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detritus. They can cause significant decline in 
zooplankton abundance (#). (iii) They grow 
fast and reproduce quickly (9). (iv) Because 
all fishes forage on planktonic organisms 
during their early life-history stages, bighead 
and silver carp have the potential to compete 
for food with every species offish, and some 
native fishes are filter-feeders as adults. 

Thus, the possible impacts of introduced 
bighead and silver carp on local fish commu­
nities urgently need to be assessed, especially 
in those waters (e.g., the Mississippi River) 
where the carp have successfully established 
reproducing populations. 
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The Real Cost 
of Wind Energy 

THE COST OF ELECTRICITY FROM WIND IS 
about 4 0 per kilowatt-hour (kWh) according 
to M. Z. Jacobson and G. M. Masters' esti­
mate in their Policy Forum "Exploiting wind 
versus coal" (Science's Compass, 24 Aug., p. 
1438), making wind energy competitive with 
new coal-fired generation. There is a 
1.5-e7kWh federal credit for wind energy 
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producers, and, in addition, consumers are 
willing to pay a premium for wind. Given this 
credit, and a conservative 0.5-e7kWh green 
power premium (7), one might expect wind 
producers to break even at ~6 eVkWh. If their 
costs are 4 0/kWh, producers should make 
large profits and wind should dominate new 
electric capacity. No such boom is observed; 
wind generates only 0.1% of U.S. electricity 
and accounts for only 1% of capacity addi­
tions in the last 5 years (2). Two factors— 
transmission and intermittency—raise the re­
al cost of wind and explain the discrepancy 
between simple estimates of cost and ob­
served installation of capacity. 

Jacobson and Masters propose replacing 
~60% of coal capacity with wind farms in 
North Dakota that have an average power of 
~130 GW. At this scale, wind is a significant 
fraction of capacity, and its intermittency 
must be addressed. To derive a conservative 
estimate for the cost of backup generation un­
der suboptimal wind conditions, suppose that 
130 GW of gas turbine capacity is installed. 

Wind power generated beyond the mean out­
put can be sold, roughly compensating for fu­
el costs when backup generation is used. The 
amortized cost of the gas capacity is ~1 
0/kWh. In addition, Jacobson and Masters 
dismiss transmission costs, suggesting that 
they "can be offset with turbine mass produc­
tion." We are unconvinced. The best sites for 
wind farms are in the Great Plains, far from 
demand centers concentrated on the coasts, 
so transmission costs must be included if 
wind is to supply a significant fraction of na­
tional demand. Using modern HVDC (high-
voltage direct current) technology, transmis­
sion costs are ~1.5 eVkWh for 2000-km lines 
(5). Therefore, combining the cost of backup 
and transmission adds 2 to 3 0/kWh to the 
cost of wind, partially explaining the discrep­
ancy between simple cost estimates and ob­
served behavior. g 

We believe that the challenges posed by 8 
remoteness and intermittency are sur- 5 
mountable, but it is an exaggeration to say | 
that wind is now competitive with coal. g 
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Response 
WE DISAGREEWITH DECAROLISAND KEITH'S 
key points and believe that our conclu-
sions still stand. First, DeCarolis and Keith 
speculate about the intermittency cost of 
wind (the cost of regulation ancillary ser-
vice), but there is no need to speculate, be-
cause a study on this issue has been done. 
It showed that such costs are about 0.005 
to 0.03 $/kwh, which is less than 1% of 
the price of wind energy, and the cost can 
be reduced further by using an hour-by-
hour persistence forecast (I).In addition, 
the more turbines at a given wind farm 
and the more wind farms there are, the 
more intermittency of individual turbines 
cancel each other out (for example, lower 
supply from one farm can be made up by 

greater supply from another) (2). 
As for the issue of transmission of 

wind-generated electricity, the National 
Renewable Energy Laboratory estimates 
that 175,000 MW of potential wind power 
are within 5 miles (8 km) of existing 230-
kV or lower transmission lines, 284,000 
MW within 10 miles (16 km), and 401,000 
MW within 20 miles (32 km) (3). Sites 
close to transmission lines would be devel-
oped first. If North Dakota or other remote 
locations are fully developed, the cost of 
above-ground AC transmission lines range 
from $120,000 to $840,000 per mile 
(-$75,000 to $520,000 per km) (4). As-
suming an average cost of $310,000 per 
km ($500,000 per mile), the cost of 10,000 
km of new lines is $3.1 billion, less than 
1% of the cost of 225,000 new turbines. 
Over distances greater than 500 km, 
HVDC lines are less expensive and lose 
less energy than AC lines (5). The trans-
mission cost of 1.5 #/kwh that DeCarolis 
and Keith mention is not supported by the 
actual cost of transmission lines, nor would 
it be applicable over the many decades that 
transmission lines would be used. 

The authors also use wind cost statis-
tics from past experience, which are not 
applicable to current turbine technology. 

Turbines in the past have had relatively 
high ratios of rated power (P) to diameter 
squared (D2). The turbine used in our ex-
ample (P = 1500 kW, D = 77 m) has a low 
ratio, giving it a greater capacity factor 
than a turbine of the same power but lower 
diameter ( 6 ) .  Plus, newer turbines are 
taller than older turbines, and wind speeds 
increase with increasing height. As such, 
one cannot use old statistics to argue 
against new technology. 

Contrary to the authors' statement that 
no wind boom has been observed, wind 
energy today has the fastest growth rate of 
any new source of electricity in the world. 
Because the base amount of wind energy 
is so small. it will take awhile. even at fast 
growth rates, for wind to gain a large 
market share. DeCarolis and Keith also 
mention wind subsidies, but what about 
current and historic coal and natural gas

'J 

subsidies, including exploration and min-
ing tax credits, preferential loan interest 
rates for fossil-fuel power plants, long-
term utility contract subsidies to coal, gas 
pipeline subsidies, and greater federal 
funding of coal- and natural gas-technolo-
gy programs, not to mention portions of 
the cost of the U.S. Acid Deposition Pro-
gram and U.S. Environmental Protection 
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Agency for cleanup and monitoring of 
pollution attributable to these industries? 
In addition, we should not ignore the costs 
from coal and natural gas's exacerbation of 
acid deposition, urban smog, human health 
and mortality, visibility degradation, and 
global warming. 
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CORRECTIONS AND CLARIFICATIONS 

NEWS OF THE WEEK: "Vesuvius: a threat 
subsiding?" by A. Hellemans (19 Oct., p. 
495). Because of an editing error, the 
name of the institute at which Riccardo 
Lanari and his colleagues work was incor-
rect. It should have been given as the Insti-
tute of Electromagnetic Sensing of the En-
vironment of the CNR (IREA-CNR). 

NEWS FOCUS: "Science awards pack a full 
house of winners" (19 Oct., p. 502). Eric 
Cornell, one of three co-winners of the 
2001 Nobel Prize in physics, is not primar-
ily employed by the University of Col-
orado, as was indicated in the section 

"Laurels for a new type of matter." While 
it is true that Cornell holds an adjoint pro-
fessorship with this university, his primary 
employer is the National Institute of Stan-
dards and Technology, where he is a senior 
scientist. 

REPORTS: "Room-temperature ferromag-
netism in transparent transition metal-
doped titanium dioxide" by Y. Matsumoto 
et al. (2 Feb. 2001, p. 854). The publica-
tion year was incorrect in References 2 
and 3. The correct year for Ref. 2 is 1988; 
the correct year for Ref. 3 is 1999. In Ref. 
6, the page number was erroneously given. 
The correct page number is 3860, not 25. 
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Letters (-300 words) discuss materialpublished 
in Science in the previous 6 months or issues 
of general interest.They can be submitted by 
e-mail (science-letters@aaas.org), the Web 
(www.letter2science.org), or regular mail 
(1200 New York Ave., NW, Washington, DC 
20005, USA). Letters are not acknowledged 
upon receipt, nor are authors generally con-
sulted before publication. Whether published 
in full or in part, letters are subject to editing 
for clarity and space. 
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