
represents. However, a number of energy subsidies to 
the LWR were not included in the evaluation, and there 
are several misleading, if not erroneous, calculations 
given. The implication that these calculations represent 
total energy investment is inaccurate. 

The energy investments calculated by Rombough and 
Koen include only the construction energy for the LWR 
and the fossil fuel energy used for mining, milling, 
enrichment, fuel fabrication, and reprocessing. Con-
spicuous omissions include construction energy for the 
milling, enrichment, fabrication, and reprocessing fa-
cilities prorated for one 1000-MW(e) reactor over 
30 yr; the energy value of the chemicals and other 
materials used in operating these same facilities; 
energy utilization in transporting the various forms of 
uranium from facility to facility; and the energy re-
quirements of radioactive waste disposal which include 
the required system infrastructure and security. These 
are no more difficult to calculate than the energy costs 
included by Rombough and Koen and, in fact, some of 
them have already been calculated. More difficult to 
evaluate but important in a total energy investment 
analysis are the environmental costs (in energy units) 
resulting from each step in the fuel cycle, the energy 
value of the federal research and development support 
of the nuclear industry, and the energy cost of a nuclear 
accident. 

In addition, Rombough and Koen add and compare 
Btu's of electricity and Btu's of petroleum. A Btu of 
electricity can do more work than a Btu of petroleum 
and thus electricity represents a higher quality energy 
than petroleum. The dollar-to-Btu conversion calculated 
by Rombough and Koen (69 000 Btu/$) is for the petrole-
um based economy of the U.S. and represents Btu's of 
petroleum per dollar. Thus, it should not be compared 
with Btu's of electricity. Converting all energies to the 
same quality is a fundamental step in the energy 
accounting procedures. To compare the energy invest-
ment to the reactor electrical output, all investment 
quantities must be in Btu's electric. The 1.5 x 1013 Btu 
of LWR construction energy calculated by Rombough and 
Koen is equivalent to petroleum Btu's in potential work 
done and represents only 0.5 x 1013 Btu of electricity or 
0.7% of the reactor output. 

Note also that Rombough and Koen have misquoted 
the "Environmental Survey of the Nuclear Fuel Cycle," 
(WASH 1248) when they state that enrichment accounts 
for 98% of the total energy required by the fuel cycle. 
WASH 1248, their source document, clearly states 
(p. S-17) that it accounts for 98% of total electrical 
energy. 

While we find some of the data in this paper quite 
useful, the investment energy calculated for construction 
of an LWR is inaccurate, and the energy value presented 
as a total represents only a part (probably a small part) 
of the actual energy investment in an LWR. 

Martha W. Gilliland 
James B. Freim 

University of Oklahoma 
Science and Public Policy Program 
601 Elm Avenue, Room 432 
Norman, Oklahoma 73069 
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RESPONSE TO "COMMENTS O N TOTAL ENERGY 
INVESTMENT IN NUCLEAR POWER PLANTS' " 

We thank Gilliland and Freim for their interest and 
comments1 concerning our paper. We agree that it is 
important to consider the indirect energy costs associ-
ated with the nuclear system. A more complete ac-
counting of the energy investment in nuclear power 
plants can be found in Ref. 2. This work evaluates the 
indirect energy costs associated with the fuel cycle 
facilities, transportation, waste disposal, government 
subsidy, nuclear accidents, and environmental aspects. 
Since such an exhaustive analysis of a coal plant has not 
been performed, these secondary costs were not in-
cluded so that the comparison could be made on the 
same basis. In addition, the above work demonstrates 
that all of these indirect costs account for only ~20% of 
the total energy investment, and therefore the implica-
tion that the value reported is only a "small part" of 
the total is incorrect. 

Generally, there are three ways to interpret the 
energy investment when dealing with different forms of 
energy. Consider for example, that an energy invest-
ment were 50 Btu's of electricity and 50 Btu's of 
thermal energy for an output of 1000 Btu's of electricity. 
The first method assumes that we are interested in how 
much energy in the electrical form is required. This 
method assumes that the 50 Btu's of thermal energy 
could, have been used to generate 50/3 = 17 But's of 
electricity so that the total input is 67 Btu's of elec-
tricity. The ratio is then 67/1000 = 6.7%. This is the 
method favored by Gilliland and Freim. The second 
method assumes that we are interested in how much 
thermal energy is required. In this case, the input 
electricity is converted to 50 x 3 = 150 Btu's of thermal 
energy for a total input of 200 Btu's of thermal energy. 
The ratio is then 200/1000 = 20%. Note that there is a 
factor of 3 difference between these two methods. The 
third alternative assumes that any input energy would 
eventually be made up from the plant itself. That is, 
electricity is substituted directly for input energy 
regardless of form. In this case, the investment is 
100/1000 = 10%. Since the third alternative lies between 
the other two alternatives and appears to be more 
fundamental, this is the one that we chose in performing 
the analysis. The final alternative is conservative in 
that electricity is used more efficiently than fossil fuels, 
though not with a ratio of 3 to 1. For example, a 
natural gas water heater may be 62% efficient compared 
to a 95% efficient electric water heater (a ratio of 1.5). 
The error then introduced by assuming that electricity 
is substituted directly for thermal energy would be a 
factor of 1.25 for the above example (since 50% of the 
input is thermal). 

We regret that the word "electrical" was inadver-



tently omitted f r o m our manuscript . The f igure, 98%, 
however was not used anywhere in the calculation. 

C. T. Rombough 
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Power Generation Group 
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