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Wind Power Market Overview

Global wind power market: #iii12010 4, X & HUBAIE 0] R 430 %, #2301 # ML BE IR A

~20,000MW of new capacity installed in 2007, ~20% CAGR expected in the coming years.
Not only China government put accelerated investment on wind power, but also new Obama
government promised to encourage alternative energy ...
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10,000MW wind power installation, till now
Accelerated investment plan
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To achieve 100,000MW wind power installation in CY2020. It means
annual > 10,000MW wind power projects in the coming years. It means

annual ~ 7,000 sets of 1.5MW wind turbine in the coming years.
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Wind Turbine Size

1993-99 2000-01 20203 200405 2006

1,013 MW 1,758 MW 2,125 MW 2,782 MW 2,454 MW
5 MW Turbine Size Range 1,418 turbines 1,987 turbines 1,784 turbines 1,937 turhines 1,532 turbines
i 0.00 to 0.5 MW % 0.4% 1.9% 0.7%
Mutibrid 0.51 1o 1.0 MW 17.6%
1.01 to 1.5 MW 0.0% 25.4%, 56.6%
1.51 to 2.0 MW 0.3% 0.4% 23.9%
201 to 2.5 MW 0.0% 0L0% 0.1%
2.51 to 3.0 MW 0.0% 0.0% 0.0%

Source: AWRLGED profect datatbase.

Largest wind turbines installed in the U.5.
{rated capacity, in MW)

Rated Turhine Locations
capacity (WW) manufacturer installed
3 Vestas CA, TX
2.5 Clipper, Mordex IL, 14, BN, NY, WY
2.3 Siemens MM, ND, OR, TX, WA
2.1 Suzlon 1A, MO, OK
2 Gamesa CA, IL, 1A, MN, PA, TX

* The trend is wind turbine become larger and larger.
 In China, <IMW is declining, accelerated growth in 1.5MW and 2MW
* North American highest volume was 1.5 MW in 2006 — moving to 2.5MW in 2008-09
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Major Wind Turbine Vendors in China -2006
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Major Wind Turbine Vendors in China

() Blade Manufacturing
<7 Turbine Assembly

Foreign vendors: Vestas, Gamesa/#%J#EY, GE Wind, Nordex, REPower, &1

s
P <
Baotou serves as an addizional
assembly fagility for high-growth {b Historic industrial
Inner Mongolia marker -5 B e
p T - ¥ o BOTactinvesmment
. 2&[{3 O+ . 3 < from established and
QDO 4L 20211 &P fledyling players
o @& O
(6] Tianjin Economic
Development Zone
m becoming an
: RT11g <k )} integrated mwirbine
Gowernmen: encouraging assembly base for
consolidation of local Ereinh oamhure
manufaciuring o support _:E"“I‘ e
2015 wind growth targets of <€ b p
10-12 GW per province ;;} Ly 'E"
- <0
s ¢
27
-vcﬁm]h
I Operating
. Planned

Chinese-owned Manufacturers

1 Goldwind 13 XCMG
2 Sinowel 14 Liaoning Gaoke
[A-Power)
3 DEC
15  Xiangdi
4 Windey iangdian
f 16  Mantong Kailian
5 Sewind
: 17 HeWind {Huayi)
& CPC Mew Unite
18 Beijing Beizhong
¥ Hunan Hara
XEMC 19 Hadian
g CsIC 20 Dongxing Fengying
Haizhuang

21 Shenguo Tongyuan
3 Huachuang

10 C5R Times

22 Hanwei Wind Power

23  EWT-CASC

11 Mingyang Directwind

12 Baoding Huide 24 Wuhan Guoce

Foreign Manufacturers and Joint Ventures

25 CASC-Acciona 289 Vestas
26  Mordex i GE
27 Repower Morth 31 Suzlon

28  Gamesa

/j()ﬁEU

Acciona, Suzlon TJ. Local vendors: 4:X.Goldwind, 4¥<(DEC), Mingyang,#é%}éSmovel, K

#, kR, #{XZhejiang Yunda (Windey),

Sewind, CPC New Unite, Hunan Hara

XEMC, CSIC (Chongqging) Haizhuang), Shenyang Huachuang, Hanwei Wind, Baoding
Huide, CSR Times, Llaonlngt GaoKe
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Major Wind Turbine Vendors in China- Local
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Wind Turbine Control Basics
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Wind Turbine Control Basics
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Wind Turbine Control Basics
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Wind Turbine Control Basics
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Wind Turbine Control Basics
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Doubly Fed Induction Generator (DFIG)
’EEE‘%TEI‘/WJU R R AL

Torque speed curve of a 2MW DFIG
: i3
Pitch 60 - é
Vdr = 50, Vgr = -100
controller Wound rotor %’ /_Vdr= 0, Var=0
induction generator 40 1 E vd 5;) Var = 100
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20
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| -
u ™ control PF control 80 g 9

Most common architecture in China (>85%)
Prevalent in Europe though Direct Fed is becoming dominant technology
Electronic converter fully controls generator torque
Magnetizing current is supplied through the rotor terminal
Inverter size is approximately 30% of full turbine rating
Speed can be changed by 40%, therefore maximum power production is achievable
Very fast torque control -- 5-50ms response time depending on the type of control
Aerodynamic fluctuation can be filtered before entering the generator
Will requ ire some maintenance of oth)eoﬁlij& ¢ izﬁlﬁﬁckwen Automation, Inc. All rights reserved.
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Direct Fed Generator

Bt R % Bl

‘ Pitch
controller IGBT PWM
converters

Synchronous or induction
generator

Hes § T
AC J DC T AC
u > Generator Grid side

controller controller

Becoming more common in large European manufacturers. New designs >5MW appear
to be going to MV direct drive (Clipper, Bard, Multibrid, REPower, Enercon, Vestas)

Direct fed power converters handle full generator power
This allows for good power factor control
Gearbox can be avoided if a multi-pole synchronous generator is used
e.g. Enercon turbines with 64 poles
DC-link totally decouples the generator from the grid
Grid frequency is decoupled, wind turbine can operate at any rotor speed
Grid voltage is decoupled; changein gridvoltagedoes.not affect the.generator dynamics 15



RA Pitch Control

PF Drive via DC bus with back-up capacitor or battery to make sure the wind turbine
can be move into ‘safe-off’ position in case of power slipper failure. As well, it can be
move into ‘safe-off' position in case of other major failure such as communication loss
etc...

IP66 pitch control panel was required, as optional PF drive with flange mounted cooling
part can be selected. Space heater be added if operation temp. can be down to -40/-
20C.

SST-ETH2CAN can be added to communicate with main controller via CANOpen. Or
1769-SDN can be added to communicate with main controller via DeviceNet.

Note:
EtherNet/IP 15~20NM for 1.5MW Douby-Fed wind generator

CANOpen

L= Point10

PF Drive

Battery/ Capacitor
AC Servo Motor
Assembly
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RA Converter for DFIG

Can potentially have a product to sell by 4QFY09

Having Premier Integration will allow sales team to sell wind inverter as part of a
more complete Rockwell solution

1.0MW & 2.0MW DFIG inverter with Ethernet IP
Move into MV and LV RA Inverters as long term path forward

+ =
Wind Power Ethemnet/IP Card WROS‘frWGt')'.A“tgma“Or{‘
Converter Structure (w/ AOP code) vind_Turbine Lonverter
with “Premier Integration
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RA Wind Farm Products and Capabilities

Wind Farm Management
based on Logix&
Ethernet/IP - Coordination
of Multiple Wind Turbines

Main control
Power control >
Power Factor Correction
Supervisory Setpoints l
] Geatbox
Power Plant .
Controller
m c Main control ‘

Grid v (@ me Q@» ........... |
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The key point& process to access the whole
solution for wind turbine
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The whole Wind Turbine system by RA including
Pitch control, main control, converter and ICM

Opp. for 1 set of 1.5~2MW wind turbine
~ 30K for main control& pitch control
~ 80K- 100K converter for doubly-fed,wind generator
~9K for Condition Monitoring

MNacelle Controller Pitch Controller XM121

Turbine-Visuahzation

DeviceNet

EtherNet/IP Drive for Pitch
Control
""--q_._,lil Main Controllix
=)
Extended/remote E
Visualization i

Park Network
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