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SMART Wind strategies

> ldentify common distributed wind manufacturing gaps and barriers
> Prioritize solutions to those gaps for today and for future scalability

> Facilitate a rapid transfer of innovation into American-manufactured wind
turbines, open new market opportunities, expand distributed wind applications

» Reduce lifecycle costs, maintain high product quality and value
» Secure U.S. global competitiveness and leadership

photo courtesy Endurance Wind



SMART Wind Subgroups

Mechanical Systems
® Rotor, hub, mainshaft, mainframe; rotor connection to
generator, generator support
» Tower top/bed plate, tower adapter e Gearbox
¢ Shafts * Pitching system
e Bearings ¢ Furling system
¢ Braking system e Yaw system : M L

3219
31400

Inverter

Support Structures
* Tower
e Access ladder

¢ Foundation
® Achoring system
* Permitting

ZHEW=FHFEN=ITEINE

Composites

¢ Anything using fibre-reinforced or
carbon resins including:

¢ Blade * Nosecone

¢ Nacelle housing * Tower

S Electrical Systems
® [Inverter * Magnets
Includes e Controller ® Bus bars
balance of | 0 « Slip rings

station parts * Power electronics e Interconnection
* Generator ¢ System monitoring
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Focus on opportunities and gaps that enable:
 Turbines to be more cost competitive
 Turbines to be more productive
« Installation costs go down with safe installations
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Aeronautica Windpower
Bergey Windpower

Black Island Wind Turbines
Dakota Turbines
Endurance Wind Power
Eocycle Technologies

Northern Power Systems

Pika Energy

Primus Windpower

Ventera Wind
Xzeres Wind
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Thank you to our
OEM Steering Group
Members.

- Questionnaire
- Interviews

- Calls

- Feedback

- Guidance

- Turbine info
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WIND & SUN

Aeronautica AW-54-750kwW BOM

Balance of ]
Nacelle/Mainframe
Tower \
Blades [N
Gearbox -
Controls
@ Vechanical
Generator () Electrical
@ Composites

Nacelle fairing, spinner |
Hub |

0% 10%

() Support Structures

200 30% 40%
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mative =~ . : \
DWE A \2[ o M»Q lvplons Wind Advisors Team @)‘%{,’.".{.‘B"&%‘(,‘&E

OUR WIND OUR POWER OUR FUTURE

Black Island 48V HR3 Top Level BOM

Complete alternator

Saddle Assembly

Variable axis rotor control system (VARCS)
Stub Tower Assembly

Complete Rotor - blades, hub and fasteners
Electrical Regulation and Controls

Optional |, C, P monitoring

Optional Installation and Technical Support

Optional data logger
@ Mechanical

@ Electrical

@ Composites

() Support Structures
Other

Electrical Conditioning Kit

Transportation Package

Manual Shutdown System

Optional vane

Optional anemometer

Documentation

Tail Assembly

Lubrication and Maintenance kit

0% 5% 10% 15% 20% 25%
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Pika T701 Exploded View

Top shroud Stator

Blade rotor

Front cover Nosecone

/

Control and
power electronics

Tail boom /

Magnet rotor and
safety brake

N

Tail vanes




100' guyed tower complete
Inverter

Disconnect, wire, conduit
Nacelle

Magrotor & Emergency Brake
Alternator

Controller

Blade Set

Yaw shaft, bearing

Tail vane and boom

Rotor Hub

Packaging, Manuals, Hardware
Nacelle shroud

Main shaft

Nosecone

Front cover
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Pika T701 BOM
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@ Vechanical

@ Electrical

@ Composites

@ Support Structures
Other

®

5% 10% 15% 20% 25% 30% 35% 40% - ntariek



‘ DW E A \QFO - “Y)S lo\n; Wind Advisors Team O)%’N&"&%‘Gﬁm

DMPBUTFD WIND ENERGY ASSOCIATION OUR WIND OUR POWER OUR FUTURE

Primus Windpower Air BOM

Labor, packaging, smaller hardware
items, etc.

Controller NG

Alternator

Nacelle

@ Mechanical
Blade Set O Electrical
@ Composites
Nosecone
@ Support Structures
Other

L 1
Yaw shaft and bearing | NG

]

[

I

Rotor Hub

0% 5% 10% 15% 20% 25% 30% 35%
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Turbine Only
Generator/Alternator [N
Nacelle--MainFrame Cast Alum. | NN
Blade Set |
Rotor Hub-Governor Assembly E—
Cast
Assembly Labor
Disconnect, Brake Switch,
Breakers —
Nosecone—Cast Alum. [l
Shipping Skid, Container, etc.
NEMA enclosures |l
Slip Ring Assembly w/ Pigtail [l
Main Shaft ||
Mechanical
Bearings, bushings and pillow ®
blocks o ®Electrical
@ Composites
Yaw Shaft [l @ Support Structures
. . . Other
Metering, electrical conduit |
0% 5% 10% 15% 20% 25% 30%

Ve nte ra Wi nd System with 30m Tower

Tower

Inverter

FoundationsIncluding Labor
Assembly Labor
Generator/Alternator

Shipping Skid, Container, etc.
Nacelle--MainFrame Cast Alum.
Blade Set

Rotor Hub-Governor Assembly Cast
Assembly Equipment Rental

Wire Run Including Conduit
Downtower wiring, droop cable
Disconnect, Brake Switch, Breakers
Nosecone—Cast Alum.

Metering, electrical conduit

Other

NEMA enclosures

Slip Ring Assembly w/ Pigtail

Main Shaft

Bearings, bushings and pillow blocks

Yaw Shaft

0% 5% 10% 15% 20% 25% 30% 35%



SMART Wind Questionnaire Results
(Electrical)

Academic and Research Group

Thank you to our Academic and Research
Members for their insight provided with the
Questionnaire



“ DW E A \\e options = Wind Advisors Team @)wmy&g\gﬁw

) WIND ENERGY ASSOCIATION OUR WIND OUR POWER OUR FUTURE

Possible Manufacturing Evolution?

* Machining of stator lamination stacks to avoid shorting between
laminations.

Machining of tape wound cores to avoid shorting between layers

Reducing prices for electronic printed circuit boards with low volume
production

Autoclave/out-of-autoclave processes
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Other opportunities/ideas

 ldentify regional manufacturer expertise (steel forging, electrical components,
casted items, etc) and encourage entry/ conduct meetings with such suppliers
to enter wind turbine sector

» Specialized and cost effective manufacturing of stators, rotors, windings and
housing for the alternator / generator

» Alternator design and manufacturing methods for cost reduction and reliability
improvement is critical

Power electronics manufacturing for small production runs at reasonable cost



SMART Wind Questionnaire Results
OEM Steering Group
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Hard-to-Produce/Source Parts
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Power Electronics _ ,
Interested in new manufacturing

e Standardizing power electronics .
&P partnerships?

4

Other " Yes ®" No * Mavbe

* Tooling and part handling for low volume manufacturing

* Lowering the manufacturing gaps of our suppliers so as to reduce
their costs and our price of components

* Fixturing to reduce labor
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What would it take to bring non-U.S. manufacturing
back to the U.S.?

Magnets

e |t would probably take Federal incentives to get the production of
magnets up and running

e Can'’t source magnets in U.S., competitive U.S. supplier of
NdFeB (One OEM is not interested in changing from China
magnet supply.)

Lower overall costs

Expertise and prior experience of the supplier in wind turbine
components (design and fabrication)

Reduced part costs and minimum quantities of purchase as well as
one time/ongoing tooling and set up costs

Would like to source generators from the U.S.
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Bulk-purchase material opportunities?
* Magnets

* Wire, switching, semiconductors, disconnect boxes,
fuses, fuse holders, contactors, relays

e Sensors



— . 7\
“ DW E A \\e options - Wind Advisors Team (_ ) SummviERVILLE

ITED WIND ENERGY ASSOCIATION OUR WIND OUR POWER OUR FUTURE

Bulk purchase opportunities?
* Anemometers and tail vanes
° alternators, magnets
Expertise

e A supplier ratings and capability exchange--to pool our knowledge of
who can supply what at the best quality and price

e Gain big-company capabilities regarding supplier selection and
purchasing power through purchase aggregation and group contracting

e Knowledge of current state of the art in manufacturing at our scale
e Access to subject-area experts (machinists, mold-makers, etc.)

e Access to state-of-the-art tooling
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OEM Research Topics of Interest

Electrical

* Inverters, lightning protection systems, PLCs, phase converters, controller electronics

Stator/generator design, better ways to automate stator winding

Focus on removing BOS costs (e.g. Instruction manual, training, Installation, shipping, etc) -
finding ways to work together with/ride the coattails of solar could help us scale up faster



Make

Dakota
Turbines

Bergey

Pika Energy

Primus Wind
Power

NPS

Eocycle

Aeronautica

Aeronautica

Endurance

Model

DT-30

Excel 6 & 10

T701

AIR Family

NPS 100

Eocycle 25

AW 54-750

AW 30-250

E-3120/
E-4660

Generator
type

PMG

PMG

PMG

PMG

PMG

PMG-TFPM

Induction

Induction

Induction

make

make

make

buy

make

make

buy

buy

buy

Controller

custom controller

custom controller
for battery
charging; no
controller for grid-
intertie in U.S.;
custom controller
for Japan market

custom controller

custom uptower
controller

Custom

Mita-Teknik/
Eocycle

Mita-Technic,
customized

Mita-Technic,
customized

Phoenix Contact

make

make

make

make

buy/make

buy

buy

buy

Inverter

custom
inverter

custom
inverter

custom
inverter

none - DC
turbine

Custom

ABB

none

none

none

make

make

make

make

buy

Electrical opportunities, thoughts

Inverters are still pretty expensive to build
due to low annual volumes. Can variable
speed drives be made to work with
turbines?

Made in North America to avoid China,
down tower controller, one rotor/stator
combo for all voltages?

Controller function, parts and layout are
highly customized for individual turbines.
Any opportunity to reduce cost,
complexity and size in a customized unit
is welcome (e.g. printed circuits to reduce
manual wiring costs - can PCBs be 3-D
printed?). Induction generators are
common and robust, and | struggle to see
opportunity for major changes there.



