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A T A TI ME of soaring power costs, federal energy officials are giving
prime attention to the development of a new nuclear power source,
the liquid metal fast breeder reactor (LMFBR), which for the next 35
years or more will not be able to produce electricity as cheaply as
existing sources. The LM FB R produces nuclear fuel, as well as electric-
ity, and therefore would appear to have advantages over today's nu-
clear reactors, the light water reactors, which depend on an available
supply of uranium. A close look at the assumptions employed by the
Atomic Energy Commission (AEC) in its cost-benefit analysis of the
breeder program, however, shows that the benefits are illusory. When
more realistic assumptions are considered, it can be shown that the
costs clearly outweigh the benefits. The sense of urgency and crisis
that program supporters have promoted to show that the LMFBR is
needed to meet future U.S. energy requirements has no foundation in
fact.

The economic arguments surrounding further development of the
breeder must be considered in light of the breeder's potential hazards.
Plutonium, the fuel for the breeder, is one of the most toxic sub-
stances known. Plutonium is also the material from which nuclear
weapons are made, and illegal nuclear weapons could be made from
reactor fuel. In addition, there is the chance that a breeder reactor
could explode. Overall, the LMFBR promises to be even more hazard-

..•• ~ ous and problematic than today's reactors.
~" Possible alternative sources of energy must also be considered in any
~ cost-benefit analysis of the LMFBR program. Solar, geothermal, ando
~ fusion energy are now considered realistic possibilities. Despite the
~ potential of these alternatives, however, of the $1.66 billion the En-
& ergy Research and Development Agency (ERDA) plans to spend direct-;=;'
o lyon energy research and development in the coming year, over $490

, 0

il million is to be spent on the LMFBR program - more than the com-
~~ bined allocations for fossil fuel ($311 million), solar ($57 million),
g geothermal ($28 million), and advanced energy research ($23 million),

and energy conservation ($32 million),'
The total cost of developing the LMFBR is now estimated to be

$10 billion;' and this estimate, made by proponents of the program,
must be judged as conservative. Already, the LMFBR program has

The 58-ton nuclear core, containing natura'
and enriched uranium, as it is lowered into a
pressurized-water reactor. It was thought by
AEC officials that the price of electricity
could be held down if the breeder reactor,
which produces fuel during operation, were
built instead of today's reactors.
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experienced tremendous cost overruns.
Two years ago, total program costs
were put at less than one-half of to-
day's est imate.r' The principal test fa-
cility of the program, the Fast Flux
Test Facility (near Richland, Washing-
ton), originally planned to cost $87
million, but the latest estimate is $933
million, more than a tenfold increase."
Congress was told in 197 3 that the
proposed Clinch River Breeder Reactor
Plant (to be built in Tennessee), the
first LM FBR demonstration plant if
one overlooks Fermi-I, would cost
$700 million. (Ferrni-I, the first com-
mercial LM F B R plant, experienced a
partial core meltdown and has subse-
quently been shut down.) Today the
estima te is over $1.7 billion.f There is
no sound reason to believe these trends
will not continue.

These figures indicate that, at a min-
imum, the L M F B R program could cost
the American taxpayer a very substan-
tial sum. Such expenditures can be jus-
tified' only if it can be shown that the
LM FB R program is needed or desir-
able, but such justification is lacking
for several reasons.

First, economic analysis of the po-
tential of the L M F B R indicates that,
contrary to AEC expectations, the new
reactor cannot be commercially com-
petitive with existing energy sources
until after the year 2010. Yet the cur-
rent LM FBR effort is aimed at having
the new reactor developed by 1990,
more than two decades before it could
be economically attractive. The
LMFBR program is thus quite prema-
ture and could be delayed substantially
without incurring any risks relative to
meeting future U.S. energy needs.

On simple economic grounds, then,
the push to develop the L M F B R
should be postponed. Moreover, such a
delay would provide the time needed
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to show what many experts now be-
lieve to be the case that environmen-
tally preferable, nonfission energy
options can be made available in time
to eliminate the need for the L M F B R
altogether. Recent estimates of the
potential contribution of solar, geo-
thermal, and fusion energy together
with energy conservation measures in-
dicate that these sources alone can
more than account for the energy ex-
pected from the L M F B R in the year
2020, when the reactor is projected to
have maximum impact. Indeed, they
can account for the energy expected
from all fission reactors at that time.

These considerations indicate that a
major LM FBR effort is not needed
now and perhaps never will be. And
the risks of continuing the present
drive to commercialize the LM FBR are
great. The most serious danger is that
the LM FBR program will proceed as
now planned, consuming the $10 bil-
lion presently estimated and plenty
more besides, cutting deeply into en-
ergy research and development funds,
and holding back the development of
the preferable nonfission technologies.
Then, having spent enormous sums, the
country will find itself with a reactor
which must eventually be used only
because of the great public and private
investments in it and our failure to
have developed appropriate alterna-

For the next 35 years or
more the LM FBR will not
be able to produce electric-
ity as cheaply as existing
sources.

tives. Our error will be compounded
because any attempt to deploy the
L M F I3 R widely would raise the en-
ergy-versus-environment debate to an
unprecedented intensity.

Our recommendation in light of
those conclusions is that E R D i\ take
the opport unity it now has to break
with the mistakes of the past. E R D A
should postpone for a decade or so
any push to commercialize the
LMFBR, canceling the Clinch River
Breeder Reactor Plant, and relegating

.the overall program to a relatively
low-priority effort. E R D A should at
the same time accelerate the develop-
ment of attractive non fission alterna-
tives such as solar, geothermal, and
fusion power, and energy conservation.
Much can be learned during the com-
ing decade, and the delay would im-
pose no penalty on the nation. If it is
learned that the breeder can be by-
passed, as seems likely, the period of
delay would provide a substantial
benefit.

Hazards

Unfortunately, as events are making us
painfully aware, plutonium is probably
the most dangerous substance known."
It is fiendishly toxic: a millionth of a
gram has been shown capable of pro-
ducing cancer in experimental animals.
Plutonium-239, the principal isotope of
the element, has a half-life of 24,000
years, so that its radioactivity is un-
diminished within human time scales.

Plutonium is also the substance
from which nuclear weapons are made:
An amount the size of a softball is
enough for the production of a nuclear
explosive capable of mass destruction.
Scientists widely recognize that the
design and manufacture of a crude
atomic bomb is not a technically diffi-



~ult task: 7 a fact dramatized recently
when a Massachusetts Institute of
Technology undergraduate successfully
designed a nuclear weapon for an edu-
cational television program.f The only
real obstacle to the building of home-
made atomic bombs is the availability
of plutonium itself, and now, first with
the proposed use of plutonium in to-
day's reactors, and even more with the
introduction of the LMFBR, this final
obstacle would be removed. In the
"plutonium economy" envisioned by
the AEC, the development of a pluton-
ium black market and nuclear theft
and terrorism become high probability
events -- threats that have spurred nu-
clear proponents to urge the creation
of a federal security system that could
meddle with our civil liberties on a
vast scale. 9

In addition, the LMF B R itself is
considered even less safe than today's
light water reactors. The LMFBR core,
where the heat is generated, is far
more compact than the core of a light
water reactor and instead of water, the
LMFBR uses liquid sodium - an
opaque and highly reactive clement .-
as coolant. Partial loss of coolant, or
"voiding," increases, rather than re-
duces, the nuclear reaction in the core
of a breeder. The LMFBR 's operation
is extremely sensitive to fuel motion
and loss of coolant from the core in
accident situations leading to the possi-
bility of an explosive nuclear runaway.
In the event of a meltdown, the breed-
er's highly enriched fuel can rearrange
itself into a more compact configura-
tion with the possibility of small
nuclear explosions of sufficient force
to breach the reactor containment.
There arc major uncertainties in defin-
ing the explosive potential of the
breeder, which are all the more worri-
some considering that the reactor will
have several tons of plutonium in it. J 0

On balance, the breeder reactor is
probably the most unrelenting and haz-
ardous technology ever considered for
widespread commercial application. A
decision to commit this nation to the
LMFBR may prove to be the most sig-
nificant technological decision since
the Manhattan Project - a decision
which is literally a decision for all peo-
ple and all time.

Breeder Economics

The stated justification for the LMI'D R
runs along the following lines: As the
nuclear power industry expands, the
U.S. is slowly depleting its low-cost
uranium reserves, with the result that
the price of uranium is rising and is
expected to continue to do so. The
principal substitute for uranium is plu-
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tonium, a man-made element produced
in nuclear reactors. Since the LMF BR
generates about twice as- much pluton-
ium as today's light water reactors
(LWRs), its use would tend to expand
greatly the supply of nuclear fuel, per-
haps 50-fold, and accordingly hold
down its price.

Because of the LMFBR's advantage
as a plutonium producer, the AEC in
the mid-1960s made its early commer-
cialization the agency's highest priority
objective. The current program is
geared to achieving commercial intro-
duction in about twelve years, in 1987.

How sound is the economic case for
this early commercialization of the
LMFBR? The most useful way to pull
together the many variables which
determine whether the current LMFBR
program can be justified economically
is to make a cost-benefit analysis. The
AEC performed three cost-benefit anal-
yses of the LMFBR program, the latest
appearing first in the draft, and then
with revisions, in the Proposed Final
Environmental Impact Statement for
the Liquid Metal Fast Breeder Reactor
Program. Not surprisingly, constrained
to justify its own project, the AEC
consistently found that program bene-
fits outweigh the costs. Significantly,
the Environmental Protection Agency
(EPA) ruled that the AEC's draft envi-
ronmental impact statement was inade-
quate largely because of deficiencies in
the AEC's cost-benefit analysis.

When cost-benefit methodology is
applied to the LMFBR program, the
results are very sensitive to the assump-
tions made regarding: (I) the capital
cost difference between the breeder

and conventional reactors; (2) the an-
ticipated supply of uranium; (3) future
commercial energy demand; (4) the
rate at which conventional reactors
penetrate the utility market; (5) the
discount rate; (6) the research and de-
velopment cost of the breeder pro-
gram; and (7) the reactor performance
data for the breeder. The first three of
these are extremely important.

The AEC succeeded in making the
LMI' BR appear economically attractive
by making very favorable, but very un-
realistic, assumptions in each of these
seven areas. I I Fortunately, as a result
of criticism by the EPA, the Natural
Resources Defense Council (NRDC),
and others, the AEC was forced in its
most recent analysis to present the re-
sults of a more realistic combination
of input assumptions.

These more realistic assumptions en-
able us to reevaluate the economic
merits of the LMFBR program using
the AEC'S cost-benefit methodology.
The assumptions we have made corre-
spond to those made in case 58
(shown in Table I) of the cases tested
by the AEC in its latest cost-benefit
analysis. In each of the seven areas
mentioned above, the assumptions used
in our analysis are as follows:

Discount Rate. A discount rate of
10 percent per year is used. The issue
of the appropriate discount rate has
largely been laid to rest, as the AEC
now uses the 10 percent per year value
"based on the preference of the OMB
[Office of Management and Budget]
and other organizations and individ-
uals,,,12 including the EPA.13

LMFBR Research and Development
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On. cpcration at the Padu~ah (KentuckY)
Gaseous Diffusion Plant where uranium is
processed. Because uranium is a nonrenew·
able resource, the AEC has made develop·
ment of the liquid metal fast breeder reactor
its highest priority objective.

Costs. Assuming LMFBR commercial
introduction in 1987, $8.4 billion is
considered the cost to completion. Dis-
counted at 10 percent per year this is
equivalent to $4.7 billion in mid-1974
dollars. These are values assumed by
the AEC. Here we are being very gen-
erous to the LMFBR for in reality the
research and development costs of the
LMFBR program will probably be sub-
stantially higher. As noted previously,
the program and its major facilities are
experiencing enormous cost overruns
and these trends are likely to continue.

Capital Cost Difference Between
LMFBRs and Conventional LWRS.
Here it is assumed that the LMFBRs
will remain $100 per kilowatt more ex-
pensive than the LWRs. In reality, the
capital cost differential will be even
higher, but $100 per kilowatt is the
largest differential tested by the AEC
in its analysis.

T he AEC 's assumption is that
LMFBRS will cost $100 per kilowatt
more than LWRS initially, but that
LMFBR costs will fall. As a result, by
the year 2000 the cost differential will
drop to zero. Thus, the central issue is
whether it can be assumed that the
LMFBR will experience "learning"
(cost reductions with increasing experi-
ence) particularly when it is assumed
that LWRs will not. We believe it is
impermissible to apply a learning curve
to LMFBR capital costs.

First, there is no evidence that to-
day's nuclear power plants are on a
learning curve. A learning curve is in-
dicated when the cost of a product de-
creases with increased production.
Actually, the cost of commercial
nuclear plants has been increasing at an
alarming rate, even in constant dollars.
Bupp and Derian estimate that the cap-
ital cost of the L WRS is increasing,
from $30 per kilowatt to $50 per kilo-
watt per year in constant (1973)
dollars.' 4

Moreover, if learning effects are to
be experienced they will be experi-
enced first with light water reactors
and high-temperature gas-cooled re-
actors, a development which would
penalize the LMFBR. Certainly, there
is no basis for the AEC's assumption
that only the LMFBR will experience
learning. In this regard, the AEC's ap-
proach stands in stark contrast to the
assumptions of independent investiga-
tors. Bupp and Derian, for example,
observe:' 5

"[Because of learning effects]
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Breeders will not be competitive with
LWRs when only ten to twenty of the
former have been installed as opposed
to several hundred of the latter. Conse-
quently, an added cost will be incurred
by breeders until their manufacturing
costs have decreased enough to com-
pensate for the initial LWR advantage
due to fabrication experience. These
learning-curve costs must be taken into
account even if it is assumed that
breeder capital costs will turn out to
be below the allowable threshold for
previous uranium oxide prices and
other variables. In such circumstances,
learning curve costs have to be sub-
tracted from the breeder advantage in
order to determine the real benefits of
their introduction.... Any claim of
definitive economic advantage from
breeder introduction must therefore
take account of costs due to learning
effects which could quite easily turn
out to be a substantial multiple of re-
search and development costs."

Finally, we find no valid basis for
the view that improvements in the
design and construction of selected
LMFBR components will lead to a sub-
stantial reduction in the costs of
LMFBRS relative to other plants. On
the contrary, experience indicates that
complex systems such as the LMFBR
can easily encounter subtle and unfore-
seen interactions that require costly
solutions. Primary sodium pumps for
the Fast Flux Test Facility, for ex-
ample, estimated by AEC contractors
to cost $1.8 million in 1970, were esti-
mated by the AEC '6 to cost $10.5
million in 1974. During the same
period, the cost of the intermediate
heat exchanger for this test facility
doubled.' 6 As more is learned about
these complex systems, then, the more
apparent do the costs become.

In summary, a constant $100 per
kilowatt represents a conservative esti-
mate of the capital cost difference be-
tween the LWR and the LMFBR.
Based on historical experience, the cap-
ital cost differential will probably go
even higher. There is no sign that it
will level off.

Electrical Energy Demand. Curve B,
in Figure I, is our assumption for elec-
tricity demand. Curve B represents a
50 percent reduction from the AEC 's
assumed electrical energy consumption
(curve A) in the year 2020. Curve B is
the lowest electrical energy growth
projection tested by the AEC in its
analysis. Our selection is based princi-
pally on the forecasts of Chapman and
his colleagues.i " and Searl, l\ which
are also plotted in Figure I.

The most important economic fac-
tors influencing electrical energy de-
mand are: (I) the price of electricity,
(2) the growth of the population,

(3) the growth of income, and (4) the
prices of substitute fuels and appli-
ances. Using these parameters, it has
been estimated that electrical energy
demand in 1980 will be 2.2 trillion kil-
owatt-hours.i f or roughly one-third
less than the projected demand as-
sumed by us. This forecast of 2.2
trillion kilowatt-hours in 1980 repre-
sents an average growth rate of about
2.5 percent compared to the AEC as-
sumption of an average growth rate of
about 7.5 percent over the same
period.

Searl's forecast of electricity growth
is based on the direct relationship be-
tween electricity consumption and the
Gross National Product. He avoids the
AEC'S approach of projecting total
energy demand versus GNP and then
making the arbitrary assumption that
electrical energy consumption will
grow to 50 percent of total energy by
2000 and 65 percent by 2020. The his-
torical correlation between electric
energy use and GNP is better than the
historical correlation between total
energy use and GNP.

Extrapolating Searl's work to the
year 2000 results in an estimated elec-
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FIGURE 1
PROJECTED ELECTRICAL
ENERGY DEMAND
Source: PFEIS, LMFBR, vot. IV, p.
11.2-107. Chapman, et al., "Power Genera-
tion: Conservation, Health and Fuel Supply
- A report to the Task Force on Conserva-
tion and Fuel Supply, Technical Advisory
Committee on Conservation of Energy,
1973, National Power Survey, USFPC," re-
vised draft; Chapman, et al., "Energy De-
mand Growth, the Energy Crisis, and R&D,"
Science, 178:703-708, Nov. 17, 1972. Elec-
tric Power Research Institute, "Uranium
Resources to Meet Long Term Uranium
Requirements," EPRI SR-5,. Nov. 1974,
p.12.



-tricai energy demand -.Jj 6.5 trillion AII-
owa tt-hours if GNP is assumed to grow
at 4 percent annually, or 5.5 trillion
kilowatt-hours if GNP increases at 3.5
percent. Searl's best estimate is 6.1
trillion kilowatt-hours in 2000 and
10.6 trillion kilowatt-hours in 2020,20
well below the assumption we used.

Clearly, then, our estimate (curve B)
is not "very low" as the AEC suggests.
Rather, it is higher than current projec-
tions based on the more important
economic factors influencing energy
demand.

Rate of Penetration into Utility
Market. Here we are forced to use the
AEC's estimate of the fraction of the
total electrical energy demand supplied
by nuclear reactors because more real-
istic nuclear capacity fractions were
not considered in the AEC analysis.
This estimate is based on AEC projec-
tions made in 1972.2 I A much lower
rate of market penetration, much less
favorable to the LM FBR, would be
more consistent with the recently ex-
perienced reactor cancellations and
schedule delays. In fact, the AEC rec-
ognizes this and states in its proposed
final environmental impact statement
on the LM FBR program:22

"This general schedule slippage sug-
gests that the assumed timing of com-
mercial breeder introduction should
also be slipped, presumably into the
early 1990s .... The range of variables
explored in the cost-benefit analysis as
it now appears in this Statement (for
example, cases which assume a 50 per-
cent reduction in the base case projec-
tion of electrical demand in the year
2020) appear to provide adequate in-
sight into the possible effects of major
uncertainties in the assumptions' used,
including the possibility of a few years'
slippage in breeder introduction date."

Here, the AEC is in agreement with
our selection of the electrical energy
demand (curve B in Figure 1) as the
more appropriate choice for this para-
meter.

Uranium Supply. We use curve B, in
Figure 2, a uranium supply curve the
AEC considered "optimistic" in its
latest cost-benefit analysis. The AEC'S
assumed supply curve is shown as
curve A. We choose curve B primarily
for two reasons:

First, it most nearly corresponds to
the estimate by the staff of the Energy
Sup ply Studies Program, Electric
Power Research Institute (EPRI).20
The EPR I staff estimated the domestic
uranium oxide resources in conven-
tional deposits that could be recovered
at less than $100 per pound. Its best
estimate (13.2 million tons at less than
$100 per pound) is plotted in Figure 2.
Milton Searl, the director of the EPRI
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FIGURE 2
MARGINAL PRICE OF URANIUM OXIDE VERSUS CUMULATIVE SUPPLY
Source: PFEIS, LMFBR, vol. IV, pp. 11.2-72. Searl's estimate is from Electric
Power Research Institute, "Uranium Resources to Meet Long Term Uranium Re-
quirernents," EPRI SR-5, Nov. 1974, p. 12.

study, believes this best estimate is
actually conservative because it does
not include additional lower-grade, but
still conventional, ores.

We share Searl's view that his esti-
mates are most likely conservative.
There are numerous instances in which
conservative assumptions were made in
deriving the EPRI estimates. For ex-
ample, although the eastern U.S. and
Alaska have potential sources of urani-
um, no credit is given to these areas.

Searl's estimate of 13.2 million tons
plus an additional several million tons
in lower-grade ores is to be compared
with the estimate of only 4 million
tons of uranium in conventional de-
posits in the AEC's "most likely" case
(curve A) and only 6 million tons in
the agency's "optimistic" case
(curve B).

The second reason we choose curve
B is that subsequent to the preparation
of the uranium supply and price pro-
jections used in the AEC'S cost-benefit
study, the AEC apparently has identi-
fied an additional 1.2 million tons of
domestic uranium resources in conven-
tional deposits at less than $30 per
pound.23 The new total is larger than
the AEC's base case estimate (curve A)
of the cumulative supply at less than
the same $30 per pound.

A New Timetable

The key assumptions we have made
correspond to those made in case 58
of the cases tested by the AEC in its
latest cost-benefit analysis. The results
for this case are reproduced in Table 1,
together with additional cases which
show the effect of varying the more
sensitive input assumptions. The bene-
fit-cost ratios for these cases are shown
in the last' column. (A ratio of less
than one indicates that costs outweigh
benefits; a ratio of more than one
means that benefits outweigh costs.)

As seen from case 58 in Table 1,
the discounted costs of the LM FBR
program are ten times the discounted
benefits. For every $10 spent on devel-
opment of the LM FBR, the public will
get back only $1 or less in lower
energy costs. The breeder program is
thus hardly what one would term a
worthwhile investment. We arrive at

r this result even, though our analysis
contains a number of assumptions that
are highly favorable to the LM FBR -
more favorable to the LM FBR than
realities justify.

In examining, the sensitivity of our
results to changes in some of the key
input assumptions, we are severely con-
strained because of the limited number
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of cases tested by the A EC. T urning
first to energy demand, it can be seen
by comparing the results of case 55 to
case 58 in Table I, that electrical
energy demand would have to grow at
the tremendous rate assumed by the
AEC to get a break even benefit-eost
ratio of one (that is, costs and benefits
balance). Similarly, in examining
case 72, one would have to assume a
very unrealistic uranium supply curve
(curve C in Figure 2), before the bene-

- fits begin to exceed the cost. This ura-
nium supply curve was termed "pessi-
mistic" by the AEC even before identi-
fication of the additional 1.2 million
tons of low -cost uranium. Finally, as
evidenced by case 52, reducing the
capital cost differential to zero by
2000, other assumptions remaining un-
changed, still leaves the benefit-cost
ratio less than one.

In sum, when more reasonable as-

sumptions based on the work of expert
authorities outside the AEC are used,
the LM FBR program simply cannot be
justified economically. Only when a
series of highly unrealistic assumptions
are made does the analysis suggest that
the LMFB R program will produce net
economic benefits.

These results indicate that the com-
mercial introd uction of the LMFBR
can be delayed substantially - for two
decades or longer - without economic
penalty. The poor performance of the
LM FBR in cost-benefit analysis stems
from the fact that during much of the
period of the analysis (1987 to 2020)
the LMFBR cannot compete economi-
cally with alternative sources largely
because of its high capital costs, so
that only a limited number of
LMFBRs are constructed. Until the
price of uranium rises sufficiently to
offset the high capital costs of the

TABLE 1

SUMMARY OF COST-BENEFIT STUDY RESULTS DISCOUNTED AT 10
PERCENT PER YEAR TO MID-1974

5 48

Constraints
imposed until

(HTGR)

(LMFBR)

LMFBR intro-
duction date

LMFBR capital
cost differen-
tial**

Electrical
energy demand
curvet

Uranium supply
curvett

Comparison
with case

Costs in $
billions

Energy
costs

Gross
benefits

R&D costs

Net benefits

Benefit!
cost ratio

58
CASES·
55 52 7262

2020 2020 2000 2000 2000 2020 2000
2000 2000 2000 2000

1987 1987 198"! 1987

$100/ $100/ $O/kw $100/ $100/
kw kw kw kw

A B B A B B B

B B B B B C C

48 5 48 62

201.4 148.1 147.7 196.6 144.2 157.3 150.6

0.4 4.8 3.9 6.7
4.7 4.7 4.7 4.7

-4.3 0.1 -0.6 2.0

0.08 1.0 0.8 1.4

·Numbers refer to AEC identity of cases in the PFEIS.
··Capital cost differential after 2000.
tLetters correspond to curves in Figure 1. Curve B corresponds to "base case"; Curve A
corresponds to AEC ubase case."
ttLetters correspond to curves in Figure 2. Curve B corresponds to our "base case"; Curve A
corresponds to AEC "base case."

Source: PFEIS LMFBR, Appendix IV.D.
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Valves and pumps for the liquid metal fast
breeder reactor being tested at the Atomics
International Liquid Metal Engineering Center
Facility near Los Angeles.

LM FBR, consumer-minded utilities will
continue to prefer today's reactors and
other energy sources. We estimate that
not until after the year 20 lOis it pos-
sible for the LM FBR to gain a compet-
itive edge over the Lw Rs.

Moreover, an estimate of when the
LM FBR becomes commercially com-
petitive under case 58 assumptions is
available from the A EC'S cost-benefit
computer model. While this informa-
tion for case 58 was not provided in
the proposed final impact statement
for the LMFBR program, we have been
advised by the AEC that after the con-
straint on LMFBR construction
(through the year 2000) is lifted, the
computer model projects that no
LMFBRS are constructed until 2019.
This date is almost three decades be-
yond the date for LMF BR commercial
introd uction proposed in the current
program schedule.

Similar conclusions have been
reached by others. David Rose, profes-
sor of nuclear engineering at the Massa-
chusetts Institute of Technolofy, writ-
ing in Science, stated recently: 4

"I estimate that the breeder will
almost surely be attractive when ura-
nium' oxide reaches $50 a pound in
1974 dollars. That will not happen in
the first few decades of the twenty-
first century. In the meantime, nuclear
power is in no danger of losing out to
other fuels, and there does not need to
be a crash breeder program. Economic
introduction in 2000 would be a sign
of technological good fortune, not of
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limit."
In sum, the current rush to intro-

duce the breeder is hardly justified.
Postponement would impose no pen-
alty, and it would focus attention and
effort on the promising non fission
alternatives to the L M F B R .

Alternatives

A fission-free option to the L M F B R
_ which can provide reasonably priced,

and potentially more environmentally
acceptable energy, almost certainly
exists and can be made available within
a suitable time period. The claim that
the L M F B R or other breeder reactor is
in any sense necessary must be re-
jected. The breeder is no more neces-
sary than we make it by refraining
from developing other technologies.
What is proposed here is an energy
program which should be able to pro-
vide an adeq ua te supply of fuels and
electric power without the commercial
utilization of breeder reactors. More-
over, as will be shown, heavier reliance
upon the various aspects of such a pro-
gram would facilitate the phasing out
of all fission reactors, leading to a
fission-free energy economy.

In brief outline, there are several
major efforts, some, or all, of which
could comprise the core of an alterna-
tive energy program:25
• An intensive effort to develop the
various forms of solar energy should be
undertaken following the recommenda-
tions of the expert panels convened
under National Science Foundation
auspices, An Assessment of Solar
Energy as a National Energy Resource
(1972) and Solar and other Energy
Sources: Su bp ane l IX Report
(1973).26 Based on estimates which
the authors of the first of these studies
believed were not the highest possible,
it was concluded in that study that its
recommended research and develop-
ment program could result by the year
2020 in solar energy providing 35 per-
cent of the nation's total building heat-
ing and cooling load, 30 percent of the
nation's gaseous fuel, 10 percent of its
liquid fuel, and - most important for
the present argument - 20 percent of
the electrical energy requirements.j "
• A major effort devoted to exploita-
tion of geothermal resources for elec-
tric generation should be launched.
The Cornell Workshop on Energy and
the Environment (1972) concluded
that:

". .. [it I appears that geothermal
energy alone is capable of meeting all
American power requirements for sev-
eral centuries if the hot dry rocks re-
source proves to be practical.,,28

The Cornell Workship, the National
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have recommended that a program to
establish the feasibility of hot rock
geothermal energy in the next few
years be given highest priority. (Pre-
sently at the research stage, hot dry
rock systems are made up of imperme-
able rocks overlying a local heat
source, such as a magma chamber.
Water would be introduced into the
system, where it would be converted
into steam. These sources are for the
most part very deep, beyond the abil-
ity of today's drilling technology. A
shallow hot rock system, however, is
under st udy in Montana.) Projections
of the electric power available from
geothermal resources range from 8,000
to 400,000 megawatts (electrical) in
the year 2000, depending on assump-
tions made about the hot rock poten-
tial. 29 The A FC recently estimated
that geothermal heat could supply 6
percent of our electricity in the year
2020,30 but it is clear that the per-
centage could be much higher if hot
rock geothermal systems are developed
as expected.
• The current effort to develop fusion
power should be expanded. Officials of
the A FC recently stated that "a suc-
cessful, vigorously supported fusion
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construction ot a demonstration power
reactor that would begin operation in
the mid-1990s.,,3 1 The agency antici-
pated "commercial introduction of
fusion power plants on a significant
scale beginning in the early twenty-first
century.,,32 Thus, according to the
A Fe, the demonstration fusion power
plant is not far behind the L M F B R
demonstration plant, and fusion plants
can be available commercially for
much of the period during which it
was assumed the LM FBR would be
critically needed. The A EC's overall
estimate is that by the year 2020
about 8 percent of our electricity
could come from fusion.33 .
• 0 r g a n ic wastes provide another
source of fission-free energy. Here the
A EC estimates that organic wastes
could account for 5 percent of the de-
mand for electricity in the year 2000,
but only 2 percent in 2020 due to
more efficient practices in the solid
wastes area.:' 4

• All of the above year 2020 percent-
age contributions, for example, 20 per-
cent for solar, 6 percent for geother-
mal, and so on, are based on a year
2020 energy demand that assumes a
continuation of extremely rapid

A photovoltaic solar cell panel being installed
atop a building in McLean, Virginia. The
breeder reactor will not be needed if alterna-
tive sources of energy. such as solar, geo-
thermal, and fusion energy, are developed
soon.
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projections can yield an electricity con-
sumption in the year 2020 that is over
fifteen times today's, a result widely
regarded as completely unrealistic. For
example, the electricity growth projec-
tion used by the AEC to justify the
LM F B R program is depicted as curve
A in Figure 1. The steepness of the
curve staggers the imagination. Several
studies of the future demand for elec-
tricity (including those discussed
.earlier) have been carried out using
more sophisticated forecasting tech-
niques and taking into account the
effects of the increasing price of elec-
tricity and other market factors. These
studies suggest that actual future de-
mand will be less than one-half of that
projected by the AEC. Moreover, as a
supplement to market influences, it is
apparent that the U.S. is moving
towards a national energy conservation
policy along the lines recently sug-
gested by the U.S. House of Represen-
tatives Committee on Science and
Astronautics, the Council on Environ-
mental Quality, the Ford Foundation
Energy Policy Project, and others.35

These groups all suggest that U.S.
energy growth can be roughly halved
without serious adverse repercussions
on the economy or on life-style. When
both market and policy influences are
taken into account it is reasonable, in
fact, conservative, to assume that elec-
tricity demand in the year 2020 will
not exceed 50 percent of the AEC's
astronomical projection.

Table 2 summarizes some of the
data presented above. It shows that it
is not unreasonable to expect that over
80 percent of the electricity demand
projected by the AEC for the year
2020 can be accounted for principally
by a combination of solar, geothermal,
and fusion energy together with more
accurate forecasting of energy demand.
This percentage is larger by a substan-
tial margin than the contribution ex-
pected of the L M FB R by the AEC in
2020 (50 percent) and, indeed, is
larger than the contribution the AEC
expected from nuclear fission generally
(70 percent). Accordingly, an energy
program designed to achieve these ob-
jectives could wholly eliminate the
need for the LM FB R even if it failed
in major respects.

Table 2 indicates that other sources,
principally fossil fuels, could be called
upon to provide the remaining portion
of U.S. electricity needs in 2020. It is
likely that our abundant supplies of
coal will be relied on for several
decades as a significant power plant
fuel. Thus, quite apart from the ques-
tion of whether the L M F B R is intro-
duced, the development of environ-
mentally responsible means of mining
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TABLE 2

ENERGY SOURCES FOR ELECTRICITY PRODUCTION IN THE YEAR 2020
WITHOUT THE BREEDER

Trillions of Percent of
Kiiowatt·Hours AEC Projection

AEC projection for
electrical energy demand* 27.6 100

New energy sources

Solar** 5.5 20

Geothermalt 1.7 6

Fusiontt 2.2 8

Organic wastesf 0.6 2--- ---
Total 10.0 36

Correction for market
factors and energy
conservation 13.8 50

Total accounted for 23.8 86

Remainder for other sources
(principally fossil fuels) 3.8 14

TOTAL 27.6 100

'From PFEIS, LMFBR Program, vol. IV, pp. 11.1-25.
"From NSF/NASA, Solar Energy as a National Resource, 1972, p. 3.
PFEIS. LMFBR Program. vol. IV, pp. 11.1-19.
tFrom PFEIS, LMFBR Program, vol. IV, pp. 11.1·20.
ttFrom PFEIS, LMFBR Program, vol. IV, pp. 11.1-22.
j From PFEIS, LMFBR Program, vol. IV, pp. 11.1-21.

and utilizing coal must be an essential
and high priority national objective.
Such a research and development ef-
fort, aimed at achieving this objective,
has been discussed by numerous
authors.I" Strict regulation of surface
mining, more efficient and safer tech-
nologies for mining deep coal, stack
gas cleanup, new combustion tech-
nologies, and coal gasification and
liquification would be a necessary part
of such an effort.·

The funding needed for this alterna-
tive energy strategy would be high, but
not unacceptably so. It is significant
that the last of the AEC's official pro-
jections of future LM FB R expendi-
tures, $8 billion to program comple-
tion, exceeds a recent Federal Power
Commission estimate of the total re-
search and development costs of devel-
oping all nonnuclear technologies, in-
cluding coal gasification, solar (direct
and indirect), and geothermal technolo-
gies, advanced steam cycles, magneto-
hydrodynamics, fossil fuel effluent
controls, and a variety of energy stor-
age system.37 The Federal Power Com-
mission estimate of $6 billion, how-
ever, does not include the cost of de-
veloping fusion systems, which is ex-
pected to be comparable to that of the
LMFBR.

38

The last refuge of the breeder pro-
ponent is the argument that the
LM FBR is needed as an "insurance
policy." The above considerations indi-
cate that this is simply not the case..

Ample insurance exists partly in pursu-
ing a variety of nonconventional
energy sources and energy conservation
and partly in realizing the the "insur-
ance" proposed by the AEC would in-
sure us against a nonexistent risk - the
risk that our electrical generating ca-
pacity will actually grow as that
agency projected. Moreover, relegating
the LM FBR program to a low-priority
status and foregoing any expensive
push towards demonstration and com-
mercial reactors for from one to two
decades does not permanently elimi-
nate the LMFBR option. If within
about a decade it becomes clear that
possible non fission options are not go-
ing to be available, consideration can
be given at that time to reinitiating the
program. The idea that there is a pen-
alty for such a postponement, is, as we
have seen, wholly spurious.

What Should Be Done

Many would prefer to bypass the
breeder reactor and move directly into
using solar, geothermal, and fusion
energy and a program of energy con-
servation. The real LM FBR debate,
however, centers around whether it is
possible to make this leap. Unfortu-
nately, no one will ever know the
answer to this question if the present
LMFBR program is permitted to con-
tinue. By swelling the bureaucratic and
industrial forces committed to the
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search anJ development funJs that are
essential to the timely development of
the alternatives that could replace the
reactor, the L M [-'B R program is its
own self-fulfilling prophesy.

However, there is an option to the
present program which meets the ob-
jections of both optimists and pessi-
mists and therefore should command
general support. First, delay the
LM FBR program for one decade. We
have seen that the program is prema-
ture and that there is no penalty in
such delay. During this period, recast
the LM FBR effort as a low-priority
program centered on the Fast Flux
Text Facility and cancel current plans
for going ahead with the costly Clinch
River demonstration plant. By greatly
red ucing the overall costs of the pro-
gram, funds will be freed for the
accelerated development of solar, geo-
thermal, fossil fuel, fusion, and con-
servation technologies, and the tre-
mendous public and private invest-
ments which could foreclose the
option of ever stopping the LM FBR

will be avoided.
The ten-year postponement would

also provide a period during which sev-
eral types of data which bear critically
upon the desirability of the LM I:BR
program could be gathered and as-
sessed. First, more accurate informa-
tion on uranium availability and future
energy demand could be obtained.
Second, during the coming decade
knowledge regarding the potential of
solar, geothermal, and fusion energy
should increase dramatically with ap-
propriate funding. And, third, this
grace period could also be used to
answer critical health and safety ques-
tions raised by the LM FBR with far
more certainty than now exists.

The problems associated with the
present reactor program strongly sug-
gest that we are only perpetuating and
compounding a bureaucratic blunder
by pursuing the current LM FBR pro-
gram. The alternative strategy sug-
gested here would provide an oppor-
tunity to correct that mistake - before
it is too late. Construction is scheduled
to commence on the Clinch River dem-
onstration plant towards the end of
this year, with the necessary approvals
coming much sooner. Once these
hurdles are cleared, it will be far more
difficult to reorient this increasingly
massive program. 0

The title of this article as originally
submitted was "Bypassing the Breeder:
A Report on Misplaced Federal Energy
Priorities." The Publisher and Editors
of Environment are responsible for the
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of photographs and lead-in excerpts,
photo captions, and preparation of
most graphs and illustrations which
appear in Environment articles.
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