Lovins on Energy Costs

Jay James, Jr. (Letters, 28 Apr., p.
381), of the Electric Power Research In-
stitute, claims that capital costs of ener-
gy systems quoted by President Carter,
presumably from my writings, are mis-
calculated. But James’s first citation (/)
shows that his objections are both wrong
and irrelevant. Specifically:

1) James says I consider only capital
costs and equate thermal with electrical
energy. In fact (I, 2), I add capital to fuel
and other operating costs to obtain deliv-
ered energy costs. For consistent ac-
counting, I compute capital costs in
terms of a standard rate of delivering en-
thalpy (not free energy), such as 1 barrel
of oil per day (bpd), which is ~ 67 kilo-
watts thermal (kWt). I then allow later
for the First Law efficiency of end-use
devices in each thermodynamic category
of need, such as furnaces and heat
pumps for low-grade heat.

2) James suggests I should not com-
pare nuclear with oil investments, be-
cause oil is short term. In fact, I mention
oil-system capital intensity (/) only as an
historic baseline two orders of magni-
tude below the capital intensity of mar-
ginal electric systems. The energy sys-
tems I compare with each other in deliv-
ered price (I, 2) are all long-run marginal
sources, all meant to replace oil urgent-
ly. Other systems are of little strategic
interest.

3) James states, without citation, that
President Carter’s estimate of $20,000/
bpd for an Alaskan oil system is ‘‘three
times too low.”” In my book (/), I state
no capital cost specifically for delivered
Alaskan oil, though I give a range of
~ $10,000 to $25,000/bpd—derived from
the Bechtel data base (3)—for 1980’s
U.S. frontier oil and gas. The exact value
for Alaskan oil, which is strongly site-
and date-dependent, has been authorita-
tively estimated to be about $19,900/bpd
4). This is remarkably close to the Presi-
dent’s estimate, but not to James’s
~ $60,000/bpd (which would imply, at
my 12 percent per year fixed charge rate,
an implausible capital charge of $19.7 per
barrel). Even if the long-run alternatives
I consider did include oil, the short phys-
ical lifetime of oil field investments
would not greatly alter the economics as
James implies (5).
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4) James states that the capital costs I
assume for a marginal nuclear station
and its associated transmission and dis-
tribution (T & D) capacity are ‘‘very
high.”” In fact, they are Bechtel’s data
3), converted from 1974 to 1976 dollars
and ordering with appropriate indices (6)
and assuming that the real escalation rate
after 1976 is zero (7, 8). The 55 percent
capacity factor I assume (1), considered
“extremely low’’ by James, is broadly
consistent with empirical data (9)—
though I include conservatisms ample to
allow for = 80 percent in case the ven-
dors’ hopes of greatly improved per-
formance are realized.

5) James implies that my analysis uses
a whole-system nuclear capital cost of
$5000 per delivered kilowatt electric
(kWe), including ‘‘an additional 43 per-
cent ‘miscellaneous’ category.”’ The val-
ue I use (/) is in fact $3495/kWe de-
livered, enthalpically equivalent to
$235,000/bpd and hence within President
Carter’s range of $200,000 to $300,000/
bpd. The $3495/kWe is calculated (/, 10)
from section 4 above [assuming marginal
T & D losses (I11) of 10.7 percent] and is
conservative. To show this, I also estimate
(1)—outside the comparative analysis—
that a realistic value might be about
$5000/kWe delivered (~ $336,000/bpd).
The extra ~ $1500/kWe arises not from
“‘miscellaneous’’ but from estimates for
specific terms (I12) explicitly omitted
from the $3495/kWe (1).

6) James’s ‘‘more realistic calcu-
lation”’ yielding $1650/kWe is unstated
and undocumented. He cites an estimate
by Forbes and Turnage, to whom I have
responded elsewhere (13), but it states a
value of $1975/kWe, is judgmental, cites
no sources, and states no grounds for
preferring its lower costs and higher ca-
pacity factors (65 percent for generation
and transmission, 100 percent for distri-
bution) to those of my references. James
thus fails to explain why my, or the Pres-
ident’s, estimate of nuclear system cost
is ‘‘three to five times too high’’—pre-
sumably meaning it should be about $700
to $1500/kWe.

7) James’s nuclear cost of $1650/kWe
converts, at my 5.8 gigajoules (GJ) per
barrel, to $111,000/bpd of delivered en-
thalpy, not to $56,700 as he states. The
origin of his ‘‘$66,100/bpd for oil” is
equally obscure. His implication that the

nuclear system is less capital-intensive
than an oil-electric system is absurd (/4).
Accordingly, while it would be foolish to
extract oil in order to burn it under a
boiler—even in an efficient combined-
cycle plant such as James assumes—a
recent comparison shows that such a
plant would send out 24 percent cheaper
marginal electricity than a pressurized
water reactor (PWR) (15).

8) James presumes that if a nuclear
power station is not built, a fossil-fueled
one must be built instead. But more elec-
tricity, from any source, is not a sensible
answer to our current energy supply
problem: heat (now 58 percent of U.S.
delivered enthalpic needs) and portable
liquid fuels (34 percent) (I). The pre-
mium end uses that are electricity-specif-
ic—now 8 percent of total end-use ener-
gy needs in the United States (1), ~ 7
percent in Western Europe (2)—are al-
ready saturated (/6). Electricity is too
costly and slow to make further satura-
tion worthwhile. While James seems to
think the energy problem is how to ex-
pand domestic supplies to meet extrapo-
lated homogeneous demands, I think it is
how to meet heterogeneous end-use
needs with a minimum of energy (and
other resources) supplied in the most ef-
fective way for each task. Accordingly,
debating which kind of power station to
build is like debating which is the best
buy in champagne when all one wants
is a drink of water. That is surely the
point of President Carter’s economic
comparison (I7) of nuclear with non-
electric investments—and of mine (I, 2)
with both soft technologies and the far
cheaper improvements in end-use ef-
ficiency.

9) The key question for petroleum-de-
pendent countries is, What investment
can relieve that dependence fastest per
dollar invested (subject to other con-
straints)? Nuclear power—with its com-
plexity, inherently long lead times, and
narrow markets—fails that test, while a
soft energy path—relatively simple, fast,
accessible, and diverse—passes it (1, 2).
This rate advantage of the soft path is in-
dependent of countries’ access to transi-
tional fossil fuels. Moreover, while soft
technologies can substitute in every end-
use category, nuclear power can readily
displace only baseload electricity. Hence
replacing every oil-fired power station
(thermal and gas turbine) in the countries
of the Organization for Economic Coop-
eration and Development (OECD) with
nuclear power overnight would reduce
OECD oil consumption by only 12 per-
cent and reduce the imported fraction of
that consumption from about 65 percent
to 60 percent (I8)—at the cost of in-
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creased dependence on imported urani-
um and capital. It is thus all the more ir-
rational to suggest that, without nuclear
power, nations must war over oil.

As several thousand pages of critiques
and responses on the soft-energy-path
thesis show (I3, 19), this is not the first
time someone has decried ‘‘soft num-
bers’’ before verifying references. May 1
renew my earlier plea (Letters, 24 June
1977, p. 1384) that analysts get on with
substantive refinement, extension, and
application of soft-path concepts?

AMORY B. Lovins
Energy and Resources Program,
University of California,
Berkeley 94720
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Light on the Shroud?

Sindonologists may find the following
paragraphs (/) of interest.

To make a reinforced plastic that will last
for thousands of years, soak a strip of linen in oil
of lavender that contains Syrian asphalt and
let the fabric dry in the sun. Light will cause
chemical bonds to form between adjacent
molecules of the tar, converting the sticky
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