—= Strategles for Supply Chain
Development

Preliminary Results of the Chicago
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— The key to SUCCess for most
companies Is strategic planning and
the key to strategic planning rests on
the matching of market needs to
corporate capabllities — “strategic fit.

"= Does thi o.b firmrandities
onal'supplier network?

b ks

*Robert E. Stevens, et al., Market Opportunity Analysis. The Hawthorn Press, Inc., 2007, p. 11.
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| '- -y 249 MW of new: mstallec capacity in 2007

= 8,545 MW of new installec capacity in 2008
= 26% CAGR from year-end 2001 to 2008

= About 5,000 MW of new installed capacity
expected in 2009

L= Credit crisi inimizatien ofinventeress

16,000 VMW" ot new Installed capacity
expected annually by 2018*

* American Wind Energy Association Annual Wind Industry Report - Year Ending 2008.
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~ = 2008 US wind turbine market $12.4 billion
= Drivetrain and Nacelle account for 46% of
market for $5.7 billion

= Rotor accounts for 28% of marketfer $3.5
billion
ﬁmer accounts for 21% of market for $2.6

hillion T
ation accounts for 5%, efimarket for

$620 million*

= o

*Estimates based on George Sterzinger, et al., Wind Turbine Development. REPP, September 2004, p. 53.
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- Bl_ades — 16.6% of market for $2.1 billion
— Hub — 7.2% of market for $893 million

— Pitch mechanisms and bearings — 4% ofi market =
for $496 million

B




;MaHaMe-s eed electronics 6.9% $856 million
Eeher:ﬁ_o-r 6.7% $831 million

Support structure 3.8% $471 million
Transformer 2.5% $310 million
Mainshaft 2.3% $285 million
- - -_
(oF:10][] 2.0% - $248 million
Nacelle cover 1.9% . $235 million
Yaw Drives and Bearings 1.8% $223 million

Switchgear 1.4% $174 million
i [ $161 million

$74 million

Generator cooling system 0.3% $37 million
Coupling 0.3% $37 million

Generator isolation mounts 0.1% $12 million
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Housings 23.6%
Bearings 16.0%
Other 9.1%
=10]0] YAL

Sh

Hydraulic 2.1%

$415 m|II|on

$392 million
$266 million
$151 million -
$128 million

$121 million :
68 riloT—

-~ $64 million

$35 million
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x As of year year- mﬁ?ﬁOHhe USis thelargest =

market followed by China, Spain, and
Germany.

= The US Is expected to remain the'largest
market through 2012 followed by China.*

H

*BTM Consult ApS, Supply Chain Assessment 2008-2012, August 2008.
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= Market penetration -
—

= Product development
= Market development
= Diversification
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~ = Expansion of existing product markets
:--_‘
— Product knowledge

— Market knowledge

= |ncreasing market share
— Attracting buyers of competitors products

ﬂﬁéasin‘g‘size of market

g

R — —

S

— Attracting nonusers
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D"velopmeTTt'ﬁﬁTewﬁproducts aimed at

.-=——""-‘
existing markets

— Market knowledge
— Lack of product knowledge

= New features
oved quality
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D‘evelopmeﬂmﬁrfew_markets for e eX|st|ng

.-=—_-'-
products

— Product knowledge
— Lack of market knowledge

= New market segment

ngg@‘graﬁhical markeb—- _ ——-“
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"= Product or technology related diversification
consists of adding products which are
technologically related to existing products even

though they are aimed at different markets.* .
= Neither market nor product knowledge
= Most strain on management

ﬁﬁ knowledge through acqu ‘offmanagers
ﬂ@mpﬁﬂmﬁ ﬂroduct knowledge

*Robert E. Stevens, et al., Market Opportunity Analysis. The Hawthorn Press, Inc., 2007, p.24.
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_— Establlshed‘SU‘pﬁITers

f—

= New entrants or prospective suppliers

= Those not interested or not qualified
— Relatively small market segment
— High quality requirements

-

oducf‘o*r technology risk - T —
. WS -

— Low margins
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_"Ve'stas*(DK) —— 228%

"~ GE Energy (US) 16.6%
Gamesa (ES) 15.4%
Enercon (GE) 14.0% -
Suzlon (Ind) 10.5%
Siemens (DK) 7.1%
' 4.4% i
4.2% -
3.4%
iy
Sinoval (PRC) 3.4%

*BTM Consult ApS, Supply Chain Assessment 2008-2012, August 2008.
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-~ GE Energy (US) 43.9%

Vestas (DK) 17.9%

Siemens (DK) 16.2% -

Gamesa (ES) 10.8%

Mitsubishi (JP) 6.7% *
* Suzion (ind) T —
-ﬂﬂ"-": -

Nordex (GE) 0.0%

*American Wind Energy Association, AWEA 2007 Market Report, January 2008.



e Vind Juipine . Supplie

JS l\/lgn.r CET J/OO”"

—— — '.:"_—'E-—r—'— —
—

~ GE Energy (US) — 42.7%

"~ Vestas (DK) 13.1%
Siemens (DK) 9.2%

Suzlon (Ind) 8.6% -
Gamesa (ES) 7.2%
Cllpper (US) 7.0%

i 6.0% —ii

4.8% -

1.2%

LS
Fuhrlander (GE) 0.1%

*American Wind Energy Association Annual Wind Industry Report - Year Ending 2008.
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Increasmg compeimen

—r'I-G‘IUbahzanUn Strategies
— New production facilities in growth markets
= China
m US -
= New capacity has been established.in China,
India, and South Korea by experienced European
manufacturers through local subsidiaries and the

—

=Wind power technology transfer
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—- Increased vértlcai'lntegratlon
- = [Long term framework agreements for key
components

— Restrictions on supplying competitors =
— Quality guarantees
— Penalties

— | -
gﬁc_urmg nd g lead times
g pressure on suppliers frem countries
experiencing higher exchange rates




m _Blaaes controll systems, gearboxes generators
f—-and POWEr converters

= Preference for established suppliers with
experience in the wind turbine industry and a
proven track record of on time delivery:and high
guality

- Use of suppliers to gain from their collectlve

enence TTE———
Urcea’or for a buyeut to

chleve backward mtegratlon

-'
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- Towers cast irons, forging serwces “and
nacelle cover and spinner

= Preference for suppliers located near the
point of assembly

— Adhere to minimum quality. standards

‘dse Standarnd techniques E
- | Stitive .

= Easily replaced



— Increasmg 'size of wind turblnes

.-=___'h :
— For'some it may be worthwhile focusing on

suppliers of smaller turbines <1.5 MW.

= Rapid changes in technology
= High quality requirements |
et

ﬂéign cTGmietition . - ———




. Large castmgs—melﬂde the malnframe rotor hub
~ and the gearbox housing.

= Smaller castings include the pedestal bearing
housing, blade adaptor, torgue bracket, and planet

il

carrier.
= Ductile cast iron

— High elasticity
‘ensile strengii

= High quality requirements
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S Some in-house capacity

= [ndependent suppliers may be required to
abide by a quality guarantee system.

= New suppliers may be required to gualify
through sample production. _
t-fmm-@hiﬁ@:

mﬁy new entrants to the e
en suppliers to,the wind

turbine industry are Chinese.
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~ = Established US suppliers*
-:—-_—-___ . . .
— ATl Casting Service, LaPorte, Indiana
— Cast-Fab Technologies, Inc., Ohio
— Ellwood Engineered Casting, Ohio

— Hodge Foundry, Pennsylvania

one of these are among iEe top.ten, =
| ndustry. -

*BTM Consult ApS, Supply Chain Assessment 2008-2012, August 2008.




— Wor]dW|de balance of supply anddemand

r—r

for castings
= Surplus capacity in China

— Allocated capacity is three times domestic
demand.

capacity.



— Cost of importing castings
_=_—"""

— Transportation and' logistics
— CO, emissions
— Net Energy Gain -

= Potential guality iIssues
= Balancing regional distribution

It

easing

R

Ity
— |Increasing size capacity -
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_— Large forgmg?mtlude main shaft Wheel _

parts, and inner and outer rings for large
bearings.

= Smaller forgings include flanges and gear
blanks.

erin-house forging capaci — —
hig = -




oUJrU services (coril,)

— EstaEIished US-S-uppIie-rs* —
~ = A Finkl'& Sons, Inc., Chicago, Illinois

— CAB Incorporated, Texas

— Ellwood Group, Inc., Texas and Pennsylvania

— McKees Rocks Forgings, Pennsylvania

— Ajax Rolled Ring and Machine, South Carolina

= CAB, Incorporated is one of the top ten suppliers to

. . e
Wind tur Industry.

: - orea and, China except
or one Iin Spain.

*BTM Consult ApS, Supply Chain Assessment 2008-2012, August 2008.
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= WorIdW|de b’alantfe of supply and demand

i.-_——.-

for forgings

= Surplus capacity in South Korea and China

— Allocated capacity is eight times domestic
demand.

=8 a(:ltyshortage iIn US,and Europ

ISTtwice the allocated
capacity and mcreasing.
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Cosf of mpcﬁﬂg f@rglngs —— —
—f——ﬂ'ransp@f{at10n and logistics
— CO, emissions
— Net Energy Gain

= Potential guality iIssues E
= Balancing regional distribution
= |[ncreasing US capacity.

ﬂﬁgradin‘g guality
NCreasine|sSIZErcapaCH

g forgings of high quality:alley steel may
be a constraint for bearing manufacturers.
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- = Vain shalt, geareox, generator, and slewing
~ “Pearings for pitch and yaw are weak points in the
supply chain.
= Market leaders*
— FAG (Schaeffler)(Germany)

— SKF (Sweden)
= Expanding US production facilities

@—blishe_d‘"ua suEﬁIiers* "‘ e e———
— Kaydon, Ohio, Michigan - "

*BTM Consult ApS, Supply Chain Assessment 2008-2012, August 2008.
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- Japanese SﬂpplleTs Wlth US productlon

~ facilities

— NTN Corporation
= NTN Bower, Macomb, Illinois -

= Established suppliers are increasing
capacity in China and India.

% entr_aiii irom China wanufaﬁur&ng;
/1] . _

— Positioning for future demand




\ririgs (coricl,)

Ty

—mi—

~ = Shortage of supply/is unlikely to be resolved in the
~ nearterm.—

= Gearbox and generator failures are usually due to
pearings.

= Replacement bearings can take months;to -
orocure.

= Comprehensive qualification pregrams for new
ppliers
ﬂvmd tur)
ecord of on time delivery.and high quality

= Changes In specifications can be demanding.
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~  Constraints in the supply of large bearings
- ~compounded by fallures will probably limit the
supply of gearboxes.

= Backwards integration of gearbox production*
— Siemens (Winergy) _

— Suzlon (Hansen Transmissions)
— GE Energy (GE Transportation)

— Gamesa,(Eschesa)
ind|turbinesmanufa

_ -
likely/to Use™

thout a proven track

0

*BTM Consult ApS, Supply Chain Assessment 2008-2012, August 2008.



—_— US productlormf gearboxes*

~ = Winergy, Elgin, Illinois
— Brad Foote Gear Works, Cicero, lllinois
— GE Transportation, Pennsylvania
— Moventas, Minnesota

= Housings are usually outsourced.
S,.and, shafts may be produced Iin-house.

|ty'66m—

= Continuous improvement of gearbox design

*BTM Consult ApS, Supply Chain Assessment 2008-2012, August 2008.
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- Bosch Rexroth |S‘the Iargest mdependent

“supplier of gearboxes to the wind turbine
iIndustry.

— Investigating possible expansion of gearbox -
oroduction in the Midwest

— Reassessing their sourcing strategy

@keting and! attraction B ——
’ﬁﬁmﬁm -

Introduction to municipalities in the area
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Vou are trying to uncover segments that are not
—eutrentty4aemg served or segments that are not
being served well by competition.*

= Established suppliers to the wind turbine industry.
should pursue a market penetration strategy.

= For commodity items or components
manufactured to specification, hew. entrants
uld pursue a market development strategy

roduct poﬂgﬁiﬁﬁ F
ponents, the only option for

new entrants 1S dlverS|f|cat|on

*Robert E. Stevens, et al., Market Opportunity Analysis., The Haworth Press, Inc., 2007, p. 47.
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S DiVersificatiUn's*trategy
— Acquire managers or companies with product

and market knowledge

— Form a joint venture with an established
supplier

ocus on second tier and supply
hecom establi r-stmm
- ppliers of smaller wind turbines

<1.5 MW



Conclusion/Disclealrrer
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= Key SUCCGS‘S‘TEC‘IDTS‘WI” vary from mdustry
.-E——"*
to Industry and an understanding of the
economics of the industry Is necessary to
take advantage of these factors.*

*Robert E. Stevens, et al., Market Opportunity Analysis., The Haworth Press, Inc., 2007, p. 56.



Thank you

Dylan Tuttle

ane;Addams Resource Corporation

ant@jane-addams.org
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