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O b s t a c l e s a n d O p p o r t u n i t i e s

by Martin J. Pasqualetti

r o know the wind is to respect nature. You ride with the wind
when it fills your sails, but pay it.s power no heed and risk
inconvenience, expense, even death. Drive through calm air in
Los Angeles one moment only to encounter 30 minutes later
Santa Anas whipping wildfires across mountaintops and push-
ing tractor-trailers into ditches. Lounge on the beach on Kauai

one day, but find yourself huddling for protection the next day as a hurricane
levels entire forests.' Sit on the porch during a quiet and muggy Oklahoma night
when suddenly a mass of debris, once a house, swirls past, before dropping
nearby as a pile of kindling and shattered dreams. More than any other force of
nature, we have little defense against the wind. The wind keeps us on our toes.

If we cannot control the wind, perhaps we can put it to our use. It is a chal-
lenge with which we have had some success. Historically, we have used the
wind to help us with work that would otherwise fall heavily upon our own
backs. The wind helped humans explore the world: they had no other energy
source. It continues to help us prepare food.s and pump water. In some places,
the wind is such a part of daily life that in its absence, silence blankets the
landscape and puts us out of sorts. When it picks up again, flags flutter, well
water rises, and grains are again ground to flour.

The wind machines humans developed were among the earliest icons of
civilization. We can see them in early sketches from the Orient, scrolls from
Persia, paintings from the Low Countries, photographs from the Dust Bowl,
and even movies from Hollywood. Putting the wind to work was our first con-
scious use of solar power.

Perhaps the most widespread use of wind machines, at least in the United
States, has been to pump water. Dotting the Great Plains by the hundreds of
thousands, farm windmills—along with grain silos—were once as character-



istic of the landscape as coal spoils were
of Appalachia. Spinning whenever air
moved, they brought to the surface the
water that allowed ranches and settle-

Tlie early wind machines thai dutlecl the
Great Plains by the hundreds uf thousands
were used primarily to pump water

ments to Hourish in an area otherwise too
dry for either to exist for long. Most of
these ingenious whirling devices eventu-
ally gave way to powerful compact
motors that ran on fossil fuels, and as a
result, wind energy landscapes largely
disappeared. Before they all were re-
moved, some folks preserved a few of
them, drawn to their quaint beauty and
the nostalgia they evoked as symbols of
a Great Plains lifestyle. By then, howev-
er, most people considered the era of
wind machines dead.

As it has happened, the epitaphs were
premature. Today, wind machines are
back. It has not been a quiet resurrection
but rather one with substantial notoriety
and publicity, plus a controversial mix of
support and resistance. The new devices
look and act little like their ancestors:
Instead of the creaking, wooden
machines of the past, those of the new
species are made of metal and fiber-
glass—and are bigger, quieter, sleeker,
and more poweriul than ever. Instead of
pumping water, the moving blades spin

generators housed with an assemblage of
gears in the nacelle, which is located
behind the hub where all the blades
meet. Instead of a stream of water, mod-
em wind machines are pumping a stream
of electrons, a product proving to be a
valuable asset to farmers who are trying
to address present day economic realities
of living off the land.

The new appearance and mechanics of
wind machines reflects their different
role. Instead of producing mechanical
power for the purposes of pumping and
grinding, the new machines convert
mechanical energy into electricity.
Instead of being erected here and there in
splendidly independent isolation, many
are being clustered in symmetrically
interdependent neighborhoods, designed
to work together as parts of a larger
organism. Nor are they just generating
electricity: Unexpectedly, modem wind
machines are prompting us to consider
how best to weigh the energy we need
against the environmental quality we
want. All the while they are continuing
their transformation from public indiffer*
ence to public curiosity, from an over-
looked energy supplier to altemative
energy's "holy grail," one possible way
to get most of what we want and little of
which we do not.

An Old Resource
with a New Mission

Compared to the variety of uses that
stretch back millennia, converting wind
energy to electricity is a recent applica-
tion. Although a few people were trying
to accomplish this at the same time
Thomas Edison opened his coal-fired
Pearl Street generating plant in the latter
years of the nineteenth century, it would
be another 80 years before such proof-
of-concept machines would evolve into
the commercial generators that started
sprouting in the California landscape in
1981 (see Table 1 on page 25). Indeed,
the beginning of the modem era of wind
power bore few similarities to earlier
water pumping. The vision of modem
wind power was much grander in scale.

one that has evolved to row upon row of
machines spreading over hundreds of
acres, contributing enough electricity to
power an entire city but—and this is the
big difference—without undesirable side
etiects that accompanied the use of con-
ventional resources.

Obviously, the machinery of the late
twentieth century differs both in form
and function from the equipment that
nineteenth century ranchers and farmers
developed to help them wrest a living
from the dry lands that predominate west
of the lOOth meridian. For them, it was
enough that maehines were tuming when
the air was on the move. In the new era.
such simple fulfillment is not enough;
wind power today is viewed less from
the living room and more from the
boardroom. Wind power is big business,
and the managers of that business must
be sophisticated not just in the ways of
making money, but in several disciplines
that lead to success. Even something as
seemingly innocent as turbine placement
can no longer be considered just from the
perspectives of convenience, neeessity,
or whim. Instead, the new wind barons
must understand meteorology, metallur-
gy, physics, aerodynamics, capacity fac-
tors, land ownership, planning, zoning,
and the influence of public perception.

Wind power's popularity is wide-
spread and growing, a result of its in-
creasing profitability and the perceived
environmental benefits it engenders. It
also results from the simple fact that,
unlike fossil and nuclear fuels, wind is a
widely available, familiar element of the
environment. The first step is seemingly
the easiest: finding it.

Wind and the Family Farm

The initial step in developing any
resource, be it gold or wind, is locating
it. While it is often an uncomplicated
step, not every place is attractive. Just
like gold, wind is not evenly distributed
in the richness i:i\' its product. Subtropical
deserts, such as the Sonoran Desert sur-
rounding Phoenix, are created by persis-
tent high pressure and are often unsuit-
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able for wind development. For obvious
reasons, forested areas are unattraetive
for wind turbines, as are equatorial areas
with their characteristicatly light and

variable winds. The rest of the worid is
more promising, although detailed data
eollection must precede full-fledged eap-

ital investment.

Finding windy places is a relatively
easy step: Unlike fossil or nuclear fuels,
it does not require drilling rigs, seismic
gear, or Geiger eounters. Wind pov^er, in

Unlike their predecessors, the larger, sleeker wind machines of today convert mechanical energy into electricity.

Table 1. Historical w
• / • • . • ••

Turbine,
Country

Poul la Cour,
Denmark

Smith-Putnam,
United Stales

F. L Smidlh,
Denmark

F. L. Smidth,
Denmark

Gedser,
Denmark

H utter,
Germany

Date in
service

1891

1941

1941

[ 1942

1957

1958

IiiL.ipTiuTT

Diameter
(meters)

23

53

17

24

24

34

Swept area
(meters)

408

2,231

237

456

452

908

Power
(kilowatts)

18

1,250

50

70

200

100

SOURCE: P. Gipe, l^/nd Energy Comes oMge (New York: John Wiley & Sons. 1995),

VOLUME 46 NUMBER 7

Specific power
(kilowatts per
square meter)

0.04

0.56

0.21

0.15

0.44

0.11

78.

HMjMHMHHBMM

Number
of blades

4

2

3

3

3

2

i

Tower height
(meters)

34

24

24

25

22
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most places, is simply "out there." This
means that the most obvious early task of
wind prospectors is to determine where
winds are strong enough. Once identi-
fied, such areas reveal several common
characteristics, including exposed ter-
rain, colliding air masses, and, in partic-
ular circumstances, topographic funnel-
ing, as through mountain passes. In the
United States, several areas meet sueh
criteria, including sites in California.
southeastern Washington, central Wy-
oming, east-central New Mexico, and
most notably the Great Plains (see Fig-
ures la and lb on pages 26 and 27). In
Europe, strong winds are significant
along the west coast of Ireland, Great

Britain, the eastern North Sea, the
southern Baltic Sea. the Pyrenees
Mountains, and the Rhone Valley and
(see Figure 2 on page 28). Many of
these areas are "nuggets" that we are
plucking first, and they have been stim-
ulating further prospecting and the
development of grand plans for the
future. By the end of 2003, the total
installed capacity in the European
Union was 28.440 megawatts (MW).-

Like the gold rush of the 1850s, the
modern wind rush started in California.
California still leads the way, with
2.042 MW installed by January 2004,
principally in four locations: Altamont
Pass, on the edge of the Central Valley

east of San Francisco: Tehachapi Pass at
the southern end of the Sierra Nevada;
San Gorgonio Pass, near Palm Springs;
and in the rolling hills between San
Francisco and Sacramento. Although
first, the primacy of California is cer-
tainly temporary: With a potential for
6,770 MW. it ranks only seventeenth
among the 50 states in potential (see
Table 2 on page 29).'

Among other states attracting interest,
Texas has been the pacesetter with more
than $1 billion in new wind investment
and 1,293 MW installed, mostly in the
western part of the state near such com-
munities as Big Springs and McCamey.
Coincidentally, many of these develop-

Figure la. U.S. wind resources

Wnd RBKXTce
P w H Potential
aass

1 1 2 Mar^nal
1 1 3 FHir
fc^y 4 Good
B H 5 EKCslleni
^ H G Outstanding
^ H 7 Siveiti

' w i n d 9peMtt are basi

Wi ld Power
Density al 50
W/m'

200- 300
300- 400
400. 500
500. 600
600- 800
800- 1600

Mlona Weibu

Wind Speed*
Ti at5C

nVs

S 6 -
6,4-
7,0-
7 5 -
8.0.
8.B.

6.4
7.0
7.5
8.0
a.8
11.1

k value of 2 0

Wi ld Speed'
at 50m
mph

12 5-14,3
14.3-15 7
15.7-16.8
18,8-17,9
17.9-19.7
19 7 - 24.5

SOURCE: Pacific Northwest Laboratory. Wind Energy Resource Atlas of the United States, report prepared for the U.S. Department
of Energy (Golden, CO: Solar Energy Research Institute (now the National Renewable Energy Laboratory), 1987).
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menls arc positioned among the now-
derelict oil equipment that helped bring
great wealth to [his pan of the state and
has underpinned many of its towns and
cities. At ihe end of January 2004, Cali-
Ibmia. Texas, and 24 additional states
held within their borders an installed
capacity of 6.374 MW.""

Another 2.000 MW has been pro-
posed for development in the near
future, with some of the largest projeets
planned for the states of Washington
and Massachusetts. However, the great-
est potential remains where wind ma-
chines once so dominated the land-
scape—midway between these extremes
in the Great Plains.

Farms of the Great Plains receive supplemental income by installing and operating
wind turbines. Such arrangements may help reverse the ongoing depopulation of
Great Plains farmland.

Figure ib. 2003 year-end installed wind power capacity (in megawatts)

West Virginia
66

North Dakota Minnesota
66 563

Wind Power Capacity
Megawatts (MW)

Massachusetts
1

1,000-2,100
100-1,000
20-100
1-20

SOURCE: American Wind Energy Association, Wind Energy Projects Throughout the Ur)ited States of America, http://www.awea.org/
projects/ (accessed 30 June 2004).

VOLUME 46 NUMBER 7 ENVIRONMENT 27



Figure 2. 2003 year-end European installed wind power capacity (in megawatts)

other Countries 164 MW
Total Capacity 28,706 MW

SOURCE: Adapted from a map compiled by the European Wind Energy Association, http://www.ewea.org, 3 February 2004.

The wind of the Grcal Plains is as
obvious as is its treeless expanse. When
Francisco Vasquez de Coronado and
his men crossed this region searching
for the Seven Cities of Cfbola in 1540.
they found no gold but two other
resources instead. The most obvious
and most useful to Coronado were the
great herds of bison—totaling perhaps
50 million head—that were scattered
across a million square miles of grass-

land- Not only did they provide food,
but their droppings helped guide the
expedition across otherwise indistitict
landscapes. The other resource was the
wind, but three centuries would pass
before it was appreciated.

By the late 1800s. the general pattern
had reversed; bison were being deci-
mated for sport, and wind power was
lifting water for irrigation. Today, only
this second resource remains, yet it is

being used for a different mission: to
generate electricity and make money,'' It
is a realistic ambition: The winds of the
Great Plains arc so abundant that the
energy potential from just three states
(North Dakota, Texas, and Kansas),
were they fully developed, would match
the electrical needs of the entire coun-
try. These and several other Great
Plains states hold the largest expanse of
class 4 (400-500 watts per square
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meter) lands in the country (sec the box
on this page).''

Although weather on the Great Plains is
oltcn viewed as being inhospitable—
farming families there endure swirling
snow in winter and blowing dust in sum-
mer—attitudes towaj-d the tVequent tem-
pests arc lately bending in a new direction.
Always alert for new sources of income to
ease their financial volatility, locals are
tuming to wind developers with equanim-
ity and even enthusiasm. They are finding
that the same winds that strip soil from the
fields and bur>' houses in snow can fuel
rural economic development.^

Construetion of a typical 100 MW
windfarm produces more than 50,000
days (approximately 419,020 man-
hours) of employment. In Prowers
County. Colorado, the recently complet-
ed wind development is each year pro-
viding $764,000 in new revenues.
$917,000 in school general funds,
$203,000 in school bond funds,
$189,000 to the Prowers Medical Center,
and .S189.00() in additional revenue to
the county tax base.^ Meanwhile, a 250
MW project in Iowa is providing $2 mil-
lion in property taxes and $5.5 million in
operation and maintenance income. The
leases on offer to farmers in this area
commonly provide yearly royalties of
more than $2,000 per turbine: For a sin-
gle Iowa project, local fanners arc
receiving $640,000 annually. Other pro-
jects return $4,(X}0-$5.000 per turbine.
In some cases, a one-megawatt turbine
could generate revenues for the owner of
$ 150,0(X) per year once the debt for pur-
chase is repaid.'' Though appreciable at
the individual level, such royalties arc
only a small part of the variable costs for
wind developers (see Figure 3 on page
30). To them, such largesse seems good
business. To farmers, such revenues can
mean the difference between bankruptcy
and prosperity.

In spite of promising trends, it would
be an overstatement to claim that wind
power offers an energy panacea or a
reversal of the national trend toward
increasingly concentrated generation of
electricity: it is. at least so far. a relative-
ly small enterprise. Taken together, all

(measured by annual energy potential in billions
of kilowatt bours)

2

3

4

5

6

7

8

9

10

North Dakota

Texas

Kansas

South Dakota

Montana

Nebraska

Wyoming

Oklahoma

Minnesota

Iowa

1,200

1,190

iT070
1,030

1,020

747

657_

551

11

12

13

14

15

16

17

18

19

20

Colorado

New Mexico

Idaho

Michigan

New York

Illinois

California

Wisconsin

Maine

Missouri

481

435

73

65

62

61

59

58

56

52

NOTE: As of July 2004. reevaluation of the wind potential has been done for 28 states
by the U.S. Department of Energy's Windpowering America program; reevaiuation of
additional states is still in process. Once complete, the numbers for each state might
change, as might the relative rankings. In many cases, the potential will increase. The
Great Plains will continue to dominate the rest of the country in terms of potential.

SOURCE: Pacific Northwest Laboratory, An Assessment of the Available Wind Land Area
and Wind Energy Potential in the Contiguous United States (Richland, WA: Pacific North-
west National Laboratory, 1991).

WIND CLASSES
Developers need to know the average
wind speed at a particular site to design
and build the most appropriate turbines.
It would be no more prudent to size the
turbines for the slowest speed than it
would be to size them from the fastest,
but infrequently occurring speed. One
can get a good idea of this relationship
by using the Weibull distribution, a plot
of frequency against speed. This distrib-
ution helps identify various classes of
wind (see the table below). The higher
the number, the stronger the average
speed. A good wind .speed is 7 meters
per second (mps); 20 mps may be exces-

sive and cause damage to equipment.
Turbine manufacturers have a "rated
wind speed" for all models and sizes of
turbines they sell. Typical rated wind
speed requirements are in the range of
8-13 mps. but many machines will pro-
duce some power with much slower
speeds.' Currently, developers are con-
centrating on class 4 and above as the
mosl promising areas.

1. For an eJttellem and ileiailecl dcscrlplioii of
ihcsL' uiid Dtiier priaciplts. SCL" P. Gipc. Wiml Ewr
Conns ofAj-f (New York; John WJIL'V & Sons.
1495),

WIND POWER CLASSIFICATION

Wind power
class

2

3

4

5

6

7

Resource
potential

Marginal

Fair

Good

Excellent

Outstanding

Superb

Wind power
density at 50 meters

(in watts
per square meter)

200-300

300-^00

400-500

500-600

600-800

800-1600

Wind speed
at 50 meters

(in meters
per second)

5.&-6.4

6.4-7,0

7.0-7.5

7.5-6.0

8.0-8.8

8.8-11.1

Wind speed
at 50 meters

{in miles
per hour)

12.5-14.3

14.3-15.7

15.7-16.8

16.8-17.9

17.9-19.7

19.7-24.8
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In spite of a

weighty list of

environmental

attributes,

wind power

carries some

unexpectedly

heavy baggage.

Figure 3. Variable costs of wind energy projects

Land lease
2.79 percent

Replacement
35.83 percent

Operation and
maintenance

61.38 percent

SOURCE: E. DeMeo and B. Parsons, "Some Common Misconceptions about Wind
Power," presented at the All States Wind Summit, Austin, TX, 22 May 2003. See U.S.
Department of Energy, State Wind Energy Handbook, http://www.eere.energy.gov/
windpoweringamerica/pdfs/wpa/34600_wind_ha ndbook.pdf (accessed 30 June 2004), 90.

the wind developments in the country
contribute less than I percent of our
current needs.'" However, there is a real
attraction to wind power's promise for
the future: Its estimated generating
potential in the United States alone is
10,777 billion kilowatts per hour
(kWh) annually, or three times the elec-
tricity generated in the entire country
today." In recognition of such potential
(or pollution-free electricity, the U.S.
government is sponsoring a program
called Wind Powering America (WPA)
to tap more deeply this vast natural
resource. WPA's new goal is to increase
to 30 the number of states with more
than 100 megawatts oi wind-generating
capacity by 2010.'- The program also
aims to increase rural economic devel-
opment and, to some degree, local
energy independence.

The Environmental

Wind power attracts many adherents
from the environmental community.
These organizations focus on its solar
roots, emphasizing that it requires no
mining, drilling, or pumping, no
pipelines, port facilities, or supply trains.
It produces no air pollution or radioac-
tive waste, and it neither dirties water nor

requires water for cooling. Wind power
is relatively benign, simple, modular,
affordable, and domestic. It is. in short,
an environmental golden goose.

However, in spite o{ such a weighty
list of attributes, wind power carries
some unexpectedly heavy baggage. In
England, anti-wind epithets have been
particularly colorful: Developers have
suffered their machines being called
everything—including "lavatory brushes
in the air" for their busy top ends. This
leads us to an irony of wind power:
While we usually consider wind power
environmentally friendly, most of the
objections to its expansion have had
environmental origins.

We can follow the thread of such
reactions most clearly to Palm Springs,
California, in the mid-1980s. Soon
after installing thousands of turbines in
windy San Gorgonio Pass just north of
the city limits, developers were bat-
tered with complaints that the machines
interfered with television reception,
produced annoying and inconsistent
noise, posed risks to wildlife and air-
cratt. and represented incompatible
land-use practices." The most trou-
bling, bitter, and outraged complaint,
however, was that the wind machines
destroyed the aesthetic appeal of the
landscape, thereby threatening the very
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attribute that most attracts tourists to
the area's fancy resorts.'"^

Developers and bureaucrats of the day,
ail of whom had expected a warmer wel-
come, were startled by such reactions. It
was apparent to everyone with hopes for
contributions from wind power that any
future success would have lo rest on
greater envirotimental compatibility and
a more complete respect for public atti-
tudes and opinions. The initial experi-
ence provoked industry musing as to
what actions might better attract support.
Soon, manufacturers began making
improvements to design and engineer-
ing. Locally, the concerns over wind
impacts led to stricter planning rules and
more uniform standards. These adjust-
ments softened the problems, but they
eould not eliminate them. Turbines
remained unavoidably visible and the
center of a classic example oi' incompat-
ible land use. The very characteristic that
had long kept residential development in

the San Gorgonio Pass minimal—the
strong wind—was the same characteris-
tic that prompted developers to fill it
with machines. There was very little
compromise potential.

So strong was the backlash against
wind development that the City of Palm
Springs sued the U.S. Bureau of Land
Management and the County of River-
side, claiming that developers had not
followed proper environmental proce-
dures. Although the suit was eventually
abandoned, it was not before the local
jurisdictions, including Palm Springs
and Riverside County, enacted a long list
of required adjustments, stipulating {for
example) height limitations, the use of
nonglinting paint, reporting mechanisms
for endangered species, and the estab-
lishment of decommissioning bonds.

A few years later, in an unpredictable
turnaround, attitudes changed. This
happened once Palm Springs, led by its
mayor Sonny Bono, began eyeing wind

machines as generators of tax revenue,
as well as electricity. With a financial
windfall in mind, the city annexed sev-
eral square miles of land in the middle
of the windiest part of the pass, thereby
enlarging the city limits and sweeping
additional tax revenues into the munici-
pal treasury. Also, counter to the early
intuition and opposition of city offi-
cials, the wind turbines have become
something of a tourist attraction. Orga-
nized tours are available, images of
wind farms adorn many local postcards,
and brochures advertise the Palm
Springs wind industry. Even Hollywood
producers have incorporated the strik-
ing wind energy landscapes in movies
and advertisements. These changes
reflect the progression in public atti-
tudes toward greater acceptance,
although a closer look still fmds dis-
gruntled residents who have the original
objections. As they point out, we can
paint them, size them, sculpt them, and

Thousands of wind turbines huvc been installed along the sceni< San Gorgonio Pass, immediately northwest of Palm Springs,
California. Many people in the area disapproved of turbines' intrusion on the landscape.
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Denmark is home to several offshore
wind farms, which take advantage of
the shallow, wind-swept waters oj the
North Sen.

The spread

of wind power

encounters the

most strident

opposition where

it interferes with

local land use.

engineer them to a fine edge, but we
cannot make them disappear.

The Aesthetic Core

Reactions to wind power tend to be
both quick and subjeclive. While one
group fights intrusion, another is orga-
nizing visits for enthusiastic tourists.
Where one person loathes turbines, that
person's neighbors find them fascinat-
ing. Whichever reaction prevails in any
given location, wind turbines cannot be
ignored, ibr they do not fit naturally
upon the land. They are, to apply Mass-
achusetts Institute of Technology histo-
rian Leo Marx's famous phrase, "ma-
chines in the garden."''^

Wind power's development contained
a surprise: Among its corps of support-
ers, no one anticipated the need to
defend wind projects. Why did no one
foresee objeetions? We can only specu-
late, but it seems that the advantages
were considered by adherents to be so
obvious, especially when compared to
nuclear power, that developing a defen-
sive strategy for this new technology
seemed supertliious. Supporters failed to
recognize how opposite is the signature
between the two: Nuclear power is com-
pact and quiet, whereas wind power is
expansive and obvious. Reflecting on
this difference, resistance to nuclear
power accumulated slowly only after a
long educational process that culminated
with acxidents at Three Mile Island and
Chernobyl, while resistance to wind
power was immediate and instinctive.

Although this difference suggests the
heft of visual aesthetics in shaping pub-
lic opinion, it masks two other ingredi-
ents of equal importance. One is the
immobility of the resource: Wind moves,
windy sites do not. In this way, wind dif-
fers from coal and most other fuels,
because its nature does not allow il to be
extracted and transported for use at a dis-
tant site. For wind power to be success-
ful, turbines must be installed where suf-
ficient wind resources exist or not at all.
Thus, just like two other resources-—
geolheniial energy and hydropower—

the site-specific nature of wind develop-
ments intrinsically invites conflicts with
existing or planned land uses. This is
true even in deserts, the common dump-
ing ground of society."'

The second ingredient in helping form
public attitudes toward wind power is the
landscape itself. Simply put. some land-
scapes are more valued than others.
Place turbines in sensitive areas—per-
haps along the coast or in a national
park—and prepare for an uproar. Place
them out of view or in low-value areas—
sanitary landfills, for example—and
opposition diminishes.

These characteristics produce wind
power's most intractable challenges.
First, owing to resource immobility and
the subjectivity of its aesthetic impact,
total mitigation is impossible. Second,
because environmental competition
changes from place to place and from
one time to another, generic solutions are
few and elusive. Third, because nothing
can make turbines invisible, little we do
will make them more acceptable to those
perceiving land-use interference. There
is no escaping the essence of wind tur-
bines: They will always be spinning,
pulsing, cxoskeletal contraptions that
naturally attract the eye.

The foregoing notwithstanding, the
future of wind power remains both
promising and substantial, if we can
identify and follow the appropriate path.
Two general strategies suggest them-
selves: work to bend public opinion in
favor of wind power, or install the tur-
bines out of view. The first approach is
under way but slow. The seeond
approach can be quicker and would seem
to hold promise, but it is being met with
mixed results, especially when projects
are proposed for offshore locations—the
newest tactic to avoid public criticism
and maximize profits.

Moving Offshore

The spread of wind power encoun-
ters the most strident opposition where
it interferes with local land use.
Tourism, recreation, entertainment, re-
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sorts, and a host of other outdoor activ-
ities create most of the challenge
because their function is to help people
escape reality. For relief from this
dilemma, developers are looking for
sites offshore, and they have been find-
ing them, especially in the shallow.
wind-swept waters of the Irish Sea and
North Sea. Denmark, which is charac-
teristically leading the way with this
strategy, has already installed and acti-
vated several fields of this type. Other
projects are in place or planned off Ire-
land, the United Kingdom, the Nether-
lands, and several other countries.

In addition to prohibiting wind pro-
jects in populated areas, positioning
them offshore offers several opera-
tional advantages. For example, winds
passing over water tend to be stronger
than those passing over land; offshore
placement removes no land from
existing or planned uses; any noise
produced at sea is muffled by that of
the surf; road use is largely a moot
issue; and negotiation with multiple
landowners is unnecessary. Nonethe-
less, off.shore placement requires
some tradeoffs. For example, offshore
equipment is more costly to construct
and maintain, and it inherently in-
creases the potential for conflict with
any recreational use of the seashore. It
also tends to encourage the installa-
tion of larger turbines (see the box on
this page).

Strictly from a public perspective,
offshore placement has the presumed
advantage of mitigating complaints
about aesthetic intrusion. It has not.
however, turned out to be the expected
universal remedy. Indeed, moving off-
shore is increasing ralher than dimin-
ishing the enmity of wind power in
some quarters, especially in the north-
eastern United States.

Tempted by the strong offshore
winds of coastal Massachusetts and
responding to the hostility to wind
developments witnessed in California.
several entrepreneurs advocated plac-
ing wind turbines on the shallow off-
shore banks. The proposal itself may
go down as the most foolhardy miscal-

culation in renewable energy history.
The problem, as usual, is incompatible
use of space. Called Cape Wind, the
project is proposed for Nantucket
Sound, a site between the popular
vacation spots on Cape Cod and Ihe
exclusive holiday retreats of Martha's
Vineyard and Nantuckel Island. Like
development near Palm Springs. Cape
Wind is colliding with the wishes of a
prosperous and politically astute resi-
dential corps bent on protecting exist-
ing scenic and recreational qualities
that it has come to cherish (see the box
on page 35).

Riding a Roller Coaster

Wind energy has experienced a wild
ride over the past 20 years, one where
initial enthusiasm soured quickly with
the perception that generous incentives
and lax oversight were allowing virtual-
ly any wind farm development, no mat-
ter how carelessly designed or operated,
to be financially tenable. An undertow
that quickly started to pull against the
early currents of promise was a percep-
tion that wind developments were being
installed without sufficient public notifi-
cation, due consideration, or individual

LARGER AND LARGER TURBINES
Wind turbines are getting larger and
larger. What is driving this trend? To
answer this question, we need to know
that movement obtains its impetus from
the sun; as solar energy strikes the sur-
face of the Earth, it creates differences
in pressure. The wind, in turn, moves
"downhill" along the pressure gradients
that are formed, from higher to lower
pressure. Speed increases as the hori-
zontal distance between different pres-
sures is shortened. Wind also typically
accelerates when it is constricted, as
when it moves through a mountain
pass. The faster the wind moves, the
more energy it carries, but it is not in a
linear function. Rather, it increases
with the cube of the wind speed.

usually written x\ This means that a
wind speed of 8 meters per second
(mps), yields 314 (8') watts for every
square meter exposed to the wind,
while at 16 mps, we get 2,509 (16-')
watts per square meter, again eight
times as much. This relationship puts a
premium on sites having the strongest
winds. This relationship also explains
why the area "swept" by the turbine
blades is so important and why the
wind industry has been striving fer-
vently to increase the scale of the
equipment it installs. A one-megawatt
turbine at a typical European site
would produce enough electricity
annually to meet the needs of 700 typi-
cal European households.

Medium- and large-size wind turbines

Megawatts

SOURCE: Adapted from P. Gipe, Wind Energy Comes of Age (New York: John Wiley &
Sons, 1995).
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These I.H megawatt Vestas wind turbines, in the Montezunui Hills between San Francisco and Sacramento, are typical in size and
appearance to those now commonly being installed in many places in the United Stales and abroad. Unlike wind developments in most
other places in California. onl\ a few local residents see these.

benefit. By the lale 1980s, it was clear
that improved turbines and business situ-
ations were going to be necessary if wind
power was to develop a significant posi-
tion in the alternative energy mix in the
United States or abroad.

Some of the earliest advances first
came into view in Europe, where even
casual inspection spotted substantial dif-
ferences from early installations in Cali-
fornia. For example, instead of large
clusters of turbines spread haphazardly
upon the land, deployment o'i European
turbines was more sensitively organized
into smaller groupings that were careful-
ly integrated into the landscape. This was
partly a result of a higher sensitivity to
existing conditions and partly a mea-
sured response to the experiences in Cal-
ifornia that had dulled the promise of
wind power and threatened its future.'^

Rellecting improvements and contin-
ued support, wind power's trajectory is
once again upward. Today it is the
fastest-growing renewable energy re-

source in the world (see Figure 4 on
page 35)."^ Wind power is especially
popular outside the United States: In
countries like Germany, it is welcomed,
encouraged, and promoted as one way
to reduce greenhouse gas emissions. In
Denmark, ihe value o'i wind power to
the economy now exceeds that of its
economic mainstay, ham. Spain's devel-
opment of wind power is currently
growing at a faster pace than it is in any
other country.

The roller coaster ride is not over.
however: Even amid news of improve-
ments and quickened growth, wind
power continues to have its critics. The
more determined of these opponents
work to keep wind machines from their
property and out of their view. They hire
public relations experts, make abundant
use of the Internet to promote their view
and attract adherents, and invite the sup-
port of prominent citizens to their cause.
The group Save Our Sound is perhaps
the most visible example of such tech-

niques.''' Such determined resistance
was never envisioned when the champi-
ons of wind power came calling more
than two decades ago. Today, despite
progress in assuaging public apprehen-
sions, a measure of uncertainty still
hangs over wind's future.

From Incentives
to Independence

What is to be tiiade of the many incen-
tives that wind power enjoys? Tax incen-
tives, utility portfolio standards, feed-in
laws,-** and many other aids currently
help make it an economically viable
alternative energy provider. Some would
say thai the requirement for these incen-
tives demonstrates that wind power is not
a legitimate competitor for our energy
dollars. Others might argue that the mere
existence of these aids suggests how nar-
row the economic gap is between a pre-
sent need for subsidies and independent
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viability. While its increasingly competi-
tive status results partly from a rising
cost of conventional energy, it also
reflects the declining costs of all alterna-
tives, including wind. The message is
this: Even without incentives, wind
power has been moving towai'd econom-
ic independence, and it seems destined to
reach parity with conventional sources
soon (see Figure 5 on page 36).

It is often the smallest margin of help
that wins the day for an emerging tech-
nology. One way to demon.stratc this is to
examine the impact of higher conven-
tional energy cost. In one study of 12
Midwestern states, where electricity sold
at 4.5 cents per kWh, the regional poten-
tial for cost-effective wind power was
about 7 percent of current total genera-
tion in the United States.'' If the market
would support a price of 5.0 cents per
kWh. however, the potential would grow
to 177 percent of current generation. If
one additional penny is added to the
price, the potential blossoms to 14 times
current levels.--

Until conventional energy makes this
inevitable jump, wind operators need
another way to bridge the gap. This
brings us to the U.S. Production Tax
Credit (PTC). This credit originally
provided for an inflation-adjusted 1.5
cents per kilowatt-hour for electricity
generated with wind turbines. With
PTC now at about 1.9 cents, wind pro-
jects are economically favored. In its
absence, however, development of new
projects virtually ceases. This occurred.
for instance, when the credit expired at
the end of 2001. before it was reinstat-
ed some months later. PTC lapsed
again on 31 December 2003. and dis-
cussions in Congress are once again
under way as to whether to extend it lor
a five-year period.--*

Without such a credit, the U.S. wind
industry will suffer. According to Craig
Cox. executive director of the Interwest
Energy Alliance. 'The lapse of the PTC
has created uncertainty in the wind ener-
gy marketplace, and interest in new
developments has slowed."'-"* Renewal of
the credit is part of the $31 billion ener-
gy bill that stalled in Congress at the end

THE CAPE WIND PROJECT:
A WIND POWER LIGHTNING ROD

Cape Wind is a proposed S500-$750
million wind development project for
Horseshoe Shoal in Nantucket Sound.
If approved, the turbines will come
within 5 miles of land, spread over an
area of 24 square miles, and consist
of 130, 417-foot wind turbines con-
nected to a central service platform
that includes a helicopter pad and
crew quarters. Each turbine blade will
be 164 feet long with a total diameter
of 328 feet. Each turbine will have a
base diameter of 16 feet and an
above-water profile taller than the
Statue of Liberty.

The proposal has become a lightning
rod for the wind industry. The Alliance
to Protect Nantucket Sound (the
Alliance),' which strongly opposes the
project, has been accumulating argu-
ments against it. They point out that

" each turbine will have about 150
gallons of hydratilic oil. and the service
platform will have at least 30.000 gal-
lons of dielectric oil and diesel fuel;

• the project will be within the flight
path of thousands of small planes; and

• the turbines will pose a navigation
hazard to the commercial ferr>' lines in
the area.

These and other objections, however,
take a secondary position to the
Alliance's primary objection, that of
aesthetic intrusion. The Alliance claims
that the turbines will be visible for far-
ther than 20 miles, that they will be
lighted at night, and that they will
flicker with changing sun angle. The

Alliance has developed many computer
visualizations of how they would
appear. (Some proponents might point
out that the visualizations illustrate how
inconsequential the turbines would
appear from the beach.)

The pro-development side has not
been idle. Cape Wind has its own Web
site," which identifies the many benefits
of the project, including that i( offsets
the need for 1 !3 million gallons of oil
yearly and creates approximately
600-1.000 new jobs. They also refer to
many studies attesting to the benefits of
such projects as Cape Wind, One of the
most recent references the positive
impacts on sea creatures around the
wind turbines off the southern Swedish
coast.^ Other Web sites provide many
testimonials to the good sense of off-
shore wind power.^ The controversy
over Cape Wind's offshore proposal is
just the beginning of many other antici-
pated projects along the East Coast,
such as off Long Island.^

1. htip;//www.savcoursimnil.org.

2. hltp://www.capewin(l.ofg.

3. L. NordslniiTi. "Windmills off Swiidish Const
arc Providing U lies peeled Benelli for Marine Lite.
Scieniisis Saj." Enviriiiiint'iual Newn Neiwork. 11

>' 2()04. http://www,ejin.L-oni/news/2()t)4-

4. windrarmC'-eleanpowernow.org;
hltp://www,safewind.in!b.

5. See the SaleWind Coalition's Web site.
hti p: //w w w, safew ind.info/winti_farms_where.!itm:
and the Lonj; Islatid Olfshore WinJ Initiative's site
at lutp://www.I iottshorewindenLTgy.org/.

Figure 4. Total continental wind capacity
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SOURCE: Paul Gipe & Associates, 2003.
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\- Figure 5. Renewable
energy cost trends
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of historical cost trends, not precise
annual historical data.

SOURCE: National Renewable
Energy Laboratory, 2002.

of 2003. again putting the wind energy
industry back on its "roller coaster" in
the United States. The world's major
wind turbine manufacturer. Vestas
Group, delayed its decision to build a
wind turbine plant in Oregon because of
[he uncertainty of ihe crediL Ultimately,
such uncertainty spreads to all phases of
wind energy development, not just
deployment of turbines. "We've been
looking to establish a manufacturing
facility in the U.S. but have not done that
only because of the boom and bust cycle
of (he wind energy industry in the U.S.,"
Scott Kringcn of Veslas told Reuters.-"^
Other spokespersons have made simihy
observations: "Today, a wide range of
U.S. eompanies are interested in the
wind industry, but many arc staying on
the sidelines because of the on-again.
off-again nature of the market produced
by frequent expirations of the PTC." said
Randall Swishcr, executive director of
the Washington, DC-based American
Wind Energy Association.-*^ Most coun-
tries offer more stable, longer-term poli-
cy support for wind than does the United
States, and they use mechanisms that are
inherently more pluralistic and egalitari-
an. This helps explain why wind power
is on sueh a fast traek in countries such
as Germany. Denmark, and Spain.

Also playing an important role in
helping wind power gain a competitive
advantage are Renewable Energy Cred-
its, or "green tags."-^ These tags result
from laws currently in force in 13 states
that require electricity providers to
include a prescribed amount of renew-
able electricity in the electric
power-supply portfolio they offer to
their customers. Electricity providers
meet this requirement through several
possible approaches. They can generate
the necessary amount of renewable
eleetrieity themselves, purchase it from
someone else, or buy credits from other
providers who have excess. The green
tags rely almost entirely on private mar-
ket forces. Taken together with produc-
tion tax credits and various industry
improvements, they are helping wind
power continue its trend toward inde-
pendent profitability. Such status, cou-

pled with reduced public resistance.
will move wind power from the realm
of alternative to the position of main-
stream energy re.source. This might be
possible if we can move from NIMBY
to PIMBY.

From NIMBY to PIMBY

When plans encounter resistance,
developers usually make amended sug-
gestions to attract greater support. This
would seem to be a sensible tactic for
wind developers, but it was not a part of
planning for wind power in the mid-
198ns. Instead, a naive impression pre-
vailed that wind power would attract
unquestioned support. However, the pub-
lie resisted the blatant placement of wind
turbines on the landscape. It was a par-
ticularly unexpected experience because
California was known as a state where
many of the most ardent environmental-
ists held forth. Instead of receiving con-
gratulatory handshakes, wind developers
(and various government officials)
received notices of lawsuits for their
trouble. NIMBY, even then a battle-
scarred acronym (for "Not In My Back
Yard"), emerged in the headlines.

The ingredients mixed in the cauldron
of subsequent wind power development
made for a rich and complex brew. On
the positive and promising side, develop-
ers learned to appreciate the power of
public opinion and to work to inform it
more completely. This also applied to
regulators and policymakers. All parties
began ascribing primacy to cooperation
over imposition. By the mid-1990s, wind
eompanies successfully improved effi-
eiency and design, and jurisdictiona!
authorities made zoning eodes more
appropriate if not more restrictive. The
use of foeus groups and public hearings
became common elements in wind
development planning procedures. As a
result, controversy and press attention
subsided, and projects continued to eome
on line with little fanfare or public notice
in Iowa, Kansas, Minnesota, and Texas.

Then came Cape Wind, and much of
the old debate began anew. Developers
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who had forgotten or never fully appreci-
ated the power of public opinion started
retreating. Despite many improvements
and increasing experience. Cape Wind
planners had devoted insufficient atten-
tion to considering the combination of
factors that make one place unique from
another. They reasoned that if offshore
installations were meeting with success
in Europe, why should they not fmd
acceptance in "green" Massachusetts?
However, they failed to realize the poor
comparability between the mindset of
people in the United States, who live in a
spacious and largely post-industrial
country, and their Europeans contempo-
raries who have been living with indus-
trial landscapes, greater population den-
sity, and much less personal space for
centuries. In making their calculations,
they neglected to note that the coastal
areas of Massachusetts, heavily utilized
for recreation, is not comparable with the
lightly settled coastal areas of Europe.

In many ways, the Cape Wind episode
is an East Coast version of the California
experience 20 years earlier. Admittedly,
the setting is different—desert versus
ocean—but the underlying problem is
the same: wind turbines—immovable
and numerous—interfering with the aes-
thetics of a valued recreational resource.

The experience of Cape Wind suggests
the need for a fresh approach to wind
power development. The key element ot
this new approach is simplicity itself:
Avoid sites having a high potential for
conflict. Making this assessment would
involve two steps. The first step would be
to assign sites "compatibility rankings,"
starling with the most compatible sites.

• Rank #1 properties would be those
where it is not only suitable but overtly
requested tor wind development, such as
farTns in Iowa or Kansas.

• Rank #2 properties would likely be
acceptable, such as in southeastern
Washington.

• Rank #3 properties might be accept-
able in certain circumstances, sueh as
near Palm Springs.

• Rank #4 properties would be com-
pletely off-limits, for example, on the top
of Mt. Rushmore.

Ranks would be determined accord-
ing to points assigned to site-specillc
characteristics, including lines of site,
type and color tone of terrain, ownership,
bird flyways (see the box on this page).

endangered species, competitive eco-
nomic value, transmission lines/corri-
dors, protected status (such as national
parks), economic development, energy
security, and so forth. This should be part

WIND POWER AND BIRD MORTALITY

There is a persisteni public impression
that birds and windmills don't mix very
well. Particularly for the smaller tur-
bines, the spinning blades are hard to
see during the day and are invisible ai
night. Many of those who campaign
against wind power expansion cite this
eoneern as part of their argument.

Concerns about turbine-related bird
mortality stem largely from the experi-
ence at Altamont Pass. California.
where approximately 7.000 wind tur-
bines are located on rolling grassland
50 miles east of San Francisco Bay.'
Between 1989 and 1991, 182 dead
birds were found in study plots associ-
ated with wind turbines, including
approximately 39 golden eagles killed
per year by the turbines.' Golden
eagles, red-tailed hawks, and American
kestrels had higher mortality than more
common American ravens and turkey
vultures.^ Deaths of eagles and poten-
tial danger to endangered California
condors are the biggest issues at Alta-
mont Pa.ss. Bird mortality at compara-
bly sized wind facilities has been
reported as being similar or lower than
those at Altamont Pass."*

While such fatalities are regrettable,
there is serious question as to whether
they are sufficient to slow or halt the
use of wind power. One environmental
group. The Defenders of Wildlife, rec-
ommends that bird mortality should be
"kept in perspective."^ For comparision.
glass windows kill 100-900 million
birds per year; house eats, 100 million:
cars and trucks. 50-100 million: trans-
mission line collisions, up (o 175 mil-
lion; agriculture, 67 million; and hunt-
ing, more than 100 million.'' Clean
Power Now, an advocacy group
encouraging wind development in Nan-
tucket Sound, answers the question
"Do wind turbines kill birds?" by stat-
ing "Very few and not always."^ Alta-
mont Pass, where much of the concern
for avian safety originated, appears to
be more of the exception than the rule.
Data show the actual numbers killed in
the pass do not exceed one bird per tur-

bine per year, and for raptors, reported
kill rates are 0.05 per turbine per year.̂
Nevertheless, the wind power industry
has made several adjustments. For
example, perch guards are being
installed and a program to replace the
old machines with modem turbines on
high monopolcs is ongoing (One mod-
em turbine replaces seven older
machines).^ More study on this matter
would be welcome.
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of the process of environmental impact
assessment, and it should be initiated at
any location with a strong, class 4 or above
wind resource. Without sueh rankings, the
eurrent ad hoc and contentious approach
will continue. It would be akin to a gener-
al plan for a city: Variances could be grant-
ed, but there would be a broad guidance
document in place.

Part two of this plan would be to con-
centrate our attention on Rank #1 sites. In
ihe United States, this means the Great
Plains. There are two simple reasons to
emphasize this region. First, the United
States' greatest wind resource is there.
Second, the small-scale farmers in the area
generally welcome the turbines. The mes-
sage is this: When contentious sites breed
contempt, avoid them, at least for now.
even if the resoui'ee base is attractive and
the load centers are nearby. Admit that the
wind power alternative is uniquely visible
and interferes with seenie vistas and eease
trying to foree-feed developments down
the throats of a resistant public. This is not
good for the future of wind power.

On the other hand, there are plaees
where wind power development is wel-
come. Small farms of the Great Plains
have been losing ground for decades to
consolidation and the vagaiies of weather;
they need an economic boost to stay
viable. The owners of these farms have put
out the welcome mat for wind developers
in places such as along Buffalo Ridge, on
the border between northwest Iowa and
Minnesota, and even farther west in places
like Lamar. Colorado. As Chris Rundell. a
local rancher, phi'ased it: "The windfami
has installed a new spirit of community in
Lamar . . . it's intangible but very real."
They are embracing a new acronym,
PIMBY—Please In My BaekYard.

Seeing the wind development in the
Great Plains in recent years is a continua-
tion of history, if in a slightly different
tbnri: Where a century ago hundreds of
thousands of fami windmills made the
local agricultural life possible, wind power
is again proving its worth to those who
would live there. It is bringing needed cash
into the local economy and slowing a mul-
tiycar trend of farm abandonment and con-
solidation. The same lands that eai'ly wind

machines helped develop, new wind
machines are helping presei'vc.'^
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