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A Major Shift to Renewables in the United States Will
Depend on an Even Higher Percentage of Wind
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20% Scenario for U.S. Electricity — Update
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Turbine Size

Historical Levelized Cost of Energy (LCOE) and Wind

Federal Aviation Administration Blade Tip Height Barrier

Hub Height 55 m 70 m 80m 83 m 100 m 140 m
Rotor Diameter 50 m 70 m 80 m 94 m 110 m 160 m
Power Output 1,500 kW 1,800 kW 2,000 kW 2,500 kW 7,500 kW

Meters
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Summary of Transportation and Logistics Barriers

Hoisting larger nacelles onto taller
towers

Exceeding Federal

Aviation

Administration (FAA) Trucking larger blades with wider
. . ucki with wi

blade-tip height e

Trucking longer blades

Trucking large-
diameter towers

Trucking larger blades with
bigger root diameters

Trucking heavier nacelles

- Impacts U.S. turbine installations today
Photo by Iberdrola
Renewables, Inc., NREL

- Potentially impacts U.S. turbine installations today
16114

- Potentially impacts future U.S. turbine installations
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Potential Impacts of Mitigating Barriers
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Footnotes

1. The variability in rotor diameter reflects the variability in U.5. wind turbine design parameters (specific power rating, tower heights, blade precurve, etc...); the variability does not reflect the uncertainity orerror in the data
2. Assumes hub height range of 80 m to 120 m

3. Assumes specific power rating range of 204 to 350 W/m2

4, Assumes rotor diameter to tower height ratioof 1.1

5. The very strong correlation between bladeroot diameter and blade length results in a negligible range of rotor diameters.
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An Extendible Wind Turbine Blade and Integrated Control
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Levelized cost of energy at a low wind
speed site
Blade length 62 meters (m) (fixed length) 62—-100 m (variable length)
4.6 million km?
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Shifting the Research and Development (R&D) Focus

to Plant Optimization

Yesterday 2015-2021 (and beyond)
(Individual Turbines) (Smart Wind Plants)

5000 kW
@ 124m

2000 kW

500 kW _
@ 40m
100 kW !
@20m
50 kw
@ 15m :
*Hm‘Hﬂm
1980 19.35 1930 1995 2000 EU;DS lllustration by Al Hicks, NREL
Individual wind turbine R&D Wind plant optimization R&D
» Significant investment in developing core » Resolving the underlying physics affecting wind
competencies plant performance
» Turbine and rotor scaling driving LCOE reductions » Design for operation at optimal project profitability
> Well-defined design process and value engineering and internal rate of return (IRR)
> What role is industry asking the U.S. Department of » Develop new technologies that exploit interactions
Energy (DOE) to play? among turbines, resource, and operating

environment.
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Systems Engineering Perspective — End-to-End
Optimization
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Inflow ™ j E Community &
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Energy Production i
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Balance-of-
Station Costs

Turbine Capital
Costs

Plant Performance &
Cost of Energy Ilustration by Al Hicks, NREL
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Wind Plant Aerodynamics are a New Focus of Research

- Subject of DOE focus area for the Wind Power Program

- Building high-performance computing resources to facilitate
progress.

Lillgrund Offshore Wind Farm, Sweden. Simulation of array effects
Siemens Press Picture, NREL 27851
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U.S. Multimegawatt Research Facilities for Grid

Integration of Renewable Energy Technologies

Energy Systems Integration Facility (ESIF) National Wind Technology Center (NWTC)
i e — ‘f‘ _ 4 o

The National Wind Tec gy Center in__BpuIder, Colorado. Photo by Dennis
Schroeder, NREL 30771

The Energy Systems Integration Facility at NREL. Photo by Dennis
Schroeder, NREL 26217

1+MW 7 MVA

Clemson SCE&G Energy Innovation Center,
eGRID Fac_ility

e DOE Wind Program investment in
world-class testing facilities

* Component, wind turbine, plant levels

* Key enabler for wind technology 15 MW 1
validation and commercialization

* Specific focus on testing ancillary
service contro I S Clemson University’s 15-MW test rig. Photo courtesy of Clemson
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Transforming National Wind Technology Center (NWTC) for
Renewable Energy System Integration Testing

Future NWTC Substation

ESIF HPC, Visualization and
HIL Capabilities Dynamometer
5-MwW R

Switch Gear —

Building ﬁ“}(%ﬁ,
Dynamometer
l‘; . g i bynamometer | NWTC
> % lzgsiwf eé lWind Turbines

Load Bank s

Illustration by Josh Bauer, NREL

Transmission-Level Grid Integration Research Facility

NWTC location leverages staff expertise and research facilities, enabling an
integrated research environment for system to full-scale testing of renewable
energy systems at transmission and distribution grid integration levels.
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Two New Ways to Get More Involved

Institute for Advanced Composites Manufacturing Innovation (IACMI)
* Fifth institute in the National Network of Manufacturing Innovation

Committed to increasing domestic production capacity, growing manufacturing,
and creating jobs across the U.S. composite industry

 Development efforts will focus on low-cost, energy-efficient manufacturing and
recycling fiber-reinforced polymer composites

o Composite materials and processes
o Compressed gas storage

o Design, modeling, and simulation

o Vehicles

o Wind turbines

* Projects up to $600k
o First round deadline September 30, 2015

o 50% cost share
http://iacmi.org/
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http://iacmi.org/

DOE Small Business Voucher Program

* Increase small business accessibility to lab capabilities

* First round of awards due October 23, 2015
o $1 M available for wind
o $1.5 M available for marine and hydrokinetic
o $0.8 M available for hydro
o 20% cost share requirement.

NATIONAL RENEWABLE ENERGY LABORATORY



iiNREL

Thank You for Your Attention!
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303-384-7056
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