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INTRODUCTION

With the end of the cold war, the pace of economic
development has increased. Along with increasing economic
development, energy needs are increas ng. This paper will
assess the viability of nuclear power as an option for
meeting these increasing energy needs. The paper will
examine the nuclear option from a business prospective,
i.e., if it were your money, is nuclear power a good
investment. In this discussion, we will assess technical,
environmental and economic aspects of nuclear power and its
competitors. In addition, the assessment will include
consideration of the entire fuel cycle of each of the
competitors. Competitors is the appropriate term because in
today's global economic environment, assessing the
alternatives for meeting the world's energy needs requires a
competitive business evaluation.

COMPETITIVE ANALYSIS

The first aspect of a competitive business analysis is
a market assessment. Much has been written about the
linkage between economic development and energy consumption.
But what is the relationship?

At a fundamental level, the relationship is not between
energy consumption and economic development. Rather the
relationship is between the benefits of energy use and
economic development. Categorically, there is a direct
positive relationship between these factors. Increasing
economic development requires increasing benefits from
energy use.

The benefits of energy use, electrical energy use in
particular, are heating, lighting, cooling, mechanical work,
e.g., electric motors, and similar items. Each of these
items allows or facilitates people to perform more work,
produce more goods and services. These benefits can be
increased by constructing new supplies of electricity,
improving the efficiency of existing supply facilities,
improving the efficiency of end-use devices, or changing
end-uses from lower value uses to higher value uses. Each of
these basic methods of increasing the benefits of energy
usage is a competitor for resources. In addition, within
each method are options that are competitors with each other
and with the options of other methods. To th*3 extent that
one method or option provides the increased benefits of
energy use required to support the increase in economic
development, the other methods and options will provide
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increasing economic development is truly case specific and
will depend on a number of factors. However, all experts
and studies agree that at the global level, increasing
economic development will require the construction of new
electric generating facilities.

The central question that this paper addresses:

Is nuclear power a viable option for meeting the world's
increasing energy needs?

The answer is an unqualified yes!

This conclusion is not based on the wishful thinking of
the nuclear power industry. It is based on a competitive
business analysis that benchmarks nuclear power against the
competition. In this analysis, the two key activities are
identifying the competitors and establishing the analysis
parameters.

Competitors

The electric energy supply competitors are nuclear,
hydro, fossil fuels, such as coal, natural gas and oil, and
renewables which include solar, wind, biomass, waste-to-
energy, wave, geothermal and similar fuels and technologies.

The first step in the competitive analysis is to define
the strengths of each competitor in the three electric power
supply market segments: base load, intermediate or cycling
load, and peaking load.

As shown in Figure 1, nuclear power is an effective
competitor only in the base load segment of the market.
Hydro power can be an effective competitor in all three
market segments; however, its availability is dependent on
unique natural conditions that are not available in all
areas of the world. Therefore, it is rated as a moderate
competitor. Coal fired power plants are a major source of
electric power in the world. However coal's effectiveness
decreases as you move the base load market segment to the
peak load. Natural gas, when available, is a major
competitor in all market segments. With the use of LNG
(liquefied natural gas), natural gas can be available
worldwide. Technically, oil enjoys the same features that
make natural gas a broad market competitor; however, the
value of oil in the transportation industry makes oil a more
effective competitor in the peaking and intermediate load
market segments. Renewables continue to improve as a
competitive alternative to the convent onal fuel options;



however, technology limits and/or natural reliability
variability make renewals a moderate competitor in each of
the market segments. With this assessment of the competitor
strengths in each of the market segments, the competitive
business analysis of the nuclear power option will be
limited to the base load market segment and the nuclear,
coal and natural gas competitors.

Analysis Parameters

The analysis parameters for the analysis are life cycle
costs and environmental impacts that are not explicitly
included in life cycle costs. Life cycle costs include all
costs associated with the three phases of power plant:
construction, operation and decommissioning. Within these
phases, construction costs include labor and materials;
operating costs include fuel and O&M (operating and
maintenance) costs, including capital expenditures after
initial construction; and the decommissioning costs include
labor and materials. (Figure 2)

In performing a competitive business analysis that
tests the viability of one option against it*competition,
the variability of key cost parameters must be explicitly
considered. Therefore, a range of values for the key
parameters is appropriate. Table 1 shows the estimate of
the range of probable values for key variable parameters for
new nuclear, coal and gas power plants in the 1,000 to 1,200
MW range and Table 2 provides the estimated values for
plants in the 250 to 500 MW range.

The net result of the economic number crunching is a
range of production costs. The degree of overlap among the
competitors is a direct measure of the viability of any
particular competitor. As shown, at the larger MW size
range, there is considerable overlap among all three
competitors. (Figure 3)

Therefore, nuclear power is a viable option and may be
the optimal option in some circumstances. At the lower MW
range, there is less overlap. Although nuclear power is a
viable option, it is less likely that it will be the optimal
option.

On a measurable cost basis, nuclear power is a viable
option. What if unmeasurable costs are included in the eco-
nomic analysis.

In addition to the measurable costs, a complete life
cycle economic analysis would include consideration of
unmeasurable costs. These are costs that cannot be directly
measurable. To support each phase of a power plant project,
construction, operation and decommissioning, there are many



systems that supply the materials, labor, fuel and other
required items. Associated with each supply system are the
economically measurable production activities and factors
that are included in the market price. In addition, there
may be other factors that impose a cost on society that are
not included in the market price of the good or service
provided. For example, the price of materials and fuel
delivered to the power plant site includes transportation
costs. The transportation costs include emission pollution
control associated with the transportation vehicles and fuel
production facilities; however, the potential cost to
society, such as increased health costs or crop or building
damage, of the actual emissions resulting from the
transportation activities are not included in the cost.
Similarly, there are activities associated with
construction, operation and/or decommissioning that are not
measurable and, therefore, not included in the costs of the
economic analyses. Again, environmental impacts of actual
emissions or discharges are a good example of unmeasured
costs. (Figure 4)

In some countries, most noticeably the United States,
authorities are attempting to include such costs in the
economic analysis by imposing regulatory based cost for
residual emissions. However, based on the wide range of
values that have been developed, it is clear that these
costs are not based on an estimate of actual societal costs.

At a fundamental level, the difference between nuclear
power and its fossil fuel competitors is a low volume of
radioactive waste that requires special handling and remains
a potential hazard for hundreds of years; and a high volume
of non-radioactive emissions and solid wastes. As shown in
Tables 3 and 4, nuclear power produces radioactive waste in
the hundreds of tons per year while fossil fuel competitors
produce emissions and waste in the thousands to millions of
tons per year. These tables are not intended to be an exact
accounting of all unmeasured cost items. Rather they
illustrate the type of factors that may not be fully
accounted for in a standard economic analysis.

When the first level of unmeasurable costs associated
with environmental emissions and waste disposal are consid-
ered, the true costs of coal and gas increase substantially
more than cost for the nuclear option. Thus, the degree of
competitive overlap increases and likelihood that the
nuclear option is the optimal option increases.



Policy Considerations

In selecting the appropriate option for a new supply
facility, the decision criteria used can be market economic,
policy considerations or some combination.

Market economics is a straight forward numerical
evaluation of the measurable economic aspects of each
competitive alternative. Policy considerations are factors
other than quantifiable economics. As the global electric
power industry moves from government owner or government
sanctioned monopolies to capitalist competitive markets,
market economics becomes the predominant decision criteria.

However there are two circumstances in which reliance
alone on market economics may not produce an acceptable
result. When market economics do not include all associated
costs and those other costs are potentially significant.
Also when the capital requirements and/ or lead times
effectively prevent the market from satisfactorily self
correcting. The normal market penalty for poor investment
decisions by a business is bankruptcy and loss of
shareholder investment. However, in a world dependent on
available electric energy for basic societal functions,
bankruptcy accompanied by blackouts may not be an acceptable
situation. For electrical energy supply decisions, policy
consideration as well as market economics should continue to
be an important decision criterion. When policy factors such
as environmental impact and diversity of supply are
considered, nuclear power is an even stronger competitor in
the new supply market.

SUMMARY
In summary, under the strict test of a competitive

economic analysis, nuclear power is a viable option for
meeting the world's electric energy needs.

In addition, when appropriate policy criteria are
considered, the viability of the nuclear option increases,



TABLE1
i 1,000-1,200 MW

Capital (S/kw)

Fuel (S/MBtu)
Fuel Escalation (%) (1)

Heat Rate (Btu/kWh)

Fixed O&M (S/MW)
Variable 9&M (Mills/Kwh)

Dccommisioing (SM)

\ Nuclear
! Low
| 1,400
I 0.7

: o%
; 10,000

1 60
i

200

High
1,700

0.7

1%

12,000
70

1.5

300

1 tow
. 800
!! 1 . 5

j o%
S 9,500
!i 1 5
i! 1

20

Coal i

High j

1,000

1.5

2%

10,000

20
2.5

30

0
L<W
400
2.5
0%

8,000
9
1

5

*S

High

500
2.5 I

4%

8,500 |
10 i
1.2 i

10

TABLÉ 2
250* 500 MW

Capital (S/kw)

Fuel (S/MBtu)

Fuel Escalation (%) (1)
Heat Rate (Btu/kWh)

Fixed O&M (S/MW)

Variable O&M (Mills/Kwh)
Decommisioing (SM)

\ '* Nuclear "\
1 Low

1,700

j 0.7

1 0%
| 10,500

I 7 0

! 1

: loo

High I
2,000

0.7 i

1% '

12,000
80

1.5
IM 200^ j

'••'" ""Cotf"' '""

Low
900

1.5

0%

10,000
20

1
10

High.
1,200

1.5

2%

10,000
30

2.5
20

Low
450

2.5

0%

8,000
9

1

2.5

GAS i
High
550

2.5 |

4% !
8,500 |

10 j

1.2 1
5 !

Note (1) Escalation above general inflation.

TABLES
1,000-1,200 MW

\ Nuclear \
Low High I

High Level (tons/yr) 400 500
Low Level (tons/yr} 200 300

TABLE 4
1,000-1,200 MW

CO2 (1,000 tons/vr)
SO2 (1,000 tons/vr)
NOx (1,000 tons/vr)
Patriculate (1,000 tons/yr)
Solid Waste (1,000 tons/yr)

! Coal
\ Low
! 290,000
i 20
i 130

20
15

High
325,000

440
410

8,900
30

, ...&» I
Low

130,000
0

40
9
0

High i
190,000 '

0
325

13
0
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