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1979: 40 cents/kWh

cents/kWh

2010: 4 - 7'cents/kWh
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U Economies of Scale

I Increased turbine size
i Large wind farms

U Increased Energy Capture

i Design and control
I Manufacturing and materials
I Site selection

I Increased up time




& Wind Industry Observai

Wind Industry Practices Wind Industry Challenges
U Industry is relatively-tegh and very U Building large turbines (>5 MW)
protective of IP i Operating & maintenance costs
U Research funding is limited U Turbine reliability
U Very little vertical stratification U Grid integra’[ion’ transmission
U New technologies nqattkandcost = {j Community acceptance
efiectivantegration i Wind farm developnierggulations

U Solutions must make economic sense (environmental, FAA), forecasting, s
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U Intelligent controls

|
1 Offnominal control

.

I Wind farm optimization

T Advanced sensors and actuators

U System health monitoring
"
:
U Computer modeling (CFD ;inmaly)

Load alleviating control

Aeroelastic tailoring for performance

Structural, electrical prognostics
Prognostics integrated with controls

NREL Wind TurbiR&ASA Ame&000

I Turbine aerodynamics, aeromechanics, aeroelastictilmeinteractions
i Turbine wakes, wake interactions

I Atmospheric boundary layer

Wind tunnel testing, model validation

U Blade and rotor design, optimization, and modeling
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Collaborations, Interaction-

Universitgf Wyomingb50K Reimbursable Space Act Agreement
Adaptive control for load minimizatiparéordhance, systeealthrmanagement
NationadRenewable Energy Laboratory

Control of utilggale wintlirbines, windnnetest of subscale wind turbine
Lawrence Livermore National Laboratory

Exchangef ideas for future collaborations
Private company interested in licensing adaptive control algorithms

C:'H'C='H'C='H'C=

Mission Support and Benefits to NASA

U Collaborations suppdiiSA's Strategic Ghalpecifically 3t F a c thd transfar ofe
NASA technology and engage in partnerships wahestimaent agencieslustry,
and international entities to generate US commercial activity and other. poblic ben

U Wind turbine research and development provigedetynoritical environment with the
potential to field test new aerospace technologies, and bring them to a higher TR

U Wind energy is an engaging subject, encompassing multiple disciplines that has
successfully attracted many students to the STEM fields.
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