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ADDENDUM TO 
RElVIARKS ABOUT NUCLEAR AND SOLAR ENERGY 

1. In my paper "Remarks about Nuclear and Solar Energy", I have argued 
against long-term reliance on fission energy and, especially, against the fast breeder. 
The basis of the argument is that unlimited eA"Pansion of fission energy means un
limited expansion in the production of plutonium, i. e., a substance that is both a 
nuclear explosive and an indestructible poison oftremendous potency. The fast 
breeder, specifically designed for the conversion of uranium (U) into plutonium (Pu), 
has been characterized by many previous authors as particuarly dangerous and also, 
in view of the large amounts of U in the Earth 's crust, as unnecessary. Since my 
paper was written, further data, some of them quite recent, have become available. 

2. The case against the fast breeder is based on the conviction that no short
age of U need be anticipated for a very long period, provided quite a moderate 
increase in the price of nuclear energy is accepted. Therefore, a large-scale 
utilization of U-23S, via Pu, is not needed. The relative smallness of the increase 
in the energy price, which is caused even bya large increase in U price is, of course, 
due to the fact that raw U contributes little to the total cost of nuclear energy. This 
applies especially to those consumers who obtain electricity through an elaborate and 
expensive network. 

Some useful figures have now been supplied by Lewis (1). The basic assump
tions are: Price of natural U oxide (U30S) S$/lb.; fixed charges on working capital 
10%/year; plant capacity factor SO%. In these conditions, a 2.5 fold increase in U 
price (to 20$/lb. oxide) would involve - in the most unfavourable case (light water 
reactor without Pu recycling) - an additional cost, at the outlet of the power station, 
of about 0.9 mills/kwh (at a price of S - 10 mills; see below). The variants of the 
high temperature gas cooled reactor (HTGR) and of the heavy water moderated 
reactors (CANDU and SGHWR) are much less sensitive to the price of raw U. E. g. , 
for CANDU, Lewis gives an additional cost 0.3 - 0.6 mills/kwh. With a basic price 
of 6 mills/kwh (2) this would imply a rise of only 5 - 10% actually at the power station, 
and much less elsewhere. 

In a survey by lAEA (3), it is stated that a rise to 30$/lb. oxide would still 
only mean an increase by 1. 3 mills/h."wh in light water reactors, for which an energy 
price of S - 10 mills/h.-wh is given in the study. Even at 100$/lb. oxide, the cost 
increase with light water reactors would be only 5 mills/h.-wh (4). 

Clearly, other factors (for instance: political, monetary, fiscal) will generally 
affect the energy price to a much greater extent. Consequently, from the point of view 
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of price, utilization of poorer ores would be economically viabIe, ane! breeding is 
unnecessary. 

3. The known reserves of rich ores (less than 10$;1b. oxide) are increasing 
rapidIy. E. g. , they rose by 34% alone between 1970 and 1973 (5). But how Iarge are 
the reserves of poorer ores? The fact is that nobody knows, as no systematic search 
for them has ever been made, anel so they have only been found incidentally( 3,6). 
Characteristically, in a detailed survey of the OE CD, ores containing U oxide at more 
than 15$;1b. are not even listed (5). 

However, the reserves are sure to be very Iarge. Gene rally , reserves of 
elements in the Earth's crust are, as pointed out by Weinberg, about inversely 
proportional to the square of the concentration. Further , we sha11 assume, quite 
conservatively (6), that the cost of recovery is inversely proportional to the concen
tration. In this case, oxide at, e. g., 30$ comes from ores 3.75 tim es poorer than 
oxide at 8$, and the reserves are therefore expected to be 14 times larger - certainly 
sufficient to take us far into the 21st century, i. e., to aperiod where alternative 
sources of energy, notably solar energy, can replace fission energy. 

A ceiling to the possible price of raw U will probably be set by the ocean 
for a lang time to come. The seas are thought to contain 4.5xl09 tons of U (1). This 
corresponds, with 1 % utilization, to 1018 bvh (thermal). With a final world population 
of 15XI09 and an energy consumption per heae! of 20 h:w (t.hermal) - a common, though 
\'ery far-reaching assumption - the marine U would cover all the needs of mankind for 
300 years. (Needless to say that here no particular level of population or energy 
consumption per head is advocated.) Concerning the recovery cast of marine U, we 
are on less secure ground. Hä'fele (4) quotes 25$;1b. oxide (7). However that may be, 
clearly, from the point of view of reserves, breeding is again not required. 

4. If breeding is not needed, the question arises whether spent fuel elements 
need be worked up at all for the peaceful utilization of nuclear energy. Nowadays, of 
course, much of the Pu extracte,d is, as far as it does not serve breeding, earmarked 
for nuclear warfare, but this is a different story. Instead of working up the spent fuel 
elements, the fuel elements could be stored as such. They would be replaced in the 
reactors by new fuel elements containing virgin U. This would be enriched with 
U-235 or not, depending on the system. 

It appears that at least with the existing price structure theeconomics of 
nuclear energy are quite insensitive to the decision as to whether Pu is recycled or 
not. Extracted Pu has in fact so far not been employed for recycling (6) • It has also 
been pointed out in the OECD study that recycling has little effecd5). 

Some figures: in arecent study of EIectricite de France on light water 
reactors (8), the value of recovered U + Pu is given as 0.17 centimes/l:wh only, 
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compared to the value of the initial charge of enriched U of 0" 71 c/kwh and to the 
price of the new fuel, in the form of the ready-made fuel element, of 1. 05 c/h."wh. 
These figures show at the same time that recovery of U from the spent fuel element 
is not an important economic consideration either. 0.17 c (French) = 0.3 - 0.4 milIs 
(USA). 

An even more striking illustration of the lack of importance of recycling is 
provided by the CANDU reactors, where the spent fuel elements are just stored in 
water-filled bays of large capacity (9). At that stage the value is very small, and 
there is at present no intention to extract Pu (or, obviously, U (author» (9) • 

5. It may be concluded from consideration both of existing reserves and of 
economics that there is no need to work up spent fuel elements, neither for breeding 
nor for recycling. Non-recovery of Pu would mean that the difficult procedure of 
chemical separation would be dispensed with. Moreover, the problems of fuel 
element transport and of waste disposal would be much facilitated. In this way, the 
dangers of inj ection of Pu into the biosphere and of illegal utilization as e:x-plosive 
would be much reduced. 

The possibility of a world-wide adoption of Pu non-recovery ought not to be 
construed as an argument against the urgency of work on safe energy sources , notably 
solar energy. Nevertheless, this adoption would ease the situation, and provide more 
time for a solution of the world energy problem that is in the long run satisfactory. 
Of course, it is fully realized that Pu non-recovery can be envisaged only as far as 
the threat of nuclear warfare can be removed. Ultimately, this is again a political 
question. 
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