.

The main benefit from allowing CWlP is the reduction in net funds required from
the utility during construction. For the nuclear plant, required debt and equity amounts
decline 12% (see Fig. 5.6). However, the short construction schedule of the renewable
technologies mean that the utility does not see as much of a benefit from CWlP. The
capital requirement for the wind plant (with a 2-year construction) is reduced only 1.3%.
Even the biomass plant, with a 4-year schedule, has only a 5% reduction in the maximum
capital investment. In real-world applications, a utility may see its bond ratings improve
and consequent interest rate on debt decline because of the lower capital exposure, but
we did not analyze the effect in this study.

5.3.2. Tax Flow-ThroughEffects

As shown above in Table 5.2, allowing customers to benefit from the favorable
provisions of federal tax laws immediately has an unfavorable effect on levelized cost.
There are two factors to be considered. First, tax laws require that if flow-through
accounting for tax benefits is used rather than normalization, the tax depreciation lives of
the assets must be increased by a statutory amount. Assets with deprecation lives of 5
years must be increased to 12; those with 15 years to 20; and those with 20 to 28 years.
Hydro must extend its tax life to 50 years. Of course, technologies with the largest
increase in tax lives are most affected by this provision of the tax laws. For example,
changing the tax life for solar-photovoltaic from 5 to 12 years increases its levelized cost
by 6%. Hydro is more adversely affected by the change; its cost increases by 10% if its
tax depreciation life is changed from 20 to 50 years. Dedicated-plantation biomass, which
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Figure 5.6
Effect of CWIP Allowance on

Cumulative Debt and Equity Cash Flow,
IOU Nuclear Plant
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experiences a tax life increase from 20 to 28 years under flow-through accounting,
experiences a cost increase of only 2.0%.

The otherfactorexplainingtheeffectsof normalizationis that taxes arecollected
from customersthat are deferred,or paidto the governmentsome yearslater,These tax
deferralscan be from accelerateddepreciationor allowancefor borrowedfunds during
construction.Customerspay higherpricesearly inthe plantlife,butpay lesslater.These
advance payments are used to lowerthe amount of equity in the plant by creating a
deferredtax liability.Becausecustomersdo not have to pay any returnon thisamount,
their prices are lowered.

Fig.5.7 depictsthe revenuespaid bythe customersfor3 geothermalplantunder
three scenarios: (1) normalizedtaxes,(2) flow-throughwith a 5-yeartax depreciation life,
and (3) flow-throughwiththe required12-yeartax life, Beforethe plantbegins operation,
customerspay nothingunder normalizationand actuallyget a small rebate under flow-
throughbecause of the tax reductionfor interestexpense.Asthe plant beginsoperation,
the normalizedrevenuerequirementsare high because deferredtaxes raisethe cost to
customers.The flow-throughcases have low revenuerequirementsin the firstfew years
because theaccelerateddepreciationgreatlyreducesthetaxcost. However,theirrevenue
requirementsaresoon higherthanthe normalizedcase because undernormalization,the
deferred tax liabilitybuilds up and lowersthe ratebase. The tax flow-throughcases have
a suddenjump as the plant finishesitstax life.Discountingthese revenuestreamsshows
that the flow-throughcost with 12 year depreciation is 6% higher than the normalized
cost. Even using the 5 year depreciationlife, the levelizedcost of flow-throughis 4%
higherthan the normalizedcase.

5.4. SENSmVITY TO INPUT ASSUMPTIONS

All of the resultsshown in Tables 5.1 through 5.5 are based on the valuesthatwe
used to quantifythe parameters of the technologies. Those values are contained in
Tables 3.1 through 3.3 of Sect. 3. The data quantifying the parameters of each of the 11
technologies in those tables are "conventional wisdom" today. That is, the financial
costs,engineeringcharacteristics,and assigned work loads(i.e., capacity factors)of the
technologies are reasonableestimates of what a "representative" electric utilitywould
confronttoday.

Clearly, changing these input assumptionswould affect the base values of the
levelizedcost and IRR,the decisionmakingcriteria used in thisstudy. To showthis, we
conducted a sensitivitystudy of the assigned valuesfor key parameters.The resultsof
some of these sensitivitiesare shown in Tables 5.6 and 5.7. The ratio of levelized costs
between caseswith and without specifictax and ratemaking procedures are shownboth
for a technology using the assumed input parameter and with a variation to that
parameter. Rather than show the results for all technologies, one renewable and
conventional are shown. The summarytax and ratemaking procedures from Tables 1.1
and 1.2 are shown; the valuesfor the cases labeled "reference" are from those tables.
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Figure 5.7

Effect of Flowing Taxes Through the Rate Base on
Annual Ratepayer Payments,

IOU Geothermal P/ant
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Table 5.6

Summary of Sensitivity Analyses on Input Assumptions,
Tax Effects on Levelized Costs,

Investor-Owned Utilities

(CostRatioof CasewithTaxesto CasewithoutTaxes)

Effect .of Effect of

Including Effect of Effect of Effect of Inclu- Including
All Taxes Including Including ding State Federal Taxes

Generating Type and Credits Property Taxes Input Taxes Income Taxes and Credits

Geothermal - Reference 1.16 1.11 1.07 1.00 0.98
Geothermal- Extended Construction Sched. 1.17 1.11 1.07 1.00 0.98

Nuclear- Reference 1,20 1.09 1.07 1.00 1.03
Nuclear - Extended Construction Schedule 1.20 1.08 1.07 1.01 1.04

,on Solar/Thermal- Reference 1.24 1.23 1.07 0.99 0.95,.=a,

© Solar/Thermal - Low Capital Cost 1.23 1.22 1.07 0.99 0.96

Coal- Reference 1.22 1.09 1.07 1.01 1.04

Coal - Low Capital Cost 1,20 1.08 1.06 1.01 1.03

Wind - Reference 0.91 1.31 1.10 0.97 0.71

Wind - Low Capacity Factor 1.01 1.30 1.09 0.98 0.78

Combustion Turbine - Reference 1.18 1.09 1.06 1.00 1.02

Com. Turbine - Low Capacity Factor 1.24 1.13 1.06 1.00 1.03

Wind - Reference 0,91 1.31 1.10 0.97 0.71

Wind - 4% Inflation 0.91 1.29 1.10 0.97 0.71

Coal- Reference 1.22 1.09 1.07 1.01 1.04
Coal - 4% Inflation 1.22 1.08 1.06 1.01 1.05

Ratios greater than 1.0 indicate barriers; ratios less than 1.0 indicate incentives.



Table 5.7
Summary of Sensitivity Analyses on Input Assumptions,

Ratemaking Effects on Levelized Costs,
Investor-Owned Utilities

(CostRatioof Casewith RatemakingProcedureto CaseWithout)

Effect of Not Effect of

Including CWIP Normalizing Effect of Automatic

Generating Type in Rate Base Taxes in Rate Base Fuel Adjustments

Geothermal- Reference 1.00 0.94 1.00
Geothermal - Extended Construction Sched. 1.00 0.94 1.00

Nuclear- Reference 1.00 0.97 1.00

Nuclear - Extended Construction Schedule 0.99 0.97 1.00

Solar/Thermal- Reference 1.00 0.90 1.00
Po Solar/Thermal - Low Capital Cost 1.00 0.90 1.00o

Coal- Reference 1.00 0.98 1.00

Coal - Low Capital Cost 1.00 0.98 1.00

Wind - Reference 1.00 0.89 1.00

Wind - Low Capacity Factor 1.00 0.89 1.00

Combustion Turbine - Reference 1.00 0.98 1.00

Com. Turbine - Low Capacity Factor 1.00 1.03 1.00

Wind - Reference 1.00 0.89 1.00

Wind - 4% Inflation 1.00 0.88 1.00

Coal - Reference 1.00 0.98 1.00

Coal - 4% Inflation 1.00 1.02 1.00

Ratios greater than 1.0 indicate barriers; ratios less than 1.0 indicate incentives.



As an example, one concern mentioned has been that the construction time may
greatly influence the results. We extended the construction time for the geothermal plant
from four years to six years and the nuclear technology from seven years to fifteen years.
As can be seen in Tables 5.6 and 5.7, the relative impact of taxes and ratemaking on
these technologies barely changed.

As another example, reducing the capital cost of the coal option by 20% from
$1,512/kW to $1,210/kW lowers the levelized cost of the coal option from $5.90/kWh to
$5.34/kWh. However, our basic conclusions on ratemaking and taxation barriers to and
incentives for adopting the coal technology do not change. The values only change
slightly between the reference assumptions and the lower capital cost cases. Similarly,
reducing the capital cost of a solar/thermal plant by 20% does not alter our conclusions
about barriers and incentives for solar/thermal.

Another important variable for each of the 11 technologies is the assigned
capacity factor. The capacity factors are based on our assumptions about the work load
of the technologies and, ultimately, about the relationship between their capital and
operating costs. For example, a utility would not construct a nuclear plant for peak-load
purposes, and therefore, we assign the nuclear option a 70% base-load capacity factor.
Assuming a 10% capacity factor for a nuclear plant--as we assumed for the combustion
turbine unit--would seriously distort our picture of the financial performance of the plant.
A similar argument can be made for running a combustion turbine as a base-load unit.
Again, however, changing capacity factors for both technologies in the sensitivity study
does not alter our conclusions about barriers and incentives.

Recognizing that simulation results for the 1.5C/kWh production tax credit for
dedicated-plantation biomass and wind technologies are based directly on the capacity
factors assumed in Table 3.1, we also ran sensitivity studies on these values. Again, our
overall conclusions on barriers and incentives do not change. For example, reducing the
capacity factor of wind from 30% (Table 3.1) to 20% reduces the production tax credit
allowed for wind substantially because the credit is based on kilowatt-hour generation.
Except for the case with all taxes removed, our conclusions on ratemaking and taxation
as barriers or incentives for wind are not changed.

To check the effect of inflation, we ran all of the cases using a 4% inflation rate,
as opposed to 0% (constant dollars) for the reference cases. The results for the wind
technology and the coal plant are shown in Tables 5.6 and 5.7. There was very little effect
from inflation on any of the tax or ratemaking policies. The effect from property taxes was
significant until itwas realized that the model understated assessed property values under
inflation. Net book value (the method used) is a good approximation of assessed value
under constant dollars, but in inflationary times the value would be reassessed
periodically. To model this in the property tax calculation, we increased the net book
value by the amount of inflation since plant start-up. The results in Table 5.6 show a
reduction in the effect of property taxes on cost from 1.31 to 1.29.

The reason that there is little change in conclusions in all of the cases above is
because we are not comparing costs of technologies with one another but, rather,
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examining the effects of ratemaking and taxation procedures on a given technology.
Changes to the plant parameters effect the cases both with and without the tax or
ratemaking policy. As Tables 5.6 and 5.7 show, conclusions about barriers and incentives
drawn from the process used in this study are robust across wide values of the variables
shown in Tables 3.1, 3.2, and 3.3.

An important ratemaking assumption derived from the assumptions in Sect. 3 is
the effect of fuel costs on rates. In our scenarios dealing with fuel costs, we assume in
the reference scenario that annual increases in fuel costs (Table 3.3) are passed along
to the customer on an annual basis. In the alternative scenario for fuel adjustment
clauses, payment of fuel cost increases lagged one year for ratemaking purposes. In both
these scenarios, we assume that all fuel cost increases are ultimately borne by
ratepayers.

To see the effect of this assumption on our results, we conducted a sensitivity
study on the assumed increase of natural gas prices. As indicated in Table 3.3, gas prices
are assumed to increase at an annual rate of 3.2%. In our sensitivity study, we assume
the same 3.2% growth in natural gas prices for the two technologies using natural gas
(i.e., combustion turbine and combined cycle), but further assume that only 2.2% is
allowed to be passed along to ratepayers with the remaining 1% being borne by
stockholders. This is an extreme case because it implies that by the end of the plant's life,
customers are only paying 75% of the total fuel cost.

The results of this sensitivity study are s_gnificant.For a combustion turbine plant,
the levelized cost decreases by nearly 1C/kWhbecause ratepayers are exposed to only
2.2% annual growth. However, because equity holders must now bear 1% of the annual
natural-gas price increase, the IRR-equity for a combustion turbine declines from the
commission-allowed 7.0% to a negative return.The total IRR(i.e., debt + equity) declines
from 5.85% to 2.74%. For a combined cycle plant, the same assumptions show that the
levelized cost drops by 6 mils, the internal rate of return-equity drops from 7.0% to a
negative return, and the total IRRdeclines from 5.91% to 2.94%.
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6. SIMULATION RESULTSFOR NONUTILITYGENERATORS

6.1. SUMMARY

Because NUGs are not subject to rate-of-return regulation in a manner similar to
IOUs, we only consider the effects of tax measures on NUGs. Therefore, levelized cost
is not used as a decisionmaking criterion. Instead, we use the internal rate of return (IRR)
as the primary criterion. This variable indicates the overall return of the project to its
investors, both debt and equity holders. We also use the IRR for equity shareholders
alone as another criterion. H3wever, its changes are more extreme and are dependent
on details of the financing structure of the NUG which are beyond the scope of this study.
Both criteria are defined in more.detail in Appendix A.

In Table 6.1 we show the results of the tax policy scenarios. A reference scenario
was established which included all current tax policies. Subsequently each specific tax
policy was removed from the reference scenario to find its effect. The numbers in Table
6.1 show the ratio of the criterion (IRR, IRR-Equity) with the tax policy to the criterion
without the policy. In most cases, this is the value from the reference scenario divided by
the value from the sensitivity scenario. (The alternative minimum tax (AMT) data in the
table have the reference scenario in the denominator since it did not include this tax

policy.) The raw values of the output criteria are in Appendix B. Many of the results
directly parallel the results for utilities (Sect. 5).

The first variation to the reference case was to run each technology with no taxes
or credits of any kind. The changes in the project IRR can be seen in Fig. 6.1. For
conventionals, the net effect of taxes is to lower the IRRby roughly 40%. Renewables, on
the other hand, have a more varied response to taxes. While hydro and waste wood
biomass facilities show effects from taxes similar to those of c_rtventional technologies,
the other renewables are not as affected. Dedicated biomass and wind plants actually
show a net positive impact from taxes (i.e., higher IRR).To see why, each tax policy must
be analyzed in turn.

The effects of property taxes alone are shown next in Table 6.1. For the NUG
scenarios, both the property taxes and the annual net cash flow (which defines the IRR)
are functions of the capital-intensiveness of the technology. Consequently, loss of
property taxes has roughly the same proportionate effect on the IRI'_of low capital-
intensive and high capital-intensive technologies.

We next show the effect of taxes on the inputs to production (labor, energy,
material, and land) in Table 6.1. There is some variation based partly on the capital-
intensiveness of the project. The technologies with high ratios of capital to fuel or O&M
costs are less affected by the taxes on inputs.

State income tax effects were examined next. The change in IRR due to the 6%
tax was small but positive for several renewables. The two that receive the production tax
credit were affected the most. The contract price per kWh used to determine revenues
of the NUG are based on the levelized cost from the IOU reference cases that provided
the utility with a 7% return on equity. The IOU versions of these two technologies (wind
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Table 6.1

Summary of Tax Effects on
Internal Rate of Return and Internal Rate of Return-Equity,

Nonutility Generators
(Ratio of IRRs of Cas6 with Tax Policies to Case Without)

t I

I Effect of _l Effect of Effect of

II lnduding Jl Effect of Effectof Effect of Includ- Including ln_uding
All Taxes i Including Includling ing State Federal Taxes Alternative

Generating Type = and Credits i Properly Taxes InputTaxes Income Taxes and Credits Minimum Tax _
I I I

I ' I

RENEWABLES _ I a:1
Biomass-Plantation

Int. Rate of Rim 1,53 0.81 0.03 1.05 5.56 t 0,68'

IRR - Equity 4:89 0.82 0.85 1.11 a 0.35 j
i

Biomass-Waste
Int. Rate of Rtrn 0:71 0.82 0.86 1.01 1.06 0.77

I
IRR - Equity 0.83 0.71 0.79 1.08 1.66 0,43 J

Geothermal t
Int. Rate of Rtrn 0,82 0.81 0.87 1.02 129 0.75 I

IRR - Equity 1,33 0.74 0.84 1.12 3.19 0,33
Hydro tl

Int. Rate of Rtrn 0.71 0.83 0.93 1.00 0.99 0.91 t

IRR- Equity 0.57 0.66 0.86 1.01 1.07 0.77
Solar-Photovoltaic

Int. Rate of Rtrn 0.90 0.79 0.92 1.02 1.38 0,71

IRR - Equity 2,12 0.73 0.92 1.16 5.53 t 5,32I
Solar-Thermal I

Int. Rate of Rtrn 0,89 0.79 O.91 1.02 1.38 _l 0,71
IRR - Equity 2:07 0,73 0.90 1.16 5.44 = 5,17

Wind

Int. Rate of Rtrn ! :35 0.75 0.88 1.06 3.58 0i65
IRR - Equity 5.91 0.71 0.86 1.20 a a

CONVENTIONAL
Coal

Int. Rate of Rim 0,64 0.84 0.87 0.99 0.93 0;97 =
IRR- Equity 0.49 0.69 0.77 0.99 0.93 0,91

Combined Cycle
Int. Rate of Rtrn 0.56 0.80 0.83 0.99 0.90 0.98

IRR - Equity 0.45 0.68 0.75 0.98 0.85 0.95
Combustion Turbine

Int. Rate of Rtrn 0,56 0.78 0.83 0.99 0.96 0.94

IRR - Equity 0.45 0.64 0.75 1.00 1.01 0.86
Nuclear

Int. Rate of Rtrn 0.67 0.85 0.87 0.99 0.96 0,94

IRR - Equity 0.55 0.71 0.77 1.00 1.01 0.85
J

Ratios greater than 1.0 indicate incentives; ratios less than 1.0 indicate barriers.

a Internal Rate of Return-Equity cannot be calculated for these cases because the equity cash flow profile is such that

no discount rate will give a zero net present value over the entire life of the project.
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Figure 6.1
Effect of All Taxes and Credits on IRR,

Nonutility Generators
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and biomass plantation) received that return after using the credit to boost earnings. This
means that their pre-tax income was quite low or negative, resulting in tax losses which
lowered their taxes. The NUGs similarly show tax losses in the early years, resulting in
negative income taxes for these projects in those years. Removing the state or federal
income tax eliminates those early tax benefits and lowers the IRR.

The next tax scenario had to do with federal income tax policies. By eliminating
both income taxes and credits from the referef_,cescenario, we could determine the net
effect of federal income taxes (Fig. 6.2). The impact on the renewable technologies is
quite dramatic. The production and energy investment credits in combination with
accelerated depreciation cause IRRsto be 30% to 400% higher than without taxes and
credits. The details behind these results are discussed in more detail in Sect. 6.2,1.

Last, the impact of the AMT was analyzed. Under this law taxpayers must calculate
their taxes both using the regular rate and using a lower rate but without as many tax
breaks. They must then pay the higher of the two. This serves to lower the near-term
benefit of accelerated depreciation, greatly reducing the IRRof the renewables with 5-year
tax lives (Fig. 6.3). This policy is examined in more detail in Sect. 6.2.2.

6.2. KEYTAX EFFECTS

Only some of the tax effects studied had a major differentiating impact on the
costs of the technologies. Of those studied, the various facets of federal income tax policy
were most significant. Tax depreciation lives and the availability of tax credits seemed to
be the most crucial factors. The AMT also had a large effect.

6.2.1. Federal IncomeTaxes and Credits

As shown in Fig. 6.2, federal tax policies play a large role in the profitability of the
renewable energy technologies. There are two main factors that create this differential in
profitability: accelerated depreciation and tax credits. Table 6.2 lists the results of
modifying each of these parameters separately and together. In Fig. 6.4, we show the
debt plus equity cash flow for the dedicated biomass plant under a set of sensitivities. As
described in Appendix A, the IRRthat we use as our criterion is the discount rate that
makes the net present va!ue of the cash flow equal zero.

The reference scenario includes both the production tax credit and the 5-year
depreciation life, as well as a 35% income tax rate. It has the highest near-term positive
cash flow because of these factors and a consequent IRR of 7.9%. Without accelerated
depreciation, the cash flow curve shows a smaller, flat increase for the 10 years that the
production tax credit is available. Its IRR is 6.1%. With no tax credit, there is an even
smaller rise in the early years, which disappears at the end of the tax depreciation life. Its
IRRis 2.9%. When neither the accelerated depreciation nor credit is available, the cash
flow is essentially flat because slowly declining property taxes are offset by slowly
increasing income tax payments; all other cash flows are constant. The IRR becomes
2.1%.
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Figure 6.2
Effect of Federal Taxes and Credits on IRR,

Nonutility Generators
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Figure 6.3
Effect of Alternative Minimum Tax on IRR,

Nonutility Generators
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Table 6.2

Summary of Federal Income Tax Effects on

Internal Rate of Return and Internal Rate of Return-Equlty,

Nonutlllty Generators

(Ratio of IRRs of Case wlth Tax PoUcles to Case Wlthout)

Effect of Effect of Effect of Effect of Including
Including Including Including Accelerated

Income Taxes Accelerated Federal Depreciation and
Generating Type and Credits Depreciation Tax Credits Tax Credits

RENEWABLES
Biomass-Plantation

Int. Rate of Retm 5.56 1.30 2.75 3.58

IRR-Equity a 2.47 a a
Biomass-Waste

Int. Rate of Retrn 1.06 1.24 1.00 1.24

IRR-Equity 1.66 2.25 1.00 2.25
Geothermal

Int. Rate of Retrn 1.29 1.26 1.16 1.75

IRR-Equity 3.19 2.76 1.74 8.95
Hydro

Int. Rate Of Retrn 0.99 1.11 1.00 1.11

IRR-Equity 1.07 1.34 1.00 1.34
Solar-Photovoltaic

Int. Rate of Retrn 1.38 1.30 1.19 1.53

IRR-Equity 5.53 4.37 2.27 7.53
Solar-Thermal

Int. Rate of Retrn 1.38 1.30 1.19 1.53
IRR-Equity 5.44 4.33 2.25 7.41

Wind

Int. Rate of Retrn 3.58 1.31 2.03 2.63

IRR-Equity a 5.58 a a

CONVENTIONAL
Coal

Int. Rate of Retrn 0.93 1.06 1.00 1.06

IRR-Equity 0.93 1.19 1.00 1.19
Combined Cycle

Int. Rate of Retrn 0.90 1.08 1.00 1.08

IRR-Equity 0.85 1.28 1.00 1.28
Combustion Turbine

Int. Rate of Retrn 0.96 1.15 1.00 1.15

IRR-Equity 1.01 1.72 1.00 1.72
Nuclear

Int. Rate of Retrn 0.96 1.09 1.00 1.09

IRR-Equity 1.01 1.27 1.00 1.27

Ratios greater than 1.0 indicate incentives; ratios less than 1.0 indicate barriers.

a Internal Rate of Retum-Equity cannot be calculated for these cases because the equity cash flow
profile is such that no discount rate will give a zero net present value over the entire life of the project.

6-7



Figure 6.4
Effect of Federal Tax Policies on

Annual Debt and Equity Cash Flow,
NUG Biomass Plantation
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What is surprising is that with no taxes or credits, meaning the income tax rate and
credits are both zero, the IRR becomes even worse, at 1.4%. This is because the price
used, which is what the plant would cost utility customers if it were utility-owned, was
based on the utility's receiving these tax benefits. When the NUG must charge a price that
gives it only a fair return (7.9%) after various tax credits are included, it is actually losing
money on a tax basis before the credits. Consequently, income taxes are a net positive
cash flow; the Income tax calculation shows operating losses that the owner can use to
lower his taxes on other Income.

In Table 6.2 we show the effect of accelerated depreciation alone on each of the
technology's IRRs. As expected, those with a 5-year depreciation schedule (biomass,
geothermal, solar, and wind) receive the most benefit. Table 6.2 also displays the effects
of the tax credits. The production tax credit (on dedicated biomass and wind) has the
largest impact, more than doubling the IRR. (Both technologies have prices below the
8c/kWh threshold, so they can use the full 1.5¢ credit.) The energy investment credit
raises the IRR by roughly 20%.

6.2.2. AlternativeMinimumTax Effects

The AMT isdesigned to prevent taxpayers from avoiding tax liabilities because of
certaintax benefits.Sect. 4.2.8 describesthe tax methodologyin moredetail. The result
of applyingthe AMT isthat taxesare higher inthe early years of the plant's life,lowering
the debt and equity cash flow.This lowersthe IRR for the project. In Fig. 6.3, we show
thatthe effect is most pronouncedon the renewableenergy technologiesthat have a 5-
year tax depreciation life. The AMT increases the life to 12 years and uses a less
advantageousmethodfor calculatingdepreciation.

As an example, in Fig. 6.5 we show the annual debt plus equity cash flow for the
wind technology under the reference scenario and after applying the AMT. Taxes are
higher with the AMT in years 3 through 8, costing the investors a total of almost $12
million. After year 8, the regular tax calculation results in a higher tax amount and so is
paid in both cases. The net result is a lowering of the IRRfrom 6.5% to 4.2%.

As a variant on the AMT, we also ran a scenario in which the owners did not have
other income with which they could offset the tax losses from the generating facility. Since
the government will not pay negative taxes in the case of operating losses, the company
must use the losses to offset profits either in earlier or future years. This is called
carryback or carryforward of losses, respectively. This topic is discussed in more detail
in Sect. 4.2.8.

In Table 6.3, we show the results for the reference scenario, the AMT scenario, the
carryforward scenario, and the AMT plus carryforward scenario. Carryforward most
dramatically affects the technologies that have tax credits available. Since there must be
positive taxes with which to offset the credits, the owners cannot use the credits until the
previous tax losses are offset by positive taxes. This delays the time when they are taken
and thus reduces their present value. In the case of dedicated biomass and wind (with
the production tax credit), some of the tax credits are never used because of the lack of
sufficient offsetting taxes.
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Figure 6.5
Effect of Alternative Minimum Tax on
Annual Debt and Equity Cash Flow,

NUG Wind Plant
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Table 6.3

Summary of Alternative Minimum Tax Effects on

Internal Rate of Return and Internal Rate of Return-Equity,

Nonutility Generators

(Ratio of IRRe of Case with Tax Policies to Case Without)

Effect of Including Effect of Including Effect of Including

GENERATING Alternative Carryforward AMT and

ALTERNATIVE Minimum Tax of Tax Losses Carryforward of Losses

RENEWABLES

Biomass-Plantation
Int. Rate of Retrn 0.68 0,14 0,14

IRR-Equity 0.35 a a
BIomass-Waste

Int. Rate of Retrn 0.77 0.84 0.74

IRR-Equity 0.43 0.49 0.37
Geothermal

Int. Rate of R_trn 0.75 0.72 0.65

IRR-Equity 0.33 0.26 0.19
Hydro

Int. Rate of Retrn 0,91 0.92 0.89

IRR-Equity 0,77 0.79 0.73
Solar-Photovoltaic

int. Rate of Retrn 0.71 0.66 0.60

IRR-Equity a 0.14 a
Solar-Thermal

Int. Rate of Retrn 0.71 0.66 0.60

IRR-Equity a 0.14 a
Wind

Int. Rate of Retrn 0.65 0.24 0.24

IRR-Equity a a a

CONVENTIONAL

Coal

Int, Rate of Retrn 0.97 0.98 0.96

IRR-Equity 0.91 0.93 0.89

Combined Cycle
Int, Rate of Retrn 0,98 1.00 0.98

IRR-Equity 0.95 0.99 0.94
Combustion Turbine

Int. Rate of Retrn 0,94 0.98 0.94

IRR-Equity 0,86 0.93 0.85
Nuclear

Int. Rate of Retrn 0.94 0.94 0.92

IRR-Equity 0,85 0.83 0.79

Ratios greater than 1.0 indicate incentives; ratios less than 1,0 indicate barriers.

a Internal Rate of Return-Equity cannot be calculated for these cases because the equity cash flow

profile is such that no discount rate will give a zero net present value over the entire life of the proje(
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In Fig. 6.5 we include the annual cash flow from the carryforward scenario for the
wind technology. In this case, over $13 million of credits are lost because of the lack of
offsetting taxes. In addition, $15 million in taxes on operating losses from the early years
are lost. They cannot be used to offset positive taxes before the 15-year time limit is over.
The net effect is a decline in the wind IRR from 6.5% to 1.5%. With the AMT in effect as
well as carryforward, the IRRstays the same aswith carry-forward alone. Net federal taxes
remain zero in both cases. With the AMT there are fewer tax credits from operating losses
that get lost because they are not used within 15 years. Instead of $15 million '"
lost, only $3 million are lost.
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7. DETERMINING RELATIVEBARRIERSAND INCENTIVES

In Sections2 through 6, we laid the foundation for answering questions posed by
Section 1205 of the Energy Policy Act of 1992 (EPACT)by (1) quantifying basic financial
and technical parameters of seven renewable and four conventional electric generating
technologies, (2) identifying applicable tax measures and ratemaking procedures for
investor-owned utilities (IOUs) and nonutility generators (NUGs), and (3) simulating the
effects of changing these measures and procedures on the financial criteria used by IOUs
and NUGs for making generation resource decisions. The results of the simulations
identify tax and ratemaking barriers and incentives for individual technologies. In this
section, we take the analysis one step further by determining whether the barriers and
incentives defined in Sections 5 and 6 for renewable technologies are significantly greater
than for conventional ones. Or, in the words of Section 1205 of EPACT, we determine
"if conventional taxation and ratemaking procedures result in economic barriers to or
incentives for renewable energy power plants compared to conventional power plants."
(Emphasis supplied.)

Before proceeding to a discussion of the results of that comparison, however, in
Sections 7.1 and 7.2 we place this study in the context of power-plant decisionmaking by
addressing factors other than financial attractiveness that affect decisions on technology
adoption by IOUs and NUGs. Three factors are especially important. First, we discuss
the influence of integrated resource planning (IRP) on an IOU's technology-adoption
decisions. Second, we discuss technical and financial risk, risk-bearers, and the influence
of risk on decisionmaking. Finally, we mention public policies toward renewable and
conventional generating technologies, which may encourage the use of certain
technologies by reducing their technical and/or financial risk. We present a qualitative
discussion of these three factors because it is not possible to quantify their effects on
technology adoption even though they are crucial in the decisionmaking process.
Although the relative tax and ratemaking barriers and incentives presented in Section 7.3
are part of the financial determination of technology adoption, there are other important
considerations that also shape decisionmaking on electric generating technology
adoption.

7.1. INTEGRATEDRESOURCE PLANNINGAND RESOURCE SELECTION

The results of this study only indicate directions of financial attractiveness:
barriers to--and incentives for--adopting renewable and conventional power plants. The
results do not suggest which technologies will be adopted by IOUs or NUGs. In real-
world settings, technologies are only cost (in)effective relative to a given power system.
Technical factors such as availability, diversity, dispatchability, and reliability are also
integral parts of the decisionmaking process, as are the technical and financial
characteristics of competing supply and demand resource options.

Expanding on the latter point, many IOUs are looking to reduce demand as a way
to meet energy and load requirements. That is, changing the pattern and level of
electricity demand (i.e., demand-side management (DSM)) with conservation and load
management strategies is considered a resource option along with traditional supply
resources (e.g., building new generating stat;Jns, extending the life of old ones, or
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purchasing power from other sources). The process of selecting a resource mix on the
basis of comparing the benefits and costs of all demand and supply options is referred
to as IRP. The IRP process is an integration of (1) traditional least-cost planning, a
process by which utilities minimize the cost of generating a given amount of electricity,
(2) demand-side planning, and (3) other relevant factors. IRP gives the electric utility
more options to consider in developing its resource strategy.

In this study, we did not model this complex decisionmaking process which varies
from state to state and utility to utility. Rather, we estimated the relative impact of certain
tax measures and ratemaking procedures on financial criteria that IOUs and NUGs use
as inputs to make technology-adoption decisions. Where these tax measures and
ratemaking procedures provide incentives for an alternative, however, they increase the
likelihood that the alternative will be selected by IOUs or NUGs when making generating-
resource decisions.

7.2. RISK, PUBLIC POLICY, AND RESOURCESELECTION

The seven renewable and four conventional technologies considered in this study
share common characteristics. They each require capital, labor, energy, and materials
for their construction and also require, to varying degrees, labor, energy, and materials
for their operation. Fromthese shared characteristics, the technologies diverge markedly
in technical and financial characteristics and public policy treatment. In this study, we did
not provide a taxonomy of all of these technical/financial and policy differences for the 11
technologies. In the following paragraphs, however,we will identify important differences
and identify how they influence the decisionmaking process.

Giventhe differences in technical and financial characteristics of the 11 generating
technologies considered in this study, it follows that there are differences in technical and
financial risks associated with using the technologies. An important factor taken into
consideration by IOUs and NUGs when making technology-adoption decisions is the
allocation of these risks among affected parties.

One important consideration in adopting a generating technology is the risk that
the technology will not be able to perform its assigned work load in a power delivery
system because of operating constraints. As an example, hydroelectric plants require
substantial amounts of rain or snow annually. For hydroelectric plants, an important
consideration is the party bearing the financial risk of providing power from alternative
sources in the event of a drought. If redundant capacity must be constructed to hedge
against a drought or power must be purchased to replace a hydro shortfall, the party that
is expected to bear the increased cost has higher risk. If rainfall is larger than expected
and there is a surplus of hydropower, the party bearing the risk may experience a
windfall.

A further distinction in the financial risk of adopting renewable versus conventional
technologies concerns the capital and fuel intensity of generating technologies. In
evaluating technologies, analysts necessarily project future capital and operating costs.
There will be a bias for or against adopting a generating technology depending on the
party bearing the risk that costs may differ from projections made at the time that the
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technology is selected. For example, a fossil fuel-intensive technology is more attractive
to a decisionmaker if the decisionmaker does not bear the risk of fuel-price fluctuations.
Therefore, the ratemaking procedure of passing through the risk of fuel-price fluctuations
to ratepayers favors fuel-consuming technologies. This is a barrier to the adoption of
renewable technologies that are not subject to fuel-price fluctuations.

A similar argument can be made for construction costs that differ from those
projected at the time that the technology-adoption decision is made. If the out-of-pocket
construction costs of a generating plant are greater than forecasted, who bears the cost?
If construction costs are less than projected, who reaps the benefits?

The distribution of these risks among parties is typically determined by regulatory
authorities in the ratemaking process. For example, fuel costs higher than expected at
the time of technology-adoption decisions aretypically borne by ratepayers. The benefits
of fuel costs less than expected are also typically reaped by ratepayers. Construction
costs are typically subject to prudence reviews. If actual construction costs exceed
projected amounts by a large margin, some regulatory authorities have required cost-
sharing--i.e., ratepayers bear part of the excess cost along with investors. The benefits
of construction costs less than projected are typically reaped by ratepayers.

Like the IRP paradigm discussed in the previous section, these technical and
financial risks--and the parties bearing them--are important considerations for
decisionmakers when making technology-adoption choices. However, it is extremely
difficult to quantify the effects that these risks have on technology choices in terms of the
financial criteria that we used. We made no attempt to do so in this study.

Although historical and current policy measures that affect development and
adoption of electric generating technologies are beyond the scope of Section 1205 of
EPACT, for completeness we mention some of these measures below.

Publicly owned utilities (POUs) were excluded from this study because they are
not subject to federal taxes and ratemaking procedures in the same manner as IOUs.
POUs may have a bias for capital-intensive technologies (such as renewable ones)
because of capital subsidies available to them. Also, current and historical subsidies for
some electric-generating fuels make technologies that use these fuels more attractive than
they otherwise would be in the absence of those subsidies. By not analyzing entire fuel
cycles, we do not capture the potential bias for these fuel-intensive technologies.
Similarly, we did not address current and historical public R&D subsidies for development
of energy technologies, including both renewable and conventional electric generating
technologies.

In this study, we examined a particular set of tax measures and ratemaking
procedures as prescribed by Section 1205 of EPACT. These measures and procedures
provide barriers and incentives to technology adoption and their appropriateness should
be examined closely by federal and state regulatory authorities. Further study is _equired
to examine the barriers and incentives for technology adoption beyond those considered
in this study and discussed in the next section.
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7.3. RATEMAKINGAND TAXATIONBARRIERSAND INCENTIVES

In this study, we estimated the differential effects of current tax measures and
ratemaking procedures on the financial criteria that IOUs and NUGs use to make
decisions on adopting electric generating technologies. The purpose of estimating these
effects is to determine whether the taxation and ratemaking procedures result in barriers
to or incentives for the adoption of renewable generating technologies compared to
conventional ones. For IOUs,the technology's levelized cost is the primary criterion. For
NUGs, the primary criterion is the internal rate of return (IRR).

Because the enabling legislation for this study (Section 1205 of EPACT) limits its
scope to decisions on renewable vs. conventional generating plants, no attempt was
made to examine tax policies outside of those that apply to decisions on generating
plants.1

In Sections 5 and 6, taxation and ratemaking 'barriers' to and 'incentives' for
adopting technologies are defined in terms of their effects on values of the
decisionmakingcriteria. For example,using the primary financialcriterionfor IOUs, if a
tax measure or ratemaking procedure resultsin a lower levelized cost for any of the
technologies measured from the reference case, the procedure is an incentive for
adopting the technology. Conversely,if the levelizedcost is higher, the procedureis a
barrier. Likewise for NUGs, if a tax measure2 results in a higher IRR, the tax is an
incentive for adopting the technology. If the return is lower, it is a barrier to adoption.

However, Section 1205 of EPACTrequires more than just determining whether or
not a measure or procedure is a barrier or incentive, it specifically states a determination
must be made as to whether the measures and procedures are barriers and incentives
'1or renewable energy power plants compared to conventional power plants." Therefore,
in the following tables we compare the effects of the tax measures and ratemaking
procedures on renewable technologies to the effects on conventional ones. I.f the
measure or procedure benefits a renewable technology more than conventional
technologies, it is an incentive (I) for the renewable technology. Conversely, if the
measure or procedure benefits conventional technologies more than the renewable
technology, it is a barrier (B) to the renewable technology. We use information from
Sections 5 and 6 to make this determination.

We summarize the results on barriers (Bs) to and incentives (Is) for adoption of
each of the renewable technologies under all tax measures and ratemaking procedures
considered in this study for IOUs in Table 7.1. We provide similar results for NUGs in
Table 7.2. Differences in the two tables reflect the fact that NUGs are more likely to be
subject to the alternative minimum tax (AMT) than IOUs and they are not subject to the

1For the interested reader, however, Section 3015 of EPACT requires the National Academy of
Sciencesto conduct a broacler study on energy subsidies which presumably will address tax policies other
than those affecting decisions on technology-adoption,

2Note that ratemaking procedures do not apply to NUGs.
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Table 7.1

Barriers To and Incentives For Renewable Technologies
Comparison With Conventional Technologies

Investor-Owned Utilities

Measure/ Biomass Biomass Solar Solar
Procedure Plantation Waste Geothermal Hydro PV Thermal Wind

Tax.on Effects:
All Taxes I - B B I

Local PropertyTaxes - B B B B
Taxes on Inputs ....
State Income Taxes ....
Federal IncomeTaxes=` I I - I I I

Accelerated Depreciationb I I I I I
Federal Tax Creditsc I NA NA NA NA NA I

Ratemaking Effects:
No CWIP inthe Rate Base ....
Tax Normalization - I I I I
Fuel AdjustmentClauses ....

SOURCES:TablesC.1 andC.2 in AppendixC.

A 'B' indicatesthat thetax measureor ratemakingprocedureis a barrierto adoptingthe technologybased
on comparing the ratio of the measure'sor procedure'seffect with the averagevalue of the ratios of
conventionaltechnologies. If thevalueof the ratiois morethan five percentgreaterthanthe corresponding
averagevaluefor conventionaltechnologies,the measureor procedureis a barrier.

An '1'indicatesthatthetaxmeasureorratemakingprocedureisan incentiveto adoptingthetechnologybased
on comparing the ratio of the measure'sor procedure'seffect with the averagevalue of the ratios of
conventionaltechnologies. If the valueof the ratio is morethan five percentless than the corresponding
averagevaluefor conventionaltechnologies,the measureor procedureis an incentive.

An 'NA' indicatesthat the measureis not applicableto the technology.

An '-' indicatesthat the measureorprocedureis applicable,but thevalueof theratio is within+ five percent
of the averagefor conventionaltechnologies.

='Includesthe effectsof all federalincometaxes,includingaccelerateddepreciation,and federalproduction
and investmenttax credits.

blncludesthe effectsof accelerateddepreciationexclusively.

Clncludesthe effectsof federalproductionand investmenttax creditsexclusively.

= III
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Table 7.2

Barriers To and Incentives For Renewable Technologies
Comparison With Conventional Technologies

Nonutility Generators

Measure/ Biomass Biomass Solar Solar
Procedure Plantation Waste Geothermal Hydro PV Thermal Wind

All Taxes I I I I I I I
Local PropertyTaxes - - - B
Taxes on Inputs - I I I
State IncomeTaxes I - - - I
Federal IncomeTaxes_ I I I I I I I

Accelerated Depreciationb I I I - I I I
Federal Tax Creditsc I NA I NA I I I
^.IternativeMinimum Taxd B B B B B B B

SOURCE:TableC.3 in AppendixC.

A 'B' indicatesthat thetax measureis a barrierto adoptingthetechnologybasedon comparingthe ratioof
the measure'seffectwiththeaveragevalueofthe ratiosof conventionaltechnologies. Ifthevalueof the ratio
is more than five percentless than the correspondingaveragevalue for conventionaltechnologies,the
measurea barrier.

An '1'indicatesthatthetax measureis anincentiveto adoptingthetechnologybasedon comparingthe ratio
of the measure'seffectwith the averagevalueof the ratiosof conventionaltechnologies. If thevalueof the
ratio is morethan five percentgreaterthanthe correspondingaveragevaluefor conventionaltechnologies,
the measureisan incentive.

An 'NA' indicatesthat the measureis not applicableto thetechnology,

An '-' indicatorsthat themeasureis applicable,butthevalueof theratiois within+_five percentof theaverage
for conventionaltechnologies.

"Includesthe effectsof all federalincometaxes,includingaccelerateddepreciation,and federalproduction
and investmenttax credits.

=)Includesthe effectsof accelerateddepreciationexclusively.

Clncludesthe effectsof federalproductionand investmenttax creditsexclusively.

dlncludes the effects of the alternative minimum tax.

same ratemaking procedures as IOUs.

As the notes to the tables indicate, a tax measure or ratemaking procedure for
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renewable technologies was determined to be a barrier or incentive to renewable
technology adoption compared with conventional technologies if the financial ratios
presented in Sections 5 and 6 differ by more than five percent points from the average
of the four conventional technologies. The applicable values presented in Sections 5 and
6 are the ratios of the values of the financial indicators without the measure or procedure
included to the values of the financial indicators with the measures or procedures. The
five percentage point difference from the averagevalues of the conventional technologies
is presumed to be large enough to change the relative financial attractiveness of different
technologies. 3

From Table 7.1, taxes for IOUs at the state, local, and federal levels (i.e., 'all
taxes') are incentives for two of the seven renewable technologies, and a barrier for hydro
and solar PV. For NUGs (Table 7.2), 'all taxes' are incentives for all seven renewable
technologies compared to conventional technologies. The primary reasons for these
conclusions are the large financial benefits provided by accelerated depreciation and the
production and investment tax credits, which do not apply to conventional technologies.

For IOUs, property taxes are barriers to the adoption of hydro, solar and wind
technologies, compared to conventional technologies. For NUGs,property taxes are only
a barrier to the adoption of wind. The reason is the higher capital intensity of the affected
renewable technologies in comparison with conventional ones. As shown _ Sections 5
and 6, this conclusion is robust under different assumptions about the bases used to
calculate property taxes.

Taxes on inputs are incentives for the hydro and solar technologies adopted by
NUGs, but they are neither incentives nor barriers for adoption by IOUs. Similarly, state
income taxes are an incentive for biomass-plantation and wind technologies if adopted
by NUGs, but are neither barriers nor incentives if adopted by IOUs.

Holding effects of the AMT aside for the moment, certain provisions of federal
income tax laws provide more incentives for adopting renewable technologies than
conventional ones by both IOUs and NUGs. First, as indicated by the analysis in
Sections 5 and 6, although accelerated depreciation benefits all renewable and
conventional technologies, it is more cf an incentive for many of the renewable
technologies. This is especially true because of the very short tax depreciation lives of
solar, wind, hydro, and geothermal technologies adopted by IOUs and solar, wind,
geothermal, and biomass plants adopted by NUGs. Second, provisions of EPACT
extending the investment tax credit for solar and geothermal technologies that are
adopted by NUGs and providing a 1.5C/kWh production incentive credit for dedicated-
plantation biomass and wind technologies adopted by both IOUs and NUGs are
especially attractive financial incentives for the affected ownership types.

3Because the financial indicator for NUGs is expressed as a percentage, an alternative method was
also used to calculate relative barriers and incentives for NUGs, The alternative is based on differences in
percentages--rather than differences in ratios, The results of using this alternative method do not change
conclusions substantially on barriers and incentives, These results are contained in Table C.4 of Appendix
C.
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If a NUG is subject to the AMT, however, the NUG is not able to take advantage
of the federal tax incentives for renewables and, therefore, the federal tax laws become
a barrier to the adoption of renewable technologies compared with conventional ones.
Dedicated-plantation biomass and wind technologies are especially harmed by the AMT
because the 1.5C/kWh credit cannot be used.

As Table 7.1 indicates, of the ratemaking procedures that we modeled, the only
one that provides a barrier or incentive to the adoption of renewable technologies is tax
normalization. It is an incentive for the adoption of hydro, solar, and wind technologies.

If we were able to quantify the effects of the ratemaking procedure that passes
the risk of fuel-price fluctuations to ratepayers, the results would show that this procedure
is a barrier to the adoption of renewable technologies that are not subject to fuel-price
fluctuations.
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A.1. BACKGROUND

In this appendix, we discuss technical features of the financial regulatory model
used in this study. The specification of the model is an extension of one provided the
authors by Dona Burney of the District of Columbia Public Service Commission. Because
the changes are substantial, however, the authors accept full responsibility for the current
specification.

As discussed in the text, financial simulations were e×ecuted for the decision-
making criteria of both IOUs and NUGs. Therefore, the discussion tn this appendix is
divided into two parts, addressing, first, electric utilities and then NUGs. Because many
financial issues pertaining to NUGs are similar to or the same as those of IOUs, the
discussion of NUGs will be abbreviated.

The computer model used to analyze the various tax and ratemaking procedures
is based on a spreadsheet that calculates the contribution of a single power plant to a
utility's financial performance. It includes such factors as the capital outlays, debt
requirements, fuel costs, O&M costs, depreciation, taxes, rate base, and return to equity
holders. The model develops full financial statements for the plant for each year from the
beginning of construction to final shutdown. A variation of the model uses a fixed input
price instead of a rate base calculation for pricing in order to model an NUG.

Because the model considers only the construction of a single plant, it does not
have to deal with issues such as demand growth, retirement of existing capacity, and the
type of plant needed. We assumed for the purpose of this study that the utility had
decided that the technology being modeled matched its needs in the way of capacity and
timing. Generation is based solely on the input capacity times the input capacity factor.
This reduces the complexity of the analysis to allow us to focus on the tax and
ratemaking procedures as they affect each technology.

The costs of a single plant affect the parent utility through increases or decreases
in the balance sheet and earnings statement. This will affect the taxes to be paid, the rate
base on which the utility can collect, and the consequent cash flow. This study look at
the effects of a technology at the margin for a utility and does not look at a hypothetical
utility in its entirety.

A.2. INVESTOR-OWNEDELECTRIC UTILITIES(IOUs)

A.2.1. Overview

In Fig. A.I, we summarize how the financial regulatory model calculates required
revenues for IOUs. The levelized cost is simply the discounted value of the required
revenues by the annual electricity generation.
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FIGURE A.1

RATEMAKING FORMULA FOR INVESTOR-OWNED UTILITIES

• DEBT

• FIXED O&M • BOOK DEPRECIATION % RETURN
• VARIABLE O&M • TAX DEPRECIATION • EQUITY
• HEAT RATE (ACCELERATED DEPRECIATION) % RETURN
• CAPACITY FACTOR

3>
.k REQUIRED __ OPERATING FUEL F/B

REVENUES --" EXPENSES 4" COSTS "1" DEPRECIATION "1" TAXES _ r

EIA FORECASTS- • LOCAL PROPERTY TAXES CONSTRUCTION EXPENDITURES
• COAL • STATE INCOME TAXES -ACCUMUI.ATED DEPRECIATION
• OIL • TAXES ON CONSTRUCTION +O&M ALLOWANCE
• NATURAL GAS AND OPERATING INPUTS -DEFERRED INCOME TAXES
• URANIUM • FEDERAL INCOME TAXES -DEFERRED ITC

- WOOD • ACCELERATED DEPRECIATION

• PRODUCTION TAX CREDITS

• INVESTMENT TAX CREDITS

(U) CWtP IN RATE BASE
RATEMAKING _ (I) FUEL (111)NORMALIZED VS.

ADJUSTMENT FLOW-THROUGH
PROCEDURES CLAUSE (Ill) NORMALIZED VS. ACCOUNTING

ROW-THROUGH
ACCOUNTING



A.2.2. Componentsof RequiredRevenues

A.2.2.1. Fuel Costs

The 1991 cost of fossilfuelsand their projectedvaluesoverthe usefullivesof the
plants considered in the study (in 1991 dollars) were obtained from the Energy
InformationAdministration.

Fuel costs are calculated on the basis of plant production and capacity and
escalated if necessary.Becausetaxes on fuelare calculated laterin the model,the input
fuelcost is multipliedby the inputpercentageof the fuelcost not attributedto sales tax.
The equation is

Fuel Cost per kWh = InputFuel Cost per kWh x Fuel Cost % withoutTax.

This fuel cost is then converted to thousands of dollars by multiplyingby the
productionrate for each year and escalatedbased on the basisof the inputescalation
rate:

Fuel Costt = Fuel Cost $ per MWh x Capacity x Capacity Factorx 8760 hoursx
(1 + Fuel Escalation)t4°x (K$/10005)

where t = year of outlay and to = first year.

To model the lack of an automatic fuel adjustment clause (one of the sensitivities
studied), the fuel costs in the required revenue calculation increase at only the O&M
escalation rate (our stand-in for the general inflation rate) instead of the fuel escalation
rate for the next year. If the fuel escalation rate is higher, then not all fuel costs are
recovered that year. The shortfall is then recovered the following year. However, that next
year has a similar shortfall for its year's fuel cost based on the differential escalation
rates. The equation is:

Fuel Cost Recoveredt = [Fuel Costtx (1 + O&M Escalation)/(1 + Fuel Escalation)]
+ (Fuel Cost using fuel escalationt__- Fuel Cost using O&M escalationt__)

The result is that the revenue in the first year of plant operation has a fairly
significant shortfall based on the difference in escalation rates, and the revenue for all
future years have a very minor difference because they include the previous year's
shortfall. Finally, in the year after shutdown, the missing fuel costs are recovered.

A.2.2.2.Other O&M Expenses

O&M expensesotherthanfuelincludelaborand materialsusedinoperation,plant
maintenance,waste disposal,and site management.For some technologies, such as
geothermaland nuclear, these costs are a significantfractionof the overallcosts. The
costs may be enteredinto the modelas a fixedcost per kilowattof capacity or as a cost
per kilowatt-hourproduced. The costs are splitbetween labor, material, and taxes on
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labor and material. The user inputs the appropriate percentages of the total that represent
the labor and material costs without taxes. Later in the model, these costs will be
multiplied by the appropriate input tax rate to find the tax components of the O&M costs.
The equations are

O&M Labor Cost = Input O&M Cost x Labor Cost % without Tax
O&M Material Cost = Input O&M Cost x Material Cost % without Tax.

These are converted to thousands of dollars and escalated using the input O&M
escalation rate:

O&M Costt = [O&M $ per MWh x Capacity x Capacity Factor x 8760 hours
+ O&M $ per kW x Capacity x (IO00kW/MW)]
x (1 + Fuel Escalation)tt°x (K$/10005).

A.2.2.3. Depreciation

Before depreciation is calculated, the total capital cost of the plant must be found.
The input contains the total capital cost of the plant in dollars per kilowatt. This cost is
the overnight construction cost. In other words, it is the cost in constant dollars without
interest or inflation due to the length of time it takes to build the plant. These two factors
are calculated separately within the model. The input includes a schedule showing what
fraction of the plant is built in which year before the plant comes on-line. These fractions
are based on constant dollars and total to 100%. The capital outlays in a given year are
equal to the total capital cost times the fraction of total cost for the appropriate year
before start-up times the escalation factor for r.nnstruction costs.

Capital Outlayt = Capital Cost x Fraction of Totalt.ts
x (1 + Construction Escalation Rate)t-t°

where ts = year of startup.

The input to the model also includes the percentages of the capital cost that are
attributable to labor, material, energy, and land. These percentages do not include the
taxes on each of these components; the taxes on these inputs are calculated separately.
The capital outlay is multiplied by each one of the components' fractions to find their
representative cost. The cost for each is then multiplied by the appropriate tax rate to find
the taxes on that input to the capital cost. The sum of all components and their taxes total
to 100% of the capital outlay for the year:

Component Costit = Capital Outlayt x Component Cost % w/o Tax
Component Tax_ = Component Costit x Tax Ratei

Z;;Component Coster+ Component Taxer= 100% of Capital Outlay,

where i = Cost Category (Labor, Energy, Material, Land).
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As capital outlays are made, they are added into an asset account called
Construction Work in Progress (CWIP). In the year the plant begins operation, the cost
is transferred to Gross Plant & Equipment (Gross P&E). Except for the cost of the land,
these costs are depreciated as described below. The land value, on the other hand, is
held on the books at cost. In the last year of operation, the land is simulated to be sold
at cost. Since revenue and cost offset each other, this transaction has no effect on the
required revenue calculation or the income statement. The sale of the land does,
however, increase equity cash flow in the final year. This land value can be thought of as
the salvage value of the facility at the end of its life.

A separate asset which must be depreciated, if it exists, is the Allowance for Funds
used During Construction (AFUDC). It represents the amount of return that the utility
would have earned on the CWIP if it had charged customers the allowed rate of return
on assets before operation. The AFUDC accumulates during the construction phase and
enters the ratebase when the plant begins operation. It then is depreciated over the life
of the plant using straight line depreciation just as the rest of the P&E (see below). The
model separates the components of AFUDC between allowance for borrowed funds
(AFBF) and equity funds (AFEF).The equations are

AFBF = (CWlP + cumulative AFUDC)Boyx Debt Ratio x Interest Rate

AFEF = (CWlP + cumulative AFUDC)Boyx (1 - Debt Ratio) x Allowed Return on
Equity

Annual AFUDC = AFBF + AFEF,

where BOY = Beginning of year.

The AFUDC enters the income statement as a quasi..revenuebut is not a real cash
inflow. Instead, it is collected from customers over the life of the plant through its
depreciation and the earned return on the undepreciated portion. If the user chooses to
allow CWlP in the ratebase, AFUDC does not exist because the utility is truly recovering
the funds during construction.

Book depreciation is now calculated so that it may be collected in the required
revenue. As mentioned above, this includes all the capitalized costs except land, i.e.,
labor, material, energy, and taxes on the four components. In addition, the AFUDC is
depreciated over the life of the plant and collected in revenues.

Annual Book Depreciation = (Gross Plant & Equipment (including AFUDC) --
Land)

/ Plant Life

Tax depreciation is calculated using a double-declining balance method if the tax
life is less than 15 years and a one-and-a-half declining balance for tax lives of 15 years
or greater. Tax caJculationsdo not include AFUDC. The equation is
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Depreciation Using Double = [Gross P&E (w/o AFUDC) - Land -Accumulated
Declining Balance Tax Depreciation] x 2 / Tax Depreciation Life

Note: One-and-a-half declining balance would use 1.5 instead of 2 in the equation.

The tax code requires that the calculation assume that the plant starts in the
middle of the first year ol operation for tax depreciation. For example, a plant with a 5-
year tax life would have depreciation of 20% of its value in the first year. In the sec_.,qd
year, the amount would be 32% (40% of the remaining 80%.) The third year would be
19.2% (40% of the remaining 48%.)

Because the double-declining balance equation never fully depreciates an asset,
the amount of depreciation using straight line depreciation is also calculated. This
straight-line calculation, however, only uses the net value of the plant and the years
remaining in the tax life of the plant. Towards the end of the tax life,the straight-line value
is higher than the double declining balance value. Once it becomes higher, this straight-
line depreciation is used instead.

Annual Tax Depreciation = MAXIMUM [Double-Declining-Balance method,
(Gross P&E (w/o AFUDC) - Land - Accumulated
Tax Depreciation)/Years Remaining in Tax Life].

To continue the example, in the fourth year the double-declining balance method sets the
depreciation at 11.52%.The straight-line depreciation of the remaining 28.8% of the asset
over two and a half years is also 11.52%. In the fifth year the double-declining balance
equation gives only 6.9%; the straight-line value of 11.52% is used again. In year 6, the
final 5.76% is depreciated.

A.2.2.4. Taxes

There are a variety of taxes included in the model. All taxes are included in the
required revenue calculation at some point in time. Expensed taxes are those that are not
capitalized in the plant. They are recovered in the year of their expense. Capitalized taxes
are those that were part of the construction costs and are built into the capital costs. They
are expensed as part of the depreciation cost of the plant. Property taxes are paid on the
basis of assessed values and an input rate. The income tax calculation includes both the
current taxes payable and the annual deferred taxes that are due to accelerated
depreciation. Any available tax credits reduce the current taxes and consequently lower
the required revenues.

Taxes on the inputs to production are charged on the fuel, labor, materials, and
land costs for each year. These are found by multiplying the appropriate cost category
by the input tax rate:

Input Taxes on Costs, = Costit x Tax Rate;.

where i = Cost Category (Labor, Energy, Material, Land), and t = year.
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Those taxes on cost components of the capital outlays for the plant are
incorporated into the CWIPand thence into the P&E.The taxes are then depreciated over
time along with the rest of the plant. Taxes on the inputs to production that are expensed
in the same year (i.e., O&M labor, O&M materials, fuel) appear on the income statement
and in the revenue requirement calculation in the same year as the expense.

The model has the capability to calculate a tax on the kilowatt-hour output of the
plant. This was used in early versions of the model to analyze the proposed BTUtax, but
was not used in the results of the final report.

Property taxes are calculated by multiplying the assessed value of the plant by the
input tax rate. There are several methods within the model for simulating the assessed
value. The net book value is used in the reference scenarios in the absence of a known
market value. The input tax rate should be adjusted beforehand to take into account that
many states assess property at a fraction of its full value.

Property Tax = Assessed Value x Property Tax Rate,

where Assessed Value = Net Book Value of Plant, or
Gross Book Value of Plant, or
Net Present Value of remaining Cash Flow to Equity, or
Net Book Value of Plant less Land Value.

The model calculates income taxes by developing an income statement that uses
accelerated depreciation instead of book depreciation and does not include any
allowance for funds used during construction. Pre-tax income is calculated by subtracting
fuel, O&M, accelerated depreciation, and interest from the required revenue amount.

Pre-Tax Income = Revenue - Fuel- O&M Cost - Accelerated Depreciation
-Interest

From this amount is subtracted the expensed taxes on inputs, property taxes, and
production taxes. This amount is multiplied by the state income tax rate to determine the
state income taxes. The equation is

Current State Income Taxes = (Pre-TaxIncome -Input Taxes-Property Taxes
- Production Taxes) x State Income Tax Rate

The current federal income taxes payable are found similarly, but since state taxes
are tax-deductible, state income taxes are included in the equation.

Current Federal Income Taxes = (Pre-Tax Income -Input Taxes -Property
Taxes - Production Taxes - Current State
Income Taxes) x Federal Income Tax Rate

Because the required revenue calculation includes the income taxes, which in turn
require the revenue amount, iteration would normally be required. However, the equations
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for the income taxes can be reformulated to eliminate the recursiveness. Doing this
greatly speeds the calculation.

Annual deferred taxes are those taxes which will eventually be paid but are not
due yet because of accelerated depreciation. They are found by taking the difference
between the two forms of depreciation and multiplying by the state and federal income
tax rate. Since tax calculations do not use AFUDC, the book depreciation has this
component removed. The equation is

Annual Deferred Taxes = (Tax Depreciation - Book Depreciation (w/o AFUDC))
x (State Income Tax Rate + Federal Income Tax Rate).

In the early years, deferred taxes will be positive because of the high accelerated
depreciation. Once the plant is past its tax life, the annual deferred taxes will be negative.
The deferred taxes are accumulated and treated as a liability on the balance sheet
because they must eventually be paid. As they are paid (negative annual deferred taxes)
the cumulative amount declines to zero at the end of the book life of the plant.

If taxes are normalized, the deferred taxes are collected from ratepayers in the
revenue calculation. This raises the revenue requirement in the early years and lowers it
in the later years. However, the accumulated deferred taxes are subtracted from the asset
value in the rate base calculation. Customers should not have to pay the taxes early (by
paying deferred taxes) as well as pay a return to the utility on those funds until they are
paid to the government. If taxes are not normalized, then the revenue calculation would
include only current taxes and not deferred taxes.

The investment tax credit is found by multiplying the gross P&E by the input tax
credit rate. It applies only in the first year of operatioq.

Investment Tax Credit = Gross P&E (w/o AFUDC) x ITC Rate.

The production tax credit calculation is more complicated. The EPACTestablishes
a 1.5C/kWhtax credit for wind and closed-loop biomass projects. However, it applies in
full only if the price of electricity from the plant is at or below 8C/kWh. Between 8¢ and
11¢, the credit decreases linearly to zero. At prices over 11C/kWh, no credit applies. The
equation used is

Production Tax Credit = 1.5C/kWhx MINIMUM[1.0, MAXIMUM((11C/kWh-Price)
/ 3, 0.0)] x Production

A price is not specifically used for sales of electricity from the plant if it is modeled as
utility-owned. Instead, an effective price is calculated by dividing the calculated required
revenue by the production amount. Since the effective price requires the required revenue
which requires the credit amount, a recursive formula and iteration must be used.

Also, the credit is available only during the first 10 years of plant operation.
Inflation factors can be applied to the 1.5¢ and 8¢ figures.
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Because the investment and production tax credits are not taxable, their impact
is amplified. For example, the production tax credit lowers required revenues by
1.5C/kWh. Lowered revenues lower the federal income taxes by 35% of the credit; this
decrease, in turn, lowers required revenues further. The result is that the effective price
is lowered 2.27C/kWh, an amplification of over 50%. A similar effect occurs with state
income taxes.

A.2.2.5. Return on Rate Base

The return on rate base is equal to the rate base at the beginning of the year
multiplied by an allowable percentage return based on the cost of capital. The rate base
equation is

Total Rate Base = Net P&E + CWlP Allowed in Rate Base

+ Capitalized AFUDC + Working Capital
- Capitalized Deferred Taxes.

The working capital is defined as an input fraction of the next year's O&M cost (we used
12.5%).This is used to represent that the utility needs about 1.5 months of the operating
costs in reserves. The other components of the rate base were discussed in previous
sections.

In the years before operation, the only non-zero component of the rate base is the
CWIPallowed. If no CWlP is allowed, the rate base is zero until the plant comes on-line.
Except under this circumstance, the rate base is also equal to the sum of the debt and
equity investment. It is not equal to total assets because the deferred taxes liability does
not earn a return, since the customers have already paid this through normalization of
taxes.

The allowable percentage return on investment is the weighted average cost of
debt and equity capital before taxes. Since deferred taxes, which earn no return, are
subtracted out of the rate base, the percentage return must be modified to reflect this.
Therefore, the total return on rate base is equal to

Allowed % Return = Allowed Equity Rate of Return x (Equityso_/ Rate Base)
+ Interest Rate x (Debtoo_/RateBase)

This equation does not use after-tax cost of capital because it is used to calculate total
revenues before taxes. The return on rate base is then equal to the total rate base times
the allowed return. It also equals the interest charge for the year plus the equity
investment times its allowed rate of return. The equations are

Return on Rate Base = Total Rate Base x Allowed % Return, or

Return on Rate Base = Interest Charge + Allowed Return on Equity.

New debt is issued each year on the basis of multiplying the sum of capital
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outlays, AFUDC, and working capital requirements by the input debt ratio:

Debt Issuedt = (Capital Outlayst + AFUDCt + Change in Working Capitalt).

Interest is charged on the amount of debt held at the beginning of the year. (To ease
calculations throughout the modeling, we assumed that all transactions are carried out
at year-end and that the plant begins operation at the beginning of a year.)

Debt is retired at the same rate that the capital investment is depreciated using
book depreciation. Although this may not be the same schedule that actual utiiities use,
it maintains a constant debt ratio over the life of the investment and avoids perturbations
based on bond lengths versus plant lives. Since this model simulates only one power
plant instead of the utility's entire asset base, this assumption is a rea._onable
simplification.

A.2.3. DecisionmakingCriteria

Marginalincomestatementsand balance sheetsreflectingthe financialeffectsof
each of the technologiesare calculatedfor each year.These can be used to calculate
financialratiosfamiliarto investmentanalysts.The resultsare also importantfor use in
the calculationof the nextyear's costsand revenuerequirements.

A.2.3.1. LevelizedCost

The levelizedcost to customersequalsthe netpresentvalue (NPV) of the annual
revenuefrom electricitysales as calculatedusing the rate base formula dividedby the
NPV of the kilowatt-hoursproduced. (Our model considersonlybusbarcosts and does
not include transmissionlosses of electricity.)Thenet present value of the revenue
requiredis the sum of the revenuesover the lifeof the plant, witheach year's revenues
discountedby the cost of capital to the present.

NPV(Revenues) =]Ce Revenuest x (1 + discount rate)t-t°

where Revenues = calculated revenues required from rate base calculation.

The equation uses the weighted average cost of capital to the utility after taxes for
the discount rate. It is based on the allowed return on equity and the after-tax cost of
debt, weighted by the percentage of each form of investment used during construction.

Cost of Capital =Allowed Equity Rate of Return x (1 - Debt Ratio) + Interest
Rate x Debt Ratio x (1 - Federal Income Tax Rate - State Income Tax Rate +

Federal Income Tax Rate + State Income Tax Rate).

In scenarios with no income tax, the equation uses the reference scenario tax rates to
provide a more consistent comparison.

The NPVof kilowatt-hours produced is used to find the levelized price through the
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following equations. Wewant to find a single price which, when multiplied by the kilowatt-
hours produced each year, gives the same NPV of revenues as the actual stream of
revenues.

NPV (Revenues) = NPV (Levelized Price x kWh produced).

Since the levelized price is a constant, it can be pulled out of the NPV equation:

NPV (Revenues) = Levelized Price x NPV (kWh produced).

The levelized price can then be found by rearranging the equation:

Levelized Price = NPV (Revenues) / NPV (kWh produced).

The levelized price can also be thought of as the levelized cost to customers. Inthis study
we use the terms interchangeably.

The revenue can be segmented on the basis of the various types of costs used
to calculate it. We have combined these into seven major groupings for the tables in
Appendix B. These are: capital costs, O&M costs, fuel costs, federal taxes, state and local
taxes, property taxes, and tax credits.

A.2.3.2. Internal Rate of Return

The cash flow to the debt and equity holders combined is the basis for calculating
the internal rate of return. This defines the cash flow of the project as a whole, without
regard to the financial arrangements in its financing. It can be found through components
of the income statement and balance sheet or through a bottoms-up summation of cash
inflows and outflows.

Cash Flow = Cash Revenues - Capital Outlays - Fuel Costs- O&M Costs -
Change in Working Capital- Taxes,

or

Cash Flow = Net Income + Depreciation + AFUDC Depreciation + Deferred
Taxes + Interest- Capital Outlays -AFUDC.

The internal rate of return (IRR) is the discount rate that causes the NPV of the net
cash flow over the entire period to equal zero. Using the earlier NPV equation but with
cash flow:

NPV(Cash Flow) = _'t Cash Flow t x (1 + IRR)t-t°= 0.0.

The value is found through iteration and is built into the spreadsheet software.

A.2.3.3. Internal Rate of Return - Equity

Equity cash flow is the basis for calculating the internal rate of return to equity
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holders. It can be calculated either through use of the income statement and adjustments
based on noncash expenses and revenues, or through a bottoms-up summation of cash
inflows and outflows.

Equity Cash Flow = Cash Revenues + Debt Issued - Capital Outlays- Fuel
Costs - O&M Costs - Change in Working Capital- Interest
Payment- Debt Retirement-Taxes

or
Equity Cash Flow = Net Income + Depreciation + AFUDC Depreciation +

Deferred Taxes + Debt Issued -Capital Outlays- Debt
Retired - AFUDC.

Equity cash flow represents the funds either received from or paid out to the
parent utility. The funds may be from internally generated sources within the utility or from
stock issues. Funds out may be paid to stockholders as dividends or used to fund other
projects of the utility. The original source or ultimate use of the equity funds outside this
model are not important to this study.

The Internal Rate of Return - Equity (IRR-Equity)uses the same NPV equation as
the IRRbut uses the equity cashflow instead of the project cash flow.

A.3. NONUTILITYGENERATORS

A.3.1. Overview

In Fig. A.2, we summarize how the financial regulatory model determines net
income for a NUG. In contrast to IOUs (Fig. A.1) there are no ratemaking procedures for
NUGs.

A,3.2. Components of Net Income

A.3.2.1. Revenues

Revenues for NUGs are a single input price multiplied by the electricity production
to calculate revenues. This simulates a fixed price contract with a utility based on an
agreed-upon price, such as avoided cost in the year of the contract. Since these cases
used real rates of return with no escalation for inflation, this is equivalent to having a price
set at the beginning of plant operation but escalating with general inflation. In reality, NUG
contracts are much more complex, involving many more variables in prices, terms,
conditions, and time periods; but analysis of the consequences of such variables is
beyond the scope of this study.

&.3.2.2. Fuel Costs

See the discussion in Sect. A.2.2.1.
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FIGURE A.2
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A.3.2.3. Other O&M Expenses

See the discussion in Sect. A.2.2.2.

A.3.2.4. Depreciation

See the discussion in Sect. A.2.2.3.

A.2.2.4.Taxes

Taxesare calculated the same for NUGs as for IOUs (Sect. A.2.2.4)except that we
include two options. The first option is that the AMT applies to the NUG. The second
option is that operating losses have to be carried forward rather than causing income
taxes to be negative.

The AMT applies if a corporation relies too much on tax benefits such as
accelerated depreciation to lower its tax bill. The AMT reduces those tax advantages but
uses a lower tax rate in calculating the alternative tax. The model calculates tax
depreciation using the longer depreciation life specified in the tax code. Itthen determines
an AMT Income based on normal revenues, expenses, and th_snew depreciation amount.
It multiplies the AMT Income by 20% to find the AMT. If this amount is higher than the
regular tax that would have been paid (or a smaller tax credit for operating losses), the
AMT is used instead of the regular tax.

Alternative Minimum Tax = (Revenues - Alternative Depreciation -Other
Expenses) x 20%

Current Taxes Payable = Maximum (Regular Current Taxes, Alternative
Minimum Tax)

Carryforward of operating losses is required if the NUG does not have sufficient
offsetting positive taxes elsewhere in its operations to use these operating losses. In this
case, it must carry the losses forward until they can be used to offset positive taxes (see
Sect. 4).

For example, in year t, suppose net income before income taxes is -$100K. State
and federal income taxes would be -$6K and -$33K respectively. Because taxes could
not be negative, the -$39K would be carried forward to a_ply against any positive taxes
in the next year. In year t + 1, net income before income taxes is again -$100K. The
resultant -$39K in taxes would also be carried forward. In Year t + 2, net income is
+$60K. Taxes would be $23K. The model would use the carry forward from year t to
offset these positive taxes first. This would leave year t carryforward at -$16K and year
t + 1 at -$39K. If at the end of year t + 15 any part of the remaining -$16K had not been
used to offset taxes, those credits would be lost to the corporation.

The net income before income taxes is based on using the accelerated
depreciation of the project, as opposed to the book depreciation. This means that plants
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with high depreciation due to accelerated depreciation may show a profit on the regular
income statement but have large losses on the tax income statement. These losses are
what are carried forward in the tax calculation.

Although tax law allows a carryback and carryforward of losses, with carryback
preferred, the model uses only carryforward of losses. This is because losses generally
occur at start-up before there are positive taxes to offset the losses. The credits are not
carried on the balance sheet as receivables but only taken as extraordinary gains if used.

A.3.3. DecisionmakingCriteria

A.3.3.1. InternalRateof Return

See Sect. A.2.3.2 for the discussion on IRR. For the NUG cases, the internal rate
of return for combined Debt + Equity is used. This criterion helps show whether the
project as a who;e has an adequate return, apart from the financing ratio of debt to
equity. (However, the tax deductibility of interest does affect [he overall return of the
project.)

A.3.3.2. InternalRate of Return- Equity

See Sect. A.2.3.3 for the discussion on IRR-Equity.This number represents the
profitabilityof the projectto the equity shareholders.Becauseof the amountof leverage
involved (use of debt at a fix9d interestrate), this criterionis similarto the IRR for the
project but is veryamplified.Increases in IRR of a few percentagepointsgive increases
inthe IRR-Equityof tens of percentage points. Decreases in the IRRcan make the IRR-
Equity negative.

There is an additional complication in the IRR-Equity calculation. Because we
modeled a generic debt repayment over the life of the plant without regard to funding
availability, there are some cases where equity net cash flow becomes negative starting
some years after the plant comes on-line. It may then turn positive again in the last years
of operation as the interest payments and other costs decline relative to the fixed revenue
stream. This causes an equity cash flow profile that is negative during construction,
positive in the earlyyears during accelerated depreciation, negative for some years, and
maybe positive in the last few years. The IRRfunction may not give accurate results under
these circumstances. It can actually give higher a IRR value with a lower net cash flow
because a higher IRRreduces the weighting of the negative cash flow in the latter years.
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Table B.1
Tax Simulation Results:

Levelized Cost and Internal Rate of Return,
Investor-Owned Utilities

(LevelizedCost in C/kWh,IRR in %)

Reference No Credits
GENERATING BaseTech No Taxes No Prop- No No State and No Fed,
ALTERNATIVE withTaxes orCredits ertyTaxes InputTaxes IncomeTaxes IncomeTax

RENEWABLES
Biomass-Plantation

LevelizedCost 6.05 6.21 5.57 5.63 6.09 7.08
Int. Rate of Return 5.91% 6.00% 5.91% 5.91% 5.92% 5.99%

Biomass-Waste
LevelizedCost 6.49 5,46 6.02 6.11 6.46 6,29
Int. Rate of Return 5.91% 6.00% 5.91% 5.91% 5.92% 5.99%

Geothermal
LevelizedCost 6.16 5.29 5.53 5.75 6.19 6.30
Int. Rate of Return 5.70% 6.00% 5,70% 5.70% 5.74% 5.96%

Hydro
Levelized Cost 2.90 2.07 2.34 2.71 2.88 2.79
Int. Rate of Return 5.85% 6.00% 5.85% 5.85% 5.87% 5.98%

Solar-Photovoltaic

Levelized Cost 32.37 25.53 25,43 30.23 32,68 34.14
Int. Rate of Return 5.65% 6.00% 5.65% 5.66% 5.70% 5.96%

Solar-Thermal
Levelized Cost 16.33 13.17 13.27 15.24 16.46 17.10
Int. Rate of Return 5,66% 6.00% 5.66% 5,66% 5.70% 5.96%

Wind

Levelized Cost 3.30 3.65 2.52 3.00 3.40 4.68
Int. Rate of Return 5.69% 6.00% 5.69% 5.69% 5.73% 5.96%

CONVENTIONAL
Coal

LevelizedCost 5.90 4.85 5.41 5.54 5.87 5.68
Int. Rate of Return 5.91% 6.00% 5.91% 5.91% 5.92% 5.99%

CombinedCycle
LevelizedCost 6.06 5.14 5.65 5,72 6,03 5.89
Int. Rate of Return 5.91% 6.00% 5.91% 5.91% 5.92% 5.99%

Combustion Turbine

Levelized Cost 9.13 7.77 8.40 8.61 9.10 8.97
Int. Rate of Return 5.85% 6.00% 5.85% 5.85% 5.87% 598%

Nuclear
Levelized Cost 5.75 4.78 5.28 5.37 5.73 5.60
Int. Rate of Return 5.88% 6.00% 5.88% 5.88% 5.89% 5.98%
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Table B.2
Ratemaking Simulation Results"

Levelized Cost and Internal Rate of Return,
Investor-Owned Utilities

(Levelized Cost in C/kWh,IRRin %)

Reference No Fuel

GENERATING Base Tech CWIP Flow-l"hrough Adjustment
ALTERNATIVE with Taxes Allowed Taxes Clause

RENEWABLES
Biornass-Plantation

Levelized Cost 6.05 6.06 6.19 6.05
Int. Rate of Return 5.91% 5,92% 6,00% 5.91%

Biomass-Waste
Levelized Cost 6.49 6.50 6.63 6.49

Int. Rate of Return 5.91% 5.92% 6.00% 5.91%
Geothermal

Levelized Cost 6.16 6.17 6,54 6,16
Int. Rate of Return 5.70% 5.69% 6.00% 5,70%

Hydro
Levelized Cost 2.90 2,91 3.22 2.90
Int. Rate of Return 5.85% 5.86% 6.00% 5.85%

Solar-Photovoltaic

Levelized Cost 32.37 32.39 36,48 32.37
Int. Rate of Return 5.65% 5.65% 6.00% 5.65%

Solar-Thermal
Levelized Cost 16.33 16.34 18.14 16.33
Int. Rate of Return 5.66% 5.65% 6.00% 5.66%

Wind
Levelized Cost 3.30 3.31 3.73 3.30

Int. Rate of Return 5.69% 5.69% 6.00% 5.69%

CONVENTIONAL
Coal

Levelized Cost 5.90 5.92 6.05 5.90
Int. Rate of Return 5.91% 5.92% 6.00% 5.91%

Combined Cycle
Levelized Cost 6.06 6.07 6.19 6.06
Int. Rate of Return 5.91% 5.92% 6.00% 5.88%

Combustion Turbine
Levelized Cost 9.13 9.13 9.34 9.12
Int. Rate of Return 5.85% 5.85% 6.00% 5.82%

Nuclear

Levelized Cost 5.75 5.77 5,90 5.75
Int. Rate of Return 5.88% 5.89% 6.00% 5.88%
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Table B.3

Summary of Federal Income Tax Simulation Results:
Levelized Cost and Internal Rate of Return,

Investor-Owned Utilities
(Levelized Cost in C/kWh,IRR in %)

No Credits

GENERATING and No Fed. Tax Life = No Credits or

ALTERNATIVE Reference Income Tax Book Life No Credits Accel Dep.

RENEWABLES
Biomass-Plantation

Levelized Cost 6.05 7.08 6.22 7,29 7.46
Int. Rate of Return 5.91% 5.99% 5.99% 5.91% 5.99%

Biomass-Waste

Levelized Cost 6.49 6.29 6.67 6.49 6.67
Int. Rate of Return 5.91% 5.99% 5.99% 5.91% 5.99%

Geothermal

Levelized Cost 6.16 6.30 6.84 6.16 6,84
Int. Rate of Return 5.70% 5.96% 5.99% 5.70% 5.99%

Hydro
Levelized Cost 2.90 2.79 3,24 2.90 3.24
Int. Rate of Return 5.85% 5.98% 5.98% 5.85% 5.98%

Solar- Photovoltaic
Levelized Cost 32.37 34.14 39.85 ' 32.37 39.85

Int. Rate of Return 5.65% 5.96% 6,00% 5.65% 6.00%
Solar-Thermal

Levelized Cost 16.33 17.10 19.62 16.33 19.62
Int. Rate of Return 5.66% 5.96% 6.00% 5.66% 6.00%

Wind

Levelized Cost 3.30 4.68 4.08 4.54 5.31
Int. Rate of Return 5.69% 5.96% 6.00% 5.69% 6.00%

CONVENTIONAL

Coal

Levelized Cost 5.90 5.68 6.08 5.90 6.08
Int. Rate of Return 5.91% 5.99% 5.99% 5.91% 5.99%

Combined Cycle
Levelized Cost 6,06 5.89 6.21 6.06 6.21
Int. Rate of Return 5.91% 5.99% 5.99% 5.91% 5.99%

Combustion Turbine

Levelized Cost 9.13 8.97 9.53 9.13 9.53
Int. Rate of Return 5.85% 5.98% 6.00% 5.85% 6.00%

Nuclear

Levelized Cost 5.75 5,60 6.01 5.75 6.01

Int. Rate of Return 5.88% 5.98% 5.98% 5.88% 5.98%
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Table B.4
Summary of Property Tax Simulation Results:

Levelized Cost and Internal Rate of Return,
Investor-Owned Utilities

(LevelizedCostinC/kWh,IRRin%)

Tax Based on Tax Based Tax Based Tax Based on
GENERATING No Net Book Value on Gross on Future Net Book Value +

ALTERNATIVE Property Tax (Reference) BookValue Cash Flow No Tax on Land

RENEWABLES
Biomass-Plantation

Levelized Cost 5.57 6.05 6.34 6.06 6.01
Int. Rate of Return 5.91% 5.91% 5.91% 5.91% 5.91%

Biomass-Waste
LevetizedCost 6.02 6.49 6.78 6.50 6.46
Int. Rate of Return 5.91% 5.91% 5.91% 5.91% 5.91%

Geothermal
Levelized Cost 5.53 6.16 6.55 6.04 6.11
Int. Rate of Return 5.70% 5.70% 5.70% 5.70% 5.70%

Hydro
Levelized Cost 2.34 2.90 3.15 2.89 2.86
Int. Rate of Return 5.85% 5.85% 5.85% 5.85% 5.85%

Solar-Photovoltaic
Levelized Cost 25.43 32.37 36.63 30.58 31.84
Int. Rate of Retum 5.65% 5.65% 5.65% 5.65% 5.65%

Solar-Thermal
Levelized Cost 13.2'7 16.33 18.20 15.55 16.09
Int. Rate of Return 5.66% 5.66% 5.66% 5.66% 5.66%

Wind
Levelized Cost 2.52 3.30 3.74 3.13 3.19

Int. Rate of Return 5.69% 5.69% 5.69% 5.69% 5.69%

CONVENTIONAL
Coal

Levelized Cost 5.41 5.90 6.21 5.93 5.87
Int. Rate of Return 5.91% 5.91% 5.91% 5.91% 5,91%

Combined Cycle
Levelized Cost 5.65 6.06 6.32 6.07 6.03
Int. Rate of Return 5.91% 5.91% 5.91% 5.91% 5.91%

Combustion Turbine
Levelized Cost 8.40 9.13 9.57 9.06 9.07
Int. Rate of Return 5.85% 5.85% 5.85% 5.85% 5.85%

Nuclear
Levelized Cost 5.28 5.75 6.04 5.77 5.72
Int. Rate of Return 5.88% 5.88% 5.88% 5.88% 5.88%
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Table B.5

Summary of State Input Tax Effects:
Levelized Cost and Internal Rate of Return,

Investor-Owned Utilities
(LevelizedCostin C/kWh,IRRin %)

GENERATING

ALTERNATIVE Reference No Input Taxes No Labor Tax No Energy Tax No Material Tax No Land Tax

RENEWABLES
Biomass-Plantation

Levelized Cost 6,05 5.63 590 5.87 5.97 6.04
Int, Rate of Return 5.91% 5.91% 5.91% 5.91% 5.91% 5.91%

Biomass-Waste

Levelized Cost 6.49 6.11 6.35 6.35 6.42 6.49
Int. Rate of Return 5.91% 5.91% 5.91% 5.91% 5.91% 5.91%

Geothermal
Levelized Cost 6.16 5.75 5.90 6.16 6.02 6.15
Int. Rate of Return 5.70% 5.70% 5.70% 5.70% 5.70% 5.70%

Hydro
Levelized Cost 2.90 2.71 2.78 2.89 2.84 2.89
Int. Rale of Return 5.85% 5.85% 5.85% 5.85% 5.85% 5.85%

Solar-Photovoltaic

Levelized Cost 32.37 30,23 31,07 32.30 31.69 32.29
Int. Rate of Return 5.65% 5.66% 5,66% 5.66% 5.66% 5.66%

Solar-Thermal

Levelized Cost 16.33 15.24 15.66 16.29 15.98 16.29
Int. Rate of Return 5.66% 5.66% 5.66% 5.66% 5.66% 5.66%

Wind

Levelized Cost 3.30 3.00 3.12 3.30 3.21 3.29
Inl. Rate of Return 5.69% 5.69% 5.69% 5.69% 5.69% 5.69%

CONVENTIONAL
Coal

Levelized Cost 5.90 5.54 5.73 5.81 5.81 5.90
Int. Rate of Return 5.91% 5.91% 5.91% 5.91% 5.91% 5.91%

Combined Cycle
Levelized Cost 6.06 5.72 5.94 5.90 6.00 6.06
Int. Rate of Return 5.91% 5,91% 5.91% 5.91% 5.91% 5.91%

Combustion Turbine

Levelized Cost 9.13 861 8.95 8.89 9.04 9 12
Int. Rate of Return 5.85% 5.85% 5.85% 5.85% 5.85% 5.85%

Nuclear

Levelized Cost 5.75 5.37 5.53 5.72 5.64 5.75
Int, Rate of Relurn 5.88% 5.88% 5.88% 5.88% 5.88% 5.88%
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Table B.6
Tax Simulation Results:

Internal Rate of Return and Internal Rate of Return-Equity,
Nonutility Generators

Reference No Credits

GENERATING Base Tech No Taxes No No No State and No Fed. Alternative

ALTERNATIVE with Taxes or Credits Property Taxes Input Taxes Income ]axes Income Tax Minimum Tax

RENEWABLES

Biomass-Plantatlon

Int. Rate of Rtrn % 7,93% 5.19% 9.79% 9.55% 7,54% 1.43% 5.43%

IRR - Equity % 27,21% 5.56% 33.02% 31.83% 24.61% a 9.55%
B_omass-Waste

Int. Rate o! Rtrn % 7.28% 10.26% 8.83% 8 47% 7.22% 6.85% 5.63%

IRR - Equity % 17.38% 21.03% 24.41% 22.02% 16.(:)2% 10.49% 7.44%
Geothermal

Int. Rate of Rtrn % 7+31% 8.86% 8.98% 8,39% 7.18% 5.67% 5.46%

IRR - Equity % 22,11% 16.60% 29.72% 26.31% 19.81% 6+93% 7+30%

Hydro
Int. Rate of Rtrn % 6.10% 8,61% 7.39% 6.55% 6.11% 6.16% 5.53%

IRR - Equity % 8.57% 15.11% 13.02% 10.01% 8.48% 7.98% 6.59%
Solar-Photovoltaic

Int. Rate of Rtrn % 7.33% 8.16% 9.33% 7.94% 7.15% 5.30% 5.19%

IRR - Equity % 32,69% 15.40% 44.63% 35.73% 28.17% 5.91% 6.15%
Solar-Therma_

Int. Rate of Rtrn % 7.36% 8.30% 9.35% 8.05% 7.18% 5.34% 5.23%

tRR - Equity % 32.80% 15.88% 44.69% 36.25% 28,30% 6,03% 6.34%
Wind

Int. Rate ot Rtrn % 6.49% 4.82% 8.66% 7.37% 6.16% 1,81% 4.19%

IRR - Equity % 26,09% 4.41% 36.8t% 30.37% 21.67% a a

CONVENTIONAL

Coal

Int. Rate ol Rtrn % 6.29% 9.91% 7.53% 7.21% 6.36% 6.79% 6.08%

IRR - EquL_ % 9.39% 18.97% 13.59% 12.20% 9.49% 10.10% 8.56%
Combined Cycle

Int. Rate of Rtrn % 6.56% 11,71% 8.17% 7.89% 6.65% 7.28% 6.43%

IRR - Equ ity % 13.32% 29.53% 19.52% 17.85% 13.62% 15.60% 12.64%
Combustion Turbine

Int+ Rate ol Rtrn % 6.55% 11.62% 8.43% 7.89% 6.58% 6.82% 6.16%

tRR - Equ Ity % 15.53% 34.85% 24.10% 20.84% 15.50% 15.32% 13.35%
Nuclear

Int. Rate of Rtrn % 6.28% 9.39% 7.41% 7.20% 6.31% 6,54% 5.89%

IRR -Equw % 9.13% 16,50% 12.78% 11,84% 9.11% 9.01% 7.76%

a Internal Rate of Return-Equity cannot be calculated tor these cases because the equity cash tlow prolile is such that no
discount rate will give a zero net present value over lhe entire life ol the proiect.
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Table B.7

Summary of Federal Income Tax Simulation Results:
Internal Rate of Return and Internal Rate of Return-Equity,

Nonutility Generators

No Credits
GENERATING and No Fed. Tax Life = No Credits or

ALTERNATIVE Reference Income Tax Book Life No Tax Credits Accel Dep. ,,,.

RENEWABLES
Biomass-Plantation

Int. Rate of Rtrn % 7.93% 1.43% 6.10% 2.89% 2.21%

IRR - Equity % 27.21% a 11.03% a a
Biomass-Waste

Int. Rate of Rtrn % 7.28% 6.85% 5.88% 7.28% 5.88%

IRR - Equity % 17.38% 10,49% 7.72% 17.38% 7.72%
Geothermal

Int. Rate of Rtrn % 6.26% 4.40% 4.92% 5.28% 4.19%

IRR - Equity % 17.01% 3.28% 4.71% 6.90% 2.47%
Hydro

Int. Rate of Rtrn % 6.10% 6.16% 5.50% 6.10% 5.50%

IRR - Equity % 8.57% 7.98% 6.39% 8.57% 6.39%
Solar-Photovoltaic

Int. Rate of Rtrn % 6.08% 3.87% 4.61% 4.96% 3.82%

IRR - Equity % 25.15% 1.66% 3.48% 4.63% 1.24%
Solar-Thermal

Int. Rate of Rtrn % 6.12% 3.91% 4.64% 4.99% 3.85%

IRR - Equity % 25.33% 1.78% 3.59% 4.94% 1.33%
Wind

Int. Rate of Rtrn % 6.49% 1.81 % 4,94% 3.19% 2.47%

IRR - Equity % 26.09% a 4.68% a a

CONVENTIONAL
Coal

Int. Rate of Rtrn % 6.29% 6.79% 5.93% 6.29% 5.93%

IRR - Equity % 9.39% 10.10% 7.90% 9.39% 7.90%
Combined Cycle

Int. Rate of Rtrn % 6.56% 7.28% 6.07% 6.56% 6.07%

IRR - Equity % 13.32% 15.60% 10.38% 13.32% 10.38%
Combustion Turbine

Int. Rate of Rtrn % 6.55% 6.82% 5.70% 6.55% 5.70%

IRR- Equity % 15.53% 15,32% 9.04% 15.53% 9.04%
Nuclear

Int. Rate of Rtrn % 6.28% 6.54% 5.77% 6.28% 5.77%

IRR - Equity % 9.13% 9.01% 7.21% 9.13% 7.21%

a Internal Rate of Retum-Equity cannot be calculated for these cases because the equity cash flow profile is

such that no discount rate will give a zero net present value over the entire life of the project.
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Table B.8

Summary of Alternative Minimum Tax Results:

Internal Rate of Return and Internal Rate of Return-Equity,

Nonutility Generators

Alternative

GENERATING Alternative Carry Forward Min. Tax and

ALTERNATIVE Reference MinimumTax of Tax Losses Cam/Forward
RENEWABLES
Biomass-Plantation

Int. Rate of Rtrn % 7.93% 5.43% 1.14% 1.14%

IRR - Equity% 27.21% 9.55% a a
Biomass-Waste

Int. Rate of Rtrn % 7.28% 5.63% 6.13% 5.40%

IRR - Equity % 17.38% 7.44% 8.59% 6.36%
Geothermal

Int. Rate of Rtrn % 6.26% 4.37% 3.97% 3.65%

IRR - Equity % 17.01% 1.73% 1.99% 0.69%
Hydro

Int. Rate of Rtrn % 6.10% 5.53% 5.61% 5.44%

IRR - Equity % 8.57% 6.59% 6.73% 6.26%
Solar-Photovoltaic

Int. Rate of Rtrn % 6.08% 3.94% 3.42% 3.15%

IRR - Equity % 25.15% a 0.28% a
Solar-Thermal

Int. Rate of Rtrn % 6.12% 3.98% 3.46% 3.19%

IRR - Equity % 25.33% a 0.41% a
Wind

Int. Rate of Rtrn % 6.49% 4.19% 1.54% 1.54%

IRR - Equity % 26.09% a a a

CONVENTIONAL
Coal

Int. Rate of Rtrn % 6.29% 6.08% 6.17% 6.04%

IRR - Equity % 9.39% 8.56% 8.75% 8.35%
Combined Cycle

Int. Rate of Rtm % 6.56% 6.43% 6.54% 6.42%

IRR - Equity % 13.32% 12.64% 13.12% 12.52%
Combustion Turbine

Int. Rate of Rtrn % 6.55% 6.16% 6.43% 6.14%

IRR - Equity % 15.53% 13.35% 14.37% 13.15%
Nuclear

Int. Rate of Rtrn % 6.28% 5.89% 5.89% 5.75%

IRR - Equity % 9.13% 7,76% 7.58% 7.20%

a Intemal Rate of Retum-Equity cannot be calculated for these cases because the equity cash flow profile is
such that no discount rate will give a zero net present value over the entire life of the project.
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Table B.9

Levelized Cost Components (C/kWh),
Biomass/Dedicated Plant

Capital O&M Cost Fuel Cost Fed. Tax State/Local Prop.Tax Tax Credit TotalCost

Reference 1.82 0.84 3.57 -0.12 0.22 0.48 -0.75 6.05

No Taxes 1.80 0.84 3.57 0.00 0.00 0.00 0.00 6.21

No Property Tax 1.82 0.84 3.57 -0.12 0.22 0.00 -0.75 5.57

No Input Taxes 1.69 0.84 3.57 -0.14 -0.03 0.45 -0.75 5.63
co
I

--, No State Income Tax 1.83 0.84 3.57 -0.11 0.24 0.48 -0.75 6.09

No Fed Tax/Credits 1.92 0.84 3.57 0.00 0.28 0.48 0.00 7.08

Tax Life = Book 1.92 0.84 3.57 -0.06 0.23 0.48 -0.75 6.22

No Tax Credits 1.82 0.84 3.57 0.29 0.29 0.48 0.00 7.29

CWlP 1.82 0.84 3.57 -0.11 0.22 0.48 -0.75 6.06

Flow-Thru Taxes 1.93 0.84 3.57 -0.10 0.22 0.48 -0.75 6.19

No Fuel Adj. Clause 1.82 0.84 3.57 -0.12 0.22 0.48 -0.75 6.05



Table B.10

Levelized Cost Components (¢lkWh),
Biomass/Waste Wood

Capital O&M Cost Fuel Cost Fed. Tax State/Local Prop. Tax Tax Credit Total Cost

Reference 1.82 0.84 2.82 0.29 0.26 0.48 0.00 6.49

No Taxes 1.80 0.84 2.82 0.00 0.00 0.00 0.00 5.46

No Property Tax 1.82 0.84 2.82 0.29 0.26 0.00 0.00 6.02

No Input Taxes 1.69 0.84 2.82 0.27 0.05 0.45 0.00 6.11

!

_o No State Income Tax 1.83 0.84 2.82 0.29 0.20 0.48 0.00 6.46

No Fed Tax/Credits 1.92 0.84 2.82 0.00 0.24 0.48 0.00 6.29

Tax Life = Book 1.92 0.84 2.82 0.35 0.27 0.48 0.00 6.67

No Tax Credits 1.82 0.84 2.82 0.29 0.26 0.48 0.00 6.49

CWlP 1.82 0.84 2.82 0.29 0.26 0.48 0.00 6.50

Flow-Thru Taxes 1.93 0.84 2.82 0.31 0.26 0.48 0.00 6.63

No Fuel Adj. Clause 1.82 0.84 2.82 0.29 0.26 0.48 0.00 6.49



Table B.11

Levelized Cost Components (C/kWh),
Geothermal

Capital O&M Cost Fuel Cost Fed. Tax State/Local Prop Tax Tax Credit Total Cost

Reference 2.14 2.90 0.00 0.24 0.26 0.63 0.00 6.16

No Taxes 2.39 2.90 0.00 0.00 0.00 0.00 0.00 5.29

No Property Tax 2.14 2.90 0.00 0.24 0.26 0.00 0.00 5.53

No Input Taxes 2.00 2.90 0.00 0.."3 0.04 0.59 0.00 5.75

!

No State Income Tax 2.18 2.90 0.00 0.26 0.22 0.63 0.00 6.19

No Fed Tax/Credits 2.50 2.90 0.00 0.00 0.27 0.63 0.00 6.30

Tax Life = Book 2.55 2.90 0.00 0.46 0.30 0.63 0.00 6.84

No Tax Credits 2.14 2.90 0.00 0.24 0.26 0.63 0.00 6.16

CWIP 2.14 2.90 0.00 0.24 0.26 0.63 0.00 6.17

Flow-Thru Taxes 2.57 2.90 0.00 0.19 0.25 0.63 0.00 6.54

No Fuel Adj. Clause 2.14 2.90 0.00 0.24 0.26 0.63 0.00 6.16



Table B.12

Levelized Cost Components (¢lkWh),

Hydro

Capital O&M Cost Fuel Cost Fed. Tax State/Local Prop. Tax Tax Credit Total Cost

Reference 1.62 0.34 0.00 0.30 0.08 0.56 0.00 2.90

No Taxes 1.73 0.34 0.00 0.00 0.00 0.00 0.00 2.07

No Property Tax 1.62 0.34 0.00 0.30 0.08 0.00 0.00 2.34

No Input Taxes 1.52 0.34 0.00 0.28 0.05 0.52 0.00 2.71

t

z= No State Income Tax 1.65 0.34 0.00 0.31 0.03 0.56 0.00 2.88

No Fed Tax/Credits 1.82 0.34 0.00 0.00 0.07 0.56 0.00 2.79

Tax Life = Book 1.83 0.34 0.00 0.41 0.10 0.56 0.00 3.24

No Tax Credits 1.62 0.34 0.00 0.30 0.08 0.56 0.00 2.90

CWlP 1.63 0.34 0.00 0.30 0.08 0.56 0.00 2.91

Flow-Thru Taxes 1.86 0.34 0.00 0.37 0.09 0.56 0.0C 3.22

No Fuel Adj. Clause 1.62 0.34 0.00 0.30 0.08 0.56 0.00 2.90



Table B.13

Levelized Cost Components (C/kWh),
Solar/Photovoltaic

Capital O&M Cost Fuel Cost Fed. Tax State/Lecal Prop Tax Tax Credit TotalCost

Reference 22.28 0.47 0.00 2.26 0.42 6.95 0.00 32.37

No Taxes 25.07 0.47 0.00 0.00 0.00 0.00 0.00 25.53

No Property Tax 22.28 0.47 0.00 2.26 0.42 0.00 0.00 25.43

No Input Taxes 20.78 0.47 0.00 2.13 0.36 6.49 0.00 30.23

I

o_ No State Income Tax 22.74 0.47 0.00 2.49 0.03 6.95 0.00 32.68

No Fed Tax/Credits 26.18 0.47 0.00 0.00 0.55 6.95 0.00 34.14

Tax Life = Book 26.85 0.47 0.00 4.70 0.89 6.95 0.00 39.85

No Tax Credits 22.28 0.47 0.00 2.26 0.42 6.95 0.00 32.37

CWIP 22.28 0.47 0.00 2.27 0.42 6.95 0.00 32.39

Flow-Thru Taxes 26.89 0.47 0.00 1.81 0.36 6.95 0.00 36.48

No Fuel Adj. Clause 22.28 0.47 0.00 2.26 0.42 6.95 0.00 32.37



Table B. 14

Levelized Cost Components (C/kWh),
Solar/Thermal

Capital O&M Cost Fuel Cost Fed. Tax State/Local Prop Tax Tax Credit Total Cost

Reference 9.83 2.10 0.00 1.00 0.33 3.06 0.00 16.33

No Taxes 11.06 2.10 0.00 0.00 0.00 0.00 0.00 13.17

No Property Tax 9.83 2.10 0.00 1.00 0.33 0.00 0.00 13.27

No Input Taxes 9.17 2.10 0.00 0.94 0.16 2.86 0.00 15.24

I

o_ No State Income Tax 10.04 2.10 0.00 1.10 0.16 3.06 0.00 16.46

No Fed Tax/Credits 11.55 2.10 0.00 0.00 0.38 3.06 0.00 17.10

Tax Life = Book 11.85 2.10 0.00 2.08 0.53 3.06 0.00 19.62

No Tax Credits 9.83 2.10 0.00 1.00 0.33 3.06 0.00 16.33

CWlP 9.84 2.10 0.00 1.01 0.33 3.06 0.00 16.34

Fiow-Thru Taxes 11.87 2.10 0.00 0.80 0.30 3.06 0.00 18.14

No Fuel Adj. Clause 9.83 2.10 0.00 1.00 0.33 3.06 0.00 16.33



Table B.15

Levelized Cost Components (C/kWh),
Wind

Capital O&M Cost Fuel Cost Fed. Tax State/Local Prop. Tax Tax Credit Total Cost

Reference 2.44 0.93 0.00 -0.13 0.04 0.78 -0.75 3.30

No Taxes 2.72 0.93 0.00 0.00 0.00 0.00 0.00 3.65

No Property Tax 2.44 0.93 0.00 -0.13 0.04 0.00 -0.75 2.52

No Input Taxes 2.27 0.93 0.00 -0.15 -0.03 0.73 -0.75 3.00
GO

!

-,_ No State Income Tax 2.49 0.93 0.00 -0.11 0.07 0.78 -0.75 3.40

No Fed Tax/Credits 2.84 0.93 0.00 0.00 0.13 0.78 0.00 4.68

Tax Life = Book 2.91 0.93 0.00 0.12 0.09 0.78 -0.75 4.08

No Tax Credits 2.44 0.93 0.00 0.28 0.12 0.78 0.00 4.54

CWlP 2.44 0.93 0.00 -0.13 0.04 0.78 -0.75 3.31

Flow-Thru Taxes 2.91 0.93 0.00 -0.18 0.04 0.78 -0.75 3.73

No Fuel Adj. Clause 2.44 0.93- 0.00 =0.13 0.04 0.78 -0.75 3.30



Table B.16

Levelized Cost Components (C/kWh),
Coal

Capital O&M Cost Fuel Cost Fed. Tax State/Local Prop. Tax Tax Credit Total Cost

Reference 1.97 1.15 1.74 0.32 0.23 0.49 0.00 5.90

No Taxes 1.96 1.15 1.74 0.00 0.00 0.00 0.00 4.85

No Property Tax 1.97 1.15 1.74 0.32 0.23 0.00 0.00 5.41

No Input Taxes 1.84 1.15 1.74 0.30 0.05 0.46 0.00 5.54

I

co No State Income Tax 1.98 1.15 1.74 0.33 0.17 0.49 0.00 5.87

No Fed Tax/Credits 2.08 1.15 1.74 0.00 0.22 0.49 0.00 5.68

Tax Life = Book 2.08 1.15 1.74 0.38 0.24 0.49 0.00 6.08

No Tax Credits 1.97 1.15 1.74 0.32 0.23 0.49 0.00 5.90

CWlP 1.97 1.15 1.74 0.33 0.23 0.49 0.00 5.92

Flow-Thru Taxes 2.10 1.15 1.74 0.34 0.23 0.49 0.00 6.05

No Fuel Adj. Clause 1.97 1.15 1.74 0.32 0.23 0.49 0.00 5.90



Table B.17

Levelized Cost Components (C/kWh),

Combined Cycle

Capital O&M Cost Fuel Cost Fed. Tax State/Local Prop. Tax Tax Credit Total Cost

Reference 1.59 0.50 3.06 0.25 0.24 0.42 0.00 6.06

No Taxes 1.58 0.50 3.06 0.00 0.00 0.00 0.00 5.14

No Property Tax 1.59 0.50 3.06 0.25 0.24 0.00 0.00 5.65

No Input Taxes 1.48 0.50 3.06 0.24 0.04 0.39 0.00 5.72

!

_o No State Income Tax 1.60 0.50 3.06 0.26 0.19 0.42 0.00 6.03

No Fed Tax/Credits 1.68 0.50 3.06 0.00 0.23 0.42 0.00 5.89

Tax Life = Book 1.68 0.50 3.06 0.30 0.25 0.42 0.00 6.21

No Tax Credits 1.59 0.50 3.06 0.25 0.24 0.42 0.00 6.06

CWl P 1.59 O.50 3.06 0.26 0.24 0.42 O.O0 6.07

Flow-Thru Taxes 1.69 0.50 3.06 0.27 0.24 0.42 0.00 6.19

No Fuel Adj. Clause 1.59 0.50 3.06 0.25 0.24 0.42 0.00 6.06



Table B.18

Levelized Cost Components (C/kWh),
Combustion Turbine

Capital O&M Cost Fuel Cost Fed. Tax State/Local Prop. Tax Tax Credit Total Cost

Reference 2.56 0.52 4.63 0.36 0.33 0.73 0.00 9.13

L3oTaxes 2.62 0.52 4.63 0.00 0.00 0.00 0.00 7.77

No Property Tax 2.56 0.52 4.63 0.36 0.33 0.00 0.00 8.40

No Input Taxes 2.39 0.52 4.63 0.34 0.06 0.68 0.00 8.61

03
I

Po
o No State Income Tax 2.59 0.52 4.63 0.37 0.27 0.73 0.00 9.10

No Fed Tax/Credits 2.77 0.52 4.63 0.00 0.33 0.73 0.00 8.97

Tax Life = Book 2.81 0.52 4.63 0.49 0.36 0.73 0.00 9.53

No Tax Credits 2.56 0.52 4.63 0.36 0.33 0.73 0.00 9.13

CWlP 2.56 0.52 4.63 0.36 0.33 0.73 0.00 9.13

Flow-Thru Taxes 2.81 0.52 4.63 0.33 0.33 0.73 0.00 9.34

No Fuel Adj. Clause 2.56 0.52 4.62 0.36 0.33 0.73 0.00 9.12



Table B.19

Levelized Cost Components (C/kWh),
Nuclear .

Capital O&M Cost Fuel Cost Fed. Tax State/Local Prop. Tax Tax Credit Total Cost

Reference 1.89 2.38 0.46 0.30 0.25 0.47 0.00 5.75

No Taxes 1.94 2.38 0.46 0.00 0.00 0.00 0.00 4.78

No Property Tax 1.89 2.38 0.46 0.30 0.25 0.00 0.00 5.28

No Input Taxes 1.76 2.38 0.46 0.28 0.05 0.44 0.00 5.37
GO

--- No State Income Tax 1.91 2.38 0.46 0.31 0.20 0.47 0.00 5.73

No Fed Tax/Credits 2.05 2.38 0.46 0.00 0.25 0.47 0.00 5.60

Tax Life = Book 2.05 2.38 0.46 0.39 0.27 0.47 0.00 6.01

No Tax Credits 1.89 2.38 0.46 0.30 0.25 0.47 0.00 5.75

CWlP 1.89 2.38 0.46 0.31 0.26 0.47 0.00 5.77

Flow-Thru Taxes 2.08 2.38 0.46 0.27 0.25 0.47 0.00 5.90

No Fuel Adj. Clause 1.89 2.38 0.46 0.30 0.25 0.47 0.00 5.75
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Table C.1

Comparison of Tax Effects on Renewables to Conventionals,
Investor-Owned Utilities

(Difference in Levelized Cost Ratio from Average Conventional Cost Ratio)

Effect of Effect of Effect of

Including Effect of Effect of Including Including Effect of
All Taxes Including Including State Federal Taxes Accelerated Effect of Fed

Generating Type and Credits Property Taxes Input Taxes Income Taxes and Credits Depreciation Tax Credits

Average Conventional 1.194 1.085 1.064 1.005 1.028 0.965 1.000

Renewable - Avg. Conventional

Biomass-Pla ntation -0.220 0.000 0.010 -0.011 -0.174 0.007 -0.170

Biomass-Waste -0.005 -0.006 -0.002 0.001 0.004 0.009 0.000

Geothermal -0.030 0.029 0.008 -0.008 -0.050 -0.064 0.000

Hydro 0.207 0.155 0.007 0.002 0.009 -0.070 0.000

Solar-Photovoltaic 0.074 0.188 0.007 -0.014 -0.080 -0.153 0.000

Solar-Thermal 0.046 0.146 0.007 -0.013 -0.074 -0.133 0.000

Wind -0.288 0.224 0.036 -0.034 -0.322 -0.155 -0.272

Source: Tables 5.1, 5.3

Positive values indicate greater barrier (or less incentive) to Renewables than to Conventionats. Negative values indicate greater
incentive (or less barrier) to Renewables than to Conventionals.



Table C.2

Comparison of Ratemaking Effects on Renewables to Conventionals,
Investor-Owned Utilities

(Difference in Levelized Cost Ratio from Average Conventional Cost Ratio)

Effectof Not Effectof

IncludingCWIP Normalizing EffectofAutomatic
GeneratingType in Rate Base Taxes in Rate Base Fuel Adjustments

Average Conventional 1.000 0.990 1.001

Renewable - Avg. Conventional

,(3 Biomass-Piantation -0.001 -0.012 -0.001

"_ Biomass-Waste -0.001 -0.011 -0.001

Geothermal -0.001 -0.047 -0.001

Hydro -0.004 -0.090 -0.001
Solar-Photovoltaic 0.000 -0.10-2 -0.001

Solar-Thermal 0.000 -0.089 -0.001

Wind -0.001 -0.104 -0.001

Source: Table 5.2

Positive values indicate greater barrier (or less incentive) to Renewables than to Conventionals.
Negative values indicate greater incentive (or less barrier) to Renewables than to Conventionals.



Table C.3

Comparison of Tax Effects on Renewables to Conventionals,
Nonutility Generators

(Difference in IRR Ratio from Average Conventional IRR Ratio)

Effect of Effect of Effectof

Including Effect of Effectof Effectof Includ- Including Including
All Taxes Including includling ing State Federal Taxes Alternative

Generating Type and Credits Property Taxes Input Taxes Income Taxes and Credits Minimum Tax

Average Conventional 0.607 0.815 0.851 0.991 0.937 0.957

Renewable - Avg. Conventional

,o Biomass-Plantation 0.921 -0.006 -0.022 0.060 4.619 -0.272

o_ Biomass-Waste 0.103 0.009 0.008 0.017 0.125 -0.183

Geothermal 0.218 -0.001 0.020 0.027 0.354 -0.210

Hydro 0.102 0.010 0.080 0.007 0.053 -0.049

Solar-Photovoltaic 0.291 -0.030 0.072 0.033 0.445 -0.248

Solar-Thermal 0.280 -0.029 0.063 0.033 0.441 -0.246

Wind 0.740 -0.065 0.030 0.064 2.644 -0.312

Source: Table 6.1

Positive values indicate greater incentive (or less barrier) to Renewables than to Conventionals. Negative values indicate greater
barrier (or less incentive) to Renewables than to Conventionals.



Table C.4

Comparison of Tax Effects on Renewable.q ,o Conventionals,

Nonutility Generators

(Difference in Change in IRR from Change in IRR for Avg. Conventionals)

Effect of Effect of Effect of

Including Effect of Effect of Effect of Includ- Including Including
All Taxes Including Includling ing State Federal Taxes Alternative

Generating Type and Credits Property Taxes Input Taxes Income Taxes and Credits Minimum Tax

Average Conventional -4.24% -1.47% -1.13% -0.06% -0.44% -0.28%

Renewable - Avg. Conventional

,o Biomass-Plantation 6.98% -0.40% -0.50% 0.44% 6.94% -2.22%

o_ Biomass-Waste 1.26% -0.08% -0.07% 0.12% 0.86% -1.37%

Geothermal 2.69% -0.20% 0.05% 0.18% 2.08% -1.57%

Hydro 1.73% 0.18% 0.68% 0.05% 0.37% -0.29%

Sotar-Photovoltaic 3.41% -0.53% 0.52% 0.23% 2.47% -1.86%

Solar-Thermal 3.30% -0.53% 0.44% 0.23% 2.46% -1.85%

Wind 5.91% -0.69% 0.25% 0.40% 5.12% -2.03%

Source: Table 6.1

Positive values indicate greater incentive (or less barrier) to Renewables than to Conventionals. Negative values indicate greater
barrier (or less incentive) to Renewables than to Conventionals.
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