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In the face of diminishing reserves and increased costs of fossil
fuels, nuclear power has emerged as an important economic source of electrical
energy. Over thirty countries now have or will have nuclear power capability
within this decade. Nonetheless, there is still much uncertainty concerning
the pace of its growth. The uncertainty centers around segments of the
nuclear fuel cycle which, fated with a number of complex problems, threatens
to impede the utilization of nuclear power in electricity generation.

Specifically, it is the "back end" of the fuel cycle, reprocessing
and waste disposal technology which are the main trouble areas. Because of
problems in these areas, many questions have been raised concerning future
nuclear energy supply, uranium demand, enrichment services, regulatory policy
and public acceptance. The situation is farther complicated by the unpre-
dictability of continued and increasing government involvement in the total
nuclear program. Until all these issues are resolved to a much greater degree
than at present, there will continue to be hesitancy by the global financial
community to fund various segments of the nuclear fuel cycle even though, as
discussed later, the total estimated cost of developing tha fuel cycle
represents only approximately 10% of the total capital cost of financing an
entire nuclear power facility.
Huclear Capacity

There are approximately 180 commercial nuclear reactors operating in
the world today with a total capacity of about 80,000 MW(Q). This represents
less than 2% of total world energy supply. The United States has 64 of these
units equal to 45,000 l-iH(e), representing over one-half oi: today's total world
nuclear capacity. Other countries with large nuclear power capabilities
include the United Kingdom with 30 units, Japan 12 units, France 10 units,
and the USSR with 10 units. Overall, there are currently 20 countries
operating nuclear power reactors and by 1980, an additional 10 countries are
expected to have nuclear power capability. Total nuclear generating capacity
is expected to total 200,000 MW(e) by 1980 and 500,000 MW(e> by 1985.

By 1985 the United State's share of world nuclear capacity is
expected to fall to less than 35% as other countries escalate nuclear
expansion at a rate exceeding that of the U.S. For example Japan plans to
hav> 50 units operative in 1985 totaling 50,000 Mti(e) of capacity while
France also plans to have 50,000 KN(e) and West Germany 40,000 MN(e) operat-
ing capacity installed by 1985. Since Japan and most Western European
countries are heavily dependent upon imports for thair sources of energy,
these countries have placed major eaphasis on expanding nuclear energy
capability. (Table I)
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Many other countries ara also heavily dependent upon OPEC to supply
their basic energy requirements and recognize that these sources are uncer-
tain and limited. Oil :'.i\á natural gas currently supply about three-fourths
of the world's energy reeds and while additional resources continue to be
found, the lon^-terra availability of these fuels is viewed as uncertain.
Further, there is a nsed to conserve existing oil and gas reserves for uses
in which they have greater economic value. Coal is the other major fuel
source, but like oil and gas its availability is also limited because of
geographic and environmental considerations.

In addition to being one of the few energy options available, nuclear
power is reportedly more-economical. Although capital costs are approximately
25% higher for a nuclear plant than for an oil or coal-fired unit, fuel and
operating and maintenance costs are significantly lower in nuclear plants.
Nuclear fuel costs are currently about one-sixth the cost of oil and one-third
the cost of coal. Combining all three cost components, electricity provided
by a typical nuclear power plant costs about one-third less than an oil-fired
plant and about one-fifth less than a coal-fired plant.

A recent study of the Atlantic Council of the United States concluded
that " , even with more efficient energy use, North American, European and
Japanese needs for energy are bound to increase with the growth of population
and increased economic activity. The U.S., like other leading industrialized
nations really has no choice but to use all its domestic energy options...at
least for the next 3 or 4 décadas, the mix must include an increasing amount
of nuclear fuel for light water reactors." (1)

Most countries, especially the United States, have experienced
numerous problems in expanding their nuclear power industry. Many projects
have been delayed or canceled over the last several years because of overall
energy demand uncertainties, nuclear supply bottlenecks, regulatory obstacles,
and public acceptance problems.

Lately, in the United States the major problem has been, generally,
the objections of a small minority who use the latitude provided by legal
action and regulatory intervention to express their objections to site
selection and regulatory issues.

Worldwide use of nuclear power for electricity generation will con-
tinue to increase in the coming years regardless of the nuclear policy in
the United States and regardless of what any other single nation or group of
nations feels about the spread of nuclear capability and ultimate safeguards.
There is no way that a single country can isolate, itself from global nuclear
expansion and each nation must recognize this and develop its own energy
policy accordingly. Nations must also recognize, however, that with the
advent of plutonium, adequate international and domestic safeguards are
required to prevent its noncommercial use.

Fuel Cycle

The nuclear fuel cycle consists of seven independent steps; mining,
milling, conversion enrichment, fabrication, reprocessing and waste disposal.
The "front end" of the cycle refers to steps 1 through 5 and consists of those
operations which produce fuel suitable for use in nuclear reactors. The "back
end" of the cycle refers to step 6 and 7 and consists of those processes which
reclaims unused uranium and produces plutonium from spent fuel and disposes of
radioactive wastes.

(1) THE ATLANTIC COUNCIL OF THE UNITED STATES, Nuclear Fuels Policy - Report
of the Atlantic Council's Nuclear Fuels Policy Working Group (Fall 1976)
XIV.
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While the basic tnclinology for the fuel cycle has been developed,
segments of the cycle are still faced with a number of complex and unresolved
problems. These problem area:; generally cover adequacy of uranium resources,
enrichment capacity and reprocessing and waste disposal technology. These
problems must be addressed and resolved soon accompanied by a public under-
standing and acceptance, so that the overall nuclear program can proceed.

The first problem adequate uranium resources, involves uncertainty
of the worldwide uranium resource base. Known recoverable uranium reserves
are sufficient to support the projected global nuclear programs for the next
15 to 20 years but there is much uncertainty concerning the adequacy of the
longer term supply. Presently, only nine countries are known to have major
deposits of uranium; United States, Australia, Canada, France, South Africa,
Gabon, Niger, Sweden and the USSR. Accelerated efforts must be made to
expand worldwide uranium exploration, but because of market uncertainties,
it will be difficult to attract the necessary funds to finance expensive
exploration and raining ventures. (Table II)

The market uncertainty pertaining to the long-range uranium supply
relates to the future development of reprocessing facilities. If reprocess-
ing becomes applicable, future demand for uranium will be reduced substan-
tially, but on the other hand, if abundant resources were discovered it will
not be as imperative to reprocess spent nuclear fuel. Consequently, strong
reassurance of the uranium resource base and of the future and direction of
nuclear energy development will be needed before increasing efforts will be
made to expand mining and milling operations.

The second problem involves future availability of worldwide
enrichment capacity. The three uranium enrichment facilities located in
the united States, all owned by the Federal government, currently provide
most of the world's capacity. Other major operative capacity is located
only in the USSR. Based upon projected growth of nuclear energy, additional
enrichment facilities will be required to support new reactor capacity in
the 1980's.

Future enrichment requirements are expected to be met by new
producers entering the industry. Two major multinational ventures made up
of Western European countries are under construction and should be operating
sometime in the 19S0's. Other projects are also being planned in South Africa
and Japan. However, there is a high probability that many of these projects
will not meet the scheduled operating date, because of delays caused by
technological and financial difficulties. (Table III)

The construction of an uranium enrichment plant is a very complex
and expensive operation. It takes approximately 10 years to design , license,
construct, test and put a new plant into operation. Further, a typical
diffusion enrichment facility is estimated to cost about $3 billion to build.

In the United States, government encouragement of private investment
in enrichment facilities has met with little success. Because of the large
financial resources required and the high risk factors, private companies
are naturally hesitant to become involved. This is one of the phases in the
cycle that might require some type of government support in order to attract
the necessary financing. The support might take the shape of a guarantee of
technology, completion and operation of plant or adequacy of rate of return
through sufficient regulatory rate base charges.
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Another factor which has deterred private investment in this area
is the question of technology—whether traditional diffusion is obsolete to
the newer centrifuge and laser methods. These newer systems appear to have
an advantage with reduced energy costs, shorter lead times and because addi-
tions to capacity can be made in smaller increments relative to the diffusion
process. However, further demonstration is required and substantial new
gaseous diffusion capacity is planned or under construction.

Reprocessing technology is the third major problem area of the nuclear
fuel cycle. By reprocessing spent nuclear reactor fuel, requirements for
enriched uranium can be decreased and plutonium produced can be used as fuel
in existing reactors and to sustain future breeder reactors. Reprocessing
development, however, has been delayed because of potential environmental
and safety dangers associated with plutonium. Plutonium is the basic ingre-
dient used in making nuclear weapons, in the United States the reprocessing
development has practically come to a complete standstill because of the
safeguard problem. The circumstances outside the United States are not too
dissimilar.

There are currently no major commercial reprocessing facilities
operating in the world today. However, there are numerous projects under
construction or being proposed. For instance, France, West Germany, and
Japan have small demonstration plants in operation. West Germany has
agreed to sell reprocessing technology to Brazil.

The manufacturing of plutonium for weapons programs has been accom-
plished in many countries, but the process has generally been considered too
costly as a source of nuclear fuel. Actually, it is difficult to determine
the economics of spent fuel reprocessing because it has not been tested on a
large commercial scale. As a result, capital and operating costs cannot be
properly assessed along with factors such as the amount of uranium recovered,
value of plutonium recovered, cost of safeguarding and cost of permanent
disposal. Only following additional practical experience will these questions
be resolved.

Waste disposal technology is the final major unresolved problem area
of the nuclear fuel cycle. The major areas of concern are managing the very
large volume of low level wastes produced during the "front end" of the fuel
cycle and the small volume of highly radioactive wastes generated during
reprocessing, tow level waste disposal has been satisfactorily tested, but
safe disposal of high level radioactive wastes has not been demonstrated.
High level wastes, produced so far, are being stored in temporary contain-
ments which have, in some cases, deteriorated with age reportedly resulting
in leakage. Thus, there are areas in the management of radioactive waste
disposal which require more technical work and commercial demonstration.

The nature of the uncertainties facing the nuclear fuel cycle are
numerous and complex. The uranium question is primarily one of physical
difficulties associated with how much uranium can be found, mined, and at
what cost? The enrichment problem centers around finance; who will finance
future enrichment capacity, private or government and hou much will it cost?
Reprocessing and waste disposal, on the other hand, represent primarily a
technical and political decision on health and safety issues. The safeguard
issue concerns the spread of nuclear weapon capability and the health problem
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pertains to the possible release of radioactive wastes.

Finance

Successful financing of nuclear energy development will follow only
after the resolution of fuel cycle uncertainties. Once this has been accom-
plished, the required financing will be obtainable in various forms simply
because energy is an essential ingredient for economic well-being. In the
meantime, until the industry is further along in the development of the
"back end" of the nuclear fuel cycle, various forms of government support
will be required to attract the financing needed.

Energy's share of the investment market for the total economy,
generally, averages about 25% and the electric utilities industry accounts
for the largest share of the energy sector. Capital spending by the
electric utility industry through 1990 is likely to account for more than
half of all capital expenditures by the energy industry. In 1975 nuclear
investment represented about 2% of total fixed capital investment, a rise to
3% is expected by 1980, 5% by 1985 and 6% in 1990. (Table IV)

A number of recent studies have concluded that in the absence of
any prolonged economic crisis, energy investment will not demand an increas-
ing share of total business investment over the next decade. These studies
also indicate that there will be no substantial changes in the investment
share of the several energy sectors. Under these assumptions, it is
reasonable to say that financial resources will be available for nuclear
energy development in the near future and that the availability of capital
will not be a major constraint affecting nuclear energy development, pro-
vided again, that the public supports the program.

Financing the nuclear energy industry is complex because each
section of the nuclear fuel cycle has its own unique problems. Some segments
of the cycle such as mining, milling and conversion are easily adaptable to
a variety of standard financing methods, but other segments such as enrich-
ment and reprocessing, because of government involvement, cannot be financed
without government support or assurances as discussed above.

The nuclear fuel cycle represents about 10% of the estimated total
capital cost of financing an entire nuclear power facility. The cost of
financing the nuclear reactor represents the other 90% of the total investment.
This component is primarily financed by the public utility industry. On the
other hand, investment in the fuel cycle is financed through numerous private
nonintegrated companies. The mining and milling, conversion and fuel fabrica-
tion sections are generally privately owned while enrichment and reprocessing
facilities are predominately under government ownership and control.

Capital Requirements

Viewed from the standpoint of the overall problem of financing nuclear
utility expansion, the capital required for the fuel cycle is rather modest.
Mining and milling, enrichment, and reprocessing are the major investment areas.
Enrichment facilities will require the most investment, equivalent to about one-
half of total fuel cycle capital requirements. Mining, milling and reprocessing
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will each require approximately 15 percent of total capital requirements while
investment in conversion, fabrication and waste disposal will be relatively
small. (Table V)

The mining and milling sector will require significant expenditures
for exploration and mine developments in the near future. Presently, about
one-half of the world's uranium mines are owned by oil companies and the
others are primarily owned by large industrial companies. Although most of
these companies have the. financial resource potential to invest in mining
and milling activities once the market uncertainties have been resolved, more
and more frequently the utilities are required to put up a portion of the
front end money in order to assure themselves of a future source of supply.

Enrichment facilities are extremely capital intensive and technical
economies of scale require high minimum investments. Because most projects
involve large initial investments and high level financial risl'.s, the private
sector is naturally reluctant to commit funds to these projects. In this
case, it is necessary that the government provide some type of guarantee or
assurance in order that the private sector can justify such investments. By
sharing or guaranteeing risks with private investors, the government can
encourage the pursuit of projects which previously would be ignored. Options
for sharing risks include frrangements such as loan gurantees, price guarantees
and actual participation as an investor in private ventures.

In light of the particular problems inherent in nuclear power, there
is an obvious need for both government and the private sector to cooperate in
nuclear energy development. The private sector is needed to evaluate risks
and to proceed where there are economic returns. Oa the other hand, the public
sector is needed to underwrite the noneconomic factors associated with a
project. In other words, the expansion of nuclear energy should be financed
primarily by the private sector and government assistance should be considered
only when conditions are such that private industry is unable or unwilling to
make the commitments necessary.

As noted, no commercial reprocessing facilities are in operation today,
but several countries are actively engaged in projects which are scheduled for
operation sometime in the 1980's. In the united States questions are being
raised as to whether the capacity planned will ever meet its respective start-
up schedule given the current licensing conditions. Nevertheless, many other
countries such as Japan, France and West Germany are actively pursuing reprocess-
ing development. Most of these projects are being funded by utility companies
with the help of the Federal Government.

The remaining steps in the nuclear fuel cycle, converstion, fuel fabri-
cation and waste management are less capital intensive and have shorter lead-
times. No difficulty is seen in financing these operations, once problems in
the other steps are resolved.

The long lead-time required to bring the nuclear fuel cycle into opera-
tion presents a major problem for the investor. From planning to operation takes
about 10 years for mining and milling, 5 years for conversion, 10 years for
enrichment, 5 years for fabrication, and 10 years for reprocessing. Environ-
mental safeguards and regulatory problems are stretching lead-time requirements
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and nuclear technology ia some areas is advancing at a rapid pace with the
result that facilities may be technically obsolete shortly after completion.

The total capital needs of the United States nuclear fuel cycle are
expected to total $7 billion between 1S75 and 1985 "and another $5 billion
required by 1990, The largest part of the investment -will be for additional
enrichment capacity which will probably be financed by the Federal Government
and private industry. Hhen compared with projections of overall energy
capital requirements, nuclear fuel cycle needs appear manageable and should
present minimal constraints to the expansion of overall nuclear energy use.
(Table VI)

For the world as a whole, the same general conclusion can be drawn.
Nuclear fuel cycle capital requirements will total approximately $50 billion
during the 1976-1985 period and $120 billion through 1995. This amount appears
manageable in relation to total energy requirements. Enrichment, facilities
will require ona-half of the capital followed by exploration, mining and
milling with 25%, and reprocessing 15%. Small capital requirements will be
needed for conversion fabrication and waste disposal development. (T*t>lt. Vll).

Overall, one can conclude that of the many problems facing nuclear
energy development, providing the financing of the fuel cycle is a relatively
minor one and appears manageable. The amount of capital needed to sustain
nuclear fuel cycle development is rather modest compared to nuclear reactor
needs and to the capital requirements of the total energy industry. The
major area of concern in ensuring financing continues to evolve around the
regulatory areas of technical, environmental and safeguard issues pertaining
to the "back end" of the nuclear fuel cycle. This concern is shared not only
by the whole industry, but more importantly by the public that the industry
serves. Acceptance by the people of the world community is essential and
once these problems have been resolved, the financing will follow.

L
r~
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TABLE I

PRESENT AND PROJECTED WORLD NUCLEAR POWER CAPACITY

Canada

United States

Western Europe

West Germany

France

U.K.

Italy

Asia

Japan

Communist Countries

Others

WORLD TOTAL

1975

2.5

40.0

35.0

5.0

3.0

5.0

.5

9.0

7.0

7.5

1.5

1980

5.0

75.0

70.0

20. C

20.0

10.0

1.5

20.0

15.0

25.0

5.0

1985

15.0

160.0

175.0

40.0

50.0

15.0

25.0

65.0

50.0

60.0

25.0

80.0 200.0 500.0

Source: Edison Electric Institute (1976) 17.
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TABLE II

WORLD URANIUM RESERVES*

Total

Thousand Tons
($10 Per Lb.)

280

240

50

25

50

260

320

75

1,300

Percent

22.0

18.0

4.0

2.0

4.0

19.0

25.0

6.0

100.0%

k

I-

* Excludes communist countries.

Source: United States Bureau of Mines, United States
Department of Interior (1976) 183.
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PROSPECTIVE

Enterprise
Planned:

Urenco

PMC

STEAG

ÜCOR

Eurodif

Potential:

Australia

Canadif

Brinco

Brazil

Saskatchewan

Coredif

TABLE III

NEW ENRICHMENT SUPPLY OUTSIDE

Countries

DK/Holland/Germany

Japan

West Germany

South Africa

France/Itaiy/Spain/

Belgium

Australia/Japan

Canada/France

Canada

Brazil/West Germany

Canada

Western Europe

UNITED STATES

Ownership

Private & Government

Private & Government

Private & Government

Government & Private

Government & Private

Government & Private

Government & Private

Private

Government & Private

Government

Government

Source: Edison Electric Institute (1976) 22.

» — - ^ J
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TABLE IV

UNITED STATES ENERGY INVESTMENT: 1 9 7 5 - 1 9 8 5

Investment
($Billion)

Oil and Gas 225.0

Coal 15.0

Electric ut i l i t ies 275.0

Others 30.0

Total $500.0

Includes fuel cycle investment.

Source: united States Federal Energy Administration (197Ó) 297.
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TABLE V

CAPITAL COST BREAKDOWN OF A 1000 MW (e)

Component

LWR

Mining and Milling

Conversion

Enrichment

Fabrication

Vaste Disposal

Reprocessing

Total

(1975 SMillion)

Cost

600.0

17.0

2.0

35.0

3.0

3.0

15.0

$675.0

NUCLEAR POWER PLANT

Percent

89.0

3.0

.5

5.0

.5

.5

2.0

100.0%

Source: Edison Electric Institute (1976) 106.
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TABLE VI

NUCLEAR FUEL CAPITAL REQUIREMENTS IH THE U.S. 1975-1985
($ Billion, 1975)

Component

Mining

Milling

Enrichment

Fabrication

Reprocessing

Waste

Capital

1.7

1.1

3.6

.3

Percent

23.0

15.0

50.0

4.0

.6 8.0

Total $7.3 100.0%

Source: united States Federal Energy Administration (1976) 317.
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TABLE VII

WORLD NUCLEAR FUEL CYCLE CAPITAL REQUIREMEKTS
(S Billion, 1975)

1976-80 1981-85 1986-90 1991-95

Exploration 5 Year Period
Cumulative

Mining and Milling 5 Year Period
Cumulative

Conversion

Enrichment

Fabrication

Reprocessing

5 Year Period
Cumulative

5 Year Period
Cumulative

5 Year Period
Cumulative

5 Year Period
Cumulative

3.3
3.3

2.5
2.5

.4

.4

11.0
11.0

.4

.4

3.4
3.4

4.3
7.6

3.4
5.9

.7
1.1

14.6
25.5

.9
1.2

4.3
7.7

5.3
12.9

4.0
9.8

.9
1.9

19.0
44.5

1.2
2.5

5.7
13.4

6.C
18.9

4.0
13.8

,9
2.9

16.5
61.5

1.2
3.7

5.8
19.2

Total 5 Year Period 21.0 28.0 36.0 35.0
Cumulative 21.0 49.0 85.0 120.0

Source: OECD Nuclear Energy Agency and International Atonic Energy Agency
(1975) 72.
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