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This paper addresses the various aspects of siting and sizing new generating facilities

in the USA. Environmental and licensing issues are discussed. The economic

considerations and assumptions for new plants are presented. Also, the electric

transmission and distribution system characteristics and constraints are described with

the potential role for several small and medium size designs summarized.
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THE ROLE OF SMALL AND MEDIUM SIZE REACTORS

IN THE FUTURE US NUCLEAR MARKET

INTRODUCTION: THE MARKET

In order to understand the role of any potential product in a market, it is necessary to first
understand the market itself. In the United States the "nuclear market" is a subset of the overall
electric generation market. This overall market is very diverse in that there are over 3,000
electric utility organizations. Some merely generate electricity while others just distribute
electricity, some simply trade electricity, and a few do all of these as well as supply their own
fuel and provide electricity conservation consulting services. Most are "for profit" corporations,
although there are many public, municipal, and cooperative organizations. The market is
geographically diverse as well. There are 10 North American Electricity Reliability Council
(NERC) regions in the US with half of those having sub-regions within them.

Each NERC region monitors planning for future electric generation needs. Electric system load
growth projections establish the need for additional generating capacity and most electric
utilities have their own staff that is responsible for such projections. It is currently estimated that
over 165,000 MWe of generating capacity will have to be added in the US in the next ten years.
The location, amount, and timing of each of capacity addition are important factors to consider
when planning to meet the projected capacity addition requirements.

Deregulation of the electric utility industry has had a great deal of influence over new generating
capacity. In particular, the commercial and economic structure of new capacity has been
influenced by deregulation. The paradigm for new generating capacity has shifted the risk away
from being spread over many electricity customers, or "ratepayers", to stockholders and
investors. As a result, equipment and service suppliers in the US have been under increasing
pressure from the electric utilities to assume an ever greater amount of risk.

Other factors also to be considered in decisions regarding generating capacity additions include
the environmental impact, system-wide fuel diversity, permitting and licensing, and transmission
and distribution system parameters. In summary, the future US nuclear market is only a part of
a much larger, and complex, market.

This "nuclear market" is represented today by 103 operating units at 64 sites and a total
capacity of over 95,000 MWe. While substantial, it represents only 12% of the total installed
capacity, yet generates 20% of the actual electric energy consumed annually in the US. The
commercial nuclear power market in the US today consists of 27 companies, clearly a very
small subset of the total electric utility organizations, and is likely to decrease further with
additional consolidations expected. These companies operations, however, are influenced
greatly by the larger electric utility market. It is expected that future nuclear operating companies
will likely be those that exist today or their descendants.
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1. DETERMINING THE NEED FOR ADDITIONAL GENERATING CAPACITY

There are many factors that affect the amount of electrical energy consumed in the US on an
annual basis. For example, the weather has been responsible for numerous peak demand
records in the US. Retirements within the existing fleet of generating facilities create a need for
new capacity. These retirements can be due to normal aging or premature shutdowns caused
by changes in regulatory or economic circumstances or catastrophic failures. Nuclear plants are
not unique in this regard in the US.

Performance issues at generating facilities within the existing fleet also can impact the need for
additional capacity. This can work both ways. Degraded thermal performance due to equipment
problems or reduced output due to environmental restrictions can create need while improved
heat rates from plant "tune ups" or power uprates from a combination of modifications and
analyses can actually reduce need.

A change in the operational philosophy regarding capacity reserve margin can impact need.
Historically, utilities have tried to maintain a minimum of 15% reserve margin; however, recently
lower reserve margin targets closer to 12% have been accepted, with actual reserve margins
dropping well below 10% in many regions in recent years. Figure 1 shows the recent history of
unacceptably low reserve margins in many NERC regions.

FIGURE 1
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It is widely recognized that the leading factor affecting electrical energy consumption is the
overall economy. A general rule is that the rate of change of demand for electricity is directly
related to economic growth. Therefore, when planning for increasing demand a simplified
approach is to essentially try and match projected economic growth. Figure 2 shows that this
approach not only underestimated total load growth 3 out of the last 4 years, but did so by a



significant margin in 2000. This underestimation contributed to the now infamous California
electricity crisis. It is important to understand that an increase in total demand, however, is not
necessarily the same as a need for additional capacity.

FIGURE 2
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Other factors in projecting future electric generating capacity needs include shifts in the nature
of the economy such as towards service and away from manufacturing, demand side
management programs and their effectiveness, and the potential impact of emerging
technologies such as the Internet. For example, the large electrical load constituted by "server
farms" is not apparent to most people.

Nearly every electric utility organization analyzes these factors on a continuing basis. Most
concentrate on their region of interest, or service territory and contribute to the appropriate
NERC. It is beyond the scope of this paper to present a detailed regional breakdown as this
information has more impact on the location of specific additional generating capacity rather
than the overall need.

The combination of all these factors, on a national basis, produce the projected capacity
additions in the US for the remainder of this decade as shown in Figures 3 and 4. Notice in
Figure 4 the magnitude of the difference between currently planned capacity additions and what
may actually be needed as a result of a small change in the projected rate of economic growth
over just a few years. The effect is a substantial uncertainty in the projections beyond a few



years that, along with the shift in the risk paradigm of electricity generators mentioned above, is
fundamental in characterizing the market for additional capacity.

FIGURE 3
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2. CRITERIA FOR ELECTRIC GENERATION CAPACITY ADDITIONS

Economic Criteria

Whether new capacity is added as a "merchant plant" in a deregulated market or as part of a
"rate base" in a regulated market, it must be demonstrated to be cost competitive. As a practical
matter, in the US today, given the recent history of California's deregulated electricity market
and its attendant media exposure, retaining a regulated market appears to consumers to
provide security of supply and cost. However, market forces containing or reducing prices, and
thus costs, have been successful. As a result, an average market price for electricity of
approximately 3.5 cents per kilowatt-hour ((4/KWh) is reasonable on a national basis although
this may be higher or lower in specific regions.

Production costs are mainly variable costs such as fuel, operations and maintenance, spent fuel
surcharges, etc. Some relatively fixed costs also are included such as administrative expenses
and decommissioning accruals. These costs range from about 1.1 to 1.8 0/KWh for today's
nuclear plant fleet. If we take the conservative average of 1.50/KWh, that leaves 20/KWh to
recover the capital cost of the plant. Although design lifetimes are 40 years, and plant life
extension can stretch that to 60 years, a capital recovery period of 20 years, or less, is all that
can be reasonably planned. If we assume an overall capacity factor of 85%, which has been
demonstrated as achievable or even conservative with today's fleet, and financing at 11%, we
get an overnight cost of $1,200 per kilowatt installed.

The value of $1,200 per KW installed is indeed the generally recognized target for potential new
nuclear plants in the US. Equally important is the amount of time it takes to complete the
construction of new capacity. This is true not only because longer construction schedules
increase financing costs, but because the longer the period between the start of construction
and operation, the greater the uncertainty in the actual need for the additional capacity, again as
evidenced by Figure 4. The milestone "start of construction" is used because it typically
indicates the point in the project at which the bulk of the project costs become committed,
however, other similar milestones can be used depending on the technology employed for the
capacity addition.

Today in the US construction schedules of less than 4 years are virtually a requirement, with 2-3
years desired. Long construction schedules usually work against the addition of large
generating facilities, and are in large part responsible for the trend toward gas turbines as the
nearly exclusive technology being used for recent and near term capacity additions.

Strategic Criteria

There are a number of possible strategic criteria that may be used when choosing a particular
technology for new generating capacity. Fuel diversification, for example, may be an important
factor if other sources of fuei currently employed have availability risks or are subject to price
volatility. France is an excellent example of choosing a particular electric generating technology
for very valid strategic reasons.

Other strategic criteria include environmental considerations such as carbon credits and
acceptance of site specific restrictions that may be outweighed by the strategic value of a
particular site.



CONCLUSION

Projecting the demand for electricity is characterized by a great deal of uncertainty in the US
due to the impact of a small change on any one of several factors and the large currently
installed capacity. The result is that the project schedules for constructing new generating
facilities must be much shorter than the past experience with large units. Required cost profiles
are well established and have been driven in part from deregulation and competition. Although
there are significant efforts underway to reduce construction schedules and costs of several
large nuclear plant designs, none currently have been proven as competitive and major issues
exist in the reduction efforts.

My colleague Michel Lecomte has described some of the development efforts of small and
medium size reactors. These possess great potential for improved costs due to higher thermal
efficiency, reduced operations and maintenance requirements, and modular design. They also
possess great potential for shorter construction schedules due also to modular design and fewer
plant systems and components.

Thus, the small and medium size reactors currently under development hold the promise of
meeting the criteria generally recognized in the US as essential for electric generating capacity
additions.


