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* Board Governance

* Jobs@nyserda
New York State Energy Research and Development Authority (NYSERDA) is a public * Responsibilities
benefit corporation created in 1975 under Article 8, Title 9 of the State Public Authorities > Doing Business With
Law through the reconstitution of the New York State Atomic and Space Development NYSERDA
Authority. NYSERDA's earliest efforts focused solely on research and development with > Mission Statement
the goal of reducing the State’s petroleum consumption. Subsequent research and X )
development projects focused on topics including environmental effects of energy Related Sites
consumption, development of renewable resources, and advancement of innovative ? Press Releases
technologies. > Publications

o . * Other Sites of Interest
Currently, NYSERDA is primarily funded by state rate payers through the System Benefits 5 lend
Charge (SBC), which was established on May 20, 1996, and was specified funding from Events Calendar
July 1, 1998 to June 30, 2001. These SBC funds were allocated towards energy- 7 Regional Offices
efficiency programs, research and development initiatives, low-income energy programs, > Sustainability NYSERDA
and environmental disclosure activities. Part of this funding went into the creation of New
York Energy SmartSM which helps to maintain momentum for the State’s efforts to
develop competitive markets for energy efficiency; demand management; outreach and
education services; research, development, and demonstration; low-income services; and
to provide direct economic and environmental benefits to New Yorkers. The SBC was
extended through June 30, 2006, and most recently until June 30, 2011.

NYSERDA strives to facilitate change through the widespread development and use of
innovative technologies to improve the State’s energy, economic, and environmental
wellbeing. In fulfilling its mission, NYSERDA's workforce reflects its public service
orientation, placing a premium on objective analysis and collaboration, as well as
reaching out to solicit multiple perspectives and share information. NYSERDA is
committed to public service, striving to be a model of efficiency and effectiveness, while
remaining flexible and responsive to its customers’ needs. NYSERDA's programs and
services provide a vehicle for the State to work collaboratively with businesses,
academia, industry, the federal government, environmental community, public interest
groups, and energy market participants. Through these collaborations, NYSERDA seeks
to develop a diversified energy supply portfolio, improve market mechanisms, and
facilitate the introduction and adoption of advanced technologies that will help New
Yorkers plan for and respond to uncertainties in the energy markets.

NYSERDA is governed by a board consisting of 13 members, including the
Commissioner of the Department of Transportation, the Commissioner of the Department
of Environmental Conservation, the Chair of the Public Service Commission, and the
Chair of the Power Authority of the State of New York, who serve ex officio. The
remaining nine members are appointed by the Governor of the State of New York with the
advice and consent of the Senate and include, as required by statute, an engineer or
research scientist, an economist, an environmentalist, a consumer advocate, an officer of
a gas utility, an officer of an electric utility, and three at-large members.

For more information, contact the Communications unit, NYSERDA, 17 Columbia Circle,
Albany, New York 12203-6399; 1-866-NYSERDA or (518) 862-1090.

Webcasts | Members of the Board | Privacy Policies | Disclaimer | Regulations
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A Clean, Green Tomorrow Starts Today

A Renewable Portfolio Standard (RPS) is a policy
that seeks to increase the proportion of renewable
electricity used by retail customers. New York
State’s goal is to reach 25% by 2013. NYSERDA is
responsible for getting to 24% of the ultimate 25%
goal. The remaining 1% is expected to come from
individuals and businesses who choose to pay a
premium on their electricity bill to support renewable
energy.

RPS energy targets for the 24% goal fall into two

groups: Higley hydroelectric station -
Photo Courtesy of Brookfield Power
e Main Tier or Large Scale Generators - Large scaled generators that sell power
to the wholesale grid
o Eligibility
o Current/Past Solicitations

e Customer-Sited Tier - small scaled generators such as a photovoltaic (PV)
system on a residence

Main Tier / Large Scale Generators

As of March 31, 2009, NYSERDA has completed
three competitive Main Tier solicitations which
have resulted in twenty-eight large-scale electricity
generators participating in the RPS. The total new
renewable capacity associated with these 28 large-
scale renewable generators could reach 1,164
megawatts (MW) by late 2009. Of these 28
renewable electricity generators, 24 are now
operating, and four are under construction and
expected to be operating by the end of 2009.

: ) For a generating facility to be eligible for Main Tier
Map'%ggg%sc}mgi oiaVI;/EEd- Photo  program procurements, it must meet the
generation type and fuel source eligibility
Energy/IBERDROLA RENEWABLES Inc. requirements as defined and clarified by the PSC
in its June 28, 2006 Order. The PSC orders issued for Case 03-E-0188 are the
controlling authority for all determinations of eligibility of projects participating in the
NYS RPS.

Please see our eligibility requirements for more Main Tier information.

http://www.nyserda.org/rps/index.asp 9/12/2009
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Customer-Sited Tier

The RPS program supports active open-enrollment incentive programs for photovoltaics
(PV), anaerobic digester gas (ADG) systems at farms and wastewater treatment
facilities, fuel cells and small wind turbines. These “behind-the-meter” renewable
systems are supported through the following initiatives:

e Customers interested in installing PV or small
wind can work with one of NYSERDA's
eligible installers through Power...Naturally.
Incentives are available through the solar and
wind installers.

e Up to $1 million per anaerobic digester is
available through PON 1146.

e Up to $1 million per fuel cell system is

available through PON 1150. Bergey WindPower turbine -

Photo courtesy of Bergey Windpower
Company and Michael and Shaun Lord

Webcasts | Members of the Board | Privacy Policies | Disclaimer | Regulations

17 Columbia Circle, Albany, NY 12203-6399 Toll-Free: 1-866-NYSERDA or Local: 518-862-1090 Fax: 518-862-1091
New York City and Buffalo Regional Offices
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New York's public benefit program was established by order of the New York State Public
Service Commission (PSC) in January 1998. The first three-year, $175 million program,

funded by the System Benefits Charge (SBC), ensured that certain consumer programs NYSERDA

and general public policy goals were continued through the State's transition to a > Mission Statement
competitive electric market. The SBC charge included in utility bills for customers of » Related Sites
Central Hudson, Con Edison, NYSEG, National Grid, Orange and Rockland, and y

Rochester Gas and Electric.NYSERDA was chosen by the PSC to administer the New Press Releases

Publications

Other Sites of Interest
Events Calendar
Regional Offices
Sustainability NYSERDA

York Energy $martSM Program.

The initial policy goals of the program were to promote competitive markets for energy
efficiency services, and to provide direct benefits to electricity ratepayers and/or to be of
clear economic benefit to the people of New York. The New York Energy $martSM
Program portfolio was designed to meet the diverse needs of the State's energy
consumers by stimulating the demand for energy-efficient products and services, and
renewable resource technologies.

B R R RF RF

The SBC and New York Energy $martSM Program was renewed in 2001 for a five-year
period at a funding level of approximately $150 million annually. Today's New York
Energy $martSM Program has grown more dynamic, not only continuing to meet
consumer interests but expanding to green energy issues as outlined in the State Energy
Plan, Governor Paterson's Executive Order 111, and the Renewable Portfolio Standard.

Under NYSERDA's current operating plan, the five-year $750 million SBC Il allocation
has been specified for the following goals: $436.3 million for energy efficiency programs,
including $16.5 million for special consumer education and outreach programs; $113.7
million for low-income energy affordability programs; and nearly $200 million for research
and development projects, with a focus on promoting renewable resources, distributed
electric generation, and combined heat and power installations.

Programmatically, NYSERDA has sought to address these priority energy issues through
four major interest areas: Energy Efficiency; Economic Development; Environmental
Enhancement and Protection; and Securing an Energy Future. To date, some 2,700
projects in more than 40 individual programs have been funded by the SBC and made

available through the New York Energy $martSM Program.
What has the New York Energy $mart Program meant to New York State?

In the last five years, the New York Energy $martSM Program has created a wealth of
economic and environmental benefits:

e Approximately $198 million in annual energy savings

4,200 jobs retained or created

e A leverage of $2.50 in private investment for every New York Energy $mart
Program dollar spent

e 1,400 GWh saved per year

860 MW in reduced demand

e Fuel savings of 3.3 TBtu

http://www.nyserda.org/ny energy smart.asp 9/12/2009
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e Annual carbon dioxide reduction equivalent to 200,000 fewer cars
e 1,300 farms benefited from the New York Energy $martSM Program
e Significant annual greenhouse gas emission reduction (in tons)

o Nitrogen oxides (NO,) — 1,280

o Sulfur dioxides (SO,) — 2,320
o Carbon dioxide (CO,) — 1,000,000

Because of the successes achieved in lowering energy costs, reducing pollution and
helping to create and retain jobs, the New York Energy $martSM Program has received
national and international recognition. Along with a long list of awards and
acknowledgments, including a Local Public Service Announcement Emmy Award,
NYSERDA was proud to have been awarded at ENERGY STAR Corporate Commitment
Award in 2005 — the first in the nation to a public agency for its ENERGY STAR
programs.

Indeed, NYSERDA's innovative programs, as well as its custom-designed analytical and
measurement practices, have been used by other states and countries as a model for
their emerging public benefit programs. New Yorkers can take great pride in the
accomplishments of NYSERDA and the New York Energy $martSM Program — helping to
secure a brighter energy future for the Empire State for just pennies a day.

On December 21, 2005, the PSC issued an Order (Case 05-M-0900, In the Matter of the
System Benefits Charge lll, Order Continuing the System Benefits Charge (SBC) and the
SBC-funded Public Benefit Programs) continuing the SBC program through June 30,
2011 and increasing the funding level to $175 million per year. The Order provided a
thorough Review of comments from stakeholders and presented recommendations for
continuing and modifying existing the existing program to more effectively serve the
interests of the State. The Order required NYSERDA to prepare a five-year Operating
Plan for SBCIII (503kb .pdf), which the NYS Department of Public Service staff approved
on March 3, 2006.

Webcasts | Members of the Board | Privacy Policies | Disclaimer | Regulations
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Energy Information sdministration

Enerqgy Kids
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XYZ

A

Activation Energy - Activation energy of a reaction is the amount of energy
needed to start the reaction.

Active Heating System - A solar water or space-heating system that moves
heated air or water using pumps or fans.

Air-Conditioning - Cooling and dehumidifying the air in a building by a
refrigeration unit by a refrigeration unit powered by electricity or natural gas. This
definition excludes fans, blowers, or evaporative cooling systems (swamp coolers)
that are not connected to a refrigeration unit. (See this word used in context.)

Air-Conditioning Equipment - Either a central system, window or wall units that
cool the air in a housing unit by a refrigeration unit powered by electricity or natural
gas. This definition excludes fans, blowers, or evaporative cooling systems
(swamp coolers) that are not connected to a refrigeration unit.

Alternating Current - An electric current that reverses its direction at regular
intervals or cycles; In the U.S. the standard is 120 reversals or 60 cycles per
second; typically abbreviated as AC. (See this word used in context.)

Alternative Fuel - A popular term for "non-conventional” transportation fuels made
from natural gas (propane, compressed natural gas, methanol, etc.) or biomass
materials (ethanol, methanol).

http://tonto.eia.doe.gov/kids/energy.cfm?page=kids glossary 9/12/2009
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Alternative-Fuel Vehicle (AFV) - A vehicle designed to operate on an alternative
fuel (e.g., compressed natural gas, methane blend, electricity). The vehicle could
be either a vehicle designed to operate exclusively on alternative fuel or a vehicle
designed to operate on alternative fuel and/or a traditional fuel.

Ampere - A unit of measure for an electrical current; the amount of current that
flows in a circuit at an electromotive force of one Volt and at a resistance of one
Ohm. Abbreviated as amp.

Anthropogenic - Made or generated by a human or caused by human activity.
The term is used in the context of global climate change to refer to gaseous
emissions that are the result of human activities, as well as other potentially
climate-altering activities, such as deforestation.

Appliance - A piece of equipment, commonly powered by electricity, used to
perform a particular energy-driven function. Examples of common appliances are
refrigerators, clothes washers and dishwashers, conventional ranges/ovens and
microwave ovens, humidifiers and dehumidifiers, toasters, radios, and televisions.
(See this word used in context.)

Atomic Structure - The conceptualized concept of an atom, regarded as
consisting of a central positively charged nucleus (protons and neutrons) and a
number of negatively charged electrons revolving about in various orbits.

Average - The simple arithmetic average for a population; that is, the sum of all
the values in a population divided by the size of the population. Population means
are estimated by computing the weighted sum of the sample values, then dividing
by the sum of the sample weights.

Avoided Cost - A renewable or cogeneration facility that qualifies for PURPA
benefits is called a Qualifying Facility (QF). Utility companies buy the electricity
from QFs at the "avoided cost." This is the cost it would take for the utility
company to generate the amount of electricity the QF produces.

http://tonto.eia.doe.gov/kids/energy.cfm?page=kids glossary 9/12/2009
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B

Barrel: A unit of volume equal to 42 U.S. gallons. One barrel weights 306 pounds
or 5.80 million Btu of crude oil. Barrel is abbreviated as bbl.
Also, see a brief list of Barrels, and convert barrels into other units using the

energy calculator.

Battery - An energy storage device made up of one or more electrolyte cells.

Biodiesel - An alternative fuel that can be made from any fat or vegetable oil. It
can be used in any diesel engine with few or no modifications. Although biodiesel
does not contain petroleum, it can be blended with diesel at any level or used in its
pure form.

Biogenic waste - Waste made from materials that were produced by living
organisms or biological processes. Note: EIA uses the term "biogenic" to refer only
to organic nonfossil material of biological origin, such as paper or cotton.

Biofuels - Liquid fuels and blending components produced from biomass (plant)
feedstocks, used primarily for transportation.

Bioreactor - A landfill where the waste actively decomposes rather being simply
buried in a "dry tomb."

Biomass - Any organic (plant or animal) material which is available on a
renewable basis, including agricultural crops and agricultural wastes and residues,
wood and wood wastes and residues, animal wastes, municipal wastes, and
aquatic plants.

See our brief sections on: Biomass Energy and Biomass Energy Milestones.

Boiler - a tank in which water is heated to produce either hot water or steam that
Is circulated for the purpose of heating and power.

Boiling Water Reactor - A nuclear reactor in which water is allowed to boil in the
core. The resulting steam is used to drive a turbine generating electric power.

http://tonto.eia.doe.gov/kids/energy.cfm?page=kids glossary 9/12/2009
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British thermal unit (Btu) - The amount of heat required to raise the temperature
of one pound of water one degree Fahrenheit; equal to 252 calories. British
thermal unit is abbreviated as Btu. See our section on using Btu to compare

enerqgy.

C

Calorie - A unit for measuring heat energy. This unit is equal to 4.184 joules.
Often used instead of joules when dealing with the energy released from food.

Carbon Dioxide - A colorless, odorless noncombustible gas with the formula CO2
that is present in the atmosphere. It is formed by the combustion of carbon and
carbon compounds (such as fossil fuels and biomass) and by respiration, which is
a slow combustion in animals and plants, and by the gradual oxidation of organic
matter in the soil.

Chain Reaction - A self-sustaining nuclear reaction which takes place during
fission. A fissionable substance (i.e., uranium) absorbs a neutron and divides,
releasing additional neutrons that are absorbed by other fissionable nuclei,
releasing still more neutrons.

Chemical Energy - Energy stored in a substance and released during a chemical
reaction such as burning wood, coal, or oil.

Circuit(s) - A conductor or a system of conductors through which electric current
flows.

Climate Change - A term used to refer to all forms of climatic inconsistency, but
especially to significant change from one prevailing climatic condition to another.
In some cases, "climate change" has been used synonymously with the term
"global warming"; scientists, however, tend to use the term in a wider sense
inclusive of natural changes in climate, including climatic cooling.

http://tonto.eia.doe.gov/kids/energy.cfm?page=kids glossary 9/12/2009
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Coal - A fossil fuel formed by the breakdown of vegetable material trapped
underground without access to air.
See our brief sections on: Coal and Coal Milestones.

Coal-Fired Power Plant - A power plant that uses coal as the fuel to generate
electricity.

Cofiring - The process of burning natural gas in conjunction with another fuel to
reduce air pollutants.

Cogeneration - The production of electrical energy and another form of useful
energy (such as heat of steam) through the sequential use of energy.

Collector Field - The area where many solar collectors are situated in a solar
power plant.

Combustion - Chemical oxidation accompanied by the generation of light and
heat.

Commercial Sector (of Economy) - The part of the economy having to do with
the buying and selling of goods and services. The commercial sector is made up
of merchants, businesses, etc.

Conversion Factors - A number that translates units of one measurement system
into corresponding values of another measurement system. See our Energy
Calculator.

D

Deforestation: - The net removal of trees from forested land.

Derrick - A frame tower that supports the drill equipment used to find oil and
natural gas in the earth.

http://tonto.eia.doe.gov/kids/energy.cfm?page=kids glossary 9/12/2009
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Diesel Engine -Diesel engines are internal combustion engines that burn diesel oll
rather than gasoline.

Diesel Fuel - A fuel composed of distillates obtained in petroleum refining
operation or blends of such distillates with residual oil used in motor vehicles. The
boiling point and specific gravity are higher for diesel fuels than for gasoline.

Direct Current - An electric current that flows in only one direction through a
circuit, as from a battery.

Distillate Fuel Oil - A general classification for one of the petroleum fractions
produced in conventional distillation operations. It includes diesel fuels and fuel
oils. Products known as No. 1, No. 2, and No. 4 diesel fuel are used in on-highway
diesel engines, such as those in trucks and automobiles, as well as off-highway
engines, such as those in railroad locomotives and agricultural machinery.
Products known as No. 1, No. 2, and No. 4 fuel oils are used primarily for space
heating and electric power generation.

Distillation Unit (atmospheric) - The primary distillation unit that processes crude
oil (including mixtures of other hydrocarbons) at approximately atmospheric
conditions. It includes a pipe still for vaporizing the crude oil and a fractionation
tower for separating the vaporized hydrocarbon components in the crude oil into
fractions with different boiling ranges. This is done by continuously vaporizing and
condensing the components to separate higher oiling point material.

DOE - U.S. Department of Energy.

Drilling - The act of boring a hole (1) to determine whether minerals are present in
commercially recoverable quantities and (2) to accomplish production of the
minerals (including drilling to inject fluids). There are three types of drilling :
exploratory - drilling to locate probable mineral deposits or to establish the nature
of geological structures; such wells may not be capable of production if minerals
are discovered; developmental - drilling to delineate the boundaries of a known
mineral deposit to enhance the productive capacity of the producing mineral

http://tonto.eia.doe.gov/kids/energy.cfm?page=kids glossary 9/12/2009
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property; and directional - drilling that is deliberately made to depart significantly
from the vertical.

Dynamo - A device that changes mechanical energy into electrical energy.

E

Electrical Energy - The energy associated with electric charges and their
movements.

Electricity - A form of energy characterized by the presence and motion of
elementary charged particles generated by friction, induction, or chemical change.
See our brief sections on: Electricity and Electricity Milestones.

Electricity Generation - The process of producing electric energy or the amount
of electric energy produced by transforming other forms of energy, commonly
expressed in kilowatthours (kWh) or megawatthours (MWh).

Electric Motor - a device that takes electrical energy and converts it into
mechanical energy to turn a shatft.

Electric Power - The amount of energy produced per second. The power
produced by an electric current.

Electrochemistry - The branch of chemistry that deals with the chemical changes
produced by electricity and the production of electricity by chemical changes.

Electromagnetic - Having to do with magnetism produced by an electric current.

Electromagnetic Energy - Energy that travels in waves, such as ultra-violet
radiation. It can be thought of as a combination of electric and magnetic energy.

Electromagnetic Waves - Radiation that consists of traveling waves of electric
and magnetic disturbances. X-rays, light rays and radio waves are among the
many kinds of electromagnetic waves.
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Electron - A subatomic particle with a negative electric charge. Electrons form
part of an atom and move around its nucleus.

Element - Any substance that cannot be separated into different substances. All
matter is composed of elements.

Emission - A discharge or something that is given off; generally used in regard to
discharges into the air. Or, releases of gases to the atmosphere from some type of
human activity (cooking, driving a car, etc). In the context of global climate change,
they consist of greenhouse gases (e.g., the release of carbon dioxide during fuel
combustion). Learn more about Greenhouse Gas Emissions on EIA's main

website (for grown-ups).

Energy - The ability to do work or the ability to move an object. Electrical energy is
usually measured in kilowatthours (kWh), while heat energy is usually measured in
British thermal units (Btu).

See our brief sections on What's Energy? and General Energy Milestones,

Energy Consumption - The use of energy as a source of heat or power or as a
raw material input to a manufacturing process.

Energy Efficiency - Refers to activities that are aimed at reducing the energy
used by substituting technically more advanced equipment, typically without
affecting the services provided. Examples include high-efficiency appliances,
efficient lighting programs, high-efficiency heating, ventilating and air conditioning
(HVAC) systems or control modifications, efficient building design, advanced
electric motor drives, and heat recovery systems.

Ethanol - A colorless liquid that burns to produce water and carbon dioxide. The
vapor forms an explosive mixture with air and may be used as a fuel in internal
combustion engines.

See our brief sections on: Ethanol and Ethanol Milestones.

http://tonto.eia.doe.gov/kids/energy.cfm?page=kids glossary 9/12/2009
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F

Federal Energy Regulatory Agency(FERC) - The Federal government agency
that regulates and oversees energy industries in the economic, environmental, and
safety interests of the American public.

Filament - The fine metal wire in a light bulb that glows when heated by an electric
current.

Fission - The splitting apart of atoms. This splitting releases large amounts of
energy and one or more neutrons. Nuclear power plants split the nuclei of uranium
atoms in a process called fission. See our section on Nuclear Energy.

Flat-Plate Solar Connector - A device designed to capture the suns energy and
produce low temperature heat energy. They are commonly used as collectors in
solar heating systems.

Flow - To move or run smoothly with unbroken continuity, as in the manner
characteristic of a fluid.

Force - Something which changes the state of rest or motion of something.

Fossil Fuels - Fuels (coal, oil, natural gas, etc.) that result from the compression
of ancient plant and animal life formed over millions of years.
See our brief sections on:

Qil and Qil Milestones,

Coal and Coal Milestones,

Natural Gas and Natural Gas Milestones, and

Uranium and Nuclear Fuel Milestones.

Fuel - Any material that can be burned to make energy.
See our brief sections on: Fuels and Fuel Milestones.
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Fuel Cycle - The entire set of stages involved in the utilization of fuel, including
extraction, transformation, transportation, and combustion.

Fuel Oil - An oil that is used for fuel and that usually ignites at a higher
temperature than kerosene.

Furnace - An enclosed structure in which heat is produced for the purpose of
heating a house or a building.

Fusion - When the nuclei of atoms are combined or "fused" together. The sun
combines the nuclei of hydrogen atoms into helium atoms in a process called
fusion. Energy from the nuclei of atoms, called "nuclear energy" is released from
fusion. See the Scientific Forms of Energy.

G

Gallon - A measure of volume equal to 4 quarts (231 cubic inches). One barrel
equals 42 gallons.
Also see our How Big is a Barrel? and Energy Calculator.

Gas - (1) A non-solid, non-liquid (as hydrogen or air) substance that has no fixed
shape and tends to expand without limit. (2) A state of matter in which the matter
concerned occupies the whole of its container irrespective of its quantity. Includes
natural gas, coke-oven gas, blast furnace gas, and refinery gas.

Gasoline - A complex mixture of relatively volatile hydrocarbons with or without
small quantities of additives, blended to form a fuel suitable for use in spark-
ignition engines.

See our brief section on: Transportation Milestones.

Gas To Liquids (GTL) - A process that combines the carbon and hydrogen
elements in natural gas molecules to make synthetic liquid petroleum products,
such as diesel fuel.
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Gas Turbine Plant - A plant in which the prime mover is a gas turbine. A gas
turbine consists typically of an axial-flow air compressor and one or more
combustion chambers where liquid or gaseous fuel is burned and the hot gases
are passed to the turbine and where the hot gases expand drive the generator and
are then used to run the compressor.

Generator - A device that turns mechanical energy into electrical energy. The
mechanical energy is sometimes provided by an engine or turbine.

Generating Capacity - The amount of electrical power a power plant can
produce.

Geothermal Energy - The heat energy that is produced by natural processes
inside the earth. It can be taken from hot springs, reservoirs of hot water deep
below the ground, or by breaking open the rock itself.

See our brief sections on: Geothermal Energy and Geothermal Energy Milestones.

Global Warming - An increase in the near surface temperature of the Earth.
Global warming has occurred in the distant past as the result of natural influences,
but the term is today most often used to refer to the warming some scientists
predict will occur as a result of increased anthropogenic emissions of greenhouse
gases.

Gravity - The natural force of attraction of the mass of a heavenly body (as the
earth) for bodies at or near its surface.

Greenhouse Effect - The effect of the Earth's atmosphere, due to certain gases,
in trapping heat from the sun; the atmosphere acts like a greenhouse. Learn more
about the Greenhouse Effect on EIA's main website (for grown-ups).

Greenhouse Emissions - Waste gases given off by industrial and power plants,
automobiles and other processes. Learn more about Greenhouse Gas Emissions

on EIA's main website (for grown-ups).
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Greenhouse Gases - Gases that trap the heat of the sun in the Earth's

atmosphere, producing the greenhouse effect. The two major greenhouse gases
are water vapor and carbon dioxide. Lesser greenhouse gases include methane,
ozone, chlorofluorocarbons, and nitrogen oxides. Learn more about Greenhouse

Gas Emissions on EIA's main website (for grown-ups).

Green Pricing - In the case of renewable electricity, green pricing represents a
market solution to the various problems associated with regulatory valuation of the
nonmarket benefits of renewables. Green pricing programs allow electricity
customers to express their willingness to pay for renewable energy development
through direct payments on their monthly utility bills.

Grid - The layout of an electrical distribution system.

H

Heat Content - The gross heat content is the number of British thermal units (Btu)
produced by the combustion, of a volume of gas under certain with air of the same
temperature and pressure as the gas, when the products of combustion are cooled
to the initial temperature of gas and air and when the water formed by combustion
Is condensed to the liquid state.

Heat Exchanger - Any device that transfers heat from one fluid (liquid or gas) to
another or to the environment.

Heating Equipment - Any equipment designed and/or specifically used for
heating ambient air in an enclosed space. Common types of heating equipment
include: central warm air furnace, heat pump, plug-in or built-in room heater, boiler
for steam or hot water heating system, heating stove, and fireplace.

Heliostat - Flat sun-tracking mirrors used to reflect and concentrate the suns'
energy onto a central receiver tower.

http://tonto.eia.doe.gov/kids/energy.cfm?page=kids glossary 9/12/2009





EIA Energy Kids - Glossary Page 13 of 29

Horsepower - A unit for measuring the rate of work (or power) equivalent to
33,000 foot-pounds per minute or 746 watts.

Hydroelectric Power Plant - A power plant that uses moving water to power a
turbine generator to produce electricity.

Hydrogen - A colorless, odorless, highly flammable gaseous element. It is the
lightest of all gases and the most abundant element in the universe, occurring
chiefly in combination with oxygen in water and also in acids, bases, alcohols,
petroleum, and other hydrocarbons.

Hydropower - Energy that comes from moving water.
See our brief sections on: Water Enerqy.

Incandescent Light Bulb - An incandescent bulb is a type of electric light in
which light is produced by a filament heated by electric current. The most common
example is the type you find in most table and floor lamps. In commercial
buildings, incandescent lights are used for display lights in retail stores, hotels and
motels. This includes the very small, high-intensity track lights used to display
merchandise or provide spot illumination in restaurants.

Induction - The process of producing an electrical or magnetic effect through the
influence of a nearby magnet, electric current, or electrically charged body.

Industrial Sector (of the Economy) - The part of the economy having to do with
the production of goods. The industrial sector is made up of factories, power
plants, etc.

Inertia - A property of matter by which it remains at rest or in uniform motion in the
same straight line unless acted upon by some outside force.
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J

Joule - A metric unit for measuring work and energy, named after James Joule. It
Is equal to the work done when a one ampere current is passed through a
resistance of one ohm for one second. See our Enerqgy Calculator.

K
Kerosene - A thick oil obtained from petroleum and used as a fuel and solvent.

Kilowatt - A unit of power, usually used for electric power or to energy
consumption (use). A kilowatt equals 1000 watts. See our brief section on
Measuring Electricity and our Energy Calculator.

Kilowatthour(kWh) - A measure of electricity defined as a unit of work or energy,
measured as 1 kilowatt (1,000 watts) of power expended for 1 hour. One kWh is
equivalent to 3,412 Btu or 3.6 million joules.

Kinetic - The energy of a body which results from its motion.

Kinetic Theory of Energy - The theory that the minute particles of all matter are
In constant motion and that the temperature of a substance depends upon the
velocity (speed) of the motion.

Kinetic Theory of Gases - The theory that physical properties of a gas are due to
the rapid motion in a straight line of its molecules, to their impacts against each
other and the walls of the container, and to weak attraction forces between the
molecules.

L
Light - Radiant electromagnetic energy that an observer can see.

Liquefied Petroleum Gas (LPG) -A group of hydrocarbon-based gases derived
from crude oil refining or natural gas fractionation. They include ethane, ethylene,
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propane, propylene, normal butane, butylene, isobutane, and isobutylene. For
convenience of transportation, these gases are liquefied through pressurization.

Load - The power and energy requirements of users on the electric power system
In a certain area or the amount of power delivered to a certain point.

Longwall Mining - An automated form of underground coal mining characterized
by high recovery and extraction rates, feasible only in relatively flat-lying, thick,
and uniform coalbeds. A high-powered cutting machine is passed across the
exposed face of coal, shearing away broken coal, which is continuously hauled
away by a floor-level conveyor system. Longwall mining extracts all machine-
minable coal between the floor and ceiling within a contiguous block of coal,
known as a panel, leaving no support pillars within the panel area. Panel
dimensions vary over time and with mining conditions but currently average about
900 feet wide (coal face width) and more than 8,000 feet long (the minable extent
of the panel, measured in direction of mining). Longwall mining is done under
movable roof supports that are advanced as the bed is cut. The roof in the mined-
out area is allowed to fall as the mining advances.

M

Magnet - Any piece of iron, steel, etc., that has the property of attracting iron or
steel.

Mechanical Energy - The energy of motion used to perform work.
Mechanical Power - The power produced by motion.

Megawatt - A unit of electrical power equal to 1000 kilowatts or one million watts.
See our Energy Calculator.

Mercaptan - An organic chemical compound that has a sulfur like odor that is
added to natural gas before distribution to the consumer, to give it a distinct,
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unpleasant odor (smells like rotten eggs). This serves as a safety device by
allowing it to be detected in the atmosphere, in cases where leaks occur.

Methane -A colorless, flammable, odorless hydrocarbon gas (CH4) which is the
major component of natural gas. It is also an important source of hydrogen in
various industrial processes. Methane is a greenhouse gas.

Miles Per Gallon (MPG) - A measure of vehicle fuel efficiency. MPG is computed
as the ratio of the total number of miles traveled by a vehicle to the total number of
gallons consumed.

Also see our Energy Calculator.

Mobile Home - A trailer that is used as a permanent dwelling.

Molecule - Particles that normally consist of two or more atoms joined together.
An example is a water molecule that is made up of two hydrogen atoms and one
oxygen atom.

Multifamily Dwellings - Apartment building and condominiums.

Municipal Solid Waste (MSW) - Residential solid waste and some nonhazardous
commercial, institutional, and industrial wastes.
See our brief sections: Garbage, and MSW Milestones.

N

Natural Gas - An odorless, colorless, tasteless, non-toxic clean-burning fossil fuel.
It is usually found in fossil fuel deposits and used as a fuel.
See our brief sections on: Natural Gas and Natural Gas Milestones.

Natural Gas Hydrates - Solid, crystalline, wax-like substances composed of
water, methane, and usually a small amount of other gases, with the gases being
trapped in the interstices of a water-ice lattice. They form beneath permafrost and
on the ocean floor under conditions of moderately high pressure and at
temperatures near the freezing point of water.
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Natural Gas Liquids (NGL) - Substances that can be processed as liquids out of
natural gas by absorption or condensation.

Non-biogenic waste: Waste made from fossil materials or materials of non-
biological origin, such as plastics, and tire-derived fuels.

Nonconcentrator System - A type of solar energy system that does not rely on
special devices to concentrate the sun's radiation while collecting it.

Nonrenewable - Fuels that cannot be easily made or "renewed." We can use up
nonrenewable fuels. Oil, natural gas, and coal are nonrenewable fuels.
See our brief sections on Nonrenewable Energy.

Nuclear Energy - Energy that comes from splitting atoms of radioactive materials,
such as uranium.
See our brief sections on: Nuclear Energy, Nuclear Power Milestones and

Electricity Milestones.

O

Offshore - The geographic area that lies seaward of the coastline. In general, the
coastline is the line of ordinary low water along with that portion of the coast that is
in direct contact with the open sea or the line marking the seaward limit of inland
water.

Offshore Reserves and Production - Unless otherwise dedicated, energy source
reserves and production that are in either state or Federal domains, located
seaward of the coastline.

Ohm - The unit of resistance to the flow of an electric current.

Oil - The raw material that petroleum products are made from. A black liquid fossil
fuel found deep in the Earth. Gasoline and most plastics are made from oil.
See our brief sections on: Qil and Oil Milestones.
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OPEC - The Organization of Petroleum Exporting Countries organized for the
purpose of negotiating with oil companies on matters of oil production, prices, and
future concession rights. Current members (as of the date of writing this definition)
are Algeria, Indonesia, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the
United Arab Emirates, and Venezuela. See OPEC's site at http://www.opec.org for
more information.

Organic Waste - Waste material of animal or plant origin.

Outer Continental Shelf - Offshore Federal domain.

P

Parabolic Trough - A type of solar concentrator collector that has a linear
parabolic shaped reflector that focuses the sun’s radiation on a receiver at the
focus of the reflector.

Passive Heating System - A means of capturing, storing, and using heat from the
sun.

Peak Load Plant- A plant usually housing old, low-efficiency steam units, gas
turbines, diesels, or pumped-storage hydroelectric equipment normally used
during the peak-load periods.

Penstock - A large pipe which carries moving water from the reservoir to a turbine
generator in a hydropower plant.

Petrochemicals - Organic and inorganic petroleum compounds and mixtures that
include but are not limited to organic chemicals, cyclic intermediates, plastics and
resins, synthetic fibers, elastomers, organic dyes, organic pigments, detergents,
surface active agents, carbon black, and ammonia.

Periodic Table - Table of all known elements in a meaningful pattern. See
Periodic Table.
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Petroleum - Generally refers to crude oil or the refined products obtained from the
processing of crude oil (gasoline, diesel fuel, heating oil, etc.) Petroleum also
includes lease condensate, unfinished oils, and natural gas plant liquids.

See our brief sections on: Petroleum and Petroleum Milestones.

Photon - A patrticle of light that acts as an individual unit of energy.

Photosynthesis - The process by which green plants make food (carbohydrates)
from water and carbon dioxide, using the energy in sunlight.

Photovoltaic Cells - A device, usually made from silicon, which converts some of
the energy from light (radiant energy) into electrical energy. Another name for a
solar cell.

See our brief sections on: Photovoltaics and Photovoltaic Milestones.

Photovoltaic Conversion - The process by which radiant (light) energy is
changed into electrical energy.

Pipeline, Distribution - A pipeline that conveys gas from a transmission pipeline
to its ultimate consumer.

Plasma - A high-temperature, ionized gas composed of electrons and positive
lons in such number that it is electrically neutral.

Power - The rate at which energy is transferred. Electrical energy is usually
measured in watts. Also used for a measurement of capacity.

Power Degradation - The loss of power when electricity is sent over long
distances.

Power-Generating Efficiency - The percentage of the total energy content of a
power plant’s fuel which is converted into electric energy. The remaining energy is
lost to the environment as heat.

Power Plant - A facility where power, especially electricity, is generated.

http://tonto.eia.doe.gov/kids/energy.cfm?page=kids glossary 9/12/2009





EIA Energy Kids - Glossary Page 20 of 29

Pressurized Water Reactor - A reactor in which water, heated by nuclear energy,
Is kept a high pressure to prevent the water from boiling. Steam is then generated
in a secondary coolant loop.

Prime Mover - The engine, turbine, water wheel, or similar machine that drives an
electric generator; or, for reporting purposes, a device that converts energy to
electricity directly (i.e. photovoltaic solar and fuel cells).

Propane (CH®) - A normally gaseous straight-chain hydrocarbon. It is a colorless
paraffinic gas that boils at a temperature of -43.67 degrees Fahrenheit. It is
extracted from natural gas or refinery gas streams.

See our brief sections on Propane.

Production, Oil and Gas - The lifting of oil and gas to the surface and gathering,
treating, field processing (as in the case of processing gas to extract liquid
hydrocarbons), and field storage.

Pumped Storage - a method of storing and producing electricity to supply high
peak demands by moving water between reservoirs at different elevations.

Public Utility Regulatory Policies Act (PURPA) - A law passed by Congress in
1978 to promote more efficient use of fossil fuels and greater use of renewable
energy for generating electricity. A renewable or cogeneration facility that qualifies
for PURPA benefits is called a Qualifying Facility (QF). Utility companies buy the
electricity from QFs at the “avoided cost.” This is the cost it would take for the
utility company to generate the amount of electricity the QF produces.

Pyrolysis - The decomposition of biomass at very high temperatures. It results in
a mixture of solids (char), liquids (oxygenated oils), and gases (methane, carbon
monoxide, and carbon dioxide).
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Q

Quadrillion Btu: One quadrillion (10%°= 10 to the 15th power) British thermal units
(Btu).
See British Thermal Unit (Btu) and our section on using Btu to compare energy

and our Converting Units.

Qualified Facilty(QF)- A renewable or cogeneration facility that qualifies for
PURPA benefits is called a Qualifying Facility (QF).

R

R-Value - A measure of a material's resistance to heat flow in units of Fahrenheit
degrees x hours x square feet per Btu. The higher the R-value of a material, the
greater its insulating capability.

Radiant Energy - Any form of energy radiating from a source in waves.

Radiation - Any high-speed transmission of energy in the form of particles or
electromagnetic waves.

Radioactive Element - An element whose atoms have unstable nuclei that
stabilizes itself by giving off radiation.

Radioactive Waste - Materials left over from making nuclear energy. Radioactive
waste can harm people and the environment if it is not stored safely.

Radioactivity - The property possessed by some elements, such as uranium, of
giving off alpha, beta, or gamma rays.

Reactor Core - Part of a nuclear power station - the structure inside which fission
occurs in millions of atomic nuclei, producing huge amounts of heat energy.

Receiver Panel (Solar) - A panel that contains a battery of solar cells.
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Recycling - The process of converting materials that are no longer useful as
designed or intended into a new product.

Refinery - An industrial plant that heats crude oil (petroleum) so that is separates
into chemical components, which are then made into more useful substances.

Refined Petroleum Products - Refined petroleum products include but are not
limited to gasoline, kerosene, distillates (including No. 2 fuel oil), liquefied
petroleum gas, asphalt, lubricating oils, diesel fuels, and residual fuels.

Refrigeration - To make or keep food cold or cool by using a refrigerator.

Renewable Energy Sources - Fuels that can be easily made or "renewed.” We
can never use up renewable fuels. Types of renewable fuels are hydropower
(water), solar, wind, geothermal, and biomass. .

Residential Sector (of the Economy) - The part of the economy having to do
with the places people stay or live. The residential sector is made up of homes,
apartments, condominiums, etc.

S

Semiconductor - Any material that has a limited capacity for conducting an
electric current. Semiconductors are crystalline solids, such as silicon, that have
an electrical conductivity between that of a conductor and an insulator.

Shaft mine - A mine that reaches the coal bed by means of a vertical shatft.

Short ton - A unit of weight equal to 2,000 pounds, often used to measure coal.
See our Energy Calculator.

Solar Cell - An electric cell which changes radiant energy from the sun into
electrical energy by the photovoltaic process.
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Solar Dish - A device that receives radiation collected by motorized collectors
which track the sun. The collectors focus the radiation the energy at a focal point
of the dish.

Solar Energy - The radiant energy of the sun, which can be converted into other
forms of energy, such as heat or electricity.
See our brief sections on: Solar Energy and Photovoltaic.

Solar Power Tower - The conceptual method of producing electrical energy from
solar rays. It involved the focusing of a large number of solar rays on a single
source (boiler), usually located on an elevated tower, to produce high
temperatures. A fluid located in or passed through the source changes into steam
and used in a turbine generator to produce electrical energy.

Solar spectrum - The total distribution of electromagnetic radiation emanating
from the sun.

Solar Thermal Heating System - Systems using concentrating collectors to focus
the sun's radiant energy onto or into receivers to produce heat.

Space Heating - The use of energy to generate heat for warmth in housing units
using space-heating equipment. The equipment could be the main space-heating
equipment or secondary space-heating equipment.

Spectrum of Electromagnetic Radiation - The name that scientists give to a
bunch of types of radiation when they want to talk about them as a group. The
types of radiation include the full range of frequencies, from radio waves to gamma
waves, which characterize light.

Spent Fuel - Irradiated fuel that is permanently discharged from a nuclear reactor.
Except for possible reprocessing, this fuel must eventually be removed from its
temporary storage location at the reactor site and placed in a permanent
repository. Spent fuel is typically measured either in metric tons of heavy metal
(i.e., only the heavy metal content of the spent fuel is considered) or in metric tons
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of initial heavy metal (essentially, the initial mass of the fuel before irradiation). The
difference between these two quantities is the weight of the fission products.
See our brief sections on: Nuclear Energy, Nuclear Power Milestones and

Electricity Milestones.

Steam - Water in vapor form; used as the working fluid in steam turbines and
heating systems.

Steam Generator - A generator in which the prime movers (turbines) are powered
by steam.

Superconductivity - The abrupt and large increase in electrical conductivity
exhibited by some metals as the temperature approaches absolute zero.

Surface Mine - A coal-producing mine that is usually within a few hundred feet of
the surface. Earth above or around the coal (overburden) is removed to expose
the coal bed, which is then mined with surface excavation equipment, such as
draglines, power shovels, bulldozers, loaders, and augers. It may also be known
as an area, contour, open-pit, strip, or auger mine.

T

Tank Farm - An installation used by trunk and gathering pipeline companies,
crude oil producers, and terminal operators (except refineries) to store crude oil.

Tanker and Barge - Vessels that transport crude oil or petroleum products.
Tesla Coil - A device for producing a high-frequency, high-voltage electric current.

Thermal Energy - The total potential and kinetic energy associated with the
random motions of the molecules of a material.

Thermostat - A device that adjusts the amount of heating and cooling produced
and/or distributed by automatically responding to the temperature in the
environment.
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Transformer - A device which converts the generator's low-voltage electricity to
higher-voltage levels for transmission to the load center, such as a city or factory.

Transmission (Electric) - The movement or transfer of electric energy over an
interconnected group of lines and associated equipment between points of supply
and points at which it is transformed for delivery to consumers or is delivered to
other electric systems. Transmission is considered to end when the energy is
transformed for distribution to the consumer.

Transmission Line - A set of conductors, insulators, supporting structures, and
associated equipment used to move large quantities of power at high voltage,
usually over long distances between a generating or receiving point and major
substations or delivery points.

Transmission System (Electric) - An interconnected group of electric
transmission lines and associated equipment for moving or transferring electric
energy in bulk between points of supply and points at which it is transformed for
delivery over the distribution system lines to consumers or is delivered to other
electric systems.

Turbine - A device which blades, which is turned by a force, e.g. that of wind,
water , or high pressure steam. The mechanical energy of the spinning turbine is
converted into electricity by a generator.

)Transportation Sector (of the Economy - The part of the economy having to do
with the how people and goods are transported (moved) from place to place.. The
transportation sector is made up of automobiles, airplanes, trucks, and ships.
trains, etc.

See our brief section on: Transportation and Transportation Milestones.

U

Underground Mine - A mine where coal is produced by tunneling into the earth to
the coal bed, which is then mined with underground mining equipment such as
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cutting machines and continuous, long wall, and short wall mining machines.
Underground mines are classified according to the type of opening used to reach
the coal, i.e., drift (level tunnel), slope (inclined tunnel), or shaft (vertical tunnel).

Uranium - A heavy, naturally-occurring, radioactive element.
See our brief sections on: Nuclear Eneragy, Nuclear Power Milestones and

Electricity Milestones.

Uranium Fuel Cycle - The series of steps involved in supplying fuel for nuclear
power reactors. It includes mining, refining, the making of fuel elements, their use
in a reactor, chemical processing to recover spent (used) fuel, re-enrichment of the
fuel material, and remaking into new fuel elements.

Utility Generation - Generation by electric systems engaged in selling electric
energy to the public.

V

Vehicle Fuel Consumption - Vehicle fuel consumption is computed as the
vehicle miles traveled divided by the fuel efficiency reported in miles per gallon
(MPG). Vehicle fuel consumption is derived from the actual vehicle mileage
collected and the assigned MPGs obtained from EPA certification files adjusted for
on-road driving. The quantity of fuel used by vehicles.

Volcanic Energy - Energy produced from volcanic action.
See our brief sections on: Geothermal Energy and Geothermal Energy Milestones.

Volt (V) - The volt is the International System of Units (SI) measure of electric
potential or electromotive force. A potential of one volt appears across a
resistance of one ohm when a current of one ampere flows through that
resistance. Reduced to Sl base units, 1 V = 1 kg times m2 times s-3 times A-1
(kilogram meter squared per second cubed per ampere).
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Voltage - The difference in electrical potential between any two conductors or
between a conductor and ground. It is a measure of the electric energy per
electron that electrons can acquire and/or give up as they move between the two
conductors.

Voltaic Electricity - Electricity produced by chemical action.

W

Waste - Municipal solid waste, landfill gas, methane, digester gas, liquid
acetonitrile waste, tall oil, waste alcohol, medical waste, paper pellets, sludge
waste, solid byproducts, tires, agricultural byproducts, closed loop biomass, fish
oil, and straw.

Waste Energy - Municipal solid waste, landfill gas, methane, digester gas, liquid
acetonitrile waste, tall oil, waste alcohol, medical waste, paper pellets, sludge
waste, solid byproducts, tires, agricultural byproducts, closed loop biomass, fish
oil, and straw used as fuel.

See our brief sections on: Waste Enerqgy , Waste Energy Milestones, and Waste-to

-Enerqgy Plant Visit.

Water Cycle - Water constantly moves through a vast global cycle, in which it
evaporates from lakes and oceans, forms clouds, precipitates as rain or snow,
then flows back to the ocean. The energy of this water cycle, which is driven by
the sun, is tapped most efficiently with hydropower.

Water Heater - An automatically controlled, thermally insulated vessel designed
for heating water and storing heated water at temperatures less than 180 degrees
Fahrenheit.

Water Turbine - A turbine that uses water pressure to rotate its blades. Primarily
used to power an electric generator.
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Watt - A metric unit of power, usually used in electric measurements, which gives
the rate at which work is done or energy used. See our section on Measuring

Electricity.

Wavelength - The distance, measured in the direction of progression of a wave,
from any given point to the next point in the same phase.

Well - A hole drilled in the earth for the purpose of (1) finding or producing crude
oil or natural gas; or (2) producing services related to the production of crude or
natural gas.

Wellhead - The point at which the crude (and/or natural gas) exits the ground.

Wind - The term given to any natural movement of air in the atmosphere. A
renewable source of energy used to turn turbines to generate electricity.
See our brief sections on: Wind Energy and Wind Energy Milestones.

Wind Machine - Devices powered by the wind that produce mechanical or
electrical power.

Wind Tower - Devices, some as tall as 120 feet, which lift wind turbine blades
high above the ground to catch stronger wind currents.

Wood and Waste (as used at electric utilities) - Wood energy, garbage,
bagasse (sugarcane residue), sewerage gas, and other industrial, agricultural, and
urban refuse used to generate electricity for distribution.

Wood Energy - Wood and wood products used as fuel, including round wood
(cord wood), limb wood, wood chips, bark, sawdust, forest residues, charcoal, pulp
waste, and spent pulping liquor.

XYZ

Yellowcake: A natural uranium concentrate that takes its name from its color and
texture. Yellowcake typically contains 70 to 90 percent UsOg (uranium oxide) by
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weight. It is used as feedstock for uranium fuel enrichment and fuel pellet
fabrication.
See a yellowcake picture.
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What are the environmental benefits of wind power?

A basic and comprehensive reference on this issue is "The Environmental Imperative
for Renewable Energy: An Update,"” by the Renewable Energy Policy Project (REPP),
available on the Web at http://www.repp.ora/repp_pubs/repp_publications.html

Wind energy system operations do not generate air or water emissions and do not
produce hazardous waste. Nor do they deplete natural resources such as coal, oil, or
gas, or cause environmental damage through resource extraction and transportation,
or require significant amounts of water during operation. Wind's pollution-free
electricity can help reduce the environmental damage caused by power generation in
the U.S. and worldwide.
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In 1997, U.S. power plants emitted 70% of the sulfur dioxide, 34% of carbon dioxide,
33% of nitrogen oxides, 28% of particulate matter and 23% of toxic heavy metals
released into our nation's environment, mostly the air. These figures are currently
increasing in spite of efforts to roll back air pollution through the federal Clean Air Act.

Sulfur dioxide and nitrogen oxides cause acid rain. Acid rain harms forests and the
wildlife they support. Many lakes in the U.S. Northeast have become biologically dead
because of this form of pollution. Acid rain also corrodes buildings and economic
infrastructure such as bridges. Nitrogen oxides (which are released by otherwise clean
-burning natural gas) are also a primary component of smog.

Carbon dioxide (CO) is a global warming pollutant --its buildup in the atmosphere
contributes to global warming by trapping the sun's rays on the earth as in a
greenhouse. The U.S., with 5% of the world's population, emits 23% of the world's
COz2. The build-up of global warming pollution is not only causing a gradual rise in
average temperatures, but also seems to be increasing fluctuations in weather
patterns and causing more frequent and severe droughts and floods. The World
Meteorological Organization (WMO) warned in July, 2003, that extreme weather
events appear to be increasing in number due to climate change.

Particulate matter is of growing concern because of its impacts on health. Its presence
in the air along with other pollutants has contributed to make asthma one of the
fastest growing childhood ailments in industrial and developing countries alike, and it
has also recently been linked to lung cancer. Similarly, urban smog has been linked to
low birth weight, premature births, stillbirths and infant deaths. In the United States,
the research has documented ill effects on infants even in cities with modern pollution
controls.

Toxic heavy metals accumulate in the environment and up the biological food chain. A
number of states have banned or limited the eating of fish from fresh-water lakes
because of concerns about mercury, a toxic heavy metal, accumulating in their tissue.

Development of just 10% of the wind potential in the 10 windiest U.S. states would
provide more than enough energy to displace emissions from the nation's coal-fired
power plants and eliminate the nation's major source of acid rain; reduce total U.S.
emissions of CO2 by almost a third; and help contain the spread of asthma and other
respiratory diseases aggravated or caused by air pollution in this country.

If wind energy were to provide 20% of the nation's electricity -- a very realistic and
achievable goal with the current technology -- it could displace more than a third of
the emissions from coal-fired power plants.

In 2006, the American Wind Energy Association estimates that wind plants in the U.S.
will generate 24 billion kilowatt-hours. If instead the average utility fuel mix were used
to generate that much electricity, 30 billion pounds (15 million tons) of carbon dioxide,
76,000 tons of sulfur dioxide (208 tons per day), and 36,000 tons of nitrogen oxides
(100 tons per day) would be released into the atmosphere.

The comparative environmental impacts of various options for producing electricity
have been extensively studied by the European Union in a 10-year effort called the
"ExternE" (“external or non-economic costs of energy). The results of that study are
available at http://www.externe.info/externpr.pdf and_http://www.externe.info. As
with every other study of non-economic costs that has been conducted, the Externe
study found wind energy's costs to be among the lowest, far below those of fossil
fuels. The highest non-economic cost for wind in any European country, for example,
was 0.25 Euro cents per kilowatt-hour, while the lowest cost for coal was 2-4 Euro
cents/kKWh (eight to 16 times as much).

More reading:
Comparative Air Emissions of Wind and Other Fuels

—
pel

Will using more wind energy help to prevent global warming?

Yes! Carbon dioxide (COz2) is the most important of the global warming pollutants
which are changing our climate. According to experts, if we are to avoid dangerous
levels of warming, we must cut our CO2 emissions by 80-90 per cent by 2050. That
means switching to forms of energy generation that do not produce CO>.

Wind power is a clean, renewable form of energy, which during operation produces no
carbon dioxide. While some emissions of these gases will take place during the design,
manufacture, transport and erection of wind turbines, enough electricity is generated
from a wind farm within a few months to totally compensate for these emissions.
When wind farms are dismantled (usually after 20-25 years of operation) they leave
no legacy of pollution for future generation.

Given the scale of the CO2 cuts needed, wind power--as the least expensive, most

developed renewable energy technology and the fastest to build--is the best placed
renewable technology to deliver carbon emissions reductions on a large scale, quickly.

Will using more wind energy reduce health care costs?
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Yes! In 2000, the Harvard School of Public Health looked at the human health effects
from two fossil-fuel-fired power plants in Massachusetts. It estimates that the air
pollution from the plants causes:

* 159 premature deaths
« 1,710 emergency room visits
= 43,300 asthma attacks

each year. Replacing as much of this electricity as possible with wind energy would
clearly lower associated health care costs.

More reading:
Estimated Public Health Impacts of Criteria Air Pollutant Emissions from the Salem
Harbor and Brayton Point Power Plants

Top

How does wind stack up on greenhouse gas emissions when the
"total fuel cycle" (including manufacture of equipment, plant
construction, etc.) is considered?

The claim is sometimes made that manufacturing wind turbines and building wind
plants creates large emissions of carbon dioxide. This is false. Studies have found that
even when these operations are included, wind energy's CO, emissions are quite small
— on the order of 1% of coal or 2% of natural gas per unit of electricity generated. Or
in other words, using wind instead of coal reduces CO2 emissions by 99%, using wind
instead of gas by 98%.

What are wind power's other environmental impacts?

Wind power plants, like all other energy technologies, have some environmental
impacts. However, unlike most conventional technologies (which have regional and
even global impacts due to their emissions and fuel imports), the impacts of wind
energy systems are minimal and local. This makes them easier for local communities
to monitor and, if necessary, mitigate.

The local environmental impacts that can result from wind power development
include:

Erosion which can be prevented through proper installation and landscaping
techniques. Erosion can be a concern in certain habitats such as the desert, where a
hard-packed soil surface must be disturbed to install wind turbines. Erosion has also
been raised as a concern in the eastern U.S., where wind farms typically must be
installed on mountain ridgelines. However, standard engineering practices used by ski
areas on the same kind of terrain are adequate to deal with any erosion issues that
might be raised by construction of a wind farm and its service road.

Bird and bat kills and other effects

Birds occasionally collide with wind turbines, as they do with other tall structures such
as buildings. Avian deaths have become a concern at Altamont Pass in California,
which is an area of extensive wind development and also high year-round raptor use.
Detailed studies, and monitoring following construction, at other wind development
areas indicate that this is a site-specific issue that will not be a problem at most
potential wind sites. Also, wind's overall impact on birds is low compared with other
human-related sources of avian mortality—see

"Avian Collisions With Wind Turbines," for more information. The following graph is
based on data from the studies described in that report:

Causes of Bird Fatalities
Mumbsr par 10,000 teislitias

Wind Turbines | <1
Commenication Towers
Pasticides

Vahicles

High Teasion Lines

Q 1000 2000 3000 4000 S000

Source: Erickson, et.al, 2002. Summary of
Anthropogenic Causes of Bird Mortality

ToP

No matter how extensively wind is developed in the future, bird deaths from wind
energy are unlikely to ever reach as high as 1% of those from other human-related
sources such as hunters, house cats, buildings, and autos. (House cats, for example,
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are believed to kill 1 billion birds annually in the U.S. alone.) Wind is, quite literally, a
drop in the bucket. Still, areas that are commonly used by threatened or endangered
bird species should be regarded as unsuitable for wind development. The wind
industry is working with environmental groups, federal regulators, and other
interested parties to develop methods of measuring and mitigating wind energy's
effect on birds.

Wind energy can also negatively impact birds and other wildlife by fragmenting
habitat, both through installation and operation of wind turbines themselves and
through the roads and power lines that may be needed. This has been raised as an
issue in areas with unbroken stretches of prairie grasslands or of forests. More
research is needed to better understand these impacts.

Bat collisions at wind plants generally tend to be low in number and to involve
common species which are quite numerous. Human disturbance of hibernating bats in
caves is a far greater threat to species of concern. Still, a surprisingly high number of
bat kills at a new wind plant in West Virginia in the fall of 2003 has raised concerns,
and research at that plant and another in Pennsylvania in 2004 suggests that the
problem may be a regional one. The wind industry has joined with the U.S. Fish and
Wildlife Service, the U.S. Department of Energy’s National Renewable Energy
Laboratory, and Bat Conservation International to form the Bats and Wind Energy
Cooperative (BWEC), which funded the 2004 research program and is continuing to
explore ways to avoid or reduce bat Kills.

More reading:
Comparative Impacts of Wind and Other Energy Sources on Wildlife

Avian Collisions with Wind Turbines: A Summary of Existing Studies and Comparisons
to Other Sources of Avian Collision Mortality in the United States

Wind Turbine Interactions With Birds and Bats: A Summary of Research Results and
Remaining Questions, National Wind Coordinating Committee

Visual impacts Which can be minimized through careful design of a wind power
plant. Using turbines of the same size and type and spacing them uniformly generally
results in a wind plant that satisfies most aesthetic concerns. Computer simulation is
helpful in evaluating visual impacts before construction begins. Public opinion polls
show that the vast majority of people favor wind energy, and support for wind plants
often increases after they are actually installed and operating. For more information on
public attitudes toward wind, see http://www.awea.ora/fag/survpub.html

More reading:
A Summary of Opinion Surveys on Wind Power,
European Wind Energy Association .

TOP

Noise was an issue with some early wind turbine designs, but it has been largely
eliminated as a problem through improved engineering and through appropriate use of
setbacks from nearby residences. Aerodynamic noise has been reduced by changing
the thickness of the blades' trailing edges and by making machines "upwind" rather
than "downwind" so that the wind hits the rotor blades first, then the tower (on
downwind designs where the wind hits the tower first, its "shadow" can cause a
thumping noise each time a blade passes behind the tower). A small amount of noise
is generated by the mechanical components of the turbine. To put this into
perspective, a wind turbine 300 meters away is no noisier than the reading room of a
library.

More reading:

Wind Energy and Noise.
Noise from Wind Turbines: The Facts.

Shadow Flicker is occasionally raised as an issue by close neighbors of wind farm
projects. A wind turbine's moving blades can cast a moving shadow on a nearby
residence, depending on the time of the year (which determines how low the sun is in
the sky) and time of day. It is possible to calculate very precisely whether a flickering
shadow will in fact fall on a given location near a wind farm, and how many hours in a
year it will do so. Therefore, it should be easy to determine whether this is a potential
problem. Normally, it should not be a problem in the U.S., because at U.S. latitudes
(except in Alaska) the sun's angle is not very low in the sky, and the appropriate
setback for noise (see above) will be sufficient to prevent shadow flicker problems.

More reading:
Shadow Casting from Wind Turbines

Will wind energy hurt tourism in my area?

People who would rather not live near wind plants (sometimes referred to as
"NIMBYs," short for "Not In My Back Yard") often raise this concern with respect to
new wind project proposals.

There is no evidence that wind farms reduce tourism, and considerable evidence to the
contrary. For example, in late 2002, a survey of 300 tourists in the Argyll region of
Scotland, noted for its scenic beauty, found that 91% said the presence of new wind
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farms "would make no difference in whether they would return.” Similar surveys of
tourists in Vermont and Australia have produced similar results. Many rural areas in
the U.S. have noted increases in tourism after wind farms have been installed, as have
scenic areas in Denmark, the world's leader in percentage of national electricity
supplied by wind. Other telling indicators: local governments frequently decide to
install information stands and signs near wind farms for tourists; wind farms are
regularly featured on post cards, magazine covers, and Web pages.

More reading:
Wind Farms and Tourism: The Facts

How popular is wind energy?
Wind energy is one of the most popular energy technologies. Opinion surveys regularly
show that just over eight out of 10 people (80%) are in favor of wind energy, and less

than one in ten (around 5%) are against it. The rest are undecided.

Public opinion in support of wind power tends to become even more strongly in favor
once the wind turbines are installed and operating, a finding from several surveys
carried out in the UK and in Spain.

Some people who live near proposed wind projects may be apprehensive about them.
But when accurate information and knowledge is made available, experience shows
that initial concerns are reduced and support for wind farms increases.

More reading:

Public Attitudes to Wind Energy

—
pel

Why is there sometimes opposition to wind energy projects?

Local opposition to proposed wind farms usually arises because some people perceive
that the development will spoil the view that they are used to. It is true that a large
wind farm can be a significant change, but while some people express concern about
the effect wind turbines have on the beauty of our landscape, others see them as
elegant and beautiful, or symbols of a better, less polluted future.

The visual effect of wind farms is a subjective issue, but most of the other criticisms
made about wind energy today are exaggerated or untrue, and simply reflect attempts
by particular groups to discredit the technology, worry local communities, and turn
them against proposed projects. In the electronic age, myths and misinformation
about wind power spread at lightning speed.

More reading:

An excellent resource for debunking myths about wind power is the "Yes2Wind" Web
site at http://www.yes2wind.com It has been created by three major environmental
groups — the World Wildlife Fund, Greenpeace, and Friends of the Earth — who
believe that wind's benefits in reducing greenhouse gas emissions and air pollution far
outweigh its negative impacts.

How much land is needed for a utility-scale wind plant?

In open, flat terrain, a utility-scale wind plant will require about 60 acres per
megawatt of installed capacity. However, only 5% (3 acres) or less of this area is
actually occupied by turbines, access roads, and other equipment--95% remains free
for other compatible uses such as farming or ranching. In California, Minnesota, Texas,
and elsewhere, wind energy provides rural landowners and farmers with a
supplementary source of income through leasing and royalty arrangements with wind
power developers.

A wind plant located on a ridgeline in hilly terrain will require much less space, as little
as two acres per megawatt.

How much water do wind turbines use compared with
conventional power plants?

Water use can be a significant issue in energy production, particularly in areas where
water is scarce, as conventional power plants use large amounts of water for the
condensing portion of the thermodynamic cycle. For coal plants, water is also used to
clean and process fuel.

According to the California Energy Commission (cited in Paul Gipe's Wind Energy
Comes of Age, John Wiley & Sons, 1995), conventional power plants consume the
following amounts of water (through evaporative loss, not including water that is
recaptured and treated for further use):

WATER CONSUMPTION--CONVENTIONAL POWER PLANTS
Technology gallons/kWh liters/kWh

Nuclear 0.62 2.30

http://www.awea.org/fag/wwt environment.html 9/12/2009





Wind Energy and the Environment Page 6 of 7

Coal 0.49 1.90
Oil 0.43 1.60
Combined Cycle Gas 0.25 0.95

Small amounts of water are used to clean wind turbine rotor blades in arid climates
(where rainfall does not keep the blades clean). The purpose of blade cleaning is to
eliminate dust and insect buildup, which otherwise deforms the shape of the airfoil and
degrades performance.

Similarly, small amounts of water are used to clean photovoltaics (solar) panels. Water
use numbers for these two technologies are as follows:

TOP

WATER CONSUMPTION--WIND AND SOLAR

Technology gallons/kWh liters/kwWh
wind [1] 0.001 0.004
Solar [2] 0.030 0.110

Wind therefore uses less than 1/600 as much water per unit of electricity produced as
does nuclear, approximately 1/500 as much as coal, and approximately 1/250 as
much as natural gas, the most popular choice for new power plants.

NOTES

[1] American Wind Energy Association estimate, based on data
obtained in personal communication with Brian Roach, Fluidyne
Corp., December 13, 1996. Assumes 250-kW turbine operating
at .25 capacity factor, with blades washed four times annually.

[2] Meridian Corp., "Energy System Emissions and Materials
Requirements,"” U.S. Department of Energy, Washington, DC.
1989, p. 23.

I've heard that wind energy doesn't really reduce pollution,
because other, fossil-fired generating units have to be kept
running on a standby basis in case the wind dies down. Is this
true?

No. It is true that other generating plants have to be available to the power system's
operator to supply electricity when the wind is not blowing. However, the wind does
not just start and stop. Typically, wind speeds increase gradually and taper off
gradually, and the system operator has time to move other plants on and off line
(start and stop them from generating) as needed--the fluctuations in wind plant
output change more slowly than do the changes in customer demand that a utility
must adjust to throughout the day. Studies indicate that for a 100-megawatt wind
plant, only about 2 megawatts of conventional capacity is needed to compensate for
changes in wind plant output.

Also, whenever the wind is blowing, it displaces the most expensive conventional
power plant that is generating. Typically, this tends to be the oldest and dirtiest gas
plants on a utility system, but in some parts of the country (notably the mid-Atlantic
states such as Maryland, West Virginia, or Virginia), wind power may displace coal.

The U.S. Department of Energy puts it quite simply in its fact sheet Wind Energy
Myths: "When wind is added to a utility system, no new backup is required to maintain
system reliability.” See http://www.nrel.gov/docs/fy050sti/37657.pdf

What about turbines throwing blades, or ice? Is wind energy
dangerous to the public?

It has been estimated by a number of reliable sources that 50,000 Americans a year
die from air pollution, of which about one-third is produced by power plants. By
contrast, in 20 years of operation, the wind industry (which emits no pollutants) has
recorded only one death of a member of the public--a German skydiver who
parachuted off-course into an operating wind plant. Blade throws were common in the
industry's early years, but are unheard of-today because of better turbine design and
engineering. Ice throw, while it can occur, is of little danger because setbacks typically
required to minimize noise (see above) are sufficient to protect against danger to the
public, and because ice buildup slows a turbine's rotation and will be sensed by a
turbine's control system, causing the turbine to shut down. One European group that
has investigated the ice throw question recommends a setback of 1.5 times the sum of
a turbine's hub height and its rotor diameter.

Why not develop wind farms on mountains that are already
being used for ski resorts?
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Because of the potential danger from ice throw. As the above answer indicates, ice
throw does not present a danger except for the area close to turbines (that is, within a
few hundred meters). At ski areas, however, turbines would typically have to be sited
very close to operating lifts and trailheads, making ice throw a safety concern.

I've heard that stray voltage from wind power plants can be
transmitted through the ground, disturbing or harming livestock.
Is this true?

No. There is nothing different or unusual about managing the electricity flow from an
operating wind plant. Standard electric wiring practices are adequate to prevent stray
voltage from occurring.

Will a wind project interfere with electromagnetic transmissions
such as radio, television, or cell-phone signals?

First, this is not a problem for modern small (residential) wind turbines. The materials
used to make such machines are non-metallic (composites, plastic, wood) and small
turbines are too small to create electromagnetic interference (EMI) by “chopping up" a
signal.

Large wind turbines, such as those typically installed at wind farms, can interfere with
radio or TV signals if a turbine is in the "line of sight” between a receiver and the
signal source, but this problem can usually be easily dealt with improving the
receiver's antenna or installing relays to transmit the signal around the wind farm. Use
of satellite or cable television is also an option.

Will a wind project interfere with radar?

Yes. Radar is basically designed to filter out stationary objects and display moving
ones, and moving wind turbine blades create radar echoes. It is possible to modify a
radar installation to eliminate this problem, according to a consulting firm that has
studied it for the British government-see
http://www.bwea.com/aviation/ams_report.html. According to the study: "This study
concludes that radars can be modified to ensure that air safety is maintained in the
presence of wind turbine farms. Individual circumstances will dictate the degree and
cost of modification required, some installations may require no change at all whilst
others may require significant modification."

If a wind project is proposed near an airport or military airfield, this issue will likely
require further technical investigation. The interference is generally limited to objects
(airplanes) that are physically shadowed by the turbines (that is, very low-flying
aircraft), so the further the turbines are from an airfield and the lower their altitude,
the less interference should occur.

ToP
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Wind is a form of solar energy. Winds are caused by the uneven heating of the atmosphere by the sun, the
irregularities of the earth's surface, and rotation of the earth. Wind flow patterns are modified by the earth's
terrain, bodies of water, and vegetation. Humans use this wind flow, or motion energy, for many purposes:
sailing, flying a kite, and even generating electricity.

The terms wind energy or wind power describe the process by which the wind is used to generate
mechanical power or electricity. Wind turbines convert the kinetic energy in the wind into mechanical power.
This mechanical power can be used for specific tasks (such as grinding grain or pumping water) or a
generator can convert this mechanical power into electricity.

So how do wind turbines make electricity? Simply stated, a wind turbine works the opposite of a fan.
Instead of using electricity to make wind, like a fan, wind turbines use wind to make electricity. The wind
turns the blades, which spin a shaft, which connects to a generator and makes electricity. Take a look inside
a wind turbine to see the various parts. View the wind turbine animation to see how a wind turbine works.

This aerial view of a wind power plant shows how a group of wind turbines can make electricity for the
utility grid. The electricity is sent through transmission and distribution lines to homes, businesses, schools,

and so on.

Learn more about wind energy technology:
« Types of Wind Turbines
= Sizes of Wind Turbines
« Inside the Wind Turbine

Types of Wind Turbines

Modern wind turbines fall into two basic groups: the horizontal-axis
variety, as shown in the photo, and the vertical-axis design, like the
eggbeater-style Darrieus model, named after its French inventor.

Horizontal-axis wind turbines typically either have two or three blades.
These three-bladed wind turbines are operated "upwind," with the

blades facing into the wind.

Sizes of Wind Turbines

Utility-scale turbines range in size from 100
kilowatts to as large as several megawatts.
Larger turbines are grouped together into
wind farms, which provide bulk power to the
electrical grid.

Single small turbines, below 100 kilowatts,
are used for homes, telecommunications
dishes, or water pumping. Small turbines
are sometimes used in connection with
diesel generators, batteries, and
photovoltaic systems. These systems are
called hybrid wind systems and are typically
used in remote, off-grid locations, where a
connection to the utility grid is not
available.

GE Wind Energy's 3.6
megawatt wind turbine is
one of the largest
prototypes ever erected.
Larger wind turbines are
more efficient and cost
effective.

http://www1.eere.energy.gov/windandhydro/wind how.html

Many wind farms have sprung up in
the Midwest in recent years,
generating power for utilities.
Farmers benefit by receiving land
lease payments from wind energy
project developers.
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Advantages and Disadvantages of Wind Energy

Wind energy offers many
advantages, which explains why it's
the fastest-growing energy source in
the world. Research efforts are aimed
at addressing the challenges to
greater use of wind energy.

Advantages

Wind energy is fueled by the wind, so
it's a clean fuel source. Wind energy
doesn't pollute the air like power
plants that rely on combustion of
fossil fuels, such as coal or natural
gas. Wind turbines don't produce
atmospheric emissions that cause
acid rain or greenhouse gasses.

Wind energy is a domestic source of
energy, produced in the United
States. The nation's wind supply is
abundant.

Wind energy relies on the renewable
power of the wind, which can't be
used up. Wind is actually a form of
solar energy; winds are caused by
the heating of the atmosphere by the
sun, the rotation of the earth, and
the earth's surface irregularities.

Wind energy is one of the lowest-
priced renewable energy technologies
available today, costing between 4
and 6 cents per kilowatt-hour,
depending upon the wind resource
and project financing of the particular
project.

Wind turbines can be built on farms
or ranches, thus benefiting the
economy in rural areas, where most
of the best wind sites are found.
Farmers and ranchers can continue
to work the land because the wind
turbines use only a fraction of the
land. Wind power plant owners make
rent payments to the farmer or
rancher for the use of the land.

Disadvantages
Wind power must compete with

The Benefits of 2026 Wind
Energy by 2030

According to the American Wind
Energy Association, if we increase our
nation's wind energy capacity to 20%
by 2030, it would...

Reduce Greenhouse Gas Emissions
A cumulative total of 7,600 million
tons of CO2 would be avoided by
2030, and more than 15,000 million
tons of CO2 would be avoided by
2050.

Conserve Water

Reduce cumulative water consumption
in the electric sector by 8% or 4
trillion gallons from 2007 through
2030.

Lower Natural Gas Prices
Significantly reduce natural gas
demand and reduce natural gas prices
by 12%, saving consumers
approximately $130 billion.

Expand Manufacturing

To produce enough turbines and
components for the 20% wind
scenario, the industry would require
more than 30,000 direct
manufacturing jobs across the nation
(assuming that 30% — 80% of major
turbine components would be
manufactured domestically by 2030).

Generate Local Revenues

Lease payments for wind turbines
would generate well over $600 million
for landowners in rural areas and
generate additional local tax revenues
exceeding $1.5 billion annually by
2030. From 2007 through 2030,
cumulative economic activity would
exceed $1 trillion or more than $440
billion in net present value terms.

conventional generation sources on a cost basis. Depending on how energetic a
wind site is, the wind farm may or may not be cost competitive. Even though the
cost of wind power has decreased dramatically in the past 10 years, the technology
requires a higher initial investment than fossil-fueled generators.

The major challenge to using wind as a source of power is that the wind is
intermittent and it does not always blow when electricity is needed. Wind energy
cannot be stored (unless batteries are used); and not all winds can be harnessed to
meet the timing of electricity demands.

Good wind sites are often located in remote locations, far from cities where the
electricity is needed.

Wind resource development may compete with other uses for the land and those
alternative uses may be more highly valued than electricity generation.

Although wind power plants have relatively little impact on the environment
compared to other conventional power plants, there is some concern over the noise
produced by the rotor blades, aesthetic (visual) impacts, and sometimes birds have
been killed by flying into the rotors. Most of these problems have been resolved or
greatly reduced through technological development or by properly siting wind
plants.

= printable Version
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U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Wind & Hydropower Technologies Program

Search Help @ More Search Options &

Hydropower = printable Version = EERE Information Center

Wind Energy History of Wind Energy

Since early recorded history, people have been harnessing the energy of the wind.
Wind energy propelled boats along the Nile River as early as 5000 B.C. By 200
B.C., simple windmills in China were pumping water, while vertical-axis windmills

Wrind Energy Basics
- How wind Turbines Work

- Advantages & with woven reed sails were grinding grain in Persia and the Middle East.
Disadvantages
- Histary New ways of using the energy of the wind eventually

- Resource Potential spread _around t_he world. By the :I_.lth c_entury,

. people in the Middle East were using windmills
small wind Systems FAQs o iensively for food production; returning merchants
Research & Development  and crusaders carried this idea back to Europe. The
Emerging Applications Dutch refined the windmill and adapted it for
draining lakes and marshes in the Rhine River Delta.
When settlers took this technology to the New World
in the late 19th century, they began using windmills
to pump water for farms and ranches, and later, to
generate electricity for homes and industry.

Industrialization, first in Europe and later in
America, led to a gradual decline in the use of
windmills. The steam engine replaced European
water-pumping windmills. In the 1930s, the Rural
Electrification Administration’'s programs brought
inexpensive electric power to most rural areas in the
United States.

H industrializati | ked th Early in the twentieth century,
owever, industrialization also sparke: e windmills were commonly

development of larger windmills to generate used across the Great Plains
electricity. Commonly called wind turbines, these to pump water and to
machines appeared in Denmark as early as 1890. In generate electricity.

the 1940s the largest wind turbine of the time began

operating on a Vermont hilltop known as Grandpa's

Knob. This turbine, rated at 1.25 megawatts in winds of about 30 mph, fed electric
power to the local utility network for several months during World War I1.

The popularity of using the energy in the wind has always fluctuated with the price
of fossil fuels. When fuel prices fell after World War 11, interest in wind turbines
waned. But when the price of oil skyrocketed in the 1970s, so did worldwide
interest in wind turbine generators.

The wind turbine technology R&D that followed the oil embargoes of the 1970s
refined old ideas and introduced new ways of converting wind energy into useful
power. Many of these approaches have been demonstrated in "wind farms" or wind
power plants — groups of turbines that feed electricity into the utility grid — in the
United States and Europe.

Today, the lessons learned from more than a decade of operating wind power
plants, along with continuing R&D, have made wind-generated electricity very close
in cost to the power from conventional utility generation in some locations. Wind
energy is the world's fastest-growing energy source and will power industry,
businesses and homes with clean, renewable electricity for many years to come.

=l Printable Version

Wind and Hydropower Technologies Program Home | EERE Home | U.S. Department of Energy
Webmaster | Web Site Policies | Security & Privacy | USA.gov
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Electricity Basics

What is electricity?

Electricity is the flow of electric charge. Electricity is created when electrons from atoms are
loosened and begin to move from one atom to another. Scientific advancements have allowed us to
control and distribute electricity to our homes, schools, and businesses. Every day, we use electrical
energy to do a lot of work: Lighting light bulbs, powering our televisions and computers, running our
refrigerators, heaters, and air conditioners, and more.

Electricity is known as a secondary energy source. This means that we get electricity by converting
other sources of energy — like the thermal energy of burning coal, oil, or natural gas or the kinetic
energy of moving air molecules in the wind! Wind, sunlight, and fossil fuels are called primary
energy sources. Normally, we convert these primary energy sources into electricity by using an
electric generator.

TURBINE GENERATOR

How electricity is generated

A generator is a device that converts mechanical energy
into electrical energy. In 1831, Michael Faraday
discovered that when a magnet is moved inside a coil of
wire, electrical current flows in the wire. This discovery,
known as Faraday’s Law, proves that there is a
relationship between electricity and magnetism.

Turbine
spins shaft

Spinning

A typical generator uses powerful magnets and many coils &' c\te

of wire. Faraday’s Law tells us that the magnet must be
moved inside the coil of wire to cause electrons to flow.
You can also move the coil of wire inside the magnetic
field to make electricity. A generator does this by having a
rotating shaft with coils or magnets attached. On a wind
turbine, the rotating blades are attached to a driveshaft
which spins inside the generator.

By using a generator, we are able to take mechanical
energy (rotating blades) and convert it into electrical
energy that we can use in our homes and schools.

-~ Direction of
. o electric current
Measuring Electricity

Electricity is measured in units of power called "Watts." To transmission fines

One watt is a fairly small amount of power. An average source: www.need.org
incandescent lightbulb in your house may use 60-100 watts when it is on. A kilowatt represents

1,000 watts. A kilowatt-hour (kWh) is equal to the energy of 1,000 watts working for one hour.
Kilowatts and kilowatt-hours are useful for measuring amounts of energy used by large appliances

or households. One Megawatt is equal to 1,000 kilowatts, or 1,000,000 watts. The average modern
utility scale wind turbine produces 1.5-2 megawatts of electricity, but the largest ones can produce

5 megawatts! One megawatt is enough electricity for about 300+ average households here in the

us.

At the beginning of 2008, wind energy alone was producing 93,881 megawatts of electricity
throughout the world. How many watts is that? Can you figure out how many average American
households could be powered with that much electricity?

Page 1 of 3
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Where does electricity come from?

Other
Renewables
2.4%

MNatural Gas
20.0%

Petroleum
1.6%

Other Gases

0.4% Nuclear

19.4%

Hydroelectric
7.0%

Total = 4,065 Billion KWh
Electric Utility Plants = 61.1%
Independent Power
Producers & Combined

Heat and Power Plants = 3§.9%

Coal
49.0%

Other
0.3%

source: www.eia.doe.gov

The chart above shows the fuel sources that are used to generate electricity in the United States.
These are nationwide totals, but there are a lot of regional differences in fuel sources used to
generate electricity. In the Northeast they use more natural gas and much less coal, in the Midwest
they use less natural gas and more coal. Worldwide, the vast majority of electricity is created by

burning fossil fuels to make steam to drive turbines.

What do we use electricity for?

These are the common uses for
electricity in the US. Air
conditioners, refrigerators and
lighting for homes and businesses
make up the bulk of electric
demand. If we could build more
efficient refrigerators and air
conditioners we could save quite a
bit of electricity. This is why many
people think we need to focus on
energy efficiency and not increasing
electric generation.

Sources:

Lighting
8.8
Water Hegtmg 9.1 |

Space Heating %
10.1 >~/

Air Conditioning Color TVs 29
16 —

Furnace Fans 3.3

—Freazers 3.5
[ ~Clothes Dryers 58

Refrigerator

Source: Energy Information Administration, Form EIA-45TA, B, C, E, and H of the 2001
Residential Energy Consumplion Survey.

= The National Energy Education Development Project, Intermediate Energy Infobook, 2006.
= Energy Information Administration. Energy Kids Page.
http://www.eia.doe.gov/kids/energyfacts/sources/electricity.html

= Windpower Monthly - Wind Energy Facts and Figures.
http://www.wpm.co.nz/WPM:WINDICATOR::

Kidwind Project ®
800 Transfer Rd. Suite 30B
St. Paul MN 55114

(877) 917-0079 (phone)
(208) 485-9419 (fax)
Copyright © 2008
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Wind Energy Basics

We have been harnessing the wind's energy for
hundreds of years. From old Holland to farms in
the United States, windmills have been used for
pumping water or grinding grain. Today, the
windmill's modern equivalent—a wind turbine—
can use the wind's energy to generate electricity.

Page 1 of 1

NREL HOME

# More Search Options
g Site Map

Search

How It Works
Wind turbines, like windmills, are mounted on a
tower to capture the most energy. At 100 feet

>

Elisi fu Mlay

(30 meters) or more aboveground, they can take
advantage of the faster and less turbulent wind.
Turbines catch the wind's energy with their
propeller-like blades. Usually, two or three blades
are mounted on a shaft to form a rotor.

A blade acts much like an airplane wing. When
the wind blows, a pocket of low-pressure air
forms on the downwind side of the blade. The low
-pressure air pocket then pulls the blade toward "
it, causing the rotor to turn. This is called lift. The
force of the lift is actually much stronger than the
wind's force against the front side of the blade,
which is called drag. The combination of lift and
drag causes the rotor to spin like a propeller, and
the turning shaft spins a generator to make
electricity.

Text Version

Applications

Wind turbines can be used as stand-alone applications, or they can be
connected to a utility power grid or even combined with a photovoltaic
(solar cell) system. For utility-scale (megawatt-sized) sources of wind
energy, a large number of wind turbines are usually built close together to
form a wind plant. Several electricity providers today use wind plants to
supply power to their customers.

Stand-alone wind turbines are typically used for water pumping or
communications. However, homeowners, farmers, and ranchers in windy
areas can also use wind turbines as a way to cut their electric bills.

Small wind systems also have potential as distributed energy resources.
Distributed energy resources refer to a variety of small, modular power-
generating technologies that can be combined to improve the operation of

the electricity delivery system. Learn more about distributed energy basics.

You can find out about NREL's research in Wind Energy from the National
Wind Technology Center. Also see DOE's Wind and Hydropower
Technologies Program.

Additional Resources
For more information about wind energy, visit the following resources:

« State Wind Resource Maps
EERE Wind Powering America
* Wind Web Tutorial
American Wind Energy Association
Exploring Ways to Use Wind Energy
EERE Consumer's Guide to Energy Efficiency and Renewable Energy
* Wind Power Animation
EERE Consumer's Guide to Energy Efficiency and Renewable Energy
= Wind Turbine Animation
EERE Wind and Hydropower Technologies Program

=l printable Version

P ] — 00 o ]

This video provides an overview of the National Wind
Technology Center and its research.
Video produced for NREL by Fireside Production.

Lamar, Colorado, are part of
the 162-MW Colorado Green
Wind Farm. Each turbine
produces 1.5 megawatts of
electricity.

Learning Home | Need Help? | Security & Privacy | Disclaimer | NREL Home

Content Last Updated: December 16, 2008

http://www.nrel.gov/learning/re wind.html
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Inside the Wind Turbine

Wiind
direction |

Anemometer:
Measures the wind speed and transmits wind speed data to the controller.

Blades:
Most turbines have either two or three blades. Wind blowing over the blades causes the blades to
“lift" and rotate.

Brake:
A disc brake, which can be applied mechanically, electrically, or hydraulically to stop the rotor in
emergencies.

Controller:
The controller starts up the machine at wind speeds of about 8 to 16 miles per hour (mph) and shuts
off the machine at about 55 mph. Turbines do not operate at wind speeds above about 55 mph
because they might be damaged by the high winds.

Gear box:
Gears connect the low-speed shaft to the high-speed shaft and increase the rotational speeds from
about 30 to 60 rotations per minute (rpm) to about 1000 to 1800 rpm, the rotational speed required
by most generators to produce electricity. The gear box is a costly (and heavy) part of the wind
turbine and engineers are exploring "direct-drive" generators that operate at lower rotational speeds
and don't need gear boxes.

Generator:
Usually an off-the-shelf induction generator that produces 60-cycle AC electricity.

High-speed shaft:
Drives the generator.

Low-speed shaft:
The rotor turns the low-speed shaft at about 30 to 60 rotations per minute.

Nacelle:
The nacelle sits atop the tower and contains the gear box, low- and high-speed shafts, generator,
controller, and brake. Some nacelles are large enough for a helicopter to land on.

Pitch:
Blades are turned, or pitched, out of the wind to control the rotor speed and keep the rotor from
turning in winds that are too high or too low to produce electricity.

Rotor:
The blades and the hub together are called the rotor.

Tower:
Towers are made from tubular steel (shown here), concrete, or steel lattice. Because wind speed
increases with height, taller towers enable turbines to capture more energy and generate more
electricity.

Wind direction:
This is an "upwind" turbine, so-called because it operates facing into the wind. Other turbines are
designed to run “downwind," facing away from the wind.

wind vane:
Measures wind direction and communicates with the yaw drive to orient the turbine properly with
respect to the wind.

Yaw drive:
Upwind turbines face into the wind; the yaw drive is used to keep the rotor facing into the wind as the
wind direction changes. Downwind turbines don't require a yaw drive, the wind blows the rotor
downwind.

Yaw motor:
Powers the yaw drive.

= printable Version

http://www1.eere.energy.gov/windandhydro/wind how.html 9/12/2009










Basic Principles of Wind Resource Evaluation Page 1 of 2

Store | Contact | Home |

AMERICAN
_ WIND ENERGY
rces ASSOCIATION

Member Center Mews About AWEA Events Legislative Policy small wind Publications Resources Utility

resources
resources Small Wind
Resource Library - Turbines
Wind Energy FAQ
Career Center ) o . . Residential Applications
) Basic Principles of Wind Resource Evaluation
Advice from an Expert Net Billing
FAQ/Wind Web Tutorial Wind resource evaluation i_s a cri_tical e_lement in p!'ojecting Furbine performance. at a Property Values
given site. The energy available in a wind stream is proportional to the cube of its ~roperty values
Financing speed, which means that doubling the wind speed increases the available energy by a Wind Resource
i factor of eight. Furthermore, the wind resource itself is seldom a steady, consistent Evaluation
Projects (US) flow. It varies with the time of day, season, height above ground, and type of terrain.
Industry Standards Prop_er siting in windy locations, away from large obstructions, enhances a wind Wind Resource Maps
turbine's performance. ) )
Wind Energy Web Links Small Wind Turbine
In general, annual average wind speeds of 5 meters per second (11 miles per hour) Manufacturers
Resources Home are required for grid-connected applications. Annual average wind speeds of 3 to 4
m/s (7-9 mph) may be adequate for non-connected electrical and mechanical State-by-State Info

applications such as battery charging and water pumping. Wind resources exceeding

; - ; D
this speed are available in many parts of the world. Resource Maps

Power in the Wind

areas of interest Wind Power Density is a useful way to evaluate the wind resource available at a
potential site. The wind power density, measured in watts per square meter, indicates Wind Turbine Power
Online Bookstore how much energy is available at the site for conversion by a wind turbine. Classes of Production
- wind power density for two standard wind measurement heights are listed in the
AWEA Events Calendar table below. Wind speed generally increases with height above ground. Wind Turbine Energy
Production

Classes of Wind Power Density at 10 m and 50 m®

10 m (33 ft) 50 m (164 ft)
Wind wind Speed® wind Speed®
Power m/s (mph) Power m/s (mph)
Power pensity Density
class  \w/m?) (W/m?)
1 <100 <4.4 (9.8) <200 <5.6 (12.5)
5.6 (12.5)/6.4
2 100 - 150 4.4 (9.8)/5.1 (11.5) 200 - 300 S
3 150-200 5.1 (11.5)/5.6 (12.5) 300 - 400 ?i‘é (71)4'3)/7'0
7.0 (15.7)/7.5
4 200-250 5.6 (12.5)/6.0 (13.4) 400 - 500 (i6.9)
7.5 (16.8)/8.0
5  250-300 6.0 (13.4)/6.4 (14.3) 500 - 600 S
6  300-400 6.4 (14.3)/7.0 (15.7) 600 - 800 8.0 (17.9)/8.8
(19.7)
7 =400 >7.0 (15.7) >800 >8.8 (19.7)

(a) Vertical extrapolation of wind speed based on the 1/7 power law

(b) Mean wind speed is based on the Rayleigh speed distribution of equivalent wind power density. Wind
speed is for standard sea-level conditions. To maintain the same power density, speed increases
3%/1000 m (5%/5000 ft) of elevation.

(from the Battelle Wind Energy Resource Atlas)

In general, sites with a Wind Power Class rating of 4 or higher are now
preferred for large scale wind plants. Research conducted by industry and the
U.S. government is expanding the applications of grid- connected wind
technology to areas with more moderate wind speeds.

http://www.awea.org/fag/basicwr.html 9/12/2009
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Wind Resource of New York Mean Annual Wind Speed at 30 Meters
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Wind Resource of New York Mean Annual Wind Speed at 50 Meters
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Wind Resource of New York

Mean Annual Wind Speed at 70 Meters
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Wind Resource of New York Mean Annual Wind Speed at 100 Meters
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Wind Energy Math Calculations
Measuring the Swept Area of Your Wind Turbine

Being able to measure the swept area of
your blades is essential if you want to e T::_;,,‘ Rotor Blade
analyze the efficiency of your wind tur- iy - N

. #
bine. ’ b
¥ Rotor
4 Area Diameter

The swept area refers to the area of the
circle created by the blades as they
sweep through the air.

Hub
Height

To find the swept area, use the same
equation you would use to find the area
of a circle can be found by following
equation:

Area = TIr?
_ 4
M = 3.14159 (pi) /
I = radius of the circle. This is equal to

Tower

the length of one of your blades.

Why is This Important???

You will need to know the swept area of your
wind turbine to calculate the total power in the
wind that hits your turbine.

Remember the Power In The Wind Equation:
P=1/2xpxAxV?

P = Power (Watts)

p = Air Density (about 1.225 kg/m? at sea level)

| A = Swept Area of Blades (m?)
_ V = Velocity of the wind

By doing this calculation, you can see the total energy potential in a given
area of wind. You can then compare this to the actual amount of power you
are producing with your wind turbine (you will need to calculate this using a
multimeter—multiply voltage by amperage). The comparison of these two
figures will indicate how efficient your wind turbine is. Of course, finding the
swept area of your wind turbine is an essential part of this equation!





Sample Problems:

1.

What is the swept area of a wind turbine with 6 blades that
are each 45 meters long?

. What is the swept area of a wind turbine with a rotor di-

ameter of 60 meters?

. If the wind is blowing at 10 meters/second, how much total

power is in the wind hitting the wind turbine from question
one (blades 45 meters long)? Assume the wind turbine is at
sea level.

. How much more power (watts) would the wind turbine get

if the wind was blowing at 12 meters per second?

. The second wind turbine (60 meter diameter) is also at sea

level, but it is in a windier place. How much total power
would it receive from the wind if it was blowing at 20 me-
ters per second?

. Why can’t a wind turbine with 60 meter blades actually

produce this much power in 20 m/s winds?
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o WIND POWER DEVELOPMENT
-

Putting wind to work has been a
goal of civilization through the
ages. Wind is a free, renewable
fuel that has been used to power
ships, grind grain, and pump
water. Technical improvements
over the past decade have
increased the size and power
output capacity of wind turbines,
significantly reducing the cost of
using wind to generate electricity.
Federal- and state-funded
research, development, and other g e
financial incentives, such as
payments tied to production and
tax benefits, have spurred wind
project development in recent
years.

-

i

The New York State Energy
Research and Development
Authority (NYSERDA) has
funded major projects to map
New York's wind and encourage
the development of wind power
across the state. With assistance
from NYSERDA, several large-
scale wind farms have been
developed in New York State and
several other projects are at
various stages of development.






what are THe 0enefits

OF WIND ENERGY?

= Wind energy is inexhaustible
and non-polluting.

. Wwind energy Freduces our reliance
on foreign petroleum.

land use such as grazing or agriculture.

= Wind energy's sale price .is not .
susceptible to price fluctuations.

1
2
3 . Wind energy is compatible with mixed
A
S

= Wind energy projects are modular, and the
development and construction Process
is relatively fast when compared with

bringing a new coal or nuclear plant on line.

Additional rural benefits include:
Economic diversification — Wind energy provides
farming communities with a new source of long-
term revenue without a significant impact on
existing agricultural operations. New jobs for wind
turbine construction, operation, and maintenance
are created, some materials and supplies can be
purchased locally, and landowners will benefit
from long-term land lease payments made by the
project owner.

Increased tax base — Wind projects make
payments to local taxing authorities (school
districts, town, county, or state governments) and
do not require increased services from the taxing
authority. This broadens the local tax base and
provides new local revenue, with the potential to
reduce tax burdens on local residents.

wHaT ARE THE STEPS

ASSOCIATED WITH DEVELOPING
AND CONSTRUCTING A WIND
ENERGY PROJECT?

The essential steps are:

e Locate a region that offers
good wind resource potential,
appropriate amounts of land with
open and accessible acreage,
interested communities and
landowners, access to
transmission lines, and no obvious
environmental concerns.

Assess wind characteristics at
specific locations by installing
a meteorological tower (about
150 to180 feet tall) and collecting
wind data for a year or longer.

Develop a project layout and
conduct meetings with local
governments and landowners

to secure access, permits, and
approvals. Perform environmental
evaluations to ensure the

project poses no significant
environmental impact.

* Negotiate power sale and
interconnection agreements.

e Evaluate and purchase wind
turbines and finalize installation
contracts.

» Begin construction — construction
requires six to nine months once a
notice to proceed is granted.

¢ Test and evaluate functions of the
completed plant to ensure proper
operation.

This entire process takes about two
to three years, depending on local
conditions.






WIND ENERGY

ano NOW boks 1T work?

Wind is created when the sun unevenly heats the earth's surface. Wind
turbines capture the wind in their blades (or rotor) and then convert the wind
energy to rotational or mechanical energy. The rotor drives an attached shaft
and a gearbox and generator to produce electrical energy. Together, the gearbox
and generator are called the drive train. The electricity generated by the wind
turbine is metered and then delivered to the electric transmission grid for
consumption. The wind turbine includes a tower that supports the rotor,

drive train, and other equipment, such as the controls, electrical cables, and
interconnection hardware. Each turbine is controlled by a computer. In large
projects with multiple wind turbines, each turbine computer is connected to

a central computer, where plant operators can remotely monitor the turbines.

Each turbine has a wind vane that sends a signal to the computer, which
then turns the turbine directly into the wind. Wind turbines are designed with
a cut-in speed, or wind speed at which it begins to produce power, and a cut-out
speed, or the wind speed at which the turbine will be shut down to prevent the
drive train from being damaged. Cut-in speeds are typically 7 to 9 miles per hour
(mph). Maximum electric generation occurs at speeds of 30 to 35 mph. As wind
speeds increase beyond 30 to 35 mph, the generator maintains its maximum
electrical generation until wind speeds reach 55 to 65 mph, and then the turbine
cuts out. When the cut-out speed is reached, the turbine automatically stops
production and is turned from the wind to protect the drive train from mechanical
damage. As high winds subside, the computer automatically turns the turbine
back into the wind and the unit returns to operation.

Output from a wind turbine or a wind energy plant is always changing because
the wind is never constant. Over the course of a year, wind power plants typically
operate at an average of 30 to 35 percent of their rated capacity. Output depends
on factors such as average wind speeds, the design of the turbines (i.e., blade
shape), and operating characteristics like cut-out speed, reliability, and the

efficiency of the drive train. The e[ectricity produced by a 100-
megawatt (MW) wind power plant in New York State

will produce enough electricity to power about 44,000
households.





whaT Makes A cooo WINA SIte?

Sustained wind speeds are critical to a project's economic viability. New York has an
abundance of land suitable for wind development. Wind turbines require a minimum
annual average wind speed above 15 to 17 mph (6.7 to 7.6 meters per second) to be cost
competitive in the marketplace. The proximity of turbines to electric transmission lines is
another important factor in evaluating the economic viability of a project. Due to the high
costs associated with building transmission lines, most wind projects are located within
three miles of high-voltage transmission lines. Also, land features (hills and ravines),
vegetation, and nearby structures can affect how valuable a site is for wind energy
development. In New York, ridgelines, high hilltops, elevated
plateaus, and nearshore and offshore locations relatively free
of trees and buildings are favorable for a wind energy project. Factors such
as the accessibility of the land for construction, soil type, and terrain impact construction
as well as maintenance needs and costs. Environmental impacts related to view-sheds,
noise, birds, wetlands, and historical preservation are crucial to the viability of a project
and its community acceptance.

HOW MUCH LAND IS REQUIRED?

Large wind projects require about 30 acres of land per
turbine to provide adequate exposure to the wind, proper
setbacks from homes and roadways, and appropriate spacing
between turbines. Terrain features also need to be considered.
Space is needed around a turbine for a 20-foot gravel access
road, a 10-by-12-foot concrete pad for an electrical transformer,
and the turbine foundation.

Excavating requirements and the type of foundation

needed for each turbine will depend on turbine size, soil
conditions, and methods employed. Foundations are concrete
and can be a buried slab with a support column or a buried
cylinder. Buried slab foundations are 30 to 50 feet in diameter.
Buried cylinder foundations are about 15 feet in diameter.
Excavations for both foundation types are approximately 15

to 60 feet in diameter, depending upon the ground conditions.

Power cables between turbines are buried at least three feet
below the surface to accommodate farming needs. A project
usually includes a substation where power is transformed to be
compatible with the high-voltage transmission system or grid.






what 1s THE VISUA impaCt
ON THE LANDSCAPE?

Wind energy projects alter the visual landscape of an area or
region. Wind turbines will most likely be the largest structure
in the landscape, and the blades attract attention because
they rotate. Surrounding terrain features can also influence
the look of a wind energy project. Since wind turbines are
commonly located in hilly areas, the surrounding terrain
can often obscure the turbines from different viewpoints.
Project views will vary in different seasons and even during
different times of the day. To meet Federal Aviation
Administration requirements, turbines must be illuminated
at night with red or clear strobe lights.

A view-shed analysis and computer-aided visualizations of
potential project layouts provide communities with realistic
examples of how a project will look from different perspectives.
It is common to modify proposed turbine
locations to enhance the visual appeal of a
project, assuming it does not adversely impact the energy
output from the project.

CAN | HEAR THE TURBINES?

Noise issues were associated with some early wind projects; - -
4 however, noise has been reduced through advances in system
. 1 designs and the appropriate use of setbacks from residences. At
the base of a tower, typical noise levels from turbines are 80 to
90 decibels (dB). Noise levels drop to about 35 dB at one-quarter
K3 of a mile (about 1,300 feet) from the turbine, or the same level of
noise you would routinely hear inside a home or office. At this
distance, the turbines are barely discernible above normal
conversation and their noise is typically muted by the naturally
occurring noises at a site. If turbines are sited 1,000 feet or
e T : L ' more from residences, noise concerns are usually mitigated.






How mucH Fevenue

DO TURBINES PROVIDE?

Payments to landowners are commonly
structured in a land lease, but developers
may purchase the land or seek wind
easements. In a land lease, the developer
obtains exclusive access to the land for
wind-energy-related requirements for a
period of 20 to 30 years. In return,
landowners are paid in a lump
sum, or through annual royalty
payments based on the amount
of energy produced by the
turbines installed on the land,
and can continue to use most of the land for
routine activities, such as farming. Annual
payments depend on a variety of factors and
can range from $1,000 to $3,000 per MW.

Wind easements are often used by
developers to ensure that vital land and
associated airspace are kept available for
transmission access and additional turbine
installations, or to ensure adequate exposure
to the wind. Wind easements are normally
negotiated in perpetuity, and landowners

are usually compensated with a onetime,
up-front payment.

For more information on
wind energy please visit
the following web sites:

www.PowerNaturally.org
www.awea.org
www.awstruewind.com
www.getenergysmart.org
www.dsireusa.org
www.fennerwind.com
www.atlantic-renewable.com
www.enel.it
www.nationalwind.org
www.nrel.gov
www.eere.energy.gov

www.windustry.org





I think | have land that can be developed for wind —

what ARe THE NEXT StepS?

1 . Educate yourself first; see how experts have characterized

New York State's wind patterns in the Wind Energy Map found at
www.awstruewind.com. This map will help you learn more about the estimated
wind speeds at your site. Then visit sites such as www.awstruewind.com

and www.PowerNaturally.org to learn more about the development process,
wind technology, the major stakeholders in the wind industry, and landowner
experiences. Consider the long-term desirability of hosting a wind turbine

or participating in a wind energy project, weighing all the risks and rewards
associated with such projects. Consult with an attorney regarding landowner
rights and responsibilities.

(]
2 . CO nS|derthe various development strategies as mentioned above.

The most common agreement available to a landowner is a land lease with a
developer in return for a lump sum payment or annual payments, or perhaps some
combination of the two. Developers often start by signing a land lease option and
then collect wind data (data is typically collected for one year) before signing a
long-term lease. It is important to note that a land lease with a developer does not
guarantee that a project will be built on your land. A developer must have both the
financial means to build the project and the ability to sell the project's output over
the long term to make the project economically viable. If it looks like the site has
potential, the developer will install monitoring equipment, pursue power purchase
contracts, and initiate other development activities at no cost to the landowner.
The risks to a landowner in a land lease are relatively low, since the
landowner does not have a financial position in the project.

Another landowner strategy is to pursue some level of development activities
independently or in a partnership with others. This approach may be more risky,
requires significantly more time and financial investment, and makes sense only
in areas with a strong market for wind energy. In this strategy, an experienced
consultant is hired to collect wind resource measurements on the affected land.
The landowner is responsible for the costs of data collection, with the risk that
the wind resource is insufficient to attract development. If a good wind resource
exists, a landowner can begin additional development activities or negotiations
with developers for land leases or other agreements from a stronger position of
knowing the wind resource, based on an independent analysis.





3 . Make Cco I‘ItaCtS by using lists of developers and

consultants from sources such as the American Wind Energy

Association (www.awea.org) and contact industry members to

make them aware of local interest. As discussed above, there are
a number of factors that help determine if a site is suitable for a
wind energy project, so be prepared to answer questions such as:

* How many acres do you own? What is the current land use?

 Are there limitations for construction or operation?
What are the neighboring land uses?

* What is the elevation of your land? How does it compare
with the surrounding area? Is your land the highest, or is it
otherwise well exposed to prevailing winds?

* How close are you to the nearest high-voltage transmission
line? Does it cross your property? Who owns the line?
What is the voltage of the line? Wind projects usually require
69 to 115 kV transmission lines; 230 kV service may increase
development costs of the project.

4 . Assess community interest

and discuss the potential wind project with neighbors, local
government officials, and business interests to determine opinions
about wind energy development in the area. Work with local
authorities to develop an approach to attract wind energy
developers to your area that balances community values and needs.

For a list of references, related links, and additional
information on a variety of related topics, visit
www.PowerNaturally.org.
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AMERICAN

WIND ENERGY
ASSOCIATION

Wind Energy and Wildlife

Did you know...?

A single 1-MW turbine
displaces 1,800 tons of
carbon dioxide, the
primary global warming
pollutant, each year
(equivalent to planting a
square mile of forest),
based on the current
average U.S. utility fuel
mix.

To generate the same
amount of electricity as
today's U.S. wind turbine
fleet (25,170 MW as of the
end of 2008) would require
burning 34.4 million tons
of coal (a line of 10-ton
trucks over 13,700 miles
long) or 112 million barrels
of oil each year.

FOR MORE INFORMATION,
PLEASE CONTACT:

Laurie Jodziewicz
Manager of Siting Policy

ljodziewicz@awea.org
202-383-2516

@ America and the world grapple with the immense problem of \
climate change, one energy source stands out as an abundant,

affordable and readily available supply option: wind power. In May
2008, the U.S. Department of Energy released the 20% Wind Energy
by 2030 Technical Report (www.20percentwind.orq), finding that
wind power can supply 20 percent of America’s electricity by 2030
and reduce projected emissions of carbon dioxide (CO,), the leading
greenhouse gas, by 25 percent.

This fact sheet is one in a series aimed at informing decision-makers
Cd the public about this critically important option for America’s )

energy future.

Wind, a 100% clean energy source, is one of the healthiest energy options,
and one of the most compatible with animals and humans. While birds do
collide with wind turbines at some sites, modern wind power plants are
collectively far less harmful to birds than are radio towers, tall buildings,
airplanes, vehicles and numerous other manmade objects. Bird deaths due
to wind development will never be more than a very small fraction of those
caused by other commonly-accepted human activities, no matter how
extensively wind is used in the future.

Avian studies have been carried out at many wind farm sites. They show
that bird kills per megawatt (MW) average one to six per year or less, with
the exception of a single 3-turbine plant in Tennessee that has recorded 11
per MW per year. These include sites passed by millions of migrating birds
each year. At a few sites, no Kills have been found at all.

A reasonable, conservative estimate is that of every 10,000 human-related
bird deaths in the U.S. today, wind plants cause less than one. The
National Academy of Sciences estimated in 2006 that wind energy is
responsible for less than 0.003% of (3 of every 100,000) bird deaths
caused by human (and feline) activities.

Individual bird deaths due to wind development will never be more than a
very small fraction of those caused by other commonly accepted human
activities and structures--house cats kill an estimated 1 billion birds annually
in the U.S. alone, buildings 100 million to 1 billion, automobiles 60-80
million, power lines hundreds of thousands to as many as 175 million,
according to the U.S. Fish & Wildlife Service (http://birds.fws.gov/mortality-
fact-sheet.pdf) and other sources.

AMERICAN WIND ENERGY ASSOCIATION | www.awea.org | 202.383.2500

Updated 3-2009
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AMERICAN
WIND ENERGY
ASSOCIATION

Wind Energy and Wildlife

Despite the minimal impact wind development has on bird populations generally, the industry takes potential
wildlife impacts seriously and continues to assess ways in which impacts can be lessened. Since the first
concerns about wind energy and wildlife were raised, the wind industry has taken numerous steps to address
legitimate concerns and ensure problems are not repeated at other wind projects.

National Wind Coordinating Collaborative

In 1994, shortly after raptor deaths in the Altamont Pass became a general concern, the wind energy industry
joined with other stakeholders (government officials, environmental groups, utilities) to form the National Wind
Coordinating Collaborative (NWCC), a multi-stakeholder collaborative aimed at addressing the wind/avian
issue as well as other issues affecting the industry's future. NWCC has sponsored numerous meetings and
academic papers to better understand wind energy’s wildlife impacts - including updates to the environmental
community about the latest wind-related research, events related to the biological significance of wind's
impacts and a wind project permitting handbook. More information on NWCC activities is available at
http://www.nationalwind.org.

Altamont Pass

The Altamont Pass was one of the first wind projects installed, and it remains the only wind development area
in the U.S. that experiences significant bird deaths, specifically those of raptors or birds of prey (with
"significant" defined as deaths of individuals of particular species that are numerous enough to possibly
impact local populations of those species). While the industry recognizes that this situation is a real problem,
it is largely limited to this one area and is not widespread. The Altamont Pass is unique - no other wind
project combines a similar topography, very high raptor population, and old turbine technologies — and even
at Altamont, the total number of bird collisions is quite low. Unfortunately, media coverage about Altamont
often gives the impression that all wind power projects have a significant effect on birds, despite
overwhelming evidence to the contrary.

Wind businesses have implemented many strategies to attempt to reduce bird impacts at Altamont Pass.
Over the years, wind companies have painted wind turbine rotor blades, reduced rodent populations, added
"perch guards” to prevent perching on turbine towers, and tested raptors’ hearing, vision and avoidance
capabilities to learn how to reduce bird impacts. One particularly successful strategy greatly reduced raptor
electrocutions--based on earlier research, project owners modified their equipment by insulating wires,
covering some exposed electric components on poles, and relocating overhead power lines to protect
raptors. New projects that are built today have virtually all power lines within the project area buried. The
industry is continuing to test new measures to reduce bird kills and to put into effect those that are helpful.

Even sites with high use by protected species need not necessarily be off limits to wind. At Foote Creek Rim
in Wyoming, pre-construction surveys found that golden eagles frequently used the mesa’s edge for hunting.
The wind farm developer voluntarily redesigned the site to move the planned turbines 50 meters away from
the rim, and the subsequent number of eagle deaths at the site was so small that the technical advisory
committee was discontinued. A baseline and final mortality study for this project can be found at
http://www.west-inc.com/wind_reports.php.

Following the realization that a problem existed with raptor Kills in Altamont Pass, the wind industry has gone
on to establish a record of building projects across the U.S. that are safe for birds. The industry has now
responded rapidly to the discovery of a similar problem with bats in Appalachia.
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Bats and Wind Energy Cooperative

Bats can also collide with wind turbines. Before 2003, bat fatalities at wind farms were also generally low.
However, in 2003, avian studies at a new wind power plant in West Virginia discovered bat kills in numbers
much larger than previously known. Since then, fatalities have been documented at higher than expected
rates in Pennsylvania, Alberta, New York State and some other locations. After the initial 2003 discoveries,
supporters of wind energy and bats reacted quickly, forming a new organization, the Bats & Wind Energy
Cooperative (BWEC), in late 2003. BWEC includes AWEA, Bat Conservation International, the U.S. Fish and
Wildlife Service and the U.S. Department of Energy's National Renewable Energy Laboratory. This initiative
raises millions of dollars to fund studies designed to reduce bat mortality. BWEC is focused on finding good
site screening tools and testing mitigation measures, including ultrasonic deterrent devices to warn bats away
from turbines. More information on the research efforts of the Bats and Wind Energy Cooperative can be
found on its website: http://www.batsandwind.org/.

AWEA's Siting Handbook

AWEA's Siting Handbook (www.awea.org/sitinghandbook) is an online resource with extensive links to
additional information. The Siting Handbook is designed to provide technical information and useful tools
based on the industry’s collective experience in siting wind energy projects. Information on the types of
possible project impacts, the various studies a developer can commission to understand those impacts and
methods to mitigate them are also included.

Environmental Impacts

New wind projects are carefully planned to minimize environmental impact, even though wind is already one
of the cleanest, most environmentally friendly energy sources because it emits no air or water pollutants or
greenhouse gases, requires no mining or drilling for fuel, uses no water and produces no toxic waste.

The wind industry welcomes scrutiny of, and comparison with, all of the impacts of all sources of electricity
generation. Many extensive studies of bird collisions at wind farms have been carried out, a practice that
stands in marked contrast to the lack of any systematic effort to monitor direct impacts on avian species from
mining and drilling, power plant emissions or pollution, or habitat loss brought on by these activities. Any
public or private research effort, regulatory effort or legislative proposal designed to quantify the impact of
power generation on birds, bats and other wildlife should encompass all electricity sources - not just wind.

Environmental Impacts of Electricity Sources

Nuclear Natural Gas

Global Warming Pollution

Air Pollution

Mercury

Mining/Extraction

Waste

Water Use

Habitat Impacts
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The list of environmental and wildlife impacts of other energy sources is long and varied, including:

= Habitat impacts from mining (coal, uranium), drilling (natural gas, oil), and compressing fuel (natural
gas). Some of these effects are local, while others can extend over fairly broad areas.

»= Habitat impacts from air and water pollution: acid rain, smog, mercury, drilling wastewater disposal
(fossil fuels).

» Habitat impacts from global warming (fossil fuels). Significant changes in some species' ranges are
already occurring, particularly in northern latitudes.

» Habitat impacts from thermal pollution of water (nuclear and fossil power plants).

» Habitat impacts from flooding of land and streamflow changes (hydro).

» Habitat impacts from waste disposal (coal).

While wind plants and their construction definitely have local impacts, the use of wind energy largely avoids
these more far-reaching effects. The picture with human health impacts is similar. Air pollution in particular
has been linked to a number of human ailments, including heart and lung problems. Greater use of wind
energy will reduce these concerns.

Commitment to Wildlife Protection

The industry has been conducting avian studies at wind sites across the country for more than 20 years. Pre-
construction wildlife surveys are common practice throughout the industry. Typically a wildlife consultant is
retained, and efforts are made to contact state and federal fish and wildlife agencies and local wildlife groups
(e.g., Audubon chapters, Izaak Walton League chapters) to identify any issues of possible concern. The
consultant examines the proposed site and prepares a detailed report on impacts for review by the developer.
Post-construction monitoring of bird kills at several wind sites in a wide variety of geographic locations
(Vansycle Ridge, Oregon; Ponnequin, Colorado; Foote Creek Rim, Wyoming; Buffalo Ridge, Minnesota;
Searsburg, Vermont; Garrett, Pennsylvania) has validated the industry’s ability to assess risk to birds and
build safe projects.

Land Use and Wildlife Habitat

All fuel extraction and energy generation activities affect habitat and land use. Mining, drilling, fuel
transportation and waste treatment for fossil fuels can all be land-intensive activities, while pollution from
fossil fuel combustion can affect broad geographic areas. A wind energy project can also be land-intensive,
but the land is used quite differently. The “fuel extraction” and electricity generation take place at the same
site year after year. Wind projects occupy anywhere from 28-83 acres per megawatt depending on local
terrain, but only 2-5% of the project area is needed for turbine foundations, roads or other infrastructure.

Habitat fragmentation can occur at projects in relatively pristine areas due to trees being removed around
turbines; also, new “edges” created in a forest (when parts of it are cleared for turbines or service roads) are
detrimental to some species, and the presence of turbines causes some species or individual animals to
avoid previously viable habitats. The wind energy industry is partnering with conservation groups and
government agencies to avoid, minimize and mitigate these impacts where possible.

Given wind energy's very low environmental impact (no air or water pollution, no global warming pollutants,
no waste) compared with other energy sources, it should remain the energy source of choice for anyone
concerned about preserving the natural environment.
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However, the urgent need to respond to climate change means that we will need to Guide
use as many renewable resources as we can, as quickly as possible, and that means
both onshore and offshore wind. Also, the U.S. has very large onshore areas that are

suitable for wind development, and not so much suitable offshore area.

EAQ/Wind Web Tutorial

Furthermore, since many people like the look of wind turbines, it should not be
assumed that it would be more desirable to put all wind turbines far offshore. Onshore
wind farms can provide significant economic development in the form of tax revenue
to hard-pressed rural communities and rent payments to farmers. Onshore wind farms
can therefore make a significant contribution to reducing and reversing the decline of
rural communities that we have seen in the Plains States over the last several
decades.

Where will offshore wind farms be built? How far out to sea will
they be, and how deep?

One of the largest offshore areas in the U.S. with shallow water is off Cape Cod, where
a major wind farm has been proposed. Much of the rest of the U.S. coastline has at
least some potential for wind development, but typically, turbine foundation costs
increase rapidly with increasing water depth and wave height. The cost of connecting
with utility power lines also increases rapidly as the distance from shore increases.

Still, there are advantages to siting wind farms further offshore. Wind speeds tend to
be higher and the wind is steadier. This means that turbines built further offshore
should capture more wind energy. Many hope that the technical challenges will be
overcome and that in the future offshore wind farms will be built much further
offshore, perhaps even on floating platforms at sea.

—
el

Will they interfere with shipping?

Developers intentionally site wind turbines outside of established shipping lanes,
thereby avoiding conflicts with routine traffic. Should a ship inadvertently go off
course, its radar will readily detect the wind turbines, which are excellent radar
reflectors. Wind turbines are also equipped with warning devices to alert ships in foul
weather. The U.S. Coast Guard authorizes wind turbine locations for navigational
concerns and determines the markings, lights, and fog signals needed

Will they interfere with fishing?

Given the relatively small area of seabed that is required there is no evidence to
suggest that total fish catch will decline as a result of wind farm developments; if

http://www.awea.org/fag/wwt offshore.html 9/12/2009





anything the opposite 1s true. Fish stocks have been in dechne tor many years due
to overfishing. Many environmental groups believe that wind farms will provide
welcome sanctuary for fish spawning as well as refuge from intensive fisheries
activity.

The wind industry is working actively with the fishing industry to ensure, as the oil
and gas industry has done before it, that the fishing industry is not disadvantaged
by the growth of offshore wind farms.

How big will they look from shore?

Obviously, this depends on the size of the turbines, how close they are to the
shore, and weather conditions. Most offshare wind farms are barely visible from
shore.

What if there's a storm at sea?

As with onshore turbines, offshore turbines are warranted and tested to withstand
extreme wind conditions. In the event of severe weather, the blades turn out of
the wind and will slow down for safety reasons when wind speeds reach 50 miles
per hour and above.

TOP

Will they disturb the seabed and cause coastal erosion?

Any proposed wind farm project will involve a full investigation of wave and coastal
processes prior to construction. However, the turbine structures and distance
offshore are such that it is very unlikely they would significantly affect the seabed
or wave patterns. There is no evidence from the Danish experience with offshore
wind farms of any detrimental effects on coastal processes.

The coastal erosion effects of higher sea levels and more extreme weather
patterns due to global warming are already scientifically recognized, and far
outweigh the potential effects of offshore wind farms.

will they affect marine life?

There are three significant stages of a wind farm from the point of view of marine
life: construction, operation and decommissioning. Construction and
decommissioning have the potential to generate the most amount of disturbance,
and the wind industry, as well as several marine conservation groups, is currently
investigating these impacts on marine life.

However, it is important that such impacts be considered in the context of other
marine activities such as fishing, shipping, oil and gas extraction, etc. Also, it should
be noted that the duration of the construction and decommissioning will be about &
months only. For the 20-year operational period there are no known impacts on
marine life.

It has been suggested that the noise from wind turbines will travel underwater
and could disturb sea life. But studies carried out on the impact of noise from
existing offshore turbines note that the noise is very low freguency, and many
species are actually unable to hear it.

As with any other local impact issues, these concerns will be addressed while a
wind farm project is going through the permitting process.

More reading:

Offshare Wind: The Environmental Implications

Horns Reef Offshore Wind Farm: Environmental [ssues
AWEA Fact Sheet: Offshore Wind Energy
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Wind Power Myths vs. Facts

As wind power generates more electricity in the U.S. and moves into new areas of the country,
more people are being introduced to wind turbines in their communities. Wind power is still a
relatively new technology, and a number of myths - some based on old technologies, some
based on misunderstandings - are endlessly repeated by opponents of wind power. This
document dispels some of the most common myths about wind power with real facts.

MYTH --—- Wind Turbines Are a Nuisance

“Turbines Are Noisy”

Fact: Wind turbines are quiet. An operating
modern wind farm at a distance of 750 to 1000
feet is no noisier than a kitchen refrigerator or

Decibels

. . Jet airplane %
a moderately quiet room. The sound turbines
produce is similar to a light whooshing or [ QJ || Peumatic
swishing sound, and much more quiet than h }}}j <l
other types of modern-day equipment. Even
in rural or low-density areas, where there is lndusortal
little additional sound to mask that of the wind noise (] o) = Sterso
turbines, the sound of the blowing wind is often 90 ((({ music
louder. Inside car @ 80 _
Exceptions to quiet operating turbines can & ﬁ Office
occur in two instances - with older turbines Home '[@f 4
from the 1980s and with contemporary turbines EORS | ;
in some types of hilly terrain. Modern wind BR o >n§ s

; ; H Bedroom

turbines have been designed to drastically .!
reduce the noise of mechanical components so == By st
the most audible noise is the sound of the wind Falling @ 20 9 ek
interacting with the rotor blade. However, in leaves o

some hilly terrain where residences are located
in sheltered dips or hollows downwind from

turbines, turbine sounds may carry further and be more audible. This effect can generally be
anticipated and avoided in the development process through adequate setbacks from homes.

“Turbine Lighting Is Excessive”
Fact: Lights at wind farms are non-intrusive, and improvements in design will make them even
less so as the technology expands. The Federal Aviation Administration (FAA) recommends
lighting for most structures more than 200 feet in height to ensure aviation safety.





The wind industry is working with the FAA to test safe and non-intrusive lighting plans for wind
farms.

‘Nearby Residences Will Be Affected by Shadow Flicker”

Fact: Shadow flicker is the term used to describe what happens when rotating turbine blades
come between the viewer and the sun, causing a moving shadow. Shadow flicker is almost
never a problem for residences near new wind farms, and in the few cases where it could be, it
is easily avoided. For some who have homes close to wind turbines, shadow flicker can occur
under certain circumstances and can be annoying when trying to read or watch television.
However, the effect can be precisely calculated to determine whether a flickering shadow will fall
on a given location near a wind farm, and how many hours in a year it will do so. Potential
problems can be easily identified using these methods, and solutions range from providing an
appropriate setback from the turbines to planting trees to disrupt the effect. Normally, shadow
flicker should not be a problem in the U.S. because at U.S. latitudes (except Alaska) the sun’s
angle is not very low in the sky. If any effect is experienced, it is generally short-lived, as in a
few hours over a year’s time.

“Turbines Interfere with Television and Other Communications Signals”

Fact: Interference is rare and easily avoided. Large wind turbines installed at wind farms can
interfere with radio or television signals if a turbine is in the “line of sight.” Improving a receiver's
antenna or installing relays to transmit the signal around the wind farm solves this problem; both
solutions are common practice in modern wind energy development.

“Turbines Are Ugly”

Fact: Beauty is in the eye of the beholder. Many people feel wind turbines are majestic. Wind
farm developers have computer-modeling tools that accurately depict virtual views from given
spots in the surrounding area. Careful design of a wind project can alleviate many visual
concerns.

MYTH --—- Wind Turbines Do Not Benefit Local Communities

“Wind Projects Harm Property Values”

Fact: There is no evidence that the presence of a commercial windfarm within sight of a property
systematically decreases that property’s value. In fact, a nationwide study conducted in 2003
surveyed property near multiple wind farms and found that not only do wind farms not harm
property values, but that in some cases the values increased.

“Wind Projects Depress Tourism”

Fact: There is no evidence to “There is so much demand to view the wind

indicate that wind turbines drive turbines that the county is creating a pull-off
tourists away. In some areas, wind area and Working with the prOjeCt owner to
turbines even draw tourists. Local create an informational kiosk. The wind project
governments frequently work with has become a destination spot for tourists
developers to install information visiting nearby ski resorts and parks.”

stands and signs near wind farms, as
well as pull-off areas, similar to
“scenic overlooks”, from nearby
roads. Surveys of tourists have

Robert Burns, Executive Director
Tucker County Development Authority, West Virginia
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found that the presence of wind turbines would not affect the decision of most visitors to return.
The thousands of turbines in Palm Springs, California, have had no negative impact on the
tourism business; on the contrary, the local tourism center organizes bus tours to the wind
farms.

“Wind Projects Don’t Contribute to the Local Tax Base”

Fact: Installing millions of dollars of equipment in most areas greatly increases the local taxes

assessed, and wind farms are no exception. Wind farms support the local tax base, helping to
pay for schools and roads far more than their impact to local facilities. One large (108-turbine)
project in rural Prowers County, Colorado, increased the county’s tax base by 29%.

Economic development associated
with a new wind farm extends far
beyond taxes to increased
employment, directly from the wind
Property tax payments to local school districts: farm operation and construction, and

$11.6 million in 2002 to money pumped in the local
economy through services needed to
support a large construction project,
Wind-related jobs: 2,500 including increased hotel stays and
restaurant revenues.

What 1,000 Megawatts of Wind Brought to Texas

Taxable value of wind power plants: $777 million

Landowner royalty income: 2.5 million in 2002

MYTH -— Wind Turbines Aren’t Safe

‘Blades Cause Dangerous Ice Throws”

Fact: Ice throw, while it can occur under certain conditions, is of little danger. Setbacks typically
used to minimize noise are sufficient to protect against danger to the public. In addition, ice
buildup slows a turbine's rotation and will be sensed by a turbine's control system, causing the
turbine to shut down.

“Turbines May Throw Blades or Collapse”

Fact: Modern wind turbines are so safe they successfully operate near schools, in urban
settings and densely populated areas, and in rural communities. Blade throws were common
in the industry's early years, but are unheard-of today because of better turbine design and
engineering. Ultility-scale wind turbines are certified to international engineering standards,
such as those developed by Germanischer Lloyd or Det Norske Veritas, and these include
ratings for withstanding different levels of hurricane-strength winds and for other criteria. There
are thousands of turbines installed in Europe and thousands in the U.S. - wind turbine
standards ensure a high level of operational reliability and safety in the U.S. and worldwide.

MYTH --—- Wind Turbines Harm Wildlife

“Turbines Kill Many Birds and Bats”
Fact: Wind energy development’s overall impact on birds is extremely low compared with other
human-related activities. No matter how extensively wind is developed in the future, bird deaths
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from wind energy are unlikely to be ever more than a small fraction of bird deaths caused by
other human-related sources, such as cats and buildings.

Raptor kills (of eagles, hawks, and
owls) are a problem at one large 5500
older wind farm in California, in
Altamont Pass, built in the 1980s.
Wind farm operators there have
worked with wildlife officials and
experts to reduce the impacts on
raptors, and those efforts continue
today.

For every 10,000 birds
killed by human
activities, less than one death
is caused by a wind

turbine.
Prior to 2003, bat kills at wind
farms studied were low. However,
the frequency of bat deaths at a
newly constructed wind farm in 800 1000 1000
West Virginia in 2003 has caused 200 700

concern. In response, AWEA and
several of its member companies
entered into a three-year

cooperative effort with Bat wind
Conservation International, the turbines

250

high
tension cats

pesticides

National Renewable Energy
Laboratory, and the U.S. Fish and
Wildlife Service to research

_— lines _—
communication vehicles other buildings/

towers windows

wind/bat interaction and test ways

to reduce bat mortality. That research is
ongoing, and information about the results is
being published as they become available.

Data source: Erickson et al., 2002, Summary of
Anthropogenic Causes of Bird Mortality.

Despite the minimal impact wind development has on bird and bat populations in most areas,
the industry takes potential impacts seriously. In addition to special initiatives such as those
described above, avian studies are routinely conducted at wind sites before projects are
proposed. Pre-construction wildlife surveys are now common practice throughout the industry.

“Wind Projects Fragment Wildlife Habitat”

Fact: Wind farms are most often built in areas close to transmission lines where habitat has
already been modified and fragmented, typically by farming and ranching. And, wind energy
has a light footprint, with only the turbine itself, along with some roads and power lines,
impacting the land, while pre-existing land use continues around the turbines as before. Windy
land can also often be found in undeveloped areas, however, so habitat fragmentation can be a
concern, especially in unbroken stretches of prairie grasslands or forests. The industry supports
more research to better understand the extent of possible habitat or wildlife impacts in these
areas, but those impacts must be balanced against the effects of not developing renewable
energy sources and thereby aggravating global warming and pollution pressures on wildlife and
their habitats--not just in prairie or forest areas, but around the world.
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MYTH --- Wind Turbines are Expensive and Unreliable

‘Back-up Generation Is Needed for All Wind Turbines”

Fact: Because of the grid’s inherent design, there is no need to back up every megawatt of wind
energy with a megawatt of fossil fuel or dispatchable power. The electric grid is designed to
have more generation sources than are needed at any one time because no power plant is
100% reliable. Itis a complicated system designed to absorb many impacts, from electric
generation sources going out of service unexpectedly to industrial customers starting up energy-
intensive equipment. The grid operator matches electricity generation to electricity use, and
wind energy’s variability is just one more variable in the mix.

Findings of the Utility Wind Interest Group (an organization of some 55 utilities that have wind
power on their systems) in November 2003:

"The results to date also lay to rest one of the major concerns often expressed about wind power:
that a wind plant would need to be backed up with an equal amount of dispatchable generation. It
is now clear that, even at moderate wind penetrations, the need for additional generation to

compensate for wind variations is substantially less than one-for-one and is often closer to zero."

One of the most authoritative studies, conducted in 2004 for the Minnesota Department of
Commerce found that adding 1,500 megawatts (MW) (enough wind to meet the needs of more
than 400,000 homes) to the system of a major utility, Xcel Energy in Minnesota, would require
only an additional 8 MW of conventional generation to deal with added variability.

Many sources of electricity considered highly reliable suffer from unexpected outages: for
instance nuclear reactors and coal plants that shut down, often at short notice, for safety repairs
or maintenance. Yet no one proposes to back up a coal or nuclear power plant with a similar
amount of dedicated generation from another plant. The reality is that wind energy is naturally
variable, but not unreliable. Wind farms are built in windy areas, and seasonal and daily wind
generation patterns can be anticipated. Denmark and utility systems in regional areas
elsewhere in Europe operate with 10-15% or more of their power coming from wind, without
increased reliability problems or need for additional back-up power plants. And in contrast to
conventional power plants, wind farms need not shut down altogether for maintenance and
repairs—a turbine fault, when it occurs, can be repaired while the other turbines continue to
operate.

“Wind Turbines Operate Only a Small Fraction of the Time”

Fact: Wind turbines generate electricity most (65-80%) of the time, although the output amount
is variable. No power plant generates at 100% “nameplate capacity” 100% of the time.
Nameplate capacity refers to the maximum generation potential of a power plant. A
conventional power plant is occasionally closed for maintenance or repairs, or runs below full
capacity to best match demand. Wind farms are built in areas where the wind blows most of the
time, but because of variations in speed, a wind farm will generate power at full rated capacity
about 10% of the time, and on average throughout the year the plant will generate 30% to 35%
of its rated capacity. A utility in the Northwest, PacifiCorp, added 20% of its wind projects’
nameplate capacity into its baseload calculation in the utility’s 2004 Integrated Resource Plan.
This indicates that utilities with experience with wind energy on their system consider it able to
provide some consistent power on a regular basis. The full plan can be accessed at
http://www.pacificorp.com/File/File47422.pdf.
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“Wind Energy Will Never Provide More Than a Little Electricity”
Fact: The U.S. Department of Energy estimates America’s wind energy potential to be much
larger than total U.S. electricity consumption today. Tapping only a fraction of that potential
would provide a significant part of America’s electricity supply. In the United States, wind
energy currently produces approximately 17 billion kilowatt-hours of electricity, equivalent to
powering about 1.6 million average American homes year-round. A typical one-megawatt
turbine generates enough electricity for 300 homes. With policies to remove barriers to wind
energy development, by 2020, 100,000 MW of wind energy could be installed, providing at least
6% of electricity generated in the U.S., or about the same amount as hydropower today. Wind
energy is poised to be a significant part of America’s diverse energy portfolio.

American Homes Served by Wind Energy
(in millions)

TODAY - 1.6 million e s

BY 2020 - 25 million

“Wind Turbines Are Inefficient”
Fact: Wind turbines are efficient, and that is part of their beauty. One of the simplest ways to
measure overall efficiency is to look at the "energy payback" of an energy technology, i.e., the
amount of energy it takes to produce a given amount of energy.

The energy payback time for wind is in fact similar to or better than that of conventional power
plants. A recent study by the University of Wisconsin-Madison calculated the average energy
payback of Midwestern wind farms to be between 17 and 39 times as much energy as they
consume (depending on the average wind speeds at the site), while nuclear power plants
generate only about 16 times and coal plants 11 times as much energy as they consume.

Wind turbines are also highly efficient in a larger sense: they generate electricity from a natural,
renewable resource, without any hidden social or environmental costs—there is no need to mine
for fuel or transport it, no global warming pollutants created, and no need to store, treat, or
dispose of wastes.

“Wind Energy Is Expensive” “ . .
Fact: Wind energy is now in a range that is The new wind farm that Xcel Energy is

competitive with power from new conventional building near Lamar will save consumers
power plants. The up-front, capital cost of $4.6 million in their power bills.

wind energy is more expensive than that of

some traditional power technologies such as

natural gas. However, there are no fuel - From Xcel Energy testimony to the Federal
costs, and in good locations the "levelized" Energy Regulatory Commission, June 16, 2003
cost (which includes the cost of capital, the
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cost of fuel, and the cost of operations and maintenance over the lifetime of the plant) of wind
energy can now be very competitive with that of other energy sources.

“Wind Energy Is Heavily Subsidized”
Fact: Every energy technology is subsidized. Wind energy is no exception. Wind receives a tax
credit that provides an inflation-adjusted 1.5 cents for each kilowatt-hour generated, over the
first ten years of the project. This credit reduces the tax liability of a wind farm, but is not a
subsidy of public money flowing to the wind farm owner.

Other energy sources receive subsidies in many forms, including tax deductions, loan
guarantees, liability insurance and leasing of public lands at below market prices. Some, like
the depletion allowance for oil and gas, are permanent in the tax code. Additional indirect
subsidies include federal money for research and development programs and policy provisions
in federal legislation. The largest subsidy, however, may be an invisible one—the fact that the
environmental impacts from fossil fuel use are not reflected through higher costs of those energy
sources. Instead, all of society must pay the price for dirty air, polluted water, health costs,
global warming, fuel spills, and cleanup and disposal of fuel byproducts attributed to traditional
energy sources. Clean, renewable, domestic wind energy produces no emissions, requires no
fuel and the cost is fixed and predictable over time.
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Economic and Socioeconomic Impacts

This is one of a series of reports and guides that are all part of the NYSERDA Wind
Energy Tool. Interested parties can find all the components of the kit at:
www.powernaturally.org. All sections are free and downloadable, and we encourage
their production in hard copy for distribution to interested parties, for use in public
meetings on wind, etc.

Any questions about the tool kit, its use and availability should be directed to:
Vicki Colello; vac@nyserda.org; 518-862-1090, ext. 3273.

In addition, other reports and information about Wind Energy can be found at
www.powernaturally.org in the on-line library under “Large Wind.”

NOTICE

This report was prepared by Global Energy Concepts (GEC) in the course of
performing work contracted for and sponsored by the New York State Energy Research
and Development Authority (hereafter “NYSERDA?”). The opinions expressed in this
report do not necessarily reflect those of NYSERDA or the State of New York, and
reference to any specific product, service, process, or method does not constitute an
implied or expressed recommendation or endorsement of it. Further, NYSERDA, the
State of New York, and the contractor make no warranties or representations, expressed
or implied, as to the fitness for particular purpose or merchantability of any product,
apparatus, or service, or the usefulness, completeness, or accuracy of any processes,
methods, or other information contained, described, disclosed, or referred to in this
report. NYSERDA, the State of New York, and the contractor make no representation
that the use of any product, apparatus, process, method, or other information will not
infringe privately owned rights and will assume no liability for any loss, injury, or
damage resulting from, or occurring in connection with, the use of information
contained, described, disclosed, or referred to in this report.
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Economic and Socioeconomic Impacts of
Utility-Scale Wind Power Projects

Introduction

Any business development will have both direct and indirect economic impacts on the
local and regional economies, and wind energy projects are no different. A new wind
project directly affects an area through the purchase of goods and services, generation of
land use revenue, taxes or payments in lieu of taxes, and employment. Secondary or
indirect economic effects may include increased spending power, economic
diversification, changes in property values and the use of indigenous resources.

Socioeconomic impacts are more difficult to quantify, but may include impacts to local
culture and customs, land use, scenic, recreational and ecological resources,
infrastructure, emergency personnel and systems, and education.

Typically, a proposed wind project will affect its host community in a number of ways,
some positive, some negative. Whether any single impact is viewed as a benefit or a
drawback depends a good deal on the perspective of the viewer. In considering whether
to permit the development of a wind farm, it is up to the community to weigh all the
impacts, and decide whether the positives outweigh the negatives. This guide is designed
to help communities through this process.

Direct Economic Impacts

Direct economic effects from the development of a wind project include land owner
revenue, revenues to local governments from property or other taxes, the creation of jobs,
and the use of local services.

Land Owner Revenue

The development of a wind project can increase the productivity of the land and provide
an additional source of income to rural land owners from leasing and royalty agreements
(see Landowners” Leasing Guide section of this tool kit). Wind turbines occupy 4% or
less of the land area required for a wind power project and because only a fraction of this
land is utilized by physical plant structures and roads, the previous use of the land (e.g.,
ranching or farming) typically continues alongside the wind power facility.





Depending on the placement of the turbines on one or more properties, the project may
directly benefit one or more landowners through leases and royalties. In addition to these
direct benefits, the broader community may also benefit. This is due to multiplier effects
associated with the increased income of the host landowners, and to the increased long-
term stability of those landowners, who have diversified their sources of income.

Property Taxes

Property taxes or annual payments in lieu of taxes (PILOT) from a wind power project
also significantly impact the community. In many locations, wind projects can be
among the highest paying property tax entities. Based on information from Madison
County, New York, voluntary payments from the Madison Wind Power Project amount
to approximately $30,000 per year each for both the town of Madison and the Madison
Central School District, or approximately $5,200 per MW. The Fenner Wind Power
Project is providing the town of Fenner with approximately $150,000 per year for 15
years, or approximately $5,000 per MW. The Flat Rock (Maple Ridge) Wind Project in
Lewis County is expected to result in a substantial increase in annual tax revenue for the
county. Annual payments are anticipated to be over $8 million from the project. This
large amount is due in part to the location of the project in an Empire Zone.' Even
without the Empire Zone benefits, the project would still pay more than $1million
annually in PILOT payments. The largest beneficiaries of the added revenue will be the
towns and schools.

Job Creation

As with most business ventures, wind energy projects create jobs. In general, the
employment opportunities associated with a wind power plant are in construction,
operations and maintenance (O&M), and manufacturing. Various studies have shown
that, compared to conventional generation options, wind development creates more jobs
per dollar invested and per kWh generated. It should be noted that most wind energy
jobs are in the manufacturing, construction and installation fields, with relatively few
jobs in ongoing operations and maintenance.

Construction Employment

Construction-related employment for a wind power project usually involves short-term
assignments during the construction of the project. Construction time for a large wind
project depends on the size and location of the project, but averages six months. In the

'Under aNew York State initiative, sales tax exemption, real property and business tax credits are available for qualified businesses
locating and expanding in designated Empire Zones.
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United States, a 50-MW wind project will create the equivalent of 40 full-time jobs
during the construction period. A typical arrangement will be for the developer or
turbine manufacturer to hire (or serve as) a general contractor familiar with building
wind projects. Responsible for overall project construction activities, the general
contractor hires subcontractors experienced in civil work (grading, excavation, and
concrete), electrical work, and mechanical assembly. Typical personnel requirements
include construction managers, electricians, heavy equipment operators, security
personnel, and general laborers for assembly and civil work. The number of positions
that might be filled by local personnel depends upon the skill base of the local

population and the policies and location of the construction or contracting company.

O&M Employment

The number of people employed by a wind power project during commercial operation
depends primarily on the project size and administrative structure. Small projects of less
than 10 turbines are generally remotely operated and bring in maintenance personnel
only when maintenance is required. Larger projects will have a full-time staff, the size of
which depends on the project size, turbine type, and local labor practices. Economies of
scale are realized in both turbine size and quantity. Although some maintenance activities
on the larger turbines may require more time or different equipment, many maintenance
activities require approximately the same level of effort regardless of the turbine size, so a
few large turbines are cheaper to maintain than many small ones.

Wind turbines typically have regular maintenance scheduled every six months. In the
U.S., each scheduled service typically requires two people for one 8-hour period for
turbines in the 500 kW to 1,500 kW (1.5 MW) size range. For six large projects in the
U. S. (between 25 and 100 MW) with turbines of 750 kW or greater, approximately 1
full-time maintenance job was created for every 5 to 8 MW of installed capacity.

Wind projects are usually staffed with primarily local personnel, with an experienced
supervisor or facility manager supporting the locally hired employees. The number of
local employees hired will depend on available skills and training. Skills that project
managers and operators must have include computer literacy, inventory management,
job and equipment scheduling, performance record-keeping, statistical trend analysis,
and data processing. Maintenance personnel generally need to be proficient mechanics or
electrical/electronic technicians. With these skills they can readily be trained in wind
power mechanical and electrical systems and maintenance equipment. Specialized
turbine training is often provided by the turbine manufacturer.

Skills in each of the following areas need to be available to successfully maintain a wind
power project.

Hydraulics

Rotating machinery

Cranes and other heavy lifting equipment
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Composites repair (i.e., fiberglass)

Electronic controls

Power electronics

Medium- and high-voltage electrical equipment
Safe climbing and maintenance procedures

Once the project begins operation, the majority of the maintenance activities require
climbing the tower and working within the confines of the nacelle and hub. This type of
physical activity requires agility and strength, similar to the skills of an electric utility
lineman. This is physically demanding work, and finding and retaining the proper
combination of people who can both tolerate the physical demands and have the skills
required to maintain modern turbines can be challenging. The physical demands of the
job can result in high turnover.

Manufacturing Employment

The majority of commercial wind turbines are manufactured in Europe and the U.S.;
however, the use of the term “manufacturing” is somewhat misleading. Although some
turbine manufacturers build many of their own components, others are better described
as “assemblers” because the major components of their turbines are produced by other
companies and then assembled into their wind turbine model. The American Wind
Energy Association (AWEA) estimates that wind turbine and component manufacturers
directly contribute to the economies of 44 states. These companies manufacture and
market towers, gearboxes, blades, monitoring equipment, and other wind energy-related
equipment.

Manufacturers sometimes source individual components locally, depending on the local
skills and resources. Towers, for example, are difficult and expensive to transport. As a
result, towers are frequently the first turbine component to be manufactured locally in a
developing wind power market. Tower fabrication requires capabilities similar to that
required for manufacturing large steel storage tanks and towers for other purposes,
increasing the probability that local businesses can grow into tower manufacturing with
minimal new investment in the plant, equipment, and training. Cabling, transformers,
concrete, and other project components may also be easily sourced locally.

While the number of manufacturing jobs created will depend on the manufacturing
capabilities of the area, the incentives provided, and the size of the market, among other
factors, the employment resulting from component manufacturing can be significant.
For example, a wind turbine blade manufacturing facility to be located in Quebec will
have a capacity of 240 MW (approximately 400-500 blades, annually) and is estimated
to create employment for 100-120 factory workers. Gamesa, a wind energy company
based in Spain, announced it will locate its U.S. headquarters and east coast development
offices in Philadelphia and a blade manufacturing plant in Ebensburg, PA. “The
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opening of the plant will create as many as 500 construction and operations jobs,
including 236 permanent high-paying manufacturing positions.”

Development of Regional Cooperatives

Under the right circumstances, cooperatives can provide a way for local communities to
gain additional economic benefits from wind energy development by retaining the return
on investment and energy sales profits that might otherwise go to a private developer
located outside of the region. Locally-owned wind cooperatives develop wind power
projects and sell the electricity to a utility. The cooperative development and ownership
of wind power plants has proven successful in countries such as Denmark, where
approximately two-thirds of the turbines are owned by individuals or cooperatives, but
has not been practiced widely in the U. S.

Indirect economic Impacts

The construction and operation of a wind project results in the purchase of local goods
and services such as construction materials and equipment, maintenance tools, supplies,
and equipment and manpower essentials such as food, clothing, safety equipment, and
other articles. As previously mentioned, support services such as accounting, banking,
and legal assistance also are required. The rental of local equipment for maintenance is
common. The Kern County Wind Energy Association, based in California, estimates
that approximately $11 million is paid annually to local businesses for goods and services
as a result of wind power projects in Tehachapi, California.” This equates to $22,000 per
MW or $3,667 per wind turbine.

While a wind power plant can have a substantial regional economic impact, it has a
minimal impact on the local and state infrastructure because of the high capital-to-labor
ratio of the plant’s operation. Additional employment and property taxes add value to
the local economy without creating a substantial burden on the existing water and sewer
system, transportation network, or on emergency, education, and other public services.

Because businesses within a local economy are closely linked by business and personal
purchasing patterns, direct benefits also have an indirect effect on the economy. The
direct effects spur rounds of spending in the local and state economy, increasing the
overall benefit to the area. Increased taxes from a wind power project may result in

2 January 14, 2005 Press Release. Governor Rendell Announces Cambria County as Site of Gamesa's Manufacturing Facility

% Tehachapi, CA, is one of the three main wind development areas in the state of California. The first wind turbines in the area were
installed in the mid-1980s; however, new wind projects and “re-powered” projects continue to be installed today. (Re-powering refersto
the replacement of older, smaller wind turbines with newer, larger models). Wind development in Tehachapi includes approximately 500
MW of wind capacity and more than 3,000 wind turbines, ranging in size from approximately 100 kW to more than 1 MW. Tehachapi is
a so the location of the company headquarters and/or the central O& M facilities for several developers.
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additional government spending on local, state, and federal services, or in decreased tax
burdens on other property owners. Another secondary impact, referred to as the induced
effect, comes from additional household earnings from employment growth that results
in increased household spending on goods and services.

Additional value to local economies also results from increased diversification of the
county and state economic bases. Economic diversification ensures greater stability to the
economy by minimizing financial high and low cycles associated with a specific industry.
This effect is particularly important in rural areas that tend to have a one-dimensional
economy. Single dimension economies result in limited local business interaction;
therefore, more goods and services are imported and more dollars leave the region.

Individuals can also gain indirect benefits through a municipal government that owns a
wind power project. For example, a municipally-owned project located on a harbor in
northern Europe uses the project revenues for harbor improvements. A number of wind
projects are owned by public utilities in the U.S. and most of these enjoy strong public
support.

Certain indirect economic impacts may be viewed negatively. For example, those in local
recreation and eco-tourism industries may fear that siting wind turbines on a highly-
visible ridgeline could negatively impact their business. Adjacent property owners may be
concerned about possible devaluation of their properties due to the proximity of
turbines. Although some studies have associated wind farms with enhanced tourism and
increased property values, more studies will be needed before these concerns can be
definitively addressed.

Economic impacts: a New York State example

The Flat Rock Windpower Project is currently under construction in Lewis County,
New York. It is a two-phase project; in phase I, 120 turbines (198 MW) will be installed
in 2005 and 20 turbines (32 MW) in 2006. Up to 60 additional turbines will be
installed in 2006 during phase II, depending on funding and contracts. The initial 140
turbines involve leases with 61 landowners; the 60 additional turbines will require leases
with another 17 landowners.

Major anticipated economic impacts of the project include:
Up to 300 construction jobs in 2005 and 150 in 2006, with 25 permanent jobs
created in operations and maintenance. Most of these jobs are expected to go to
county residents.

® Approximately $8 million in annual PILOT payments to local towns, school
districts and the county, plus licensing fees and other services revenues (due in
part to the project’s location in an Empire Zone).

o Approximately $1.5 million annually in landowner lease payments upon full

build-out.
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Approximately $2 million in food, lodging and other goods and services
purchases by non-local labor during 2005.

Socioeconomic Impacts

Development of a wind power industry or construction of a wind power project can also
have socioeconomic impacts on a region or community. These include impacts to the
local culture/customs, land use, infrastructure (i.e., water, sewage, waste removal, roads,
housing), emergency personnel and systems, and education. The extent of the potential
impacts depends on the scope of the industry and the project(s). Wind energy projects
tend to be located in rural areas, which may be more significantly impacted than urban
areas.

Rural areas tend to be more culturally homogenous than urban areas. For projects or
industry in rural areas, the addition of skilled labor from outside the area may put
pressure on the local community due to cultural differences. Non-local workers
relocating to the project area potentially bring different social attitudes, norms, and
practices. In areas where the size of the development is small and limited to wind power
projects, these cultural stressors are usually minimized since wind power project
construction only lasts an average of six months and ongoing O&M jobs can frequently
be filled by local personnel.

The amount of non-local labor will also impact short-term housing availability. For
projects located in remote areas, the project developer may need to provide temporary or
permanent housing. Typically, long-term housing for permanent employees is not a
problem. Usually the facility manager and possibly one other staff member would be
hired from outside the local community because of their expertise in operating wind
power projects. All other staff positions would be filled, if possible, with skilled local
labor.

As is the case for any significant construction activity, a wind power project has the
potential to increase the work load for police, fire, medical, and other similar services.
Although major events such as fires are rare in the construction and operation of a wind
project, industrial accidents do happen and must be planned for. Typically, the
construction general contractor and O&M manager will work with the local and
surrounding communities to determine the ability of local services to handle potential
events, and to put mitigation measures in place as necessary.

The need for construction vehicles and equipment can create impacts on local
communities, with a greater effect in rural areas than in urban areas. Any road
development or widening and paving would result in permanent infrastructure changes
to the local community which are generally, but not always, viewed as positive. Paving a
dirt road would allow for future development, and widening a road may make general
travel along the road safer; however, some people living along an access road may not
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want the road paved and widened, fearing a general increase in traffic and traffic speed.
These concerns regarding traffic are usually addressed in a traffic study, completed as a
part of the project development process, with the developer offering mitigation measures
if necessary.

Wind power projects, particularly in rural areas, can also change the visual character of
an area by introducing large-scale structures and machinery into previously undeveloped
areas. This includes the wind turbines themselves, as well as electrical transmission
equipment and construction vehicles such as cranes and service trucks.

Conclusion

In New York State, rural communities with good wind resources are being confronted
with the question of whether to welcome or reject wind energy development. Often this
decision-making process is highly contentious, pitting neighbor against neighbor, second
homeowners against farm families, community members against elected officials. Wind
development is new and not well understood in many communities, and this leads to
concerns about the economic impacts.

In financially depressed areas, the prospect of wind development may be appealing,
particularly to farmers who can use the revenue from land leases to augment their
farming income. In some cases, this may save their farms, and save the area from other
development. Neighbors, too, might prefer wind turbines, which guarantee that the
majority of the surrounding land will never be developed, over the alternatives (such as a
housing development, the fate of many no-longer-profitable family farms).

However, concerns surrounding wind development should not be underestimated nor
dismissed as insignificant. Many people choose to live in rural areas because they enjoy
the openness, remoteness and tranquility. Introducing wind turbines to these areas,
which frequently also enjoy scenic resources, presents a profound change to which people
are not always receptive.

Some of the controversy can be mitigated by: good communication and planning ahead
(see section on the comprehensive plan); educating the community about wind resources
and getting public input early on; keeping the public involved and informed in every step
of the process; and working with the wind developer to get the most beneficial
arrangement for the community, both in terms of financial compensation and also in
details such as turbine location, spacing and setbacks.
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Additional Sources of Information

Conover, K. Planning Your First Wind Power Project, A Primer for Utilities. Electric
Power Research Institute, TR-104398. 1994.

LM Glasfibre. LM Glasfibre Signs Contract to Supply Blades for 2,400 MW capacity for GE
Energy in Canada. Press release. March 10, 2005.

Northwest Economic Associates. Assessing the Economic Development Impacts of Wind
Power, February 2002. Report to the National Wind Coordinating Committee.
Available at www. nationalwind.org.

The Effect of Wind Energy Development on State and Local Economies, in Wind
Energy Series, N.W.C. Council, Editor. 1997, NWCC.

Community Wind Financing, A Handbook by the Environmental Law & Policy Center,
Charles Kubert, Howard Learner, Jill Geiger, Rebecca Stamey-White. Available at:

www.elpc.org.
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Home Roughness and Wind Shear

*Guided tour High above ground level, at a height of about 1 kilometre, the wind is
hardly influenced by the surface of the earth at all. In the lower layers
of the atmosphere, however, wind speeds are affected by the friction
against the surface of the earth. In the wind industry one distinguishes
between the roughness of the terrain, the influence from obstacles ,
and the influence from the terrain contours, which is also called the
orography of the area. We shall be dealing with orography, when we

investigate so called speed up effects, i.e. tunnel effects and hill
Roughness & shear effects , later.

*Wind

*Turbine siting

Roughness
In general, the more pronounced the roughness of the earth's surface,

the more the wind will be slowed down.

Forests and large cities obviously slow the wind down considerably,
while concrete runways in airports will only slow the wind down a little.
Water surfaces are even smoother than concrete runways, and will
have even less influence on the wind, while long grass and shrubs and
bushes will slow the wind down considerably.

Speed calculation

Escarpments

The roughness rose

=

Ro_tig_llr]ess Classes and Roughness Lengths
ot In the wind industry, people usually
refer to roughness classes or roughness
lengths, when they evaluate wind
conditions in a landscape. A high
roughness class of 3 to 4 refers to
landscapes with many trees and
buildings, while a sea surface is in
roughness class 0.

Variable winds
Turbulence

Wind obstacles o .
Concrete runways in airports are in

roughness class 0.5. The same applies
) to the flat, open landscape to the left
Wind shade Shefuﬁgifeivg:g which has been grazed by sheep.
friend. In this The proper definition of roughness classes and roughness lengths
picture from may be found in the Reference Manual. The term roughness length is
Calculator guide Akar;:aslg:]ta Nte}_]"; really the distance above ground level where the wind speed
sheep keep the  theoretically should be zero.
roughness of the

Shade calculator landscape down  Wind Shear
througr};;?ne; :.nughna: kength = .1 m
: t
Photograph Soren Tsnﬂlzﬂ
Wake Krohn ||I
© 1998 DWIA 140 Jl'
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This graph was plotted with the wind speed calculator on the next
page. It shows you how wind speeds vary in roughness class 2
(agricultural land with some houses and sheltering hedgerows with
some 500 m intervals), if we assume that the wind is blowing at 10
m/s at a height of 100 metres.

The fact that the wind profile is twisted towards a lower speed as we
move closer to ground level, is usually called wind shear. Wind shear
may also be important when designing wind turbines. If you consider a
wind turbine with a hub height of 40 metres and a rotor diameter of
40 metres, you will notice that the wind is blowing at 9.3 m/s when
the tip of the blade is in its uppermost position, and only 7.7 m/s
when the tip is in the bottom position. This means that the forces

acting on the rotor blade when it is in its top position are far larger
than when it is in its bottom position.

Wind Shear Formula *)

The wind speed at a certain height above ground level is:

V=V IN2/2 )/INZ /2 )

v = wind speed at height z above ground level.

Vv ¢ = reference speed, i.e. a wind speed we already know at height z
ref - IN(...) is the natural logarithm function.

z = height above ground level for the desired velocity, v.

z o= roughness length in the current wind direction.

Roughness lengths may be found in the Reference Manual.

z s = reference height, i.e. the height where we know the exact wind
speed V .

In the above example, assume we know that the wind is blowing at 7.7
m/s at 20 m height. We wish to know the wind speed at 60 m height. If
the roughness length is 0.1 m, then

Voief=7.7
z=60
z,=0.1

Z = 20 hence,
v =7.7In(60/0.1) / In(20/0.1) = 9.2966 m/s

*) = The formula assumes so-called neutral atmospheric stability
conditions, i.e. that the ground surface is neither heated nor cooled
compared to the air temperature. Further details may be found in the
engineering handbook Guidelines for Design of Wind Turbines from
Risoe National Laboratory and DNV.
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