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1981 1981 -- NASA / Boeing  7.5 MW Turbine ClusterNASA / Boeing  7.5 MW Turbine Cluster



Wind Wind –– The Fastest Growing Energy SourceThe Fastest Growing Energy Source

20062006--2008 U.S. Market2008 U.S. Market

45% growth in installed wind energy capacity45% growth in installed wind energy capacity45% growth in installed wind energy capacity45% growth in installed wind energy capacity



Challenges RemainChallenges Remain



First windmills, Persia  200 ADFirst windmills, Persia  200 AD



Greeks Grinding Mill Greeks Grinding Mill -- 1150 AD1150 AD



Charles Brush Wind Turbine  Charles Brush Wind Turbine  -- 18871887



NASA ModNASA Mod--0 Wind Turbine 0 Wind Turbine -- 19751975



NASA / GE ModNASA / GE Mod--1 1 -- 1979 1979 



Wind Turbine TerminologyWind Turbine Terminology



Power in the Wind StreamPower in the Wind Stream



Momentum Theory



Blade Airfoil Element AnalysisBlade Airfoil Element Analysis



Aerodynamic Power Control is CriticalAerodynamic Power Control is Critical

Early options included:Early options included:

• Shut down in High Wind

• Furling Out of the Wind

C C• Complex Pitch Control 



Aerodynamic Stall & Passive Power ControlAerodynamic Stall & Passive Power Control

1980 1980 –– Design methods miscalculated Design methods miscalculated 980980 es g et ods sca cu atedes g et ods sca cu ated
power output and forces on wind turbines power output and forces on wind turbines 
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Adoption Inertia in the Technical CommunityAdoption Inertia in the Technical Community

Viterna “reverse engineered” a 
3-D aerodynamic model.  It was 

t d i 1981 t

Classical Blade Element 
Momentum theory used 
two dimensional wind presented in 1981 to a  

unenthusiastic response
two-dimensional wind 
tunnel airfoil data.



10 Years Later (1992)

1992 - 60 percent 
of the wind 

turbines in the 
world used 

passive stall 
control



The Role of Politics and Business in theThe Role of Politics and Business in theThe Role of Politics and Business in the The Role of Politics and Business in the 
Adoption of TechnologyAdoption of Technology



‘70s Crises Impacts U.S. Energy Use ‘70s Crises Impacts U.S. Energy Use p gyp gy

19731973--7474 “Energy Crisis” began “Energy Crisis” began 
when OPEC, the Organization of when OPEC, the Organization of 
Petroleum Exporting CountriesPetroleum Exporting CountriesPetroleum Exporting Countries, Petroleum Exporting Countries, 
instituted an oil embargo instituted an oil embargo 

19791979 A second energy crisisA second energy crisis19791979 A second energy crisis A second energy crisis 
occurred with the overthrow of the occurred with the overthrow of the 
Shah of Iran, a U.S. ally.Shah of Iran, a U.S. ally.

An attendant pumps gas at a busy 
station in 1974, with waiting cars lined 
up along the street



Public Policy – U.S. Congress 1980
Wind Energy Systems ActWind Energy Systems ActWind Energy Systems ActWind Energy Systems Act

(1) The United States is faced with a 
finite and diminishing resource 
base of native fossil fuels and, as 
a consequence, must develop as 
quickly as possible a diversified, 
pluralistic national energypluralistic national energy 
capability and posture; (7) an aggressive research, 

development and demonstration 
program to accelerate widespread 

tili ti f i d h ldutilization of wind energy should 
solve existing technical problems . . .



The U.S. Leads the Early RaceThe 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 - 19951980 1995



A Change in U.S. Public Policy A Change in U.S. Public Policy -- 19861986

“ . . . construction was halted when 
the Reagan administration 
deferred $10.2 million in

“ We don’t plan to build any 
more units”  said Boeing … 
“we are planning to leave thedeferred $10.2 million in 

funding for the project this 
year”  

we are planning to leave the 
market because low oil prices 
are keeping windmills for 
electricity uneconomical”

Major U.S. manufacturers leave the market



Oil Price VariabilityOil Price Variability
100

rr
el

s,
 $

/b
ar

50

l p
ric

es
O

i

0

1970             1980              1990                2000
0



Denmark (& Europe) Approach 1980 Denmark (& Europe) Approach 1980 --20002000

LongLong--term Public Strategy on Energyterm Public Strategy on Energy

Focus on Implementing Wind Power ProductionFocus on Implementing Wind Power ProductionFocus on Implementing Wind Power ProductionFocus on Implementing Wind Power Production

Created a Research and Manufacturing Created a Research and Manufacturing 
CapabilityCapability

Managed the Technology and Market byManaged the Technology and Market byManaged the Technology and Market by Managed the Technology and Market by 
Developing International Certification StandardsDeveloping International Certification Standards



Technology AdoptedTechnology Adopted
• Steel tube (soft) towers
• Fiberglass composite blades

V i bl d t• Variable speed generators 
• Microprocessor control
• NACA 63 64 series airfoilsNACA 63, 64 series airfoils
• . . .



What Happened to the TwoWhat Happened to the Two--Blades? Blades? 

Advantages:Advantages: Blades Bend

Reduced CostReduced Cost
Reduced LoadsReduced Loads

Challenges:Challenges:Challenges:Challenges:
More Complex More Complex 
Structural andStructural andStructural and Structural and 
Acoustic Design Acoustic Design 
AnalysesAnalysesyy



Current Technical ChallengesCurrent Technical Challenges



Gearbox Reliability Gearbox Reliability –– Today’s #1 ChallengeToday’s #1 Challenge

As turbines get largerAs turbines get largerAs turbines get larger As turbines get larger 
–– torque and hung torque and hung 
weight is weight is gg
skyrocketingskyrocketing

We are reachingWe are reachingWe are reaching We are reaching 
physical limits of physical limits of 
materialsmaterialsmaterialsmaterials



What Future Course will the U.S. Take?What Future Course will the U.S. Take?

•• Public PolicyPublic Policy

N T h l i d M kN T h l i d M k•• New Technologies and MarketsNew Technologies and Markets



National Security / Energy IndependenceNational Security / Energy Independence

Oil fields Burning after 1990 
Iraq invasion of Kuwait



Policy Decisions on Climate ChangePolicy Decisions on Climate Change



Observed Climate ChangeObserved Climate Change
Polar Cap 1979 Polar Cap 2003

Glacier National Park, Montana



A Future Market Opportunity A Future Market Opportunity ––

Offshore Wind EnergyOffshore Wind Energy



Offshore Wind Energy is Emerging in EuropeOffshore Wind Energy is Emerging in Europe
160 MW Offshore Wind Site in Denmark 160 MW Offshore Wind Site in Denmark -- Eighty 2 MW TurbinesEighty 2 MW Turbines



Installation Challenges for OffshoreInstallation Challenges for Offshore



Possible Offshore Installation Technology Possible Offshore Installation Technology 



Take Take AwaysAways

Adoption of renewable energy technologies Adoption of renewable energy technologies 
requires a substantial research investment and arequires a substantial research investment and arequires a substantial research investment and a requires a substantial research investment and a 
longlong--term strategy in public policy and businessterm strategy in public policy and business

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

The future offers potentially vast opportunitiesThe future offers potentially vast opportunitiesThe future offers potentially vast opportunities The future offers potentially vast opportunities 
for advanced wind energy technologies and for advanced wind energy technologies and 
productsproductsproductsproducts


