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Abstract

This paper focuses on the new nuclear power plants in the economic competition framework,
addressing the main issues to increase nuclear power competitiveness over other energy options.

1. BACKGROUND

There are more than 400 nuclear power plants in operation around the world. These
can be divided into three broad categories:

a) Those whose capital cost was incurred some time ago, whose operating costs are in the
normal range, and who do not anticipate major capital additions in the near future. Such
plants can be economically competitive with any alternative.

b) Those built in countries and regions without access to pipeline natural gas. These can be
competitive with alternatives other than pipeline gas.

c) Those not meeting the economic competition and will be shut down, or may be operated for
strategic reasons.

While some of these existing plants are located in developing countries, it is not the
intent of this paper to address the economics of these plants, but rather to focus on new plants.

Nuclear power will be important to developing countries mainly for the production of
energy, and particularly electricity. Some plants may be built for desalination or as combined
cycle units.

To put nuclear power in the context of global energy supply and demand, we note that,
by the middle of the next century, global energy demand is expected to increase by at least a
factor of two, and more likely by a factor of three. Most of this increase will be in developing
countries. Developing countries are currently increasing their energy consumption by more
than 5% per year. This trend will continue as long as these countries continue to expand their
economies and improve the living standards of their citizens.

With current energy patterns in both the industrialized world and developing countries,
most energy comes from fossil fuels. Thus, carbon dioxide emissions to the atmosphere
follow the increase in energy consumption, and are also growing rapidly. Developing
countries now account for one third of the global emissions. Nuclear power could fill some of
the growing demand, while helping to limit carbon dioxide emissions.

However, the role of nuclear power in satisfying energy derrrSnd will depend strongly
upon its economic competitiveness. To play a realistic part in global energy supply, nuclear
power would need to achieve a significant market share; a reasonable target might be 30%.
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This alone would by no means be adequate to meet the global carbon dioxide emission targets
set in the Kyoto Protocol of 1997. It would still leave an enormous challenge for renewables
to increase their commercial market share from the present insignificant level to more than
40% of global energy supply. Achieving a 30% market share for nuclear power is a
formidable challenge. It would require the construction of several new plants every week for
the next fifty years. While this is feasible industrially, it will not happen unless the new
nuclear plants are economically competitive.

2. ECONOMIC COMPETITION

In most economic situations, new plants must compete with the most attractive
alternatives. Developing countries cannot afford to pay a premium to use nuclear power.
Economic competition varies regionally; in some areas it is cheap coal, in many areas with
access to pipeline natural gas, the competition for electricity generation is from combined
cycle gas turbines. Where pipeline gas is not available, liquified natural gas may be used, but
at higher costs than pipeline gas.

Nuclear energy can be regarded as machine-made energy, and like other machine-
made energy forms, it is capital intensive and relatively cheap to fuel and operate. Other
examples are hydroelectric plants, solar systems and windmills. By contrast, systems using
energy from the combustion of fossil fuels, are cheap to build, but very sensitive to fuel costs.
Uranium prices could increase significantly before a severe economic penalty would occur in
nuclear fueling cost. Thus, improving the economic competitiveness must focus primarily on
reducing capital cost.

3. THE CHALLENGE: REDUCE NUCLEAR CAPITAL COST

The sheer magnitude of the nuclear capacity required to help the developing countries
become energy-sufficient offers not only challenges, but also enormous opportunities for new
approaches to competitiveness. First and foremost, a fresh focus is needed to introduce
manufacturing technology into the design and manufacture of nuclear plants. Today, the
nuclear industry is at a stage in its evolution comparable to the automobile industry at the time
Henry Ford introduced manufacturing technology to that industry. Like the old automobile
industry, today we have many models that work well, however, they have been built one or
two at a time rather than manufactured. And they are not engineered for factory production.

Size is important. It is unlikely that developing countries will need plants greater than
1000 MW(e) for several decades. At the other end of the scale, numerous studies show that it
is difficult to reduce costs sufficiently for plants to be economic in size ranges below 500
MW(e), using traditional construction methods. It seems likely then, that the focus will be on
plants in the 500 to 1000 MW(e) class. This leads to a potential market of about 5000 plants
of the 1000 MW(e) class, or 10,000 plants of the 500 MW(e) class by the middle of the next
century. At this level there is enormous scope for capital cost-saving through mass production.

An enormous incentive remains to develop factory-manufactured smaller reactors, for
example, of 100 MW(e) or less, that could compete by the sheer volume of production. A
production rate of one or two units per day could meet the eventual target of 30%. Such a
production rate is already being achieved globally in the commercial aircraft industry, which
also produces large, high technology, capital intensive products. These plants must be
virtually self regulating, with automatic startup, and hands-off operation, to reduce operating
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costs and to assure an appropriate level of safety. Studies of this approach are underway in
American universities under an initiative of the American Nuclear Society.

4. STRATEGIES FOR DEPLOYMENT OF NEW POWER PLANTS

There are numerous possible avenues towards achieving a substantial market share for
nuclear power. Outlined below is a series of factors that taken together could achieve a highly
competitive situation in the shortest time. Practicalities, the availability of capital for
launching the initiatives and concerns of national sovereignty over issues such as regulation
may well stretch out the time-scale.

4.1. Standardize products

The benefits of mass production can be achieved only if there is sufficient volume.
Thus, standardization on one or two designs is important; this could be achieved more easily
if electricity producers of the developing countries define their requirements and produce a
joint specification meeting all their collective needs. Based on this specification, international
consortia of vendors could design competing units for global application. The consortia
should have vendor companies from industrialized countries produce the engineering and high
technology components, with companies from developing countries to manufacture most
other components and assemble the plants.

Smaller units, if competitive, may have advantages in requiring less infrastructure for
transmission facilities initially where the load centers are smaller. The move to larger sizes
could be made as the load grows and infrastructure develops.

Consideration should be given to the pros and cons of adapting existing water-cooled
reactor designs (PWR, BWR, CANDU), or branching out into new designs with greater long
term promise, for example, high temperature gas-cooled reactors with integral gas turbines.

Special consideration should be given to barge mounted plants, factory-assembled and
towed to the operating site. There they can be operated as floating plants offshore or towed
into a prepared bay, sunk to the ocean floor, and back-filled to give a land-based plant.

Detailed analysis should evaluate the relative costs of manufacturing say, 70 plants per
year at 1500 MW(e) each, versus more than 1000 plants per year at 100 MW(e) each.

Similarly, regulatory authorities of the world should agree on licensing criteria for the
new nuclear units based on the electricity producers requirements. Using these criteria, the
vendors consortia could apply for type-licenses for the new units in all developing countries.

4.2. Localize component manufacture

As in other global industries, such as automobile and aircraft manufacture, factories
manufacturing components should be distributed as widely as practical, in light of the need to
assemble plants at a few selected sites that can serve large geographic regions. This allows the
development and growth of local industry, while achieving the standardization necessary for
cost reduction.

The developing countries can benefit directly from the expansion of nuclear power
facilities, by having a role in component manufacturing, thus contributing to their own
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projects and to their industrial development. The developing countries can then earn foreign
currency producing the components for other countries as well as for their own.

4.3. Assemble plants regionally

A few strategically placed assembly plants could serve large areas such as the North
Pacific, South Pacific, North Atlantic, etc.,. These would ideally be located with ocean access
so special oceangoing transportation systems can transport large, factory-assembled modules
to the plant sites, which insofar as possible, would also be readily accessible to the ocean.

5. OPERATIONAL FEATURES

Success in the use of nuclear power involves not only competitive capital costs, but
cost-efficient operation and servicing. Major cost advantages can be achieved by focusing
resources on servicing many plants from one or more centralized locations, which are set up to
provide rapid refueling and service to many standardized plants.

- Regional Training Facilities Regional training facilities with simulators for the
NPP models being built can serve a number of electricity producers, countries and
regions. This can ensure uniformly high standards of training and refresher courses, and
save costs relative to local training.

- Regional Refueling and Servicing Facilities Refueling for the plants can be designed for
routine refueling on a two- to five-year cycle. The refueling service could be fulfilled
through international companies equipped to provide it on a schedule for many different
plants.

- Regional Fuel Fabrication Facilities Electricity producers or countries participating
could invest in joint fuel fabrication facilities, as an alternative to buying fuel services.

- Regional Spent Fuel Facilities While of secondary importance to establishing nuclear
generating stations, planning could be done for regional spent fuel facilities, to receive
and store spent fuel until it is economic to reprocess and recycle plutonium, either in
MOX fuel or in fast reactor fuel. In the meantime, regional spent fuel storage facilities
can reduce costs, relieve local operators of the responsibility for managing spent fuel,
and facilitate international safeguards. The storage could be owned by a consortium of
the electricity producers generating the fuel, and be operated by the consortium, either
directly or on contract to an organization to manage and store the spent fuel.
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