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Introduction
Energ;

CENTER FOR
RENEWABLE ENERGY

Hlinois State University

! Center for Renewable Energy

= ...works to meet the growing need for
education, outreach and research in the
area of renewable energy.

= Three major functional areas:

to enhance the renewable energy major
at lllinois State University;
Cantar for

to serve the lllinois renewable energy Renewable
community by providing information to

the public;

to encourage applied research

concerning renewable energy at Illinois

State University and through

collaborations with other universities.




Wind Energy Overview

= Terminology
= Wind Turbine Evolution
= Current State of Wind Energy
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! Inside the nacelle




Variations

Tower Height & Material
Blade Length

Generator Design:

- Doubly Fed Induction

- Permanent Magnet

- Direct Drive (may be PM)




Variations

= Gearbox
- Conventional
- Direct Drive (no gearbox)
- Hybrid
= Converter
- Partial Converter
- Full Converter

Recent History of Wind Technology

The 1990's 2000 & Beyond
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Wind Turbine Scale

Wind Turbine Scale

Height:

Avg. Water Tower:
130 ft

V52, max blade arc:
280 ft

lllinois capitol:
361 ft

GE 1.5sle, max blade arc:
388 ft.

GE 2.5xl, max blade arc:
492 ft.

Willis Tower:
1,729 ft.




U.S. Annual and Cumulative Wind Power

1 Capacity Growth (Utility-Scale Wind)

= The wind industry
installed 5,116 MW in
the U.S. in 2010

W Annusl Capacity Installations
© Curmulstive Capacity Installaticns
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o ' Total U.S. wind
installations stand at
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1 Global Wind Power Capacity Growth

35,800 MW installed
Top Countries Installed Capacity globally in 2010, for a
W india 121 GW growth rate of 22.5%.

W Spain 207 GW

B Gormany w2G6W

e aaw Total Global Installations
B Rest of World 51GW stand at 194,390 MW

globally.

5

g
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China was the largest
market for new.
installations with 16,500
MW installed in 2010;
posting 20% growth.

Wind Power Capacity (MW)

The European Union
market remained roughly
stable with 9,300 MW of

] ) new wind power installed
Source: AWEA U.S. Wind Industry Annual Market Report Year Ending 2010 in 2010.

U.S. wind installations
represent over 21% of
global wind capacity.




Global Wind Power Capacity Installations
1 for Top Countries

The top 5 annual
markets for new wind

power capacity 5
additions around the A
world in 2010, by
country, were:
. China: 16,500 MW
.U.S.: 5,116 MW
. India: 2,139 MW
. Spain: 1,516 MW
’ 2005 2006 2007 2008 2009 2010

. Germany: 1,493MW

Wind Power Capacity (MW)

Source: AWEA U.S. Wind Industry Annual Market Report Year Ending 2010

U.S. Wind Power Capacity Installations,
1 Top States

Texas
lowa
Califormia
Minnesota
Washington
Cregon
llincis
Ofdahoma
Maorh Dakota
Wyoming
Indiana
Colorada
MNew York
Kamnsas
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Wind Power Capacity (MW)

Most Capacity Additions in 2010 m Fastest Growing in 2010 m

Teas Dwdarware & Manyland First utility-scale progect
llincés 498 Idaho 140%
California 455 South Dakota 126%
South Dakota 306 Arizona 103%
Minnesota 306 Maina 52%

Source: AWEA U.S. Wind Industry Annual Market Report Year Ending 2010




U.S. Wind Power Capacity Installations
1 by State in 2010 (MW)

Source: AWEA U.S. Wind Industry Annual Market Report Year Ending 2010

=100 MW [ 100to 1,000 MW [l >1,000 MW to 10,000 MW [l > 10,000 MW ™ 38 States

have utility-
scale wind
installations.

14 states
have more
than 1,000
MW installed.

U.S. Top 20 Wind Power Capacity
1 Owners in 2010

The top 20 owners of
U.S. wind project
assets captured just
over 49% of the 2010
capacity installations,
consistent with 2009.

85% of 2010 project
capacity was owned by
Independent Power
Producers (IPPs), and
15% was owned by
utilities.

Community wind,
which has a
component of local
ownership, can be IPP,
utility or other owners,
and represented 5.6%
of capacity installed in
2010.

recktec with S0 MW Ownerh: doss not

nvesiors, which masy have a share of equity

B HextEra Energy Resources
B Ibordrola Renewabies

B Horizon-EDPA

B MidAmerican & PaciliCorp
B E.ON Climate & Renewablos

BP Wind Energy
B Exelon Wind
B Moble Environmental Power
B Terra-Gon Power
B First Wind
¥ Portland General Electric
B shell
W Puget Sound Energy
Eurus Energy
Other

Source: AWEA U.S. Wind Industry Annual Market Report Year Ending'2010




Wind Turbine Manufacturers’ Share
| of Total U.S. Wind Power Fleet

GE Energy, Enron,
Zond, Tacke

41.3%
Mitsubishi

Siemens, Bonus Vostas,

NEG Micon,
Micon, Nordtank,
Windane, Wind World,
NedWind

17.3%

Source: AWEA U.S. Wind Industry Annual

GE Energy, Enron, Zond, Tacke
Vestas, NEG Micon, Micon, Nordtank,
Windane, Wind World, NedWind
Siemens, Bonus

Mitsubishi

Gamesa

Suzlon*

Clipper

Acciona

REpower*

Kenetech

Others

Unknown

“Others” includes AAER, DeWind, DES, Elecon, EWT Americas,
Fuhrlander, Goldwind, Nordex, Nordic, Northemn Power Systems,

PowerWind, Samsung and athers

Market Report Year Ending 2010

Wind Turbine Manufacturers’ Share of
| 2010 U.S. Wind Power Installations

B GE Encrgy

B Mitsubishi
W suzion®

| Clipper

828
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312
221
a8
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7.5
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1.7
16
0.9
0.6
20

Slemens
Gamesa

Veslas
Acciona WP

REpower*

DeWind

Nordex

Samaung Heavy Industries
HNorthern Power Systems
Hordic

EWT Americas
Turbowinds

PowerWind

Elecon

Other

“emammBued

* Suzion owns 91% of REpower
Inckides fuibings 100 KW and lagern
Turbine instabation dals i3 rapomad by the projec! ownes

Source: AWEA U.S. Wind Industry Annual Market Report Year Ending 2010




Wind Turbines Installed Each Year
1 by Wind Turbine Manufacturer

GE Energy GE Energy GE Energy GE Energy GE Energy GE Energy
Vestas Siemens Vestas Vestas Vestas Siemens
Mitsubishi Vestas Siemens Siemens Siemens Gamesa
Gamasa Mitsubishi Gamesa Suzlon Mitsublzhi Mitsubishi
Suzlon Surlon Mitsublshi Gamesa Suzlon Suzlon
Gamesa Suzlon Mitsubishi Clippar Vastas

Clipper Clipper Gamesa Acciona WP

Mordex Acciona WP REpowier Clipper

REpcwer Acciona WP REpcwer

Fuhrlander Mordex DetWind

DeWind DeWind Nordex

AWE AAER Samsung

DES Goldwind Northerm Power

Naorthern Power Mortham Powear Mardic

Fuhriandar EWT Americas

Turbowinds

PowerWind

Elecon

Source: AWEA U.S. Wind Industry Annual Market Report Year Ending 2010

U.S. Average Capacity of Installed
1 Wind Turbines

= In 2010, nearly 2,900
new turbines were
installed bringing the
total U.S. installation to
over 35,600 wind
turbines.

The average size of
turbines installed in
2010 was 1.77 MW, up
slightly from 1.75-MW

in 2009 " 1020 2000 2001 2002 2008 2004 2005 2006 2007 2008 2008 2010

Wind Turbine Capacity (MW)

Source: AWEA U.S. Wind Industry Annual Market Repo
Year Ending 2010




Distribution of Wind Turbines Installed in
1 2010 by Capacity

= In 2010, nearly 2,900 new turbine turbines were installed bringing the total U.S. installation

to over 35,600 wind turbines.

Turbines installed ranged from 100-kW to 3.0-MW, with the 1.5-MW platform remaining the

most installed turbine size.

Wind Turbine Capacity (MW)

Number of Turbines

Source: AWEA U.S. Wind Industry Annual Market Report Year Ending 2010

Sizes and Material Use for Utility-Scale
Wind Turbines Installed in 2010

A typical turbine is
roughly 90% steel and
can weigh anywhere
from 200 to 400 tons.

Higher tower heights
and larger rotor
diameters have
increased output of
turbines.

Component % Weight

Rotor
Huk
Blades
Nacelle
Gearbox
Generator
Frame
Tower

Capacity Range
45 — 105 meters

57 — 101 meters
26.8 — 49 meters

Tower height range
Rotor diameter range
Blade length range

Source: AWEA U.S. Wind Industry Annual Market Report
Year Ending 2010




All Online Wind-Related Manufacturing
1 Facilities

<= 100 MW B 100 to 1,000 MW [ =1,000 MW to 10,000 MW [l > 10,000 MW

= Atthe end of

2010, there were

over 400

manufacturing

facilities online

making wind-

related products.

The online
facilities span
42 states

Hawaii

Source: AWEA U.S. Wind Industry Annual Market Report Year Ending 2010

Online & Announced Wind-Related
1 Manufacturing Facilities in 2010

<100 MW [ 1001000 MW [ =700 MWio 10,000 MW [ > 19,000 MW
& Mow Oning Factties ® Hew Amousced Facities
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Source: AWEA U.S. Wind Industry Annual Market Report Year Ending 2010




Wind Resource Maps
1 National Renewable Energy Laboratory

United States - Annual Average Wind Speed at 80 m

Wind Energy Potential
1 20% Plan from the U.S. DOE

lllustrative Geographic Distribution
- 20% Of the Installed Wind Nameplate Capacity by State (2030)

nation’s electrical
needs can be
provided by
wind!




Renewable Portfolio Standards

www.dsireusa.org / April 2011 -
VT: (1) RE meets any increase

in retad sales x 2012;

10% x 2020 (co-ops;

| 2) 20% RES& CHPx 2017
- 4=
5%-10%: smaller utities iy ( G l:ml: h;:.z:):
§ =
- s%xzon 3
L T NM: 209 x 2020 (10Us) L

| - @ : [PR:20% x 2035

. Renewable portfolio standard 0% Minimum solar or customer-sited requirement
. Renewable portfolio goal 3K Extra credit for solar or customer-sited renewables
a Solar water heating eligible T Includes non-renewable alternative resources

Matt Aldeman il
lllinois State University ‘
Campus Box 4200 '
Normal, IL 61790
309-438-7919
renewableenergy@ilstu.edu




