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1981 - NASA /Boeing 7.5 MW Turbine Cluster




Wind — The Fastest Growing Energy Source

World Wind Energy - Total Installed Capacity and Prediction 1997-2010 [MW]
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2006-2008 U.S. Market

1 45% growth in installed wind energy capacity




Challenges Remain
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Greeks Grinding Mill - 1150 AD

An ancient grin ling ﬁiﬁ.i-.l on

island of My




Charles Brush Wind Turbine - 1887

THE WINDEILL 33




NASA Mod-0 Wind Turbine - 1975




NASA / GE Mod-1 - 1979




Wind Turbine Terminology

Rotor Blade

Macelle

Hub

Low-speed High-speed
Shaft Shaft




Power In the Wind Stream

POWER = (VOLUMETRIC FLOW RATE)
x(KINETIC ENERGY PER UNIT VOLUME)
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Momentum Theory
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Blade Airfoil Element Analysis
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Aerodynamic Power Control is Critical

Early options included:

« Shut down in High Wind
e Furling Out of the Wind

« Complex Pitch Control




Aerodynamic Stall & Passive Power Control

1980 — Design methods miscalculated
power output and forces on wind turbines
by nearly double
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Adoption Inertia in the Technical Community

Classical Blade Element
Momentum theory used
two-dimensional wind
tunnel airfoil data.
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Viterna—Corrigan Post—Stall Model

Angle of Attack, o (deg)




10 Years Later (1992)
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WIND TURBINE AFRODYNAMICS 123
As mentioned in previous sections. designers have not been able to predict

high wind spee _ atrolled turbines.
Viterna (Viterna 1992 60 p erc ent ahat airfoil stall

characteristics w Of the WI nd 1ance codes used

wind tunnel data d drag propertics.

Fitﬂﬂﬂ@ turbines in the by spanwise flow

and pressure gri rection, based on

blade aspect ray world used peak power. This
correction| remait p ass |Ve Stal I ince model in the

US,[even though rsical mechanisms
of stall. More 18 control nducted tests that
show how Tolal e vt i siis prestassiiatiee v oT0M Wind tunnel
measurements on a nonrotating blade {Butterfield 1989b, Butterfield et al
1990, Hales 1991, Madsen 1990, Ronsten et al 1989, Wood 1991). All
these |tests have confirmed Viterna’s|speculation|of rotating blade stall
characteristics. )




The Role of Politics and Business In the

Adoption of Technology




*70s Crises Impacts U.S. Energy Use




Public Policy — U.S. Congress 1980

Wind Energy Systems Act

CONFERENCE REPORT

{To accompany H.R. 5882)

(1) The United States is faced with a
finite and diminishing resource
base of native fossil fuels and, as
a conseqguence, must develop as

quickly as possible a diversified,
pluralistic national energy
capability and posture;

rexonrce base of native fossil fuels and, az a consequence, must
develop as %uwk?y a3 possible a diversified, pluralintic national
energy capability and posture;

() the current imbalance between supply end demand for
fuels and energy in the United States is Likely to grow for many
years;

(3) it is in the Nation's interest to provide opportunities for
the increased production of electricity from renewable enerqy
sources; )

(4) the early wide-spread utilization of wind energy for the
generation of electricity end for mechanicel power could lead to

relief on the demand for ezisting non-renewable fuel and energy
supplies; o
(6) the use of large wind enerfy systems for certain limited
applications is already economically feasidle; ) i
(6) the use of small wind energy systems for certain applica-
tions is already economically feasible, and therefore, the Federdl
Government thould not undertake any financial incentive or

‘financial initiative which may detrimentally afiect commercial

markets for amall wind energy systems; Lo
(7) an aggressive research, development and demonstration pro-
gram to accelerate widespread uiilization af_wmd. energy sho.uld
solve existing technical problems of converting wind energy into
electricity and mechanical energy and, supported by on assured
and grmm'ﬂg market for wind energy aystems during the nex!

3 1T et 40 a dadarmn mmmdemhatiom af amind eneray

(7) an aggressive research,
development and demonstration
program to accelerate widespread
utilization of wind energy should
solve existing technical problems . ..

nents and systems for converting wind energy into electriciy and
mechanical energy can be fostered through encouraging direct
contact between the manufacturers of ach components and 8ys-
tems and utilities and other persons intercsted tn utilizing such




The U.S. Leads the Early Race

Left - U.S. WTS-4, 4000 kw, 1982

Below — Danish Nibe A, 600kW,
1981




Wind Energy — Early Growth

Capacity, MW
1980 - 1995

MNorth America

Europe
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A Change in U.S. Public Policy - 1986

. .. construction was halted when
the Reagan administration
deferred $10.2 million in
funding for the project this

Hawaiians get
‘Boeing’s last
wind machine 25
“We don’t plan to build any
more units” said Boeing ...
“we are planning to leave the
market because low oil prices
are keeping windmills for

electr

operating

tal aXis 1vpe — was so big it had to be ha

& snd accompanied by = on rrare.
= 1o cranes In Hawail large encugh to

Major U.S. manufacturers leave the market




Oil Price Variability
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Denmark (& Europe) Approach 1980 -2000

1 Long-term Public Strategy on Energy
1 Focus on Implementing Wind Power Production

1 Created a Research and Manufacturing
Capability

1 Managed the Technology and Market by
Developing International Certification Standards




Technology Adopted

o Steel tube (soft) towers

e Fiberglass composite blades

e Variable speed generators
Microprocessor control
NACA 63, 64 series airfolls




What Happened to the Two-Blades?

Advantages:
1 Reduced Cost
1 Reduced Loads

Teeter Motion

Challenges:

1 More Complex
Structural and
Acoustic Design
Analyses




Current Technical Challenges




Gearbox Reliability — Today’s #1 Challenge

1 As turbines get larger
— torque and hung
weight Is
skyrocketing

1 We are reaching
physical limits of
materials




What Future Course will the U.S. Take?

e Public Policy

« New Technologies and Markets




National Security / Energy Independence

Oll fields Burning after 1990
Irag invasion of Kuwalit




Policy Decisions on Climate Change




Observed Climate Change
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A Future Market Opportunity —

Offshore Wind Energy




Offshore Wind Energy is Emerging in Europe

160 MW Offshore Wind Site in Denmark - Eighty 2 MW Turbines




Installation Challenges for Offshore




Possible Offshore Installation Technology




Take Aways

1 Adoption of renewable energy technologies
requires a substantial research investment and a
long-term strategy in public policy and business

1 Today’s success of wind turbines in the
marketplace suggests the potential viability of
other alternative energy technologies

1 The future offers potentially vast opportunities
for advanced wind energy technologies and
products




