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4 Wind Turbine Size Growth Driving Need

» The US government’s goal for 30-gigawatt offshore wind by 2030
» With the 10 megawatts offshore turbine size, it requires 3,000 turbines
» Each offshore turbine installation is costly and resource-intensive (boats, people)
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1980 1985 1990 1995 2010 2015 2020 2025 <«— Year
S0 kW 100 kW 500 kW 800 kW 7.5 MW 10 MW 15 MW 20-25 MW <— Power
I5m 20m 40m 50 m 126 m >145m >150 m 200-250 m «— Diameter
24m 43m 54m 80 m 133 m >180 m >200 m 250-300 m «— Height

30-Megawatt Test Facility needed to support US Wind Industry
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gi Current Offshore Wind Turbines
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WHY DO THEY KEEP

Since the early 2000s, wind turbines have grown in size—in GETTING BIGGER?

» A roun d 1 5 M W ca p ac ity t ur b i nes | oSt $1 millon. They e o offshore—tocated over water. e
built in 2022

» Siemens Gamesa has announced a
14MW turbine ;

» GE has announced a 14MW turbine

» Vestas has announced a 15MW
turbine

» Mingyang announced 16 MW turbine

» GE Research won $20 million federal
grant to develop new wind turbine
generators

» Several companies have requested
testing 15MW+ systems
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4 Offshore Strategy Report Encourages Larger
US Testing Capabilities

aENERGY Table 4. Technology Innovation Initiatives
Offshore Wind Btive A A LI

Upgrade U.S. ¢ Increase the capacity of prototype, test, and ¢ Higher reliability on first
Energy test and demonstration capabilities to accommodate generations of larger wind
Stl‘ategies validation continued wind turbine growth at existing U.S. turbines, resulting in lower
capabilities to facilities, such as blade testing and drivetrain operation and maintenance
Regional and national strategies to address test facilities. costs and market risk.
gfceecl;‘r]ﬁ:’ei's“lgl‘;’g;“lige::‘lg reliability of new, | e Develop advanced simulation and hybrid testing | ® Ability to test and develop large
e b T TS, o e larger wind techniques to maximize development prior to components domestically, in
energy deployment and operation turbines more expensive large-scale physical testing. support of a U.S. supply chain.
January 2022 ¢ Evaluate need and use case for floating lab and
field research test sites to address topics such as
physics validation, conflicting use mitigations,
U, Department of Energy and component demonstration.

Washington, DC, 20585

See DOE Offshore Wind Energy Strategies, January 2022, p. 19.
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https://www.energy.gov/sites/default/files/2022-01/offshore-wind-energy-strategies-report-january-2022.pdf
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“; Clemson is the only University lab in DOE's
I Wind Facilities Portfolio

Idaho National = Argonne
Laboratory National Laboratory
- Idaho National Renewable llinois ot
Pacific Northwest — (E:nrrgydLaboratory — < <
« Criti olorado -
w;slmagl[gbommw Critical Infrastructure Test Range e A [ Photon Source _ 2
+ Human System Simulation + Composites Manufacturing 2 edlmralFaulty e s e
+ Coastal Wind Profiling Radars Labortory Education and Technology hcitv S * Atmospheric Radiation
« Grid Systems Engineering * Microgrid Test Bed « Controllable Grid Interface Measurement Southern Great gnlkl Rllglglfabocato - Massachusotts Clean
Building: Electricity = F = sia * Power and Energy Real-Time Z . Plains Site _ T EeeRD Y E‘norgyh(:ontt?r
: g;:?uaun Opsrations ~ = 5, Digital Simulation + Leadership Computing Facility -~ - assachusetts
- > * Wireless Test Bed :
i ~leuauoyl.ou\9mgram - v‘l’nbobgy I.abov:mfy1 S :z""\’:i" Mﬁbcrhd\nology Facility « Wi, * Technology Testing
B Sandia - WWM lnstrumutahon - « Institute for Advanced Composm Center
National Laboratories > ‘Mafilta ctiiring Innovation:. -~ e -
Lawrence Livermore New Mexico - *Composho Materials and Process
National Laboratory A ‘I’edllnlogyAma Clemson University
California ‘y:.-. < Mantifacturing Demonstration South Carolina
*» High-Performance Computing a3 o Fadiy» 3 S
Innovation Center ¥ = El!efgy : e
* Mobile Observational " = -
Instruments =" > +SCERG | Enugy Innavation

« Site 300 Test Facility .

ACCELERATING INDUSTRY ADVANCEMENTS
DEPARTMENT OF'ENERGY WIND Testing facilities make it possible for wind improve efficiency, and reduce the cost of

technology companies and inventors to validate wind energy.
and commercialize their technologies. This guide DOE wind energy testing facilities are
represents the wind laboratory and testing facilities geographically diverse and possess unique
supported by the U.S. Department of Energy (DOE),

capabilities that allow the nation to usher
which are available for industry use and that make it

in new'and innovative generations of wind
possible for industry players to increase reliability, energy technology.

DOE laboratory and testing facilities span Advanced Manufacturing Fiold Testing
the United States and offer wind research Resourco Characterization

Drivetrain Testing
e capabilities to meet industry needs.

High-Performanca Computing Blade Testing
-~ 5N B Gnd Integration

See: www.nrel.gov/docs/fy170sti/67743.pdf
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4 Benefit Testing Early

» 30 megawatt test bay enables COST TO FIX A DEFECT
manufacturers to test full-scale
before manufacturing thousands of e

units

» The earlier an issue is found, the
lower the cost to address

» If no full-scale testing is available,
must install field prototype(s) and
update fleet when issue identified

$60,000

/|

$15,000
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» Industry and investors would incur 6500 ——— $2000 —
Significa ntly higher total COSt to reaCh Requiremen ts Design Construction  System Test Deployment
30 glgawatt OffShOre Wlnd ta rget Phase in which Defect is Detected
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Facility Expansion

66kV
eGRID

» 30MW Test Bay —

Planned location




30 MW+ Grid Emulator

Nominal Voltage 33 kV/ 66 kV

Maximum Voltage 140%

LVRT/ZVRT Asymmetrical to 0%/phase
Voltage THD <1% for 2-50t" Harmonics
Harmonic Injection 1 to 10% 2-20t" Harmonics
Subharmonic Injection 1 to 55 Hz

Frequency Change 100 Hz/s

Instantaneous Phase Shift 180 degrees
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