
LETTERS TO THE EDITOR 

COMMENTS O N "TOTAL ENERGY INVESTMENT 

IN NUCLEAR POWER PLANTS" 

We would like to make some observations on the 
analysis of energy inputs and outputs involved in the 
nuclear generation of electricity outlined by Rombough 
and Koen/ Rather than make judgments regarding the 
accuracy of the empirical results p r e s e n t e d s e , we 
simply comment on what we believe are shortcomings 
in the methodology employed in and the implications 
drawn from the analysis. 

The basic misconception underlying the Rombough 
and Koen analysis is the contention that "An energy 
analysis is superior to an economic analysis because 
results are generally independent of time, economic 
instability and even the supply of energy." This is not 
correct. Changes in technology, efficiency of processes, 
reliability of plant and equipment may very well affect 
energy balances, as may changes in the geographical 
location of energy supplies or changes in the mix of 
such supplies between different forms of primary en-
ergy. A variety of such changes can be expected to 
occur over time in response to technological progress, 
alterations in the relative price, and availability of 
different energy resources, or changes in general 
economic or political conditions. All of these may lead 
to input substitutions, efforts to conserve, attempts to 
increase the durability of capital, and a number of other 
economic and technological responses—and these re-
sponses will affect physical energy balances. 

Two examples of technical factors that may affect the 
energy balances of nuclear power are capacity factors 
and the influence of changes in uranium ore grades. 
First, the capacity factor chosen by Rombough and Koen 
does not coincide with U.S. operating experience for 
light water reactors (LWR). Evidence indicates that 
average reactor capacity factors have fallen well short 
of 80% (Ref. 2). Different assumptions regarding capac-
ity factors are the most important single influence on 
the outcome of an energy analysis for nuclear power. A 
sensitivity analysis ranging over a number of capacity 
factors encompassing both possible operating efficien-
cies and those consistent with actual experience would 
be enlightening. Second, changes in uranium ore grades 
have been shown '̂̂  to substantially alter energy re-
quirements to support the nuclear fuel cycle, not only in 
terms of total energy input required but also in terms 
of the relative location of energy inputs in the fuel 
cycle. Changes in physical parameters definitely do 
change energy balances. 

Both the increasing price and scarcity of energy and 
the unreliability of foreign sources of supply have led to 
efforts to develop indigenous sources of fossil fuels. As 
these increasingly marginal sources of fossil fuels are 
exploited, the energy required to produce a given 
amount of energy will increase, perhaps substantially. 
As the input/output data employed in the second phase of 
Rombough and Koen's paper account for not only the 
direct use of energy in producing the materials to 
construct a reactor, but also the indirect energy to 
make that energy available, total energy inputs to a 
given nuclear reactor will inevitably rise. Although the 
impact of this influence on the results of an energy 
analysis is likely to be small, it will nevertheless affect 
empirical energy balances derived using input-output 
methodology. 

The overall contention of Rombough and Koen that 
energy analysis is superior to an economic analysis is 
subject to dispute for broader reasons. One energy 
development cannot be unambiguously declared superior 
to another simply on the basis of an energy analysis, 
and many other factors should be taken into account in 
any decision. 

First, Btu's of energy derived from different energy 
sources cannot be frictionlessly substituted for each 
other as factors of production. Changes in the avail-
ability of some forms of energy will cause disruption, 
instability, and increasing economic as well as energy 
costs. As recent energy supply experience has so force-
fully demonstrated, even international political instabil-
ity can be translated by complex interactions within the 
economic system to fundamentally alter the price, the 
source, and the very nature of energy supplies—ulti-
mately impacting upon energy balances. Energy anal-
ysis clearly is subject to the same vagaries, disruptions, 
and discontinuities inherent in the real world it attempts 
to reflect, as is economic analysis. 

Second, Btu's of energy derived from different 
sources have different utility in final use; that is, they 
provide a service of different relative "value" to the 
consumer. For example, in the provision of personal 
transportation, gasoline has characteristics that make it 
more valuable than other energy forms, a difference 
that Btu totals do not reflect. Aside from differing in 
utility, different forms of energy have differing efficien-
cies in end-use. Thus, a Btu of one form may provide 
more work in any particular end-use than a unit of 
another form. Furthermore, these are not constant 
features, but vary with any given end-use. 

Third, different forms of energy resource also differ 



in r e l a t i v e s c a r c i t y , and Btu totals do not r e f l e c t the 
p r e m i u m s o c i e t y may w e l l attach to the c o n s e r v a t i o n of 
r e l a t i v e l y s c a r c e energy r e s o u r c e s . In pr inc ip le , g iven 
cer ta in s impl i fy ing a s s u m p t i o n s , the p r i c e s y s t e m r e -
f l e c t s s c a r c i t y and, at l e a s t in theory, p r e m i a e x p r e s s e d 
in dol lar v a l u e s can be attached to p r i c e s e s t a b l i s h e d in 
the market p lace to r e f l e c t the va lue s o c i e t y p l a c e s upon 
conservat ion of nonrenewable r e s o u r c e s for future gen -
erations.® 

Finally, energy d e r i v e d f r o m di f ferent energy s o u r c e s 
exhib i t s widely d ivergent env ironmenta l impacts , f r o m 
the m a s s i v e disruption involved in us ing coal , to a 
r e l a t i v e l y c lean fuel l ike natural g a s . Except to the 
extent that additional e n e r g y inputs a r e n e c e s s a r y to 
abate these e f f e c t s , Btu's do not r e f l e c t the impacts , 
w h e r e a s e c o n o m i c a n a l y s i s o f f e r s a v a r i e t y of w e l l -
known techniques u s e f u l in integrat ing env ironmenta l 
i m p a c t s into d e c i s i o n s regard ing r e s o u r c e use.® 

In s u m m a r y , Btu tota ls can be made up of an inf inite 
v a r i e t y of combinat ions of energy s o u r c e s . Each m i x 
wi l l have d i f ferent e f f e c t s on s o c i e t y and on the env iron-
ment. Btu tota ls can r e f l e c t c er ta in a s p e c t s of t h e s e 
impac t s but for other c o n s i d e r a t i o n s they a r e l e s s 
f l e x i b l e and u l t imate ly l e s s u s e f u l than dol lar tota ls . In 
any c a s e , in any g iven c i r c u m s t a n c e ne i ther e c o n o m i c 
nor energy a n a l y s e s should be e x p e c t e d to provide the 
s o l e b a s i s for a dec i s ion , but should be we ighed along 
with other f a c t o r s . 

Rombough and Koen do not g ive a c l e a r descr ip t ion 
of their methodology, s y s t e m boundaries , or a s s u m p -
t ions regarding , for example , the ir t reatment of s e c o n -
dary energy f o r m s . They have omit ted s o m e inputs 
such a s the capital inputs to the fue l c y c l e s t a g e s , o p e r -
ational inputs other than fuel to the r e a c t o r (e .g . , water) , 
support bui ldings and s e r v i c e s , and transportat ion of 
m a t e r i a l s . The r e l a t i v e importance of these inputs i s 
l ike ly smal l , but should be a subject of further r e s e a r c h . 
In compar ing nuc lear generat ion with t h e r m a l - e l e c t r i c 
generat ion f r o m coal , they have treated the coa l f e e d -
s tock to the lat ter a s if it w e r e equivalent to the uranium 
for the r e a c t o r . That i s , the input i s r e g a r d e d a s 
equivalent in Btu to the e l e c t r i c a l output. Other publ i -
cations^'^ have looked at e a c h a s they impact (in total) 
on f o s s i l fue l r e s e r v e s , regard ing nuc lear f i s s i o n a s a 
m e a n s of s tre tch ing those supp l i e s . The nuc lear stat ion 
input may be r e g a r d e d a s the heat genera ted s o that 
w a s t e heat i s accounted for a s a l o s s . Other convent ions 
a r e p o s s i b l e ; a c o m p a r i s o n a s made by Rombough and 
Koen i s not n e c e s s a r i l y ' ' w r o n g , " but it i s important to 
r e c o g n i z e the l imi ta t ions and impl i ca t ions of d i f f erent 
methods , and make a s s u m p t i o n s exp l i c i t . 

T h i s has a l s o l ed to an incons i s t en t t rea tment of 
e l e c t r i c a l inputs to the nuc lear s y s t e m . For the fue l 
c y c l e , input i s r e g a r d e d a s the d i r e c t e l e c t r i c a l input 
Btu, with indirect energy ( a s s o c i a t e d with the c o a l - f i r e d 
generat ion s y s t e m ) added on. No account i s taken of the 
p r i m a r y e n e r g y equivalent; i . e . , of the c o n v e r s i o n 
l o s s e s incurred when that e l e c t r i c i t y i s generated . 
However , where H e r e n d e e n ' s input/output d e r i v e d r a t i o s 
a r e used , for capi ta l inputs to the r e a c t o r , the energy 
a s s o c i a t e d with e l e c t r i c a l inputs i s r e g a r d e d a s the 
total (pr imary) energy r e q u i r e d to produce that e l e c -
tr ic i ty , b a s e d on the generat ion m i x at the t ime of data 
co l l ec t ion with c e r t a i n a s s u m p t i o n s made about the input 
equiva lents of hydro and nuc l ear . That i s , the e f f i c i e n c y 

in convert ing Btu of coa l (or other source ) to Btu of 
e l e c t r i c i t y i s accounted for us ing the input-output meth-
odology. 

Impl ic i t in the d i s c u s s i o n of capaci ty f a c t o r s and 
dec l in ing o r e g r a d e s , i s the lack of cons iderat ion of 
t i m e . Although the energy inputs and outputs of the 
hypothet ical nuc lear power plant and the hypothetical 
c o a l - f i r e d plant w e r e found to be roughly comparable , 
there i s no indication g iven by Rombough and Koen of 
the comple te ly d i f ferent t i m e pro f i l e of inputs and 
outputs of energy in the two c a s e s . The t iming of inputs 
and outputs b e c o m e s important when it i s r e a l i z e d that 
r e a c t o r s a r e normal ly not built in i so lat ion but in the 
context of a g e n e r a l l y rapid expans ion of nuc lear c a p a c -
ity over t ime . The major i ty of energy inputs to nuc lear 
power production m u s t be made b e f o r e the plant b e -
c o m e s operat ional . Although energy r a t i o s for indi-
vidual r e a c t o r s may be v e r y high, t iming of inputs and 
r a t e s of expansion for p r o g r a m s a s a whole may be 
c r i t i c a l . 

Rombough and Koen ' s a n a l y s i s would be far m o r e 
use fu l if a l l convent ions , a s s u m p t i o n s , and l imi ta t ions 
w e r e expl i c i t ly stated. Many p r o b l e m s a r e s t i l l en -
countered in energy a n a l y s i s and have yet to be o v e r -
come; however, an acknowledgement of the s h o r t c o m i n g s 
and l imi ta t ions would enable a bet ter evaluation of their 
work a longs ide o thers . 

Brian Emmett 
Gil Winstanley 

Energy A n a l y s i s Group 
Of f i ce of Energy Conservat ion 
Energy , Mines & R e s o u r c e s Canada 
Ottawa, Ontario, Canada 
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