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Introduction

For the past 20 years, the commercia nuclear eectricd generation market has
been void of sgnificant and sustained orders for new plants. In countries such as
Japan and Korea, new units have been continuoudy added to the eectricd grid,
but these additions have only been adequate to sustain their own country’s nuclear
infrastructure.  Elsawhere around the world, suppliers of new nuclear plants have
had to make dramatic shifts in the product portfolio to focus on fud and service
activities

The globd dowdown of interest in new nuclear plants may be over; vitd sgns
within the dectricd indudsry point to a rekindling of utility interest in nuclear
power. The reasons are sgnificant, and include the following.

Nuclear economics of advanced passve plants are now competitive with the
lowest cost energy sources, such as natura gas and combined cycle.

Step improvements in nuclear plant safety are dso providing Sgnificantly
reduced economic risks asociated with nucler plant ownership and
operation.

Environmentd  benefits derived from nucdear powe’s dimination of
greenhouse gas emissions are yielding high levels of public acceptance.

All three of the nudear benefits mentioned above ae embodied in the
Wedtinghouse AP1000 plant design, currently under review by the US Nuclear
Regulatory Commission (NRC) for ultimate Design Certification.

Incorporation of advanced passive systems — A necessary step to economic
parity with natural gas plants

Alternative design approaches have been examined to determine the mogt
effective way to reduce plant capitd cost. Starting with an evolutionary plant and
attempting to samplify the desgn yidded inadequate capitd cost reductions to
compete with the low cost leader - naturd gas. Therefore, a rethinking of the
designs was required to yiedd a plant that would take advantage of the Steadily
improving peformance of current generdtion plants and, a the same time
dgnificantly reduce the capital codts of the plant. The solutions designed into
both the AP600 and AP1000 integrated two basic design approaches.
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Maintan and improve the rdiability of plant norma control sysems, but do
not require these sysems to have any direct responsbility for meeting safety
criteria. Separate the plant safety functions from the control sysems to
eiminate cosly and complex safety requirements such as tesing and
separation, from congderation in the design of the control systems.

Require that dl safety functions be passve, thereby Sgnificantly smplifying
safety sysems and diminating or reducing safety grade pumps, power
supplies, and associated piping, vaves, etc.

Figure 1 shows the safety systems incorporated into the AP1000 and APG00.
Note that dl the sysems use only naurd circulation, gravity feed, and gas
pressure as driving forces for the safety system, thereby dgnificantly smplifying
the design and achieving large cost reductions. The same design philosophy was
extended into the contanment by usng Smilar passve water sources and
amospheric cooling. The safety systems have been designed to perform without
requiring operator action for design basis accidents.

Passive systems enhance safety

A logicd question associated with the advanced passve plants deds with their
sdfety relative to current generation operating and evolutionary desgns.  One
measure was provided by the US Nuclear Regulatory Commission (NRC) when it
approved the AP600. The NRC is currently reviewing the AP1000. Another
more quantitative measure of plant safety is the evaduation of core damage
frequency. Figure 2 shows the core damage risk assessment compared to other
plant desgns. Note that the risk profile is between 10 to 100 times less than
current generation plants.

Note aso that to adequately perform a credible risk assessment, plant design and
plant components involved in the plant safety assessments need to be engineered
to a leved that suppliers can meet. In addition, equipment must be capable of
being priced to meet design specifications. Both the AP600 and AP1000 satisfy
these design completion requirements.  Also, both tet and desgn caculations
indicate that accidents beyond the design basis will not cause a falure of the
advanced passive plants reactor vessals, and, therefore, the core will not end up
on the containment floor.

Detailed cost estimates validate AP1000 competitiveness

Numerous next generation plant designs have been showcased, each having
achieved varying degrees of design completeness.  Optimigic cdlams concerning
the capitd cogts are dso presented with each new desgn. However, there are
severd key dements needed to gain confidence in the cost evauations:

detailed plant cost data that include owner and Site costs;

design detail sufficient to accurately determine bulk material quantities;

the avalability of vdid quotes for components, commodities, congruction
labour, etc.;

the completion of a detalled and independently vdidated plant construction
schedule devel oped with congtructor inputs,
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a rationd bads for esablishing contingencies based on inputs from experts
and included in find plant capita codts.

The AP1000 design derives a sgnificant amount of its cost data from the cost
report developed by Westinghouse on the APG600 for the Advanced Reactor
Corporation (ARC) in 1997. Since approximately 80 percent of the AP1000 plant
design remains the same as the AP600, mogt of the AP600 cost data is directly
goplicable.

The AP600 cost study was built upon over 1900 vendor quotes on over 25 000
components, bulk materids, commodities, labour rates, etc, and upon an
extensve review of the cost data including uncertainties by independent experts in
dl mgor plant cos aess. The most dgnificant categories within which plant
costs were collected are presented in Table 1. In addition, Monte Carlo andyses
of the uncertainties potentialy having a mgor impact on plant costs were
performed to determine gppropriate contingency additions to the base costs
necessary to reach a confidence leve in the overnight capita cogt.

Table 1 — Expected capital costsfor twin-unit AP1000 plants

Capital Cost per Kilowatt
Cost Category (US$ 2001)
Equipment, Commodities, Materids, Ingtallation, 940
and Engineering
Site and Owner's Costs 180
Tota Overnight Capital Cost in $ per Kilowatt 1120 to 1280

Adjustments were made to the AP600 cogts to account for design changes made to
the AP1000 plant. These changes were determined using supplier quotes. The
mgjor equipment and design changes are steam generator heat transfer ares,
reactor coolant pump flow, the turbine, and an increase in the height dimenson of
the contanment. However, no changes to the AP600 nuclear idand footprint
were required, thus sgnificantly increesng the amount of AP600 design that is
directly applicable to the AP1000. Findly, additiond first-time engineering costs
were added to the plant price so that dl cost dements were included in the find
price.

The resllts indude dl plant owner and dte costs, and the daffs for indirect
functions such as payroll, customer project management, human resources, taxes,
permits, licences, etc. The data included for Ste and owner’s costs were provided
by US power companies.

To ensure that cogts for the labour associated with civil and erection work are
accurately represented, detailed knowledge of the plant design is needed to
determine the quantities of bulk materids, components and commodities to be
inddled. To this end, the levd of design detall for the AP1000 is more than
adeguate to generate these quantities. Labour rates were determined by trade and
by inddlaion commodity assuming a typicd US condruction Ste.  Also, to
ensure that capital costs are being treated correctly, a congruction schedule must
be defined and vdidated. The schedule must include dl mgor tasks so that labour
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daffing levels and project completion timing can be determined. The finad plant
cost to the power company varies, based on risk digtribution amongst the
participating companies. An expected range of capita codts (provided in Table 1)
accounts for this variability and can be factored into the cost analysis.

Table 1 provides the AP1000 plant capitd costs to the power companies,
assuming a series of units. Note that the first-plant cost would be higher than
others in the series due to the impact of firg-time engineering not required by later
units. The average cost assumes esch of the plants shares the first time burden,
thereby reducing the capital cost paid by the firg-plant purchaser.  Additiond
capitd cost reductions are dso included, sarting with the second unit of the firgt
plant. This effect is due to the learning curve impact that would be seen as
suppliers and constructors become familiar with the plant design requirements.

Independent validation of the AP1000 capital costs

Numerous independent evauations were performed on the costs database for the
advanced passve desgns. Accuracy and robustness were considered in these
reviews. Included beow are the highlights from these reviews and some of the
aress andyzed, as wel as comments concerning the design and cost bass. The
most recent comments were provided by Bechtel, and ded with additiona areas to
be considered in the power company capital costs.

Table 2 identifies the participants in the independent cost and plant schedule
reviews for the advanced passive desgns.

Table 2 — Westinghouse advanced passive plant cost and
construction schedulereviews

Reviewer Area of Review Focus

Electric Power Research Ingtitute Cost Analysis, Robustness, and Accuracy

Obayashi Corporation Congtruction Costs, Congtruction Schedule
Obayashi Corporation Module Construction

Morrison Knudsen Pant Construction Schedule

Bechte Corporation Pant Costs, Construction Schedule

Additiondly, Westinghouse developed an advanced passve plant proposa for
Hungay and again solicited supplier quotes for implementation. The new quotes
were compared to those gathered as part of the cost study, and confirmed the
accuracy of the origind plant cost estimate.

The conclusions to be drawn from the above studies are: (1) the Westinghouse
advanced passive plants have a documented and verifiable cost bass, and (2) the
36-month congruction schedule developed by Wedtinghouse can be used in the
planning for new basdload dectrica generation.

Using the plant cogt analyses for an AP1000 discussed above, the cepitad cost
contribution to dectrical generation can be determined. Assumptions used in the
transformation of the capital cost data to generation cost are criticd in that they
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must be condstent with those used by power companies considering the nuclear
option. Table 3 provides a list of economic assumptions used in this paper for this
cdculation of generation cods.

The fud and operations and maintenance data in Table 3 are representative of the
performance of the top quartile Westinghouse plants today. With the continuing
improvement in the performance and cost competitiveness of most operaing
units, the performance parameters should be typica within afew years.

Table 3 - Generation cost input parameters (constant US$)

Evaluation Parameter Value or Assumption

Number of Units 2
Unit Capacity, MWe 1117
Fuel Cycle Length, Months 18
Capacity Factor, % 93

Operations, Maintenance, Costs ¥MW-hr
Fue Cost, ¥MW-hr

5
5
Plant Economic Lifetime, Years 20
60

Plant Design Lifetime, Years

Figure 3 takes the data presented in Table 3 and provides a range of after-tax
internd rates of return (IRR) for those parameters and a variable capitd cost
assumption.  Note that after-tax IRRs are in the range of acceptability to US
power companies, for busbar costs of approximately $35 to $45 per megawait
hours (in constant US$).  Therefore, the Westinghouse AP1000 will be
competitive with naturd gas and combined cycle plants even with favourable
future naturd gas cost assumptions.

Table 4 provides the generation codts for various advanced passve designs and
competitive dternatives to nuclear power. Obvioudy, in today’s environment
with highly voletile naturd gas prices, the reaive competitiveness of various fud
sources depends on long-term fud cost assumptions.  However, for essentidly
any assumption concerning naturd gas prices, the AP1000 plant will be
competitive.  Furthermore, for even smdl increases in naturd gas prices, the
AP600 will dso be competitive without any credits provided to nuclear power as
an emisson-free technology.

Table 4 — Electric power generation costs — cents per kilowatt-hour (US$2001)

Plant Fuel Type Fuel Cost Generation Cost
APG600 Nuclear 0.5 ¢/kW-hr 4.7 cents/kW-hr
AP1000 Nuclear 0.5 ¢/kW-hr 3.5 cents’kW-hr
Combine Cycle Natural gas | $3.50/MMBTU 3.5 cents/kW-hr
CombineCycle | Natural gas | $4.500MMBTU 4.14 centskW-hr
Scrubbed Cod Cod $1.4/MMBTU 4.08 cents/kW-hr
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There-emergence of nuclear in the United States

Over the course of the last severd years, the US environment for the congtruction
of new nuclear plants has moved in a postive direction. This is not to say that
new plants will begin condruction in the near term, but pogtive sgnds have been
forthcoming from many quarters. Several key postive factors have resulted from
actions taken by the US government. The energy policy direction coming from
the executive branch clearly identifies nucler power as a mgor contributor to
future eectrica generation, an endorsement that was sorely lacking from previous
adminigrations.  Additiondly, the congressond approva for the Yucca Mountan
Project has provided both breadth and depth to the federal government support for
nuclear power. These votes of confidence did not come easlly or quickly, but an
andyss of the rationde behind this turnaround pinpoints severd factors as the
main driving forces

arecognition that the globa warming problem is not going to disappear;

the wild cyding of naturd gas prices suggesing the energy price dability
canot be counted upon without a broad sdlection of energy producing
options,

a recognition of the potentia problems caused by the increasng US reliance
on imported ail.

Besdes the Yucca Mountain decison, the US government has srongly signdled
that it would be willing to support promisng new nudear plant desgns and to
overcome the hurdes of completing firs-of-a-kind desgn issues such as
licenang, firsd plant engineering cods, etic. The key to unlocking the potentia
government support will be srong and broad-based industry involvement in
completing a new nuclear plant for operation in year 2010. The Nuclear Initiative
2010, which is supported by Department of Energy (DOE) funding, addresses
these issues.

Mesting this DOE objective will not be easy, however. Not only does it require
the avalability of Desgn Certifications and Early Ste Permits, but it aso requires
combining these two regulatory approvas into a Combined Operating Licence
and plant congtruction/startup within the next 8 years - a sizable task.

Three Design Certifications dready exist, and one, the AP1000, has been accepted
for review by the NRC. Also, three Ealy Site Permit applicants (Dominion,
Entergy, and Exelon) have begun the process of gaining regulatory gpprova for
the respective stes. Thus, severa of the necessary pieces are in place to move
forward with the next phase of nuclear power in the US.

The expected number of new plants to be completed over the next 10 to 20 years
IS speculative a this point, but severd projections have been offered by US
energy expets. The Nucler Energy Inditute (NEI) has identified the need for
50 GW of new plant power coming from additionad nuclear units. Furthermore, to
maintain the current percentage of power being generated by nuclear power,
10 GW of new nuclear power will need to come from the upraing and improved
performance of existing nuclear plants.
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Although optimigtic, the NEI projection identifies the extent of new reactor
condruction that must begin quickly just to maintain the nuclear percentage of the
current fleet, if the reatively conservative projections for future power needs used
by the Inditute are conddered appropriate. If globa warming data continue to
identify the need to curb greenhouse gases, the NEI estimate for new nuclear
plants may be substantialy too low.

A second indication from the US is less specific, but centres around the Nuclear
Power 2010 Initiative identifying new nuclear plants beginning to operate within
eight years. This schedule aso suggests rapid deployment of new nuclear plants,
consstent with the NEI projections.

Conclusion

Sgnificant progress has been made in reducing capitd costs through
amplification of advanced nuclear plant designs such as the Westinghouse AP600
and AP1000. Key reductions have been in the areas of components, commodities,
and bulk materids which improve the plant condruction schedule by usng a
pardld and independent path approach for site work and module manufacture.
An important dement of optimizing these concurrent activities is the completion
of a detalled plant schedule that pre-plans the completion requirements for
inddlation into the Ste condruction activities  This detailed schedule has aso
been developed and independently vdidated for the AP600 and AP1000. The
results have led to a congruction time window of 36 months from first concrete to
fud load.

The generation cods cdculated for the AP1000 demondrate that it will be
competitive with any basdoad fud source for new dectricad generation, even
usng vey consvative esimates of future fossl fud prices  Assuming that
busbar eectricity prices of US$35 per megawatt hour must be met for a
deregulated power company to be competitive, competitive after-tax IRRs are
demongtrable for the Westinghouse AP1000.

Clearly, there has been progress on dl fronts towards starting a new nuclear plant
programme in the US. The timing of the AP1000 Design Certification review by
the NRC fits well in a schedule for plant condruction beginning in the year 2005
or 2006. Initiating condruction within this timeframe would put the DOE's god
for plant sartup, expressed in the Nuclear Power 2010 Initiative, within reach.
However, a quick initiation of a Combined Operating Licence process is adso
necessary. Although it is difficult to project the exact time when condruction will
begin, the pieces needed to proceed are beginning to come together, and plant
congtruction could conceivably meet the DOE' s aggressive god.
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Figure 1. AP1000 and AP600 passive core cooling system

Figure 2. AP1000 provides safety and investment protection
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Figure 3. AP1000 business plan modd impact of analysslength on equity IRR
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