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TAPPING INTO WIND POWER

Il across the United States, abundant wind re-

sources can be harnessed to produce reliable and
clean electricity. When well-sited and well-managed,
wind power is one of the most cost-effective sources
of electricity available, capable of generating power
at prices competitive with new natural gas plants and
cheaper than new coal and nuclear plants.

And compared with fossil fuels, wind power
offers substantial public health, economic, and envi-
ronmental benefits. It produces no air or water pollu-
tion, global warming emissions, or waste products,
and saves water. It can also create jobs and other
local economic benefits, stabilize and even reduce
energy prices, cut dependence on imported fossil
fuels, and conserve natural resources for future gen-
erations. For these reasons, wind is a viable energy
solution that can play a major role in our transition to a
sustainable energy future.

ECONOMIC BENEFITS

More Stable Power Costs

Wind power is steadily becoming one of the more
cost-effective choices for electricity in the United
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States. The up-front costs are typically higher than
those of conventional electricity sources because of
the expense of manufacturing and installing the tur-
bines. Once the turbines are in place, however, the
“fuel” is free, and the price of the power remains
stable because operation and maintenance costs are
low compared with most other power sources that
have to pay for fuel.

Technological advances and growing economies of
scale have driven down wind costs by about 80 per-
cent over the last three decades, though U.S. wind
turbine prices began to increase in 2005 due to rising
global demand, higher materials costs, and a weak
dollar. Still, the Department of Energy has found that
wind power was roughly competitive with wholesale
power from 2003 to 2009 (Wiser and Bolinger 2010).

Over the last several years, wind and natural gas
have been the most cost-competitive sources of new
power generation, and when natural gas prices spiked
to near-record levels in 2008, wind power was often
the cheapest available option (when sited in optimal
locations). By 2010, increased supplies and low energy
demand caused by the recession shifted the economic
advantage back toward natural gas, but as the nation’s
economy recovers, the cost of wind turbines is once
again declining. Experts project that well-situated wind
will continue to compete with natural gas as the low-
est-cost power option (Wiser and Bolinger 2010). The

Wind is a viable energy solution
that can play a major role in
our transition to a sustainable
energy future.



price stability benefits offered by wind power provide
a clear long-term advantage for utilities and their cus-
tomers over the price volatility associated with natural
gas and other fossil fuels.

Job Creation

The wind industry is a proven job creator, even during
the recent recession: according to the American Wind
Energy Association, the industry employed roughly
85,000 full-time workers at the end of 2009—up from
35,000 in 2007—including more than 18,000 in manu-
facturing and many others in project development,
construction, operations, maintenance, and financial,
legal, and consulting services (AWEA 2010). The aver-
age 100-megawatt (MW) utility-scale wind project cre-
ates 40 to 160 construction jobs, or about one to two
jobs for each typical-size turbine. Once such a project
has been constructed, approximately 10 to 25 perma-
nent employees are required to operate and maintain it
(NREL 2005).

The opportunity for continued job growth in
manufacturing is substantial. A single large-scale wind
turbine contains more than 8,000 parts (ranging from
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The wind industry is a proven job creator, spurring “direct” employment
opportunities in project development, construction, operations, and
maintenance, as well as "indirect” employment opportunities (such

as transportation, lodging, and other services) that support wind
development. Above: Interstate rail brings turbhine towers to a project
site. Below: Workers assemble turbines at Clipper Turbine Works in
Cedar Rapids, IA.

the many small mechanical, structural, and electrical
pieces to the much larger components such as blades,
towers, and gearboxes), and a growing percentage

of this equipment is being built domestically: about

60 percent in 2009, up from less than 20 percent in
2006 (Wiser and Bolinger 2010). Smart policies and a
stable, long-term market for wind power can continue
this trend and help revitalize communities across the
United States.

Stronger Local Economies

Local governments collect property and income

taxes and other payments from wind project owners.
Owners of the land on which wind projects are built
often receive lease payments ranging from $3,000 to
$6,000 per megawatt of installed capacity, as well as
payments for power line easements and road rights-of-
way. Or, they may earn royalties based on the project’s
annual revenues.

Wind projects therefore keep money circulating
within the local economy, and in most states wind
production will reduce the need to spend money on
coal and natural gas imports. Thirty-eight states were
net importers of coal in 2008—from other states and,

© Nick Benson, ottergoose.net



increasingly, other countries: 16 states spent a total
of more than $1.8 billion on coal from as far away as
Colombia, Venezuela, and Indonesia, and 11 states
spent more than $1 billion each on net coal imports
(Deyette and Freese 2010). In 2009, the United States
spent $15.7 billion on natural gas imported from other
countries (EIA 2010).

Greater Economic Security

Oil and natural gas prices are vulnerable to global
market forces and events. Increasing our use of wind
power would reduce our dependence on natural gas

Bill Sutton first thought about using wind energy on
his farm in Jefferson, IA, in 2002. Five years later, he
and his business partner David Ausberger, along with
five other local landowners, fired up the turbines of
the Hardin Hilltop Wind Farm—Ilowa’s first “commu-
nity-owned” wind project. These projects are owned
by local individuals and institutions like farmers,
small-business owners, schools, churches, and small
rural electric cooperatives, who are seeking a much
larger financial return on a project than just lease
payments or tax revenues.

By working together, Sutton and his partners were
able to share start-up costs, apply for funding sources,
find equity partners, increase their total generat-

ing capacity, and negotiate better power purchasing
agreements with utility companies (Fletcher 2007).
Each of the seven local investors own a single 2.1 MW
turbine, for a total project size of 14.7 MW—enough
to provide power to all 4,500 people living in
Jefferson (Suzlon 2011; Wind 2006).

Collaborating with Edison Mission Group (EMG) as
an equity partner, the local investors were able to
secure project funds by taking advantage of several
state and federal incentive programs and by using a
unique finance structure known as an LLC flip model.

for electric power generation and, to a lesser extent,
on oil for vehicle fuel (as wind would provide a clean
power source for the emerging electric vehicle mar-
ket). Less dependence on fossil fuel imports would
help insulate consumers against the risk of fuel supply
cutoffs or shortages, reduce payments made to unsta-
ble nations, and make our energy supply more secure.
Because wind turbines require no fuel and pro-
duce no waste, wind power is also far less risky than
conventional energy sources, which carry the risk of
fires, fuel spills, and toxic waste leakage. Wind power
also avoids the safety, security, and radioactive waste

Under this model, EMG provides critical start-up
capital and becomes a temporary project owner,
receiving in return the tax incentives associated with
the project and a guaranteed rate of return on its
investment. Once those tax incentives expire, owner-
ship of the project “flips” over to Sutton and his
partners (Wind 2006).

David Ausberger

lowa construction workers install blades at the seven-turbine,
14 MW Hardin Hilltop Wind Farm.
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costs associated with nuclear power. And because
wind and other renewable energy facilities tend to be
geographically dispersed, they require less of the com-
plex, centralized infrastructure that makes our current
electricity system vulnerable to accidents, attacks, and
other disruptions.

Finally, the damage to public health and the envi-
ronment caused by our dependence on fossil fuels
exacts a major toll on the U.S. economy. The Harvard
School of Public Health found that the total cost of
damage caused by coal alone—from mining to burning
to waste disposal—approaches $523 billion per year,
which would add as much as 27 cents per kilowatt-
hour to coal’s cost if plant owners had to pay for the
damage, making it far more expensive than wind
(Epstein et al. 2011).

Cleaner Air

Wind turbines produce no air pollution during opera-
tion, while fossil-fuel-powered electricity generation
releases large amounts of sulfur dioxide (SO,), nitro-
gen oxides (NOy), fine soot par-
ticles, and other toxic substances.
These pollutants create acid rain
and smog, and cause or aggravate

a wide range of respiratory and car-
diovascular diseases. For example,
fine particulate emissions from U.S.
power plants contribute to 13,200
premature deaths each year, accord-
ing to the Clean Air Task Force
(CATF) (Schneider and Banks 2010).
The CATF also estimated that total
health-related damages associated
with air pollution from coal-fired
power plants amount to more than
$102 billion per year.

Less Global Warming Emissions

Per capita, the United States emits
far more of the heat-trapping gases
that drive global warming (primar-

ily carbon dioxide, or CO,) than any
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other nation. Electricity generation, which currently
relies heavily on the burning of coal and other fossil
fuels that emit CO,, accounts for roughly one-third of
U.S. global warming emissions (EPA 2010).

If left unchecked, these emissions are expected
to cause irreversible damage to communities and habi-
tats in the United States and around the world. This
damage will likely include more extreme droughts and
heat waves, more intense tropical storms, poorer air
quality, flooding and erosion in coastal communities
due to rising sea levels, reduced agricultural productiv-
ity in some regions, and widespread habitat loss and
extinctions (Karl, Melillo, and Peterson 2009). One
study warns that if heat-trapping emissions continue
to rise at the current rate, approximately 1 million
species—15 to 37 percent of all non-marine species—
could be on an irreversible path to extinction by 2050
(Thomas et al. 2004).

Wind power offers a scalable and affordable
way to reduce the electricity sector’s global warming
emissions. Aside from the relatively minor amount
of emissions associated with turbine manufactur-
ing and construction, wind power is carbon-free;

The United States currently generates nearly half of its electricity from coal, the most carbon-
intensive energy source. Accelerating the use of carbon-free wind power, along with energy
efficiency and other renewable energy technologies, will cut emissions from the electricity
sector and save consumers and businesses money.
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The DOE projects that generating

20 percent of the country’s electricity
from wind power by 2030 would
reduce annual CO, emissions from
power plants by 25 percent.

every megawatt-hour generated with wind turbines
instead of coal avoids about one ton of CO, emis-
sions (Jaramillo, Griffin, and Matthews 2007). A major
deployment of wind power could therefore deliver
significant emissions reductions: the U.S. Department
of Energy (DOE) projects that generating 20 percent
of the country’s electricity from wind power by 2030
would reduce annual CO, emissions from power
plants by 25 percent, or a cumulative total of 7.6 billion
metric tons (DOE 2008).

Reduced Water Use

Given power plants’ use of water for cooling, the elec-
tricity sector accounts for almost half of all U.S. water
withdrawals—more than agricultural irrigation, municipal
water supplies, and household use combined (Kenny
et al. 2009). In 2005, U.S. coal, nuclear, and natural gas
plants used more than 100 billion gallons of freshwater
per day. In addition, as much as 1.7 trillion gallons are
lost to evaporation each year (DOE 2008). Power plant
cooling systems also draw in and kill billions of fish per
year, and harm other marine life when cooling water is
returned to waterways at dangerously high tempera-
tures (EPA 2011).

Wind power uses virtually no water. The DOE
calculates that generating 20 percent of the country’'s
electricity from wind energy by 2030 would reduce the
electricity sector’s cumulative water consumption by
8 percent, saving 4 trillion gallons over 20 years. About
30 percent of these savings would occur in western
states, where water scarcity is an ongoing concern
and projected to worsen (Karl, Melillo, and Peterson
2009; DOE 2008).

No Water Pollution or Waste

Coal burned in power plants is the leading source of
human-caused emissions of mercury, which eventu-
ally becomes concentrated in fish such as tuna and
swordfish, and can cause brain damage when ingested
by young children and birth defects when ingested by
women of child-bearing age.

Coal plants also produce solid waste containing
heavy metals and other toxic substances that can con-
taminate drinking water supplies and harm local eco-
systems if not disposed of safely. In December 2008,
a dike burst at a Tennessee power plant’s impound-
ment pond, sending an estimated 1.1 billion gallons of
coal ash slurry into the Emory River, damaging homes
and fouling the water with arsenic, selenium, and mer-
cury (Barton 2010; EPA 2009).

Similarly, spent nuclear fuel contains highly
radioactive waste that requires hundreds of thousands
of years to decay to the point where it becomes harm-
less. It also contains large quantities of less radioactive,
yet still dangerous, waste (NRC 2010).

Wildlife

Though wind power offers significant benefits to the
natural world compared with fossil fuel and nuclear
power generation, it can (like all energy sources)
harm birds, bats, and other wildlife. A recent National
Wind Coordinating Committee (NWCC) review of
peer-reviewed research found evidence of bird and
bat deaths from collisions, as well as habitat loss or
disruption (NWCC 2010). Bats can also be killed by
barotrauma, a phenomenon caused by rapid pressure
changes as they fly through the area where the blades
turn. However, the NWCC concluded that the impact
on birds and bats is relatively low at the vast major-
ity of locations and does not pose a threat to species
populations.

Over the last several decades, the wind industry
has made great strides in reducing and mitigating its
impact on wildlife thanks to better research, techno-
logical advances, and lessons learned in siting. For
example, biologists investigating bat behavior have
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Balancing economic development and environmental protection in Wyoming

Part of the 111 MW Dunlap | wind project near Medicine Bow, WY.

With the 2010 opening of its Dunlap | wind project
near Medicine Bow, WY, Rocky Mountain Power
demonstrated that a utility can create jobs and eco-
nomic development while minimizing its impact on
wildlife. The project consists of 74 General Electric
wind turbines supplying 111 MW of cost-effective,
carbon-free electricity—enough to power about
32,000 typical homes. The project will not only meet
burgeoning local demand but also help satisfy sur-
rounding states’ renewable electricity standards
(PacifiCorp 2010).

noted that bats are most active when wind speeds

are low and insects are most abundant. The Bats and
Wind Energy Cooperative found that keeping wind tur-
bines motionless during times of low wind speeds may
reduce bat deaths by more than half without significant-
ly affecting power production, but additional monitoring
and research is needed (Arnett et al. 2010).

The wind industry has made great
strides in reducing and mitigating its
impact on wildlife thanks to better
research, technological advances,
and lessons learned in siting.
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Teresa Hooper

The installation of Dunlap | represents a total invest-
ment of $261 million, including the turbines, a new
substation, and 11 miles of transmission lines. About
300 people were employed during construction,

and as many as 10 full-time employees will remain
on-site (LeClair 2009). Rocky Mountain Power projects
an annual operating budget for Dunlap | of approxi-
mately $2.4 million, including maintenance, salaries,
permitting, local taxes, and land-use payments

(Bird 2010).

Because 97 percent of the 16,500-acre project foot-
print (including the space between turbines) is unde-
veloped scrub or grassland, the project developers
investigated concerns about wildlife habitat during
the planning process (Bird 2010; Johnson, Bay, and
Eddy 2009). This research led to the development of a
siting plan for the turbines and the transmission line
corridor that minimizes disturbance of the greater
sage grouse and its habitat (Johnson, Bay, and Eddy
2009; Rocky Mountain Power 2009).

To help wind developers site and maintain wind
farms that will have minimal impacts on wildlife, the
American Wind Wildlife Institute funds research on,
and communicates significant advances in, risk assess-
ment and mitigation. In addition, an advisory commit-
tee created by the U.S. Fish and Wildlife Service and
comprised of representatives from industry, state and
tribal governments, and nonprofit organizations has
published recommendations for land-based wind proj-
ects, including a multi-stage decision-making frame-
work for developers (FWS 2010).

Land Use

The direct footprint of a wind turbine is relatively
small: a typical 1.5 MW turbine measures about

15 feet across its base, and its concrete foundation



(set underground) measures about 30 feet on a side.
In the area immediately surrounding the turbine, trees
and other ground cover must be cleared to allow for
maintenance and overhead transmission lines (if need-
ed in remote locations). Developers also use some
land to build access roads.

Wind turbines are usually spaced 5 to 10 rotor
diameters apart, depending on the terrain, to maximize
performance (Denholm et al. 2009). This can mean
as little as 32 acres per megawatt in rolling terrain
or up to 50 acres per megawatt in flat areas, but the
turbines and related infrastructure occupy just 2 to
5 percent of that area, leaving at least 95 percent of
the land free for other uses (AWEA 2009). Wind tur-
bines around the world co-exist safely with schools,
highways, hiking trails, and farms.

IMPACTS ON THE HUMAN ENVIRONMENT

Visual Concerns
The impact of wind power that most people will
experience is visual, whether in
the form of shadow flicker, lighting,
or aesthetics. Shadow flicker
caused by turning blades can be
annoying for some people who

live in their vicinity, but it is pos-
sible to calculate precisely where
shadows will fall over the course
of a year. Developers can therefore
avoid or minimize these concerns
by siting turbines appropriately

or mitigating the problem by plant-
ing evergreens or installing win-
dow awnings that will block the
shadows.

Federal Aviation Administration
(FAA) rules generally require
objects more than 200 feet high
such as commercial-scale wind tur-
bines to have flashing red or white
lights for aviation safety. However,
the FAA recently determined that
as long as there are no gaps in

lighting greater than a half-mile, it is not necessary

to light each tower in a multi-turbine wind project.
Daytime lighting is unnecessary as long as the turbines
are painted white.

When it comes to aesthetics, wind turbines can
elicit strong reactions. To some people, they are graceful
sculptures; to others, they are eyesores that compro-
mise the natural landscape. VWhether a community is
willing to accept an altered skyline in return for cleaner
power should be decided in an open public dialogue.

Sound

Modern wind turbines are relatively quiet. From sever-
al hundred feet away, they are designed to be no nois-
ier than a refrigerator, though turbines at some sites
have reportedly produced higher noise levels under
certain conditions. Some people living in close proxim-
ity have complained about the sound and vibration, and
raised concerns about their potential health impact.
An industry-funded analysis by doctors and audi-

ologists of the peer-reviewed literature found that
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the sounds from wind turbines have no direct ad-
verse effect on human health (AWEA and CanWEA
2009). Government-sponsored studies in Canada
and Australia have reached similar conclusions
(Chief Medical Officer of Health of Ontario 2010;
NHMRC 2010).

Nevertheless, because the current scientific litera-
ture in this area is somewhat limited, public concerns
should be taken seriously while additional research is
undertaken. Developers should be “good neighbors”
and follow best-practice guidelines for the careful sit-
ing of turbines. Accurate sound and vibration impact
assessments and tours of existing wind farms can
also help establish realistic expectations.

Property Values

Another concern raised about wind energy projects

is their potential effect on local property values. DOE
researchers who examined the sales of 7,500 single-
family homes located within 10 miles of a wind facility
found no conclusive evidence of widespread declines
in value; while not ruling out the possibility that indi-
vidual homes could decrease in value, the study
indicates that such declines are likely to be small and
infrequent. Further research on home values in close
proximity (less than one mile) to wind projects will be
critical in establishing guidelines for developers (Hoen
et al. 2009).

The fact that the wind does not blow all the time
poses some challenges to the electricity sector, but
these challenges are neither unique nor insurmount-
able. Wind power is capable of providing reliable elec-
tric service to consumers.

Many utilities are already
demonstrating that wind power
can make a significant contribution
to their electric supply without
reliability problems.
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Figure 1. Cumulative Wind Power Installations:
20 Percent Target versus Actual
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Sources: AWEA 2010; DOE 2008.

At the end of 2010, more than 40,000 megawatts of wind capacity was
in operation in the United States, putting the wind industry well ahead
of the trajectory suggested by the Department of Energy for generating
20 percent of U.S. electricity from wind power by 2030.

Today, operators of our nation’s electric grid must
constantly vary power plants’ output as demand rises
and falls. Some power plants must therefore be kept
in reserve to meet unexpected surges or drops in
demand, as well as to respond to power plant out-
ages or downed power lines. Wind energy does
make power supplies even more variable, but it can
be integrated into the grid through careful and effec-
tive management of reserves. New tools such as
improved short-term forecasting allow grid operators
to plan more accurately for wind power availability,
and sophisticated electronic controls allow operators
to make continual adjustments to a wind power facil-
ity’s output.

The costs of integrating wind energy into the
grid are manageable. Extensive engineering stud-
ies by U.S. utilities, and actual operating experience
in Europe, show that the costs increase along with
wind'’s share of the system mix, but even at 20 per-
cent penetration, integration costs add 10 percent or
less to wind's wholesale generation cost (DOE 2008).
And because wind has low operating costs (since
there is no fuel to purchase), it can reduce overall sys-
tem costs by displacing the output of more expensive
units, such as gas turbines.



Many utilities are already demonstrating that wind The DOE found that expanding wind
power can make a significant contribution to their elec-

tric supply without reliability problems. According to power from about 2 percent of U.S.
the DOE, nine US utilities genergteq between 1_0 and electricity in 2009 to 20 percent by
38 percent of their power from wind in 2009 (Wiser
and Bolinger 2010). The largest user of wind power, 2030 is both feasible and affordable,
Xcel Energy (which serves nearly 3.5 million customers
across eight Western and Midwestern states), obtains
11 percent of its electricity from wind and plans to the nation’s power Supp|y_
approach 20 percent by 2020 (Xcel Energy 2010;

Wiser and Bolinger 2010). Wind power already supplies
20 percent of the electricity or more for several areas
in Europe: Denmark currently leads all nations with

20 percent wind penetration, and two states in
Germany with a combined population of 4 million get
40 percent of their electricity from wind (Earth Policy
Institute 2010).

Promising developments in storage technology
have the potential to enhance reliability even more,
though there are plenty of opportunities for wind
power to expand without storage during the next
20 years at least.

and would not affect the reliability of

five times as many megawatts during this period as in
the previous 25 years (AWEA 2011; AWEA 2010). As a
result, U.S. deployment was well ahead of the DOE'’s
suggested trajectory at the end of 2010, with more
than 40,000 MW of capacity in operation (Figure 1).

As with any industry that experiences rapid growth,
wind power will have its challenges. The recent finan-
cial crisis took a heavy toll on the industry, slowing proj-
ect financing and reducing consumer demand, and the
industry is having difficulty gaining access to existing

THE FUTURE OF WIND
POWER IN AMERICA

Increasingly competitive prices,
the ability to create jobs and boost
local economies, and the promise
of a new energy resource that
poses little threat to public health
or the environment suggest a
bright future for wind power in the
United States. The DOE found that
expanding wind power from about
2 percent of U.S. electricity in 2009
to 20 percent by 2030 is both fea-
sible and affordable, and would not
affect the reliability of the nation’s
power supply (DOE 2008).

The wind industry is pushing
to meet that target. Developers
added wind capacity at an aver-
age growth rate of 35 percent per
year from 2005 to 2010, installing
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What Makes a Wind Site Economical?

The United States has excellent wind

resources, but not every windy location
makes an ideal site for a wind turbine.
The quality of a site depends on multiple
factors including:

Wind speed. High average wind speeds
are the most important factor in choosing
a turbine site. Commercial sites are typi-
cally located in areas with average wind
speeds above 13 miles per hour (mph)

or 5.8 meters per second. Because the
energy in the wind depends on the cube
of the wind speed, even small increases

in speed make a significant difference in

. = Soure e e Traspower,
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16 mph site can produce 50 to 60 percent

more electricity than the same turbine Map reflects ann\}f;.l average \ivind speeds measur_ed at 80 meters (26_2 feet) above ground. Wind speeds
for Alaska, Hawaii, Puerto Rico, and the U.S. Virgin Islands (not pictured) were measured at 50 meters
at a 13 mph site, which makes the cost (164 feet) above ground. Source: NREL and AWS Truepower 2010.
transmission lines and building new lines that will be State standards are a great start, but a national
needed to bring its power to market. These obstacles, RES of 25 percent by 2025 would substantially
combined with increased competition due to lower increase the market for wind and other renewable
natural gas prices, resulted in the United States install- energy resources, create hundreds of thousands of
ing half as many megawatts of wind power in 2010 jobs, and save consumers money on their energy bills
as in 2009, and losing the world's top ranking in total (UCS 2009). Additional state and federal policies such
capacity to China. as tax credits and other financial incentives, increased
To overcome these challenges, maintain its global funding for research and development, and improved
leadership, and continue the march toward a clean processes for transmission planning, siting, and
and sustainable energy future, the United States must approval are also needed to ensure a successful future
adopt stable, long-term policies that encourage wind for wind power.
energy investment and deployment. One of the most Wind power stands out as a smart choice for an
effective during the past decade has been state-level economy based on clean, sustainable energy.
renewable electricity standards (RES), which require A determined national effort would allow us to
utilities to supply consumers with a growing percent- harness our abundant wind resources and produce
age of renewable energy over time, developing the affordable and reliable electricity, while protect-
best sites and the most cost-effective resources first. ing our health and environment for generations

As of 2010, 29 states and Washington, DC, had adopt- to come.
ed this market-based approach.
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of the power more affordable and can lead to greater
reductions in fossil fuel pollution.

All regions of the country have some suitable wind
resources (Figure 2), though the best land-based sites
are typically found in the central plains, from the
Dakotas south through Texas. Offshore wind resources
also hold great potential, though no projects have yet
been installed in the United States. Winds tend to be
more consistent and blow at higher speeds further
offshore, but the expense of constructing and maintain-
ing turbines and connecting them to the electric grid
increases rapidly in deep water.

Topography and accessibility. The local landscape can
greatly affect wind power potential; good sites are open
and generally higher than the surrounding area. Steep
hills or cliffs can create turbulence that reduces energy
output and can increase maintenance costs, but gradu-
ally sloping hills can increase wind speeds. Good sites
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