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Executive Summary

The President'sproposedenergy tax will impactthe economicsof
conventionaland adu_nced nuclear plantdesigns,as well as competing
baseload generation technologies. This reportcompares the impacts of the
proposedtax on nucleargenerationwiththe impacts on otherelectrical energy
generationtechnologies,and examinesthe implicationsof other methodsfor
implementingthe tax. The tax as proposedaffects coal-firedand nuclear
generationabout equally,butdifferentimplementationmethodscan substantially
change the impact of the tax on nucleargeneration.

' The proposed tax on nuclear energy ($2.66/MWh net electrical
generation) has essentiallythe same impact as the proposedtax on coal-fired
generation ($0.257/mmBtu incoal). Althoughthe impact for coal-firedenergy is

" approximately$0.10/MWh lowerthan that for nuclearenergygeneratedwith
conventional LWR technology,thiscost differentialrepresents0.2% of the total
cost of generation, and is smallerthan station-to-stationand regionalvariations
in productioncosts.

Alternativemethodsfor implementingthe tax can substantiallyalter the
impact on nuclear generationcosts. In addition,there is substantialvariationin
the impact of an energy tax on different nucleargeneratingtechnologies.
Thermal efficiency, fuel enrichment,and fuel residencetimes play majorroles in
determiningthe impactof the tax.

The impact of the energy tax is higherif the tax rate is appliedto gross
electrical energy rather than to net electrical energy produced. This is because
energyused by stationauxiliarieswouldbe taxed. Applyingthe tax to net
electricalgeneration is analogousto exemptingfrom tax the oil that refineries
consume in operations.

Interestcharges can also increasethe impact of the tax on nuclearenergy
if the tax is collected fromproducersearly inthe nuclearfuelcycle, who are later

• reimbursedby consumersat the time of generation. Forexample, the tax impact
is $2.92/MWh if the tax is leviedat fuel loading,and $2.1 I/MWh if the tax i_

: levied at fuel discharge. The effect is even more acute ($5.23/MWh) when
uraniumis taxed at the mine mouthand consumedfour or five years later.

• Furthermore, if 235U is taxed priorto enrichment,then tax is paid on 235U
in tails material that is discarded. For a conventional LWR, tails lossesincrease
the tax impact by over 40%.

Other implementationmethodscan lower the tax impact on
nuclear-generated energy. If the tax were based on the energycontentof 235U
rather than heat generation inthe reactor,the impact for low-enricheduranium
fuels would be smaller. This is because plutoniumbreedingand subsequent
plutoniumfissionenergywould notbe taxed. Forexample, the tax for a
conventionallightwater reactoris $2.92/MWh if it is based upon the energy
content in 235U, and $3.19/MWh if it is based upon thermal energygenerated in
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the reactor. However, if the tax is based upon the energy in both 235U and 238U
(based upon plutoniumbreeding), the tax impact increasesby a factor of over
100, to $650/MWh for a conventionalLWR.

We also note that considerationof externalitiesmay suggest lower taxes
on nuclear-generated energy. For example, if one of the objectivesof the
energy tax is to reduce emissions,then an argumentcan be made that the tax
on nuclear energy shouldbe lower than the tax on coal-generatedenergy by an
amountthat reflectsthe environmentaldamage associatedwith coal-fired
generation. Under the Clean Air ActAmendmentsof 1990, existingcoal-fired
plantsare granted allowancesto emit sulfur,and thusdo not fully pay for
environmentaldamages caused by their emissions. The current market value of
these emissionrightsgranted to existingcoal-firedplants is roughlyequivalentto
the proposedenergy tax. The relativetax rates for coal and nuclear generation
could be adjustedto reflect thiseternality,thussuggestingthat existingnuclear
plantsshouldnot be taxed.

In conclusion,the proposedenergy tax on nuclear-generatedelectricity
appears to have aboutthe same impactas the proposedtax on chemical energy
in coal, and thus would notsubstantiallyaffect the relativeeconomics_i these
two base-load generationtechnologies. However, alternativeimplementation
methodscould increaseor decrease the impact of the tax on nuclear generation
costs.
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1.0 Introduction

The President'snew economic initiativesinclude an energy tax that will
affect the costs of power from mostelectricgeneratingtechnologies. The tax on
nuclearpower could be applied in a numberof differentways at several different
pointsin the fuel cycle. These differentapproachescould havedifferenteffects
on the generationcosts and benefitsof advanced reactors. The Office of
Nuclear Energy has developed modelsfor assessingthe costsand benefitsof
advanced reactor cycles which mustbe updatedto take intoaccountthe impacts
of the proposedtax. This report hasbeen preparedto assessthe spectrum of
impactsof the energy tax on nuclearpowerand can be used in updatingthe

' Office'seconomicmodels.

This studywas conducted in the followingsteps. First,the most
authoritativestatementof the proposedtax availableat this time was obtained.
Then the impacts of the proposed tax on the costs of nuclearand fossilfueled
generationwere compared. Finallyseveralotherpossibleapproachesto taxing
nuclearenergy were evaluated. The cost impact on several advanced nuclear
technologiesand a current lightwater technologywere computed. Finally, the
rationalefor the energy tax as appliedto variouselectric generatingmathods
was examined. The sections belowdescribethese steps in detail.

2.0 Treasury Department Proposal for Energy Tax

The Treasury Department has proposeda set of taxes to be imposedon
fossilfuels,electricitygenerated fromnuclearand hydrogenerators,and
importadelectricity. The entire tax proposalas of April 1993 is reproducedin
Ap_gndix D. This section highlightsthe provis=onsrelevantto electrical
generation.

Tax rates

The tax as proposedwouldtax fossilfuels on the basisof their energy
content. The tax on fossil fuels is $0.257 per millionBtu, or $0.244 per billion
joules ($0.244/GJ). However, a supplementaltax of $0.342 psr millionBtu

: ($0.324/GJ) will be imposed or' refined petroleumproducts(fora total tax of
$0.599 per millionBtu or $0.568/GJ on refinedpetroleumproducts). For nuclear
and hydro-generatedelectricity,a tax willbe imposeddirectlyon the electrical
energy generated. The Treasury Department proposesthat a tax of $2.66/MWh
be imposedon nuclear and hydro-generatedelectricity.

Exemptions

" Several exemptions are proposed. Those relevantto the electrical
generating industry include exportedfuels and eiectdcity;hydro-electricenergy
frompumped storage;solar, wind, andgeothermalenergy;biomass;and
importedelectricity,if the importercan establishthat the electricitywas not
generated from fossilfuels, hydropower,or nuclearpower.
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Point of collection

The proposal specifies the point at which tax on each fuel will be
collected, and which party will be responsible for paying it. Those taxes relevant
to this study are described here. Petroleum products will be taxed at the refinery
tailgate, to be paid by the refiner. Natural gas will be taxed at the city gate, to be
collected and paid by the pipeline (but the distribution company is the party that
is actually liable for it). Coal will be taxed at the point of receipt by the end-user,
to be paid by the end-user. Nuclear- and hydro-generated electricity will be
taxed at the utility, to be paid by the utility. Electrical power generated by
independent power producers will be taxed at the utility that receives the
electricity, to be paid by the utility. The independent power producer will receive
a credit for taxes paid on fossil fuel used to generate the electricity. Taxes on
other generation technologies are delineated in Appendix C.

Discussion

In the case of nu_lear generated electricity, the Treasury Department
states that: "The Btu content used to determine the tax on nuclear generated
electricity and hydroelectricity would be the national average of Btus required to
produce fossil-fuel-generated electricity." The proposed tax of $2.66/Mwh is
consistent with a, energy tax of $0.244/GJ on a net heat rate of 10.9 GJ/MWh
(10,350 Btu/kWh) for _ossil-fuel generated electricity. The Treasury Department
does not explain why an average actual heat rate for nuclear plants is not used
instead.

3.0 Comparison of impacts on fossil and nuclear generating technologies

Generation cost impact

The tax can influencethe decisionsthat an electric utilitymakes by
affectingoperatingcosts and total lifecycle costs. The impact on operating
costswill influencethe utility'sdecisionsabout dispatchof existingstations,while
the lifecycle cost impact influencesdecisionsaboutinvestmentsin one
technologyversusanother. This sectioncomparesthe operatingand lifecycle
cost impacts of the tax for two nuclear technologies, two baseload coal
technologies,and two peakingtechnologies.

These calculationsusedthe costdata presented inthe ElectricPower
Research Institute'sTechnologyAssessmentGuide (TAG) (EPRI, 1989), which
providesdata for each component of the cost of installingand operatingelectric
generators and the tax rate proposedby the Treasury Department on net
electricaloutput. TAG is a reference for makingestimatesas a first step inthe
selection of technologiesfor new electricgeneratingcapacity. As such, the
valuesgiven in TAG are general and applyto broad regionsof the country. The
calculationsmade in Section4 and AppendixA use slightlydifferentvalues that
are specificto the technologiesconsidered.
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The calculations described here estimate the levelized busbar price that
would have to be charged per unitof electrical energyover the lifeof a new
facilityin order to fullyrecover itscapital and operatingcosts. They do nottake
intoaccount income tax or rate designconsiderationsbecause treatmentsvary
from state to state. Of course, taxes and rate designmeasuresthat do not
discriminateamong technologieswouldtend producethe same tax impacton ali
technologies.

The calculationsare summarizediri Table 1 below. The complete
calculationsand input data are shown inAppendixC, Table C-1. As shownby
the data, the tax on the nuclear base loadtechnologiesis approximately$0.10
per MWh, or 4%, higherthan the tax onthe coal-firedtechnologies. This
difference in tax represents4% of the operatingcostof a coal-firedplant, and
would probably be smaller than station-to-stationvariationsin heat rate and
regionalvariationsin fuelcosts. This is consistentwith ourdiscussionswith
electric utilityexecutiveswho statedthat they did notexpect the tay to affect their

• dispatchingof coal and nuclear stations.

Table 1 Impact of energy tax on generating technologies

Technology Fuel Duty Tax, Oper. Total Oper. Total Tax as Taxas
and EPRICase* Cycle $/MWh Costs, Life Costs, Life % of %of

$/MWh Cycle $/MWh Cycle Oper. Total
w/o tax Costs, withtax Costs, Costa Costa

$/MWh $/MWh
wlo with
tax tax

Pulverizedcoal coal base 2.58 24.0 51.9 26.6 54.5 10.0 5.0
(TAG1.1)

,_tmosphericfluic coal base 2.56 26.3 58.4 28.9 61.0 8.9 4.5
bed (TAG 9.1)

Adv. lightwater U base 2.66 19.3 47.7 22.0 50.4 12.0 5.3
(TAG 60.1)

Combust.turbine oil peak 8.40 60.9 109.2 69.3 117.6 12.1 7.7
distil.(TAG 40.1)

: Combust.turbine nat, peak 3.87 48.3 103.4 52.2 107.3 7.4 3.6
gas (TAG 41.1) gas

......

* Cases are taken from the ElectricPower Research Institute'sTechnologyAssessmentGuide
(TAG) (EPRI 1989)

The impact on total lifecycle cost is even smaller, and affects the
technologiesalmost uniformly• The difference intax on coal and nuclear
generation,$0.10 per MWh, represents0.2% of the life cyclecost of generation.
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For ali of the baseload technologies, the tax ranges from 4.3 to 5.3% of the life
cycle costs.

The tax affects peaking technologies most severely, increasing operating
costs to $60.9 and $48.3 per MWh on the distillate combustion turbine and the
natural gas combustion turbine, respectively. Where cost effective, the tax could
tend to encourage greater use of the intermediate and baseload generating
technologies because these technologies have better efficiencies.

Environmental and other externality considerations

A variety of environmental,regulatory,and nationalsecurity
considerationscouldalso play a role indeterminingenergytax rates for different
generating technologies. These considerationsincludeSOx and CO2 emissions,
regulatorycosts, waste disposalcosts, and costs of dependence upon foreign
energy resources. One couldargue that the tax on generatingtechnologiesthat
subsidizethe costs of these externalitiesshouldbe lowerthan the tax on those
technologiesthat do not. For example, the fact that nuclearplantspay a tax for
waste disposalwhile coal plantsdo notmightbe used to justifya lowertax on
nuclearenergy. Similarly,under the Omnibus Budget ReconciliationAct of
1990, nuclearplant operationsare requiredto fullyfundthe costsof the Nuclear
Regulatory Commissionwhile there is nosimilarmandate for fossilfuel-fueled
facilitiesto cover the cost of their regulations. Note that the proposedtax on oil
is much higherthan the proposedrate for other energy sources, perhaps
reflectingan energy securityexternality. SO2emissionsby coal-firedfacilitiesis
an externalitythat can be quantified,as discussed below.

Under normal plantoperatingconditions,the environmentalimpact of
coal-firedgeneration is more severe than that for nucleargeneration.
Furthermore,existingcoal-firedgeneratingplantsare granted the rightto emit a
base level of pollutants. An estimate of the cost of the uncompensated
environmentaldamage can be derived usingthe provisionsof the Clean Air ACt
Amendments of 1990 (CAA).

Underthe CAA, coal-firedunitsincommercial operationbefore 1985 will
be granted the right to emit 2.5 Ib SO2 per millionBtu (1.1 kg SO2/GJ) until the
year 2000, and 1.2 Ib SO2 per millionBtu(0.52 kg SO2/GJ) thereafter.
Assuminga net heat rate of 10.9 GJ/MWh for a coal-firedgeneratingstation,the
correspondingallowable emissionrateswould be 12 kg SO2/MWh priorto the
year 2000 and 5.7 kg SO2/MWh thereafter.

Successfulbids for emissionallowancesoffered by the Environmental
ProtectionAdministrationunder the spot market provisionsof the CAA have
recentlyranged from $131 to $450 per ton of SO2 ($0.14 to $0.50 per kg SO2)1.
These prices reflectcosts of reducingemissionsbelow what is allowed. If the
allowance quota has been setcorrectly, the environmentalimpactcost of

i,

1The New York Times, pg. 19, March 30,1993
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emissions should be about equal to the coc,t of emission reduction. Thus, these
emission permit prices imply an environmental impact cost ranging from
$1.7/MWh to $6.0/MWh prior to the year 2000, and from $0.80/MWh to
$2.9/MWh thereafter. Note that the value of emissions rights granted to existing
coal-fired generating stations is in the same range as the proposed energy tax
($2.66/MWh).

4.0 Comparison of tax options for nuclear energy

This sectioncompares the impactof severaldifferentoptionsfor taxing
nuclear energy. These optionsconsider severaldifferenttax bases andthe

• applicationof the tax at differentpointsinthe fuel cycle. Inthe case of taxes
applied at the reactor, the analysisconsiderstaxes on net electricgeneration
(this is the currentAdministrationproposal),on grosselectricgeneration,and
heat releasedin the reactor. Next the analysisconsiderstaxes leviedon fuel
mass at the time of fuel load or at the time of fueldischarge. Finally,the

• analysisevaluates a tax on uranium at the mine mouth.

The impactsof P.achof the tax scenarioson the busbarcosts of electricity
are evaluated for seven nuclear technologies. These cover a range of
conventionalnuclear and advanced designs,includingthe ALMR that uses tax-
free plutoniumderived from reprocesssdfuel.

This comparisonis made in termsof the impact that the taxes willhave on
the economicattractivenessof nuclear-generatedelectricitycomparedwith
electricitygeneratedby other means. This is bestexpressed interms of the
increase in busbarelectricalenergycost that will result from a tax, because this
determinesthe economic attractivenessof a technology. Comparisonsbetween
taxes have also been made that focusonthe equivalentsales taxes of various
fuels. However, the apparent sales tax on fueldoes notproportionatelyimpact
the totalcost of generatingelectricity. The magnitudeof the apparentfuel sales
tax, therefore,will not stronglyinfluencethe electricutilitiesto investin a
particulargeneratingtechnology.

In orde to assess the impactof variousenergy tax implementation
: scenarios,a spreadsheet modelwas developedto computethe increase inthe

cost of generationthat_wouldarise froman energy tax. The modelacceptsthree
basictypes of inputs. I_irst,global industryparameters such as discountrate
and the time requiredfor varioussteps inthe nuclearfuel cycle are specified.
Second, nuclearreactor designparameterssuch as thermalefficiency,burnup,
and fuel residence time inthe core are input. Third, tax rates leviedfor each of
seven tax implementationscenariosare specified. Values for these parameters
have been derived from a rangeof sourcesand have been includedinthe
model. The user has the optionof overridingthese inputsto studythe impact of
new reactortechnologiesor tax implementationscenarios.
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Tax scenarios evaluated

The model uses these inputs to compute the increase in cost at the
busbar, measured in $/MWh of net electrical energy generation. This tax impact
is computed for each of seven tax implementation scenarios. The seven
scenarios evaluated, the tax rates, and the tax bases are as follows:

1) Tax net electricity generation ($2.66/MWh-net) - This is the plan proposed by
the Treasury Department. The tax is applied to each net MWh of electrical
energy generated, at the time of generation. This implies that energy used in
station auxiliaries is not taxed, and that there is very little delay between the
time the utility pays the tax and the time the tax is collected from consumers.
The tax rate is equivalent to a tax of $0.244/GJ on heat energy in conjunction
with a net plant heat rate of 10.9 GJ/MWh.

2) Tax gross electricity generation ($2.66/MWh-gross) - Tax is applied to each
gross MWh of electrical energy generated at the time of generation. This
implies that energy used in station auxiliaries is taxed.

3) Tax heat generated in reactor ($0.244/GJ) - Tax is applied to heat generated
in a reactor at a rate equivalent to that applied to energy in coal and natural
gas.

4) Tax fuel from reactorat discharge ($17,000/kg 235U) - Tax is based uponthe
mass of 235U inthe fuel at fuel load, and is paid by the utilitywhen the spent
fuel is taken out of the reactor core. The tax rate is computedby multiplying
the amount of energycontainedin the 235Uby the basic energy tax rate of
$0.244/GJ. The energy contentcalculationsare described in AppendixA.
Multiplyingthe energycontent bythe energytax rate yields an effective mass
tax rate of $17,000/kg 235U.

5) Tax fuel to reactor at fuel load ($17,000/kg 235U) - The tax basis isthe same
as that used in scenario4, butthe tax is appliedto nuclearfuel when it is
placed in the reactor core.

6) Tax uraniumat the mine mouth($17,000/kg 235U) - The tax basis is the
same as that used in scenarios4 and 51butthe tax is appliedto uraniumat
the mine mouth.

7) Tax max U energy at mine mouth($15,000/kg U) - Tax is applied to uranium
at the mine mouth. The tax rate is derivedby computingthe maximum
amount of energy that couldbe recoveredfrom both 235U and 238Uatoms,
assumingthat ali 238Uatomsare convertedto 239Puand absorb neutrons.
Under this assumption,the energy tax of $0.244/GJ is appliedto the energy
contentof uraniumat 61,500 GJ/kg to yield$15,000/kg U. This scenario is
unrealistic without fuel reprocessing.

Details of the economic impact computations are included in Appendix A.
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Nuclear technologies considered

The busbar imp_tct associated with each of these tax implementation
scenarios is computed for each of the reactor technologies listed below"

Acronym Reactor tr De

Generic LWR Composite representation of commercial light water
reactors

GE-ABWR General Electric Corp., advanced boiling water reactor

GE-SBWR General Electric Corp., simplified boiling water reactor

W-AP600 Westinghouse Electric Corp., active/passive pressurized
water reactor

ABB Sys 80 Aesa Brown Boveri, System 80+

GA-MHTGR General Atomic Corp., modular high temperature gas-
cooled reactor

GE-ALMR General Electric Corp., advanced liquid metal reactor

Pertinent reactor performance parameters are included in Appendix B.

Results of the evaluation for technologies

The results of these calculations are shown in Table 2 and Figure 1
below. The computations performed in the model and input parameters are
described in more detail in Appendices A and B.
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Table 2 Impact of energy tax on nuclear generation technologies

i "i

"

o _ _ _ _ "

"6
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Figure 1 Busbar impact of energy tax options
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As indicated by the data in Table 2 and Figure 1, the first three tax
implementationscenarioshave aboutthe same impacton busbarcosts for ali
technologies. This isdue to the fact thatthey ali are based upon t_Lxingheat
released in the reactor.

A secondgeneral observationisthat the tax impact is slightlyhigherwhen
implementedat fuel load, and significantlyhigherwhen implementedat the mine
mouth. This is partly due to financingchargesassociatedwith early paymento;
the tax by utilities. In addition,in the caseof taxes levied at the mine mouth,
some taxed uraniumis discarded by enrichmentplants in the tails material. The

• effect is particularlystrikingfor the GA-MHTGR, which uses fuel at 14.5%
enrichment.

• Specific comments regardingeach of the tax implementationscenarios
are as follows.

1) Tax net electricity generation ($2.66/MWh-net)" Each reactor technologywill
pay the same tax of $2.66/MWh-n.

2) Tax gross electricitygeneration ($2.66/MWh-gross): The impact,on busbar
cost ranges from a low of $2.73/MWh-n for the GA-MHTGR reactor to a high
of $3.01/MWh-n for the GE-SBWR reactor. The magnitudeof the impact
scaleswiththe stationauxiliaries.

3) Tax heat generated in reactor ($0.244/GJ): The impact ranges froma low of
$2.35/MWh-n for the GA-MHTGR to a highof $3.19/MWh-n for the generic
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lightwater reactor. The thermal efficiency and stationauxiliariesdetermine
the magnitude of the impact•

4) Tax fuel from reactorat discharge ($17,000/kg 235U): The impact ranges
from a low of $0.03/MWh-n for the GE-ALMR to a highof $3.42/MWh-n for
the GA-MHTGR. Becausethe tax wouldbe collectedby the utilityfrom
customers when the energy is generated and paid at a laterdate when the
fuel is discharged, there is an interestsubsidyto the utilityprovidedby its
customers. The lowtax for the GE-ALMR can be attributedto the long fuel
life (7.29 years)in conjunctionwith the low enrichmentat equilibrium(0.17%).
The long fuel life producesa significantinterestsubsidy,which reducesthe
impact of the tax by31%.

5) Tax fuel to reactorat fuel load ($17,000/kg 235U)" The impact ranges from a
low of $0.05/MWh-n for the GE-ALMR to a highof $3.99/MWh-n for the
GA-MHTGR. Because the tax is paid firstby the utilityand collected from
customers at a laterdate when the energy is generated, there is an interest
subsidy to the rate payers provided by the utility.

6) Tax uranium at the mine mouth ($17,000/kg 235U): The impact ranges from
a low of $0.25/MWh-n for the GE-ALMR to a high of $10.19/MWh-n for the
GA-MHTGR. The impact of the tax is increased by the loss of uranium in the
enrichment plant tails and the significant delay between the time the tax is
paid to the government by the fuel supplier and the time the tax is collected
from the consumer. The impact of the tax is highly dependent upon the
enrichment of the fuel used by the design.

7) Tax max U energy at mine mouth ($15,000/kg U): The impact ranges from a
low of $31/MWh for the GE-ALMR to a high of $947/MWh for the
GA-MHTGR. Note that the impact is over 100 times larger than that
observed in scenario 6. This can be attributed to the fact that 100% of the
atoms in the uranium are being taxed in this scenario, as opposed to roughly
1% of the atoms as in scenario 6.

5.0 Summary of findings

The taxes proposedby the Treasury Department appear to affect the
productioncosts of nuclear powerand itscompetitorsto aboutthe same degree.
The differences in impact may be smaller than station-to-stationor regional
variationsin costs•

Alternativemethodsfor taxingenergy generated in reactors produce
similar impacts onthe busbar cost of electricity. Largertax impacts are
observed if taxes are applied at earlier pointsin the nuclearfuelcycle. This
increase is due to two effects• First, interestcharges accrue if taxes are levied
on fuel producers earlier in the fuel cycle and collectedfrom consumerslater, at
the time of generation. Second, if energy in 235U is taxed at the uraniummine
mouth, taxed 235U atomsare laterdiscardedas tails in the enrichmentprocess.
This increases the effective tax on those 235U atoms that are in the enriched
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fuel. The impact is higher for nuclear technologies that require highlyenriched
fuel (e.g. General Atomic's Modular High Temperature Gas-Cooled Reactor).
Reactors that use low-enriched fuel and significant plutonium breeding (e.g.
General Eiectric's Advanced Liquid Metal Reactor) have a significantly lower tax
impact if only the energy in 235U iStaxed.
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Appendix A - Description of Model for Evaluating Tax Impact

Overview of the model

Asdiscussed in Section4, a modelto estimatethe impactof alternative
approachesto levyingan energy tax has been developed. For comparison
purposes,the modelPomputesthe impactof variousimplementationschemes
onthe busbar cost of electricalenergy fromvariousnuclearpowerplantdesigns.
The modelaccepts input parametersthat describethe general economic
environment,and a set of design parametersfor each nuclearreactor
technology. The user also specifiesthe tax rate and basis,e.g. $17,000/kg 235U

. at fuel load. Given this information, the modelcomputesthe increase in energy
costat the busbarthat can be attributedto the energy tax. The modelhas been

. implementedon an electronicspreadsheet package (MicrosoftExcel), and is
• displayed in Table 2. The user inputsand the calculationsfor the Generic Light

Water Reactor (LWR) are described below. Calculationsfor the other reactor
. technologiesare similar to the Generic LWR computations.

User inputs

The basis for determiningthe user inputsare described below. Values
representativeof the currentnuclearindustryconfigurationhave been used
where possible. Design parametersfor advanced nucleartechnologiesare
discussedin AppendixB.

Global parameters

Global parametersthat are specifiedby the user are shown in the upper
left-handcornerof Table 2. The first parameter is a discountrate, whichis used
to estimate the cost impactdue to potentialtime delays between the time the
energy tax is paid and when it is collected fromthe consumer. A reasonable
proxy for this parameter is a utility'safter-tax-weightedaverage cost of capital.

• The second globalparameter is the time delay from the uraniummine
' mouthto fuel loading. This parameter is used to estimatethe impact of having

the Treasury Department collectthe tax at the mine mouth,and havingthe utility
." collect the tax from the consumerat some pointafter the fuel is loadedintothe

reactor.

The thirdglobalparameter is the optimaltails assay for uranium
enrichmentplants. This value will vary in accordancewith the relative pricesof
enrichmentplant feedstockand electricpower for the plant. Because the energy
tax couldincrease boththe cost of electricpowerand the cost of feedstock,the
net impactof the tax couldbe eitheran increaseor a decrease in optimaltails
assay.

We examined the impactof increasedpower costto an enrichmentplant.
For example, to produceuraniumat an enrichmentof 3.2% 235U at a nominal
tails assay of 0.0025, the impactof a $0.244/GJ tax levied on a 10.9 GJ/MWh
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coal plant that supplies power to an enrichment plant can be computed as
follows:

($0.244/GJ)(10.9 GJ/MWh)(2.05 MWh/kg SWU)(4.2 kg SWU/kg U product)

- $23/kg U at 3.2% enrichment

= $720/kg 235U

where the energy consumption per SWU is taken from Villani (1979). The
increase in diffusion plant energy cost that can be attributed to the energy tax is
a few percent of the total cost of nuclear fuel. The impact of tax on the uranium
feedstock is much larger, and is described in the followingsections.

Technology-specific parameters

Technology-specificparameters for seven reactortechnologieshave been
developed and included inthe model. The five parameterscorrespondingto a
generic LWR are shown at the top of Table 2. Parameters for other reactor
technologiesare described in Appendix B. Each technologyis representedby
these same five parameters.

The first technologyparameter, labeled "stationaux," refersto the fraction
of gross electricalgenerationthat is used internallyby the plant. Thermal
efficiencyis the second input,and is used to convert heat generationinto gross
electricaloutput. The third input,burnup,is expressed in megawattdays of
thermal energy per kg of uranium. The fourth input parameter is the fuel life in
years at equilibrium, lt is obtainedby dividingthe core inventoryby the refueling
mass and multiplyingby the fuel cycletime. The last parameter, fractionU,
representsthe fractionof fissileatoms in fresh fuel that are 235U. These
technologyparameters are usedto estimatethe impact of the energy tax on the
busbarcost of electricalenergy.

Tax rates

Seven tax implementation scenarios and tax rates correspondingto each
are shown on the left side of Table 2. The user inputsthe tax rate corresponding
to the particulartax basisassociatedwiththe scenario. For example, in scenario
4 the user would inputthe tax rate in $/kg 235U that is appliedto reactor fuel
duringa refueling outage.

Calculation of busbar cost impact for implementation options

The cells to the right of each implementationscenariocontain estimates
of the impactof the tax on the costof a MWh of net generation for each of the
reactortechnologies. The computationsfor each implementationscenarioare
describedbelow.
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Scenario 1" Tax net electricity generation

If the energy tax is applied directly to net electrical energy generated
when it is generated, the busbar impact is simply the numerical value of the tax.
This relationship is reflected in Table 2, where the tax is $2.66/MWh-net.

Scenario 2: Tax gross electricity generation

If the energy tax is applied to gross electrical generation, the effective tax
on net electrical energy (MWh-n) will be larger than the tax applied to gross
electrical energy (MWh-g) by the factor 1/(1-station aux). The calculation in the
example show in Table 2 would be performed as follows:

($2.66/MWh-g)* (1/(1-0.0526) MWh-g/MWh-n) ---$2.81/MWh-n

Scenario 3: Tax heat generated in reactor

The energy tax could be applied to heat generated in the reactor at the
rate of $0.244/GJ. If the tax is applied on this basis, the impact on net electrical

• energy generation would be computed using the reactor thermal efficiency and
the station auxiliaries. The calculation for the example show in Table 2 would
proceed as follows:

($0.244/GJ)(3.6 GJ/MWh-th)/(0.291 MWh-g/MWh-th)

(1/(1-0.0526) MWh-g/Mwh-n) = $3.19/MWh-n

Scenario 4: Tax fuel from reactor at fuel discharge

The tax rate shown in scenario 4 is based upon taxing the energy content
of 235Uat a rate of $0.244/GJ. Assuming an energy release of 200 MeV per
fission, and a fission to absorption cross section ratio of (577/678), the energy
content of 235U is obtained as follows:

/I,,o.,ooo, /fission )k,_7"8"_U- atorn _ 235kg-mU

GJo

= 69, 8OO
kg-_SU

where, parameter values have been taken from Lamarsh (1972). Thus,
multiplyingthe energy contentby the energytax rate yields an effective mass tax
rate of $17,000/kg 235U.

If the fuel in the reactoristaxed at fuel dischargeand the revenue is
collected during fuel burnup,then the utilitywould be collectingrevenue during
burnupand payingthe tax severalyears laterat fuel discharge. The interest
subsidyeffect of collectingrevenueearflyand payingthe tax laterwould reduce
the impactof the tax. At a discountrate of 8% per year and a fuel life of 4.19
years, the interestsubsidy wouldreduce the busbar impactof the tax by

=
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approximately 20%, to $2.00/MWh-n. The value that appears in Table A.1,
$2.1 l/MWh-n, is based upon an exact calculation that more accurately accounts
for the cash f',uw stream. The exact formula is shown below.

rpTe-,T
tax($ / MWh - n)=

f(l_e -'T)

where: r = discount rate for continuous compounding (r=0.077 to yield
an 8% annual interest rate)

p = tax in $/kg U
T = equilibrium fuel life in years
f = net electrical energy yield (MWh-n/kg U)

Scenario 5: Tax fuel to reactor at fuel load

If the tax of $17,000/kg 235U iSapplied at fuel load and the cost passed
through to consumers during fuel burnup, then the utility would be paying the tax
first and collecting the revenue several years later. Interest charges associated
with tax prepayment would increase the busbar impact of the tax by
approximately 20% for the parameters shown in Table 2, from $2.50/MWh-n to
$2.92/MWh-n. The exact calculation is based upon the equation shown below.

tax($/MWh-n)= rpT
f(l_e -,T)

Scenario 6: Tax uranium at mine mouth

The tax rate of $17,000/kg 235U could be levied on uranium at the mine
mouth, prior to enrichment and fuel fabrication. Note that in the enrichment
process, some of the taxed 235U atoms are discarded in the tails. This impact is
described below.

The tax rate on naturally enriched uranium can be converted to a tax rate
on enriched uranium using basic process equations related to uranium
enrichment. In particular, the mass of feed required per unit mass of product
can be computed using the following equation. .

m_ e, - e t

mp ef -e t

The parameters mf and mp refer to the mass of feed and product,
respectively, and the parameters ef, ep, and et refer to the enrichments of feed,
product, and tails uranium, respectively. For the parameter values shown in
Table 2 for the LWR, the ratio of feed to product is 6.41. This implies that
approximately 30% of the 235U in the feed is discarded in the tails, and that the
tax impact is increased by over 40%.
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The interest effect is substantial when the tax is applied at the mine mouth
due to the additional delay between the time the tax is paid by the utility and
when the revenue for energy generation is collected by the utility. Table 2
indicates that this delay is 3 years• Given a fuel life of 4 years, this would result
in an average delay of approximately 5 years, and an increase in cost of
approximately 60%. The exact equation for computing the cost is shown below.

tax($/MWh-n)= rpTe'TC
f(1-e -'r)

where Tc is the delay in the fuel cycle from mine mouth to fuel load.
0

Scenario 7: Tax max U energy at mine mouth

• The tax rate shown in scenario 7 is based upon taxing the energy content
. of both 235U and 238U(after conversion to 239Pu)at a rate of $0.244/GJ. The

energy content of 235U was computed using the formula show in scenario 4.
• The energy content of 239Pu is computed in a similar manner below.

fission 1015=9_uu-_'_'tomj_ 1.60xlO-" _---_)_, 23-'_'_g_ 'J

GI
=61,200

kg-Z_9pu

where, parameter values have been taken from Lamarsh (1972). The energy
content in natural uraniumis approximatelyequal to a weighted average of the
energy in these two isotopes"0.0071 "69,800+(1-.0071 )'61,200 = 61,300 GJ per
kg of naturaluranium. Thus, multiplyingthe energycontentby the energy tax
rate yields an effective mass tax rate of $15,000/kg U.
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Appendix B - Description of Reactor Technologies

Reactor technologyparameters used inTable 2 are taken fromthe data shown
below.

Table B.1 Reactor technology parameters
1 2 3 4 5 6 7

Generic GE GE W ABB GA GE
LWR ABWR SBWR AP600 Syst80 MHTGR ALMR

l

In_nt, Mg 134.0 155.0 94.0 66.9 104.9 3.6 22.6
Cycle,mo 12 18 24 18 18 12 23
CapFact% 80 87.0 87.0 80 79 80 85 .
Reload,Mg 32.0 49.2 33.4 21.4 35.0 1.8 5.9 •

Therm,MW 3616 3926 2000 1940 3914 450 840
GrElec,MW 1053 1356 670 664 1345 177 319 '
NetEI, MW 1000 1300 600 600 1280 173 303
ElecAux,% 5.26 4.31 11.67 10.67 5.08 2.49 5.26

Net Ht Rt 3.62 3.02 3.33 3.23 3.06 2.60 2.77

GrossEfP/o 29.1 34.5 33.5 34.2 34.4 39.4 38.0
NotEIP/o 27.7 33.1 30.0 30.9 32.7 38.4 36.1

FuelRes,y 4.19 4.72 5.63 4.69 4.50 2.00 7.29
BU,MWd/kg 33 38 38 40 48 74 84-

Compln%: 100 100 100 100 100 100 100
U-234
U-235f 3.20 3.60 3.75 3.50 4.20 14.45 0.17
U-236
U-238 96.80 96.40 96.25 96.50 95.80 85.55 87.61
Pu-238 0.10
Pu-239f 8.97 '
Pu-240 2.53
Pu-241f 0.19
Pu-242 0.10

MinorAct 0.31
0

CompOut%: 100.00 100.00 100.01 100.01 100.01 100.00 100.01
U-234 0.02 0.02 0.02 0.02
U-235f 0.92 0.77 0.84 0.78 0.82 3.56 0.09
U-236 0.39 0.48 0.50 0.47 0.57 2.12 0.02
U-238 97.72 97.47 97.40 97.45 97.32 92.20 85.76
Pu-238 0.01 0.03 0.03 0.03 0.02 0.05 0.12
Pu-239f 0.53 0.62 0.62 0.67 0.62 0.78 10.13
Pu-240 0.20 0.27 0.27 0.27 0.27 0.53 3.13
Pu-24If 0.07 0.10 0.10 0.10 0.18 0.35 0.30
Pu-242 0.04 0.07 0.06 0.06 0.08 0.25 0.13

MinorAct 0.10 0.17 0.17 0.16 0.12 0.16 0.33
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Appendix C - Cost Impact on Nuclear and Fossil Generating Technologies
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Appendix D - Treasury Statement
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