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Definition and Source

Definition of WIND Q1) Eduke

1 a: anatural movement of air of any velocity; especially : the
earth's air or the gas surrounding a planet in natural motion
horizontally

Wind is the motion of air molecules: http://hint.fm/wind/
Two concepts are central to understanding what causes wind:

1) Air

2) Air Pressure (Pressure Gradient Force)

Air comprises molecules of:

Nitrogen - about 78 % by volume

Oxygen - about 21 % by volume

Water Vapor - between 1 & 4 % by volume near the surface of the earth
Other Trace Elements

1 cubic inch of air at ground level contains about 1020 molecules

Highest recorded wind speed on Earth was 231 MPH on Mount Washington in 1934
(Formula 1 cars average 185 MPH , depends on track type)

Sources Continued

« Air molecules are moving about very quickly,
colliding with each other and all objects at
ground level.

Further Expansion For Wind Source

Other Major Factors d wind. Specifically its intensity
‘The Sun, Convection, Friction, and The Earth's Orbit (Corilis Effect).

‘The Sun is the main contributor to Air Pressure (PGF).

The earth's Surface Heats unevenly (not a perfect sphere, tits on axis) thus Making for warm air to rise and cool air to rush in
and take its place.

These Convection Currents typically run from the poles toward the Equator. Local Convection Currents determine sea
breezes and valley winds. cooler air over the cooler ocean moves in to the displace the warmer air over the warm land. The
directions change at night when the land is cooler and the sea is warmer. In the mountains breezes often head up the slopes
in the day as warm arm s displaced upwards.

Yetif the planet did not rotate this would be perfectly true; however the earth does rotate and in doing so the Coriolis effect
takes place.

Coriolis effect shifts the air masses running from warm to cold so that they bend away from straight (shiftright in northern
hemisphere and left in Southern).

Friction acts to slow wind down and displace it (somewhat). Friction comes in the form of obstructions like buildings, trees,
mountains, etc.

‘The air thus will slow down, reducing the Coriols force. This results in an imbalance. The atmosphere adjusts, to regain
balance, by turing the wind toward low pressure. A new balance is achieved when the sum of the Friction and Coriolis forces
balance the horizontal pressure gradient force.

+ Air pressure is defined as the amount of force
that these molecules impart on a given area.

The more molecules present the greater the air
pressure.

+ Wind, in turn, is driven by what s called the
Pressure Gradient Force.

+ Changes in air pressure over a horizontal
distance cause air molecules from the region of
high pressure to rush toward the area of low
pressure (trying for equilibrium).

+ These pressure differences generate wind

*  Winds are directed towards low pressure, which results in:
o Directional convergence
« Areas of high and low pressure drive the ambient wind flow we experience every day. o Lifting of
o "Bad" Weather
+ The winds in severe storms, in contrast, are a result of much larger and more concentrated areas of horizontal o Winds are directed away from high pressure, which resuits in:
pressure change (Tornadoes). o Directional divergence
i p o Sinking of air
« The magnitude of this air pressure change, and the very short distance over which it occurred, explains how - "Good" Weather

winds are so destructive in tornadoes: air molecules accelerate into the very low pressure at the center of the
tornado where the water vapor contained in the air often condenses, creating the visible “funnel”.

== /
History of Wind Use Workings of Early Mills

Windmills have been around for thousands of years.
Beginning in China around 1000 BCE. (controversial due to no historical documentation).

Persia is therefore the winner of the first applicable windmill. (500 CE).

However there are records of the Persians using wind use devices prior ( 100 BCE, organs and
flutes).

During the Crusades the European Crusaders brought the technology back with them to Europe to
aid in the process of pumping water (drinking/ irrigation) and grinding of grain.

Later the usage turned to land reclamation (Netherlands/ France ; Late Middle Ages).
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Early Mills
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~ Early Turbines

Turbines progressed but with WWI the Great Depression and WWII funding was short.
Yet turbines did make improvements.

Marcellus/ Jacobs Model 32 V 2500 W (110 V- 3000 W).

30 M diameter 100 Kw (200,000 Kw in 2 years) first to connect to AC system.

Smith Putnam 1.25 W, AC power, 53 M diameter, 35 M rotor axis height.

But interest came back in the 1970’s from the Oil Crises

~Giobal Distribution

* Lots of Potential is found offshore (less friction from obstructions, greater PGF).
* Technology and policy is lagging. ( 2.5% of world energy supplied by Wind)
* 199,064 turbines were in use at end of 2011. (China has 45,894 of them)

WORLD.WIDE WINO ENERGY RESOURCE DISTRIBUTION ESTIMATES.

Early Turbines

« 1888 Brush Windmil, Cleveland OH (Charles Brush)

12 kW produced

Introduced High Step up Gear Ratio (50:1 yields 500 rpm)
1891 LaCour Windmill, Denmark (Poul LaCour)

5 kW produced

Introduced the leading edge camber (low drag more spin)

mng the Wind

 Wind Turbines work opposite of a Fan. (instead of using electricity to make wind they take wind and convert
it to electricity)

Blades Provide Lift from the air passing over them. (early models used drag; need about 9 mph to start)

The wind passes over the blades and causes the uneven air pressure to turn them to convert Kinetic Energy
into Mechanical. Energy. (Most facilities/farms site according to average of 14 mph)

The subsequent Mechanical energy is Turned into electricity through a generator. (1 MW turbine = 350

homes)
Turbine generates  Inverter ‘converts’ DC Metor measures
electricity input to AC output electricity produced
«  The generator pumps the electrons S0z

through wires to an inverter.
—_— 1} ey | 0EGGE
The inverter converts DC to AC 1%

Electricity goes offto 1 of 3 places: *

o

Main panel for immediate use (small lurbme/‘ Boon
1 4

Battery for storage and later use

°

3 You use your energy, export Fed back to the Meter measures
The Grid any surplus to the grid, or draw National Grid electricity exported
extra from the grid as normal

o
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—Global Capacity

Global usage of Wind Energy has increased within the last decades.
Wind Energy accounted for 42% of the new power capacity in the US.
The Top five wind markets (in order) China, USA, Germany, Spain, India.

In the first 6 months 2012 China added 5.4 GW of Wind Energy to its supply (down from 8 GW
2011).

GLOWAL ANNUAL INSTALLED WIND CAPACITY 1996 2012
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GLOWAL CUMULATIVE INSTALLID WIND CAPACITY 1996 2012
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Global Capacity Cont. Global Offshore Statistics

TOF 10 NEW INSTALLED CAPACITY JAN-DEC 2012 TOP 10 CUMULATIVE CAPACITY DEC 2012

Lots of potential for Offshore.

Newly Expanding Technology. US potential = 4.1 million MW

Europe has been doing it for years! (Started in Denmark taking off in UK, Denmark
obtains 28% of its power fr i
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US Wind Distribution S Offshore Distribution

* Best Wind Areas in US are not in the Southeast! [~
* Great Plains/ Midwest/ Great Lakes Regions | s
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Distribution / Relation to Transmission US Wind Turbine Capacity/ Location

Wind Resources and Transmission Lines * US Capacity = 60,000 MW
* Approximately 45,000 turbines at beginning of 2012
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South Carolina

* Not much going on. Some potential for offshore, and some manufacturing for parts
and equipment, but overall not a great market area.

South Carolina |
50 m Wind Powers- &

* US obtains about 3% of its electricity needs from wind sources.
U.S. Wind Industry Fast Facts
2012 13131 mw
.;0»‘.?» nd Power Cepecity. instalied in Previous Yesrs (including sma-wind) o
Humber of States with Utity-Scale Wind installations. 2012 39 + Pueno Rico
omanore ¢ o 4.150.000 tw
v s Powar Capachy instaed. thiough G4 2012

Some Facts

/iS/Shortcomings

« NIMBY
= People often agroe wilhwind enargy being lean and producive butare affaidof it coming to hef neck.of the woods.
(subject to much propoganda)

POLICY/ AGENCY
(see next slide)

EXPENSIVE (poor subsidizing)
o Forevary 1 spenton ranewsbieanergy markets §6-7 s spenton thefosi el markets.Insteing nfstrctse
capable of producing this on a larger cheaper scale is coming, but slow

SITING
Goes back to policy and agencies but need reliable sources that wil be free of obstructions and development for years.

TECHNOLOGY
o Infrastructure, connections, design, installation, specialized *new" industry: especially for offshore sector

ENVIRONMENTAL
Birds, bats, insects, all can be potentially harmed by the blades and structure. Offshore habitat areas can be harmed by
anchoring. (Corals, obstruct migration routes)

THE GRID
o Most great Wind Areas are away from load centers and markets; need to update the grid to capture this energy.
o Around 270,000 MW of potential wind energy projects are waiting to be built and come on line due to lack of
transmission capacity.

* Wind Farms generate between 17 and 39 times as much power as they consume (16x
for Nuclear and 11x for Coal plants).

¢ A 10 MW wind farm can be built in about 2 months. A 50 MW in 6.

* Largest turbine in the world (6BMW) has rotor diameter of 150 meters.

* Most powerful turbine in the world generates 7.5 MW.

o Afarmer in lowa who uses 1/10 of a hectare for wind energy could earn $10,000
annualy (compare to $300 using the same area for corn ethanol).

* 16% of Spain’s annual electricity demand is met by Wind alone.

the Uzace is gvan

the destruction, 10ss of, o injury to any sanctuary resource
ndar the taw or permit

oA Office of Ocean Specifies that coastal states may protect coastal resources and manage

coastal development

iras aach faderal agency to consult with the Advisory Council on
and tha State or Triba Historc Pra:

“or Tribal istoric
Preservation Officer

avistion act of
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efficient use and preservation of the
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Pors and waterways  Usca
Satety Act

Outer continental Lands o1
Actor 1eas

Actor act to give

ranaw, argy. including offshore wind, on the GCs.
romio the aischarke of ol or hecerdeus substances to watars or
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Clonn air act

providing

‘activitias that o
achieving National Ambient Alr Guality Standards. Requires the EPA (or
» permic

Estimated Expenses for Various Power
Plants

* Coal averages to be approx. 5 cents / KWh; Wind averages to be around 7.




Environmental Impacts (?)

* Wind Turbines do kill birds and bats and other flying animals, but the proportion so low
that public outcry is often overdone.
* ltis usually a political scheme for those against wind power for other reasons.

year(US)

Feral and
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Animals killed annually in U

il and commercial}100 milin - 1 billon[source: TreeHugpee|

by cats vs. wind turbines
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New Concepts

High HAWT C.G. VAWT simplicity and
HAWT Comoonants increases accessiblepayivzuain
1 Blade Pitch System e dics OtMlccate)
2 Yaw System
3 Gearbox VAWT Components
4 Generator Gearbox
Generator

substructure costs,

Lower VAWT C.G.

decr
substructure costs

mdo we go from here?

Wind energy is an ever expanding industry, yet with

strict regulation / siting

An antiquated grid system

Low subsidizing

Being relatively new technology
Propaganda

NIMBY

Expense

Unknown/ Unproven

The industry is having a tough time gaining its footing

But it is a quickly growing market and can be more viable relatively soon.

By updating the grid
Education of wind power
Upping the subsidies
Observing initial successes
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