P&%—St Discovery Guides

Capturing the Wind: Power for the 21* Century
by Ethan Goffman

Introduction

Wind power is one of the oldest sources of energy,
also one of the newedtor thousands of years, humat
have used sails to catch the wind and ply the deas.
haps as early as the fifth century A.D., windmills we
used in Persia to power mills (Gobarhrough most of
the twentieth century, windmilleemed a quaint leftove
from bygone days, their power dwarfed by that genere
from coal, oil, and other fossil fuel$he oil crisis of the :
1970s, however, prefigured a change in attitude tow __ Ouix ote i his |er35r'y17 :
energy that would subside, but be rekindled in the 19 centur y battle with Spanish windmills

http://www.crystalinks.com/windmills

ard beyond, as fears of global warming spurred a se¢ nymi
for alternative energy sources.

th

Like all energy used by humans, wind power has its ultimate origin in théf $ossil fuels rely

on solar energy stored underground for millennia and solar panefaramgore direct, wind

power harnessddnetic energyprocesses unleashed by the siis.the American Wind Energy
Associati on ( ANBU’s radiatiogn heats different garts of the earth at different
rates-most notably during the day and nightit also when different surfaces (for example; wa

ter and land) absorb or reflect at different rates. This in turn causes portions of the atmosphere to
warm differently. Hot air rises, reducing the atmospheric pressure at the earth's surface, and
coolerar is drawn in to repl a@fe daur sTehnewedewseul al li
being battered by a fierce wind, but the question is how to harness it for humadnsesens

such a diffuse, mysterious, and invisible force.

It is also a powerfl forcee According to the National Research
energy the earth receives from the sun is convertedkinggic energyin the atmosphere, 100

ti mes more than the ener gyl7)®©bcowse endreed amountso bi o
of potential wind power will never be harnessddwever, areas where great swaths of wind oc

cur in relatively concentrated force provide great opportunilibs is one reason why modern

wind power tends to work via wind farms, large groupgmormous structures situated where

the wind is strongest (unlike the more diffuse solar panels, which tend to be situated on individ

ual buildings) Wind also offers the advantages of being endlessly renewaflike fossil fuels,

we ol | nevAmd uistds textpremely cl ean, emit-ting n
ses.
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Goffman: Capturing the Wind

Wind power does have som#isadvan
tages, the prime one beingtermittency
On calm days it disappear$his means
that either it must be combined with other
sources, such as coal fired plants, to-pro
vide consistent power, or ways must be
found to store itWind turbines also Kil
birds and bats, and often encounter local
opposition from people who feel that they
disfigure landscapes.

Nevertheless wind power currently is

Wwind turbine .s at the Horns Reef wind farm in Denmark, surging in popularity, part of a desperate
some 20 kms (12  miles) off the port of Esbjerg search for al ternati ve
Jorgen True, Copyright 2007, Getty Images add to global warming oother environ

mental stressedJnlike solar power, which remains extremely expensive, wind power is cost
competitive with fossil fuels such as coal, and is becoming more sod e Bedcpst of wine
generated electricity has dropped by more than 80% sirecearly 1980s. A modern, stait

the-art utility-scale wind turbine can generate electricity for 4 cents per kildwaitt, which is
nearly competitive with fossil/l fuel so A§ AWEA,
other energy sources become mexeensive, and wind technology continues to improve, wind

will become even more cost competitive.

Given these factors, it is netirprising that

the use of wind power is increasing rapidl World Wi“‘::s':)"’;goge“e'a““g Capacity,
Just a few years ago wind was mostly +e B

gated to a few European countries such | BTM Consuit, AWEA, EWEA, GWEC

Holland and Germany. ndeed, A g

wind energy for electricity generation #&

which began on a utility scalam about 8 g0}

1980, grew relatively slowly at first with g

only about 3 gigawatts (GW, one billiol 3 40f

watts) installed by 1993However, by £

2003, t he -anergyl ch@asity G

was 39.4 GW, and by 2005 it was mo 0 . - ; ;

t han 5 mRCBM[bW”]d iS now a 1980 1985 1990 1995 2000 2005 2010

pOpU|ar SOLIJI‘CG of energy In Chlna’ Indi Source: Janet Sawin. Wind Power Continues Rapid Rise
and the United Statel the coming years worldwatch Institute, April 2008

this gust toward wind power should reacn
hurricane force, as wind turbines become ubiquitous, powering our homes and our businesses
with limitless free energy wie doing little harm to the environment.

The environmentalist belief in wind as a superior energy option is becoming widespr2ads
Gr eenpeace hewgdieddstrytohtaday isfione the world's fastest growing energy
sectors and offers the steopportunity to begin the transition to a global economy based en sus

ProQuest Discovery Guides
http://lwww.csa.com/discoveryguides/discoveryguides -main.php Released June 2008

2



Goffman: Capturing the Wind

t ai nabl e Ietheeshog pediod irke that was written, wind energy use has grown even
faster:fiWind energyhad a breakout year in 2007, according to an annual survey Byntbag-
canWind EnergyAssociation.Producers invested $9 billion to install a record 5,244 megawatts
of electrical generating capacity in the United States last year, boosting the countrylsnibtal
capacity by 45 percent to 16,818 MWind accounted foB0 percent of all new generating-ca
pacity in 2007. . . . Yet the association expedgtsd to generate 48 billion kilowatthours in 2008,

just over 1 percent of al/l U.S. elect®ndci ty a
the potential for gnath remains huggi Accor di ng to the U. S. Departr
winds could theoretically supply . . . mor e t
FAQs 9).

How Wind Turbines Work

The generation of wind ener@yor trans

duction of wind energy into electrical en

ergyd depends upon some kind of surface

that is struck by wind anttansformed into

energy usable by humarlsn ot her wor d:¢
wind energy system transforms the kinetic

energy of the wind into mechanical or elec
trical ener gy oWiti MOdEA Bas
sophisticated technology, this transformation

has become increasinglffective, making

wind power far more useful than in even the

recent pastAccording to Green

is th 6st ommon mdern K i . i
design because it mini  mizes forces related to fatigue single wind turbine can produce 200 times
hitp://en.wikipedia.org/wiki/Wind_power more power than its equivalent two decades

agoo (3).

Todayodés wind turbines gandreal Ityh amo s suessts ttwhor,e
shows that this configuration offers the best balance of efficiency, dynamic performance, and
construction e Bladeomustdhs configuidd to take)advantage of high wind
speeds while avoiding being blavaway.A modern windmill uses aerodynamic principles from
sophisticated aircraft: AThe t woturlpnerotoraary aer o
lift , which acts perpendicular to the direction of wind flow; drag, which acts parallel to the

drecti on of wind flowo (How Stuff Works).

Wind turbines must be configured to operate in an uligiable and highly variable
environment, in order to svikve major stormsAs one anal yst expl ains,

always how best to stabilize rotor speto maximize electricity production. . . . Its control
systems must safeguard operation in conditions that range from a dead calm to gusts with
directional changes and velocities t hbhnées may o

do this througlchanges in angle and through mechanisms that cause them to shut down under
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R o 2| Intal-axis Turbine dangerous conditions. A sophisticated modern turbine
Afcan twist its heagawcamto)tbhe s uj
matchwind direction and adjust the pitch of its blades to
achieve desired speed and tor
lander).

Rotor Blade

Nacelle

Hub

Low-speed High-speed
Shaft Shaft

cludesa hub, anacellefor pratection from bad weather, a

\J The blades are the most unique part of a structure that in
generator (and usually a gearboxjpaer, and electronic

Rotor Hub Gearbox

equipment(AWEA Basics). Once the wind makes the
= — blades turn, the next step is to change this energy to a
[ J form that can be used over long distances: electricity.
QQLJE_ |ranome  HOW St uf f Wor ks explains, Awhe
capture wind eergy and start moving, they spin a shaft
Brake  Breke  Genersior | | [TY that | eads from the hub of t h

— _“=— converts it to electricity.

http://science.howstuffworks.com/wind

power2.htm . . . ..
Energy from a wind turbine is measured kilowatt

hoursthati s, the amount of energy it takesAsto pow
itds generat ed, wiractdy inpodhe grid in icamjunatisnuiéH energy froemd  d i
other sources, such as coal plants. At times, however, wind power @ fetofgture use.

Of the two basic designs of wind electric turbine, vertical and horizontal, horizontal is by far the

more common (although experimental vertical turbines continue to be Hugtpponents of a

rival design are to be believed, electgatan be generated fromind even more cheaply by tur

bines that rotate about a vertical axis, like a playground rounddb@uMA, a company b,
Cheyenne, Wyoming, claims that its first vertieaiswindt ur bi ne o wi4b%ofthear ves't
wind's available energy conventional propellestyle turbines, in contrast, have efficiencies of

2540 %0 (Economist) .

Location, Size, and Efficiency

A few standalone wind turbines exist, useful for areas off the electrical §till. wind turbines

are mosteffective when grouped into large wind farms positioned so as to take maximum ad
vantage of prevailing windg.hese can also share much of the equipment needed to bring elec
tricity onto the grid.

Because the wind is as unpredictable as the wenihdeedit is (one component of) the
weathed it stops and starts and blows with variable force. Wind turbines therefore rarely run at
100% of their theoretical capacitijhe amount of the theoretical maximum that is actually avail
able as energy is referred to @acity factor w h ¢omparesiithe plant's actual production
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Goffman: Capturing the Wind

VBD at sounding stations in 2000

Wind classes at 80 m
1(V<5.9 m/s)

® 2(59=V<6.9m/s)

® 3(69=V<7.5m/s)

® 4(7.52V<8.1 m/s)
5(8.1=V<8.6 m/s)

® 6(8.6=V<94m/s)

® 7(V=94m/s)

Global wind map from Stanford University showing the best locations for wind farms
http://www.worldchanging.com/archives/002770.html

over a given period of time with the amount of power the plant would have produced if it had run
at full capacity for the same amount of ti meo

While conventional power plants usually operate at from 8 ®% capaci ty,- wind
pacity factor is generally only 25% to 40%WEA FAQs) (but of course the source of this en

ergy is free) Advances in technology may be able to improve on this performance, but only up

to theBetz limito f 5 9 %; Afan upper theoretical i mito t
wind turbine can actually (NREP®.ure or convert

Don Quixote would hardly recognize todayds en
flee in teror. When it comes to wind turbines size matters, for both the blades and the towers.

the past 25 years wiildur bi nes have Dbecome signifi9%antly
meters high with a threkladed roter 7® 0 met er s (NRC 2)dThis gigeificantly dm

pacts the amoun tWind &t 50wneters willh an avwerage,thavd twicefthe power
densityazvindme asur ed at 10 meterso (Ewing).

Siting is also criticalT he mor e wind that exists i@qenesgy ar ea
of moving air that passes the rotor of a turbine is proportional to the cube of the wind speed.
Hence, a doubling of the wind sp@RGl17)lwcmuUl t s i
tion is crwucial for apprWherldcatad gppropaiatelynadunbine a p a c
should run 60 to 80% of the time. When sized appropriately for a given location, it will provide
its full rated out pyWelarade). Thiseisaas Key rdaofio foroblildingh et i
windmills at sea, where wiisdtend to be both more powerful and more predictaifies benefit

is offset somewhat, however, by the higher cost of constructing wind turbines offshore.
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Goffman: Capturing the Wind

Advantages and Disadvantages of Wind Energy

The advantages of wind energy are rather obvious, and follow

from its renewability.Once a wind installation is up, the power
generated is free except for operating costsd, unlike the

burning of fossil fuels, the gemation of wind energy gives off no

harmful emissionsAs the American Wind Energy Association
explains, AWind energy system op:¢
water emissions and do not produce hazardous waste. Nor do they
deplete natural resources suchcaal, oil, or gas, or cause envi

ronmental damage through resource extraction and transporta

ti ono ( AreQamolsfé¢rcentage of our pollution comes

from power plants, notably coal plants.o r Il nstance, i
U.S. power plants emitted 70% tbfe sulfur dioxide, 34% of car

bon dioxide, 33% of nitrogen oxides, 28% of particulate matter

and 23% of toxic heavy metals released into our nation's envi
ronment o (AWEA FAQs 14).

Coal is one of the dirtiest
energy sources

http://i  -eclectica.org/ i i i i
200710807/ Replacmg fpssn fuel ggnerated energy with wm_d power reduces

such emissins depending, of course, on how dirty the replaced
sources aréAccording to a 2002 study, in the New England e a , Afone wind turbi

kW with a 28% capacity factor (i.e. about 1.5 million kWh/year) eliminates the production of
about 0 ubds 8f 802, 1p860 pounds of Nox, and 1,100 tons of CO2. (University of Mas
sachusettswWi t h gl obal warming emi ssions a huge con
important than ever.

Another advantage of wind power is that converting to it crgatess | nd e e d At he Eu
Wind Energy Association (EWEA) estimates that every megawatt (MW) of installed wind ca
pacity creates about 60 perspears of employment and 159 | o b s, directly a

(AWEA Economic DevelopmentlConversion to wingpower is part of the heralded green jobs
explosion.Some portions of a green, sustainable economy are labor intensive; they also require a
range of employees, from highly technical to manual labor.

At first a clean, inexpensive, inexhaustible energy ssaliad might seem troublieee. As with

most things, though, problems appear on closer examindttw National Research Council
sums up possible adverse effects as foll ows:
increase of geologic hazardssmil erosion; localized generation of airborne dust; noise genera

tion; alteration or degradation of wildlife habitat or sensitive or unique habitat; interference with
resident or migratory fish or wildlife species, including protected species; alteoatdeyrada

tion of plant communities, including occurrence of invasive vegetation;uaacthanges; altera

tion of visual resources; release of hazardous materials or wastes; increased traffic; increased
humanhealth and safety hazards; and destructioioes of paleontological or cultural -re

S 0 u r (BlRG20).Many of these problems, however, would occur with any kind of energy fa
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Goffman: Capturing the Wind

cility. Wind power, furthermore, lacks many of the adverse effects of power generation by fossil
fuels, but like them, doedamage ecosystems through land clearing, roads, and power transmis
sion lines.Problems specific to wind power are chiefly of three kindgermittency) wind is
variable and undependable; aesthetic issys=ople might not like having wind farms near their
homes; and environmental iss@esotably, wind turbines kill birds and bats.

Intermittency: ItComesand Goes, Then Comes Again

Winddés inter mi
to probably the chief problerr
with wind power: its unprediet
ability. Because it cannot be
counted, it must be either sug

plemented or storedVind may

therefore work in COﬂjUﬂCtiOﬂ http://www.alibaba.com/catalog/10871603/Wind_Energy Wind_Turbi
nes_Wind_Power_Stations.html

with conventional power
sources on aslectrical grid relieving them wheiit is available and saving on the consumption
of nonrenewable fuelt may also be stored for later use.

Most wind turbines are |inked to the electric
problem.The key is to balance wind with other mearfiggenerating energy that may be more
dependable but less environmentally friendtyx p| ai ns o indkfarnssdave tbeecapa i w

bility of helping stabilize weak grids or areas where loading is variable and heavy. They can be
equipped with control mechems that allow them to provide reactive power for distribution

system maintenance, even when (Welarels). Erergyefa not g ¢
cilities, then, must wWidanedut hg mianohowower i
der). Just what percentage can be safely given to wind is still being worke@maitimportant

test case is Denmar k, whi ch balances wind an:t

two renewableenergysources together to provide cheap and reliable powéehe grid at all

ti meso so that ADenmar k cur r eengrdyfyom thewirglo about
(Schneider). Similarly, the American Wind Energy Association estimates that wind could theo
retically provide 20% of U.S. energy (FAQs 8).

Beyond balancing with other energy sources, wind power can also be stored so that the energy
resources captured on a blustery day can be later used during a deadirceimpression, wa

ter elevation, and batteries are three forms of sto’ih. compresse@ir energyst or a g e, At
basic strategy is to use excess electric power to run compressors that inject air into underground
storage fieldsodo (Schneider) where it can be |
hydr o, A w & powver asgt dowe thraughdurbines from a reservoir at high elevation to a

lower one. The same water can be pumped back upward using the electricity available at times of
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lessened demand, allowing the excessrgyt o b e st or eHlnally @8rsthwireli der ) .
farm is installing fia vanadium redox fl ow bat
cell, except that it can be charged and disch

Another potential use of windpower is in the production of hydrogen batteriprocess now
performed mostly by electrolysi€urrently, however, such production is so energy inefficient as
to be impracticalleimar).

The Birds and the Bats: The Facts of Life at Wind Facilities

All energy generation has some impact on the
environment, at the very least through the re
sources consumed and habitat cleared in con
structing power stationdVith wind energy,
perhaps the biggesbncern is with birds and
bats, whose flight paths may take them into
collision with wind turbines and towers.
Certain species may be prone, through their
migratory paths, to collisions with wind
farms.

- ARG b D Vo Harm to a single species concentrated in one

A bird of prey kill evthdfarh Cal i ¢ g p
www.wired.com/news/planet/0.2782.69177.00.html area cold have unforseen impact@_ne rea
sonisthafispeci es that are i mportant predators [ an
be keystone species in both natural and huait@med ecosystems. . . . Notably many raptors and
insectivorous bats fit hese rol eso (NRC 70). BDestraction 6fs o h e |

pecies crucial to the ecosystem is thus a concern.

The number of bird fatalities due to wind power is relatively snfdde US Fish and Wildlife
Service estimates that @76 million bird collisions with buildings occur annually, at least 130
million with high-tension lines, but only 20,0687,000 with wind turbinegNRC 71).Only if a

very specific bird species is endangered are bird collisions with wind energy facilities any envi
ronmental concern. n d e bBedNatiorfalt Academy of Sciences has published a study that says
pesticides and collisions with cars or buildings kill more birds and bats. The Audubon Society
has even endorsedind turbine® We¢lande). Currently, i a mo n gspebies,rndcturnal, mi

grating passerines are the most common fatalities . . . probably due to their abundance, although

numerous raptors fatalities have b@NRG@7)reporte
The number of bat fatalities appears &rlthough data collection is insufficiehtn d e e d , At h
majority of empirical data froowindf aci | i ti es around the world r
so that Aknowl edge of factors influenci-ng bat
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ties)Unl i ke birds, however, bats do seem particu
collide with other tall anthropogenic structures, the frequency and magnitude of fatalities is much

lower than those observedwindt ur bi nes 0 (Hatalities)B8atsrappean tb beRliawn
toward the spinning blades, or confused by them and unable to evade them.

Still, the possibility of wind turbines wiping out a specific species seems refsigthesis of

available reports sell aspsciestohat listal mothreatenedloy endaa p o r t
gered under the Endangered Species Act killedveind facility. However, there were few fa
cilities operating within the range of threat

(Patterns of BaFatalities) Migratory bats appeared most at risk, a point which provides a reason
for future vigilance.

Fatality patterns provide clues to avoiding further harm to bat commurtisgnthesizing re

view found the fApeak ofi diswmbmeme tdololuighi dml fl at
Fatalites)Most bats were found twndspeed (kG ndsec). Bwtal ni g h
ing operations during low wind periods, particularly in late summer and fall, could reduce bat
fatal ity @attbrsstofaBattFataitiedhnother report also suggests mitigation efforts
based oWe faundnhat: modgi of the bat activity near wind turbines occurs in the first 2
hours after sunset 0 (dBreifpirey pattermsaof batRregsapsp and e s 1 3
finding out why they are attracted to turbines, thus suggest future mitigation strafégiesore

that researchers know, the betferfut ur e research should concent.
of collisions, potential population effects anevdlopment of mitigation strategies to avoid or

minimize bat mortality avindp | ant s 0 By dumihgof tunbies or otherwise prevent

ing collisions at peak periods of fatalities for endangered species, lasting harm to bat communi

ties and the e@ystems with which they interact can probably be prevented

Aesthetics and Local Opposition: Can You Stop the Wind?

Quality wind power depends on

selecting the areas where the wind

is most consistent and strong, but

this is not necessarily where there

. are large numbers of people

wowis  demanding  energy. On  the

) contrary, fualitye hig
largestscale  wind  resources
usually are far from the main

centers of demand, i.e., where

people Iive and work
Protest against wind turbines in South Gippsland, Australia -
http:/Aww.abc.net.au/mitalks/bbing/specials/wind/default.htm Building far  away means
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additional costs and environmental impacts due to transportation, transmission lines, etc.

On the other hand, building close to people has aesthetic impattsah raise local opposition.

Although some find wind facilities attractive and dynamic, to others they are strange and
unwi el dy and det r ac acterfFrequentlyatmey do nat &t i svith Iplanairzg| c ha
and zoning,; i t entaller thanrabyilotad zoning brdiramce ever sovied, and

they are impossible to Atcreemedromewi mavp (@INS§
historic or even religious significanc®loreover, turbine noise can reach troublesome levels

within a hdf mile radius, although generally no further (NRC 138)addition, theirflickering

shadowscan cause unsettling feelings, at least in northern Europe because of the obliqueness of
the sundés angle, although this is not a probl

All of these problems can generate local opposition to a given wind prtdjecugh what is
someti mes call ed t he NMBY,tfactor.For iNsyanc® &larth Cavobna d , 0
residents objected to a wind power project, raisinguesti ons about the pro
wind turbines that would dwarf the Cape Lookaghthouse and stand taller than the Wachovia
building in downt oMonr eR aflaemoguhsdo i(sRatwile nGape Cod
windmills taller than the Statue of Liberty across a shallove@4aremile area about 6 miles off

Cape CodoLqcEawlbeadapposition dramatized their ob
who wore fisherman's gear, a chef's hat, and a bird costume to represent, respectively, the com
mercial, tourism, and avian interests they say would be hurt byititefarm. The bid, wearing

BandAi d s , begged f er v e n The projactovasbalso opposee ly @nvifoie b b e r
mental icon Robert F. Kennedy, who regularly vacations in Cape Cod, and led to division within

the environmental movement.

Wind, Wind Everywhere

Local opposition may be
slowing wind power in
places, but only margatly.
With its relatvely low
installation cost, pnading an
endless supply of virtually
free energy, wind is proving
to be the most competitive o
renewable  energies. The
source of solar power migh

seem even more ub|qu|tou< Wind turbines near Dhule, India
http://www.nytimes.com/2006/09/28/business/worldbusiness/28wind.htmI?

but hlgh irstallation  costs _r=1&adxnnl=1&oref=slogin&adxnnix=1211216551
have blunted its p@peal. 1U++b+8Iz5hplhLDRIKPIA
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Hydropower is cost competitive, but depends on the availability of rushing water; furthermore,
the dams required to generate hydropower alter local hydrology, creating harmful environmental
effects.Biofuels, such as ethanol, depend upon the avubfjaof land that may have other uses,

and such exotisounding alternatives as geothermal power work only where there is a
dependable source of underground heat, notably in Iceland.

The following chart gives a quick comparison of the advantages amiivdigages of various
energy sources, both renewable and nonrenewable:

Energy Source Comparison

SOURCE ADVANTAGES DISADVANTAGES

Oil Inexpensive until it runs | Causes local pollution and is a heavy contributor
out global warming. Nonrenewable and maynsaring

its peak availability.

Natural gas | Inexpensive and clean | Can be difficult to mine and storage is difficult.
burning. Extensive Flammable. Nonrenewablmfrastructure not in
reserves. place for fueling vehicles.

Coal Inexpensive. Extensive | Highly polluting in every aspect, from mining to
resenes. local pollution to global warming. Nonrenewable,

Difficult to use for personal transportation.

Nuclear No local or global Expensive startip costs. Fear of nuclear accident

warming emissions and terroism. Wastes pose a loitgrm hazard.
Difficult to use for personal transportation.

Biofuel Available from farm Takes energy input to create farm products.
products. Easily Displaces land that can be used for food or
produced locally wilderness. Current bfuels, notably corn ethanol,

may cause a net increase in greenhouse emissigq

Solar Infinitely renewable. With current technology and worldwide silicon
Easily produced locally. | shortage start up costs are extremely high. Pane
No emissions. take up aelatively large area; solar depends on &

steady source of sun.

Hydro Renewable. No Expensive start up. Depends upon availability of
emissions. rapid waterBuilding dams alters hydrology

resulting in population displacement and
environmental costs.

Wind Renewable. No Depends upon wind availability. IntermitteBest
emissions. Cost wind farm locations often far from human
competitive. habitation. May harm birds and bats and have ot

local environmental effects.

Given its adyvanngahgteved powedisgrowingtat as enormaus rAseone
sour ce avingpbveeri pnoduced i the United States in 2001 was comparable in price to
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conventional power pr odu cAs énergyplicesgncreasetandrwand g a s
generatob ecomes more efficient, the balance | eans

Wind power is also competitive because of government subsittidsble in the United States is

the Production Tax Credit (PTC), w lit focehec A pr ovi
tricity produced commercially from a wind energy facility during the first ten years of its-opera

ti ono ( Gr eAtthoygle theceds litllebajiditional federal policy, there is also an array of

A s t-bageck polices such as Renewable Paotfétandards (RPS), Renewable Electricity Stan

dards, and RenewabkEnergyPr oducti on I ncentive (RBbPBpuy 0 ( Wi
wind energy developmenfnd other countries less averse to government intervention, notably

in Europe, have been fanore ag

Annual Wind Capacity Additions in China, gressive about comprehensive plan
Germany, Spain, and the United States, 1980-2007 ning to build a potent wind energy

Saurce: BTM Consult AWEA, EWEA, GWEC network.
United

States Free market purists may dislike gov
ernment incentives for wind power;
theoretically, they contend, wind
should be able to compete on its
own. Yet wind is fighting against
deeply entrenched energy interests
0 with longterm subsidies of their
-1 g \ g y , own. Indeed, Greenpeace claims that
1980 1985 1990 1995 2000 2005 2010 fconventional ener gy
Source: Janet Sawin Wind Power Continues Rapid Rise as coal and. (_],I|I’€C_€IV€ an .e.StImated
WorIdWatchInstitute, Ap.ril 2008 - $250:300 billion in  subsidies per

year wor | dAedordimgdo ( 15) .
o n e e Xl kind tof,hardito say thatind energywouldn't be pretty attractive in the absence
of subsidies, because coal, oil, gas, nuclear, and hydroelpotsier all get some form of sub
sidization" (Averett).

Thousand Megawatts
N w B o {=2)

—_—
T

Despite any subsidies, and despite its competitiveness and cleanness, wind power remains far
behind other means of energy generatbrs of 200 6, Amodern t-echnol
mal, wind, solr, and oceaenergytogether provided some 0.8% of firehergyc ons umpt i on o
(Australian).Yet, gven the problems with other sources and the advantages of wind, it is not
surprising that the use of wind power is growing exponentially, notably in Eutdpm the past

few years, also in China, India, and the United Stdteseed,fi lpbal wind power capacity

reached 94,100 megawatts by the end of 2007, up 27 percent from the previous year, and then
topped 100, 000 megawat tEhisdowth & macurring i2 §pile&®ba ( Saw
shortage of parts for wind turbineB.hi s shortage will not b ast ; i
tioning themselves to increase production of gearboxes, rotors, and other components, and it is
expected that this willeliminat t he tur bine shortage Theuseob met i n
wind power can be expected to accelerate in the coming decades.
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As of 2008 Europe remains the largest user of wind power, but it may not remain so for long.
Whil e itods tr uansthehvaotldieGderimeand power eapacity, with a total of
22,247 megawatt s, al most 24 percent of the gl

foovard.Chi na, notably, Awas barely in the dvind Db
only the United States and Spain in wind inst
(Sawin2)l ndi a, too, has been a huge surprise in t

for total installations, with an estimated 8,000 megawatdo ( Sawi n 2) .

Another country leaping forward in wind power use is

the United StatesAccording to the American Wind

Energy Association, wind power generatingpacity

grew and astounding 45% 2007, to total 16,818

megawatts (Installed)The United States has also

emerged as a major market for European wind manu

facturers: i E u r o wiedaemergy companies have

been making a beeline for the United States, which is

fast emerging as an investment hub Wand energy

generatorso (Wi ndWhileUdarly Spac

Acolus, Greek God of the winds Wln_d farms_appeared mostly in qulfornla, the stereo

http://science.nasa.gov/newhome/headlines typical environmental state, Texas now the U.S.

fessd14nov97_1.htm |l eader in wind power, with #f
installed, including three of the five largesind farms

i n the U. S Texas(sWsehsible place fpr this explosion of wind power, given that it

is ranked second in wind poweotential, behind the smaller and less economically vibrant

North DakotaWelande}.

Despite the meteoric rise of wind power in the United States from almost none in 1980, it still
generates less than 1% of total U.S. energy (NRQ'df).a U.S. Departmerof Energy Study

says that wind can gener at &he gobehtial éof groktm ¢hen, c a 6 s
remains tremendous, not only in America but around the wiorldoming years a wave of tur

bines spinning dizzily in the distance should becomeramon sightThis will be the contribu

tion of wind, a mythic, ubiquitous force from the primeval human past, to a sustainable human
future.
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