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Small Wind Turbines Are
Different

AUtility-Scale Wind Power
600 - 1,800 kW wind turbines ;500 1w

I Installed on wind farms, 107 300 MW

I Professional maintenance crews
I 13 mph (6 m/s) average wind speed

ASmall Wind Power 10 kW
300 W - 100 kW wind turbines I

I Installed at individual homes, farms,
businesses, schools, etc.

ITOn the Acust omer sidegc‘) of >t hd

or off the utility grid entirely
I High reliability, low maintenance
I 9 mph (4 m/s) average wind speed
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Small Wind Turbines

2 or 3 blades aimed into
the wind by the

Fiber-reinforced plastics

Furling (rotor
turns out of the wind), no brakes

Direct-drive, permanent
magnet alternator (no brushes), 3-phase
AC, variable-speed

Electronic device that delivers
- DC power for charging batteries
- AC power for utility interconnection

I Simple, rugged design
I Only 27 4 moving parts Bergey EXCEL, 10 kW
I Little regular maintenance required
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Small Wind Turbine Towers

Wind Turbine

Tilt-up Tower in the Normal
Operating Position

24 meter (80 ft)
Guyed-Lattice
Tower

Tilt-up Tower in the Lowered
Position for Maintenance or
Hurricanes

BWC Tower
Raising Kit

DTN
R0
AN

s

Guyed Tower Tilt-Up Tower Self-Supporting
Tower
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Over-Speed Protection
During High Winds

Angle Governor: The rotor turns up and to one side




The Wind Turbine Controller

ABattery-Charging
I Converts AC power to DC for charging batteries

I Regulates the battery voltage to prevent
overcharging

ANhen the battery is fully
charged:

T Power is diverted to another load, or

T The rotor is unloaded and allowed to
nNfreewheel O

AGrid Interconnection

i Al nvertero converts th
constant frequency 60 Hz AC

AUL label may be required
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Technology Trends
A Advanced blade manufacturing methods

A Rare earth permanent magnets
A Grid-connected inverters

A Induction generators

A Design for low wind speeds

A Alternatives to furling for rotor speed
control

A Reduced rotor speeds A reduced noise
A Design standard
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Maintenance, Warranty, and
Lifetime

AMLow Maintenanceo not

I Inspection and maintenance every 1-2 years

I Inspect mechanical and electrical connections, check for
corrosion, check guy wire tension, inspect/replace leading-edge

tape, etc.
i Beyond 10 years: blade or bearing replacement may be needed

AWarranties

I 2-5years, coverage of materials and workmanship

ALifetimes of 15 to 30 years with regular
maintenance

AA wind turbine will see as many
oneyeams an automobile wild/l see 1In
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NWTC Industry Partnership:

Endurance Wind Power www.endurancepower.com

A Endurance S-250 wind
turbine
T 5KkW, 5.5-m rotor,
constant-speed with

Induction generator &
gearbox

A IEC-compliant testing

I Power performance,
acoustics, safety &
function, and duration
(2,500 hours)

A Windward Engineering
teamed with outside
Investors/business
experts to form -

Endurance Wind Power e s ,
in 2007 - ' # @ NTEL National Renewable Energy Laboratory




NWTC Industry Partnership:

Southwest Windpower  www.skystreamenergy.com

A Skystream 3.7 wind turbines

T 1.9 kW, 3.7-m rotor, direct-drive
with power convertor integrated
Into the nacelle
A Control software
development & refinement

A Obtaining data needed for
certification to IEC 61400-02

I SWWQP has received IEC
certification through
Germanischer Lloyd

A Southwest Windpower has
received >$20M in venture
capital investment,

2004 - 2007




NWTC Industry Partnership:

Northern Power Systems www.northernpower.com

A Prototype of new generation
NW2100 wind turbine
I 21-mrotorw/36-m N soft o
I Direct-drive with power convertor
Integrated into the nacelle
A Measurements have included:

I Modal frequencies, tower and
rotor loads, power performance,
acoustics, & power quality

A Northern Power received a
commitment from a venture
capital partner, June 2008
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Purpose of NRELOs |

A To help industry provide consumers with more certified Small
wind Turbine (SWT) systems, DOE/NREL launched a SWT
system Independent Testing project in 2007

A Test turbines to recently developed International
Electrotechnical Commission (IEC) and American Wind Energy
Association (AWEA) standards

A Test data can be used by manufacturers to present to the
Small Wind Certification Council (SWCC), a nonprofit
organization with support from DOE, AWEA, state energy
offices, and turbine manufacturers, for North American
certification
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Purpose of IT (cont.)

A Test data can also be submitted to A2LA as partial input for
International certification

A SWTs that are tested and certified will give consumers
greater confidence that the systems they install will perform

within specified wind regimes as advertised by the
manufacturer
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Small Wind Turbine Systems Selected

Through a competitive solicitation, NREL selected four
commercially available SWT systems to test in 2008/2009.
Turbines selected include:

A Abundant Renewable Energy ARE 442
A Entegrity Wind Systems EW15

A Gaia-Wind 11kW

A Mariah Power Windspire
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www.abundantre.com

A 10kwW

A 3-bladed
horizontal-axis
upwind turbine

A Hub height: 30.9
meters

A Rotor diameter: 7.2
meters

A Three-phase
permanent-magnet
generator

A Operates at
variable voltages
up to 410 volts AC

A Installed at the
NWTC 6/08

ARE 442
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