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| MlA SEU4E AP - 7.

World market growth rates, 2006~2011

~Year: | Installed MW | ‘Increase % |Cumulative MW | Increase %
2006 15,016 74,306
2007 19,791 32% 94,005 27%
2008 28,190 42% 122,158 30%
2009 38,103 35% 160,084 31%
2010 39,404 3% 199,520 25%

Annual & cumulative global wind energy development 1983-2011
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Source: BTM Consult - A Part of Naviaant - March 2012
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| MIA| 324 AEeig - OfA|of C

SE2 X 3E BF MA 1912 *I =

Qx50 g

STAE2 A 5E7 ZUN HYME 7|EHCH, 11H0] 17,63IMWL| SHEUX 7|7} M K| &

S FHEX FH2 62,412MWE MA 22 I Al el O|=0f 8|5 30% 0| & == +X| &
v A ZOe SHETY| 8 HHEF YUV|IX=ZN =22 Top 15LH0| E= At=7| 40| 7710 2t
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| MIA SHLUYE AEeiZ - Top 10 AF

The 10 largest markets by the end of 2011 (cumulative MW)

r

Co

P.R. China 25,853 44,781 25.9% 26%
USA 35,159 40,274 19.5% 45%
Germany 25,813 27,364 12.1% 58%
Spain 18,784 20,300 8.9% 66%
India 10,827 12,966 6.7% 73%
UK 4,340 5,862 3.0% 76%
France 4,775 5,961 2.8% 79%
Italy 4,845 5,793 2.8% 82%
Canada 3,321 4,011 2.2% 84%
Portugal 1.7% 86%

E

ercent of World T

Source: BTM Consult - A Part of Navigant - March 2012

Growth rates in the Top 10 markets

P.R. China

USA 25,237 35,159 40,274 47,084 23.1%
Germany 23,933 25,813 27,364 29,248 6.9%
Spain 16,453 18,784 20,300 21,350 9.1%
India 9,655 10,827 12,966 16,266 19.0%
UK 3,263 4,340 5,862 7,155 29.9%
France 3,671 4,775 5,961 6,836 23.0%
Italy 3,731 4,845 5,793 6,733 21.7%
Canada

Source: BTM Consult - A Part of Navigant - March 2012
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| HlA| Z2=244H A|EFSiZt - s A==

L HAA EAWHI| MK S S HAE S 470MWE KHX| (114)
/104 ChH| AREXBE TEOE 203 04 24
v 3z, 59 Hog, 254 20| MER SHMESHEFOX| 7F AA =

o
- €= Ormonde(150MW), Sheringham Shoal(39.6MW), Walney phase2(36MW), Greater Gabbard(104.4MW)
- Hi0f3: Avedore Holme(3.6MW)

= Ql: BARD Offshore 1(30MW)
- X 2 EZF Windfloat(2MW)

- &=: Rudong Intertidal Demonstration Project Phase 1(99.3MW), Donghai Bridge Offshore Wind Phase 2(8.6MW)

HYUM 2o FE Y2 =2 71717t40 2 HEVI0|H, RAR YR H4E X7t e=tE

SSH= =
v 4 E3E MW 0|2 S B HUT Y= & 850 2ot s v X dX|de 52| =X i+
V2@ A HAET O S HUTES2 3,800MWO EHet (H7]of, EotE, =Y, E=, &7)
- #17]0§: Thorn Bank Phase Il and llI, HlOr3: Anholt
- =2: BARD Offshore I, Borkum West Il Phase |
- A= Greater Gabbard, Sheringham Shoal, Gwynt y Mor, Lincs, London Array Phase 1, Teesside
- == Donghai Bridge Offshore Wind Phase 2, Longyuan Rudong Intertidal Project Phase 2
VR SEHI SRE(ET, SY)U ISXA(ET, ot=) S HAY0 ddet F HY
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| MIAI S LY Aol - Top 10 H[Z=AL

C1EE MAAE HeE 12l = Vestas(DK)0|H Goldwind(PRC)Z} Sinovel(PRC)E M| X| 11 29| & 7| &
v Vestas@t Goldwind 7t 11 M| A 22X 7| A|ZH0| M 9,002MW(22.3%)E &35
v Goldwind= =LAl 2| /4310 & =8| E Sl 10 420 M 113 292 4%
v GE Energy(US)= M A 3?2 AIZERES 7|FotA2H HHELE ChH| 0.5% ot
v Gamesa(ES)= M| 49/2l B82S 7|25t¥ 1 10 890 M 1114 49| 2 SHE

v Enercon(GE)2 M| A 5%/ B9 8& 7|25+ 1 Suzulon GroupO| 69| £ 7|2

STMZ UHEE2 =2 MIZAZL B Rotn Ao sl 7|He| AFEHFE2 9.2%0 =2t
v 819 {8l MEAFS S MEE Z2A|R MO8 M0W S CHH| 1.3%, 0943 & CHH| 4.8% &2t
v Dongfang ElectricO| Top 100{| A 12Q| 2 S}t OO, '11EH 0= MingyangO| Top 10 K| =AY x| X2 T
v United Power= M E L CHH| 2A G A5 8 E 7| E51Q 10, XEMCL} Sewind= 2t 1392|2142 £ 7| E¢&t
v HAAEESE 22 Top 100] 32 B8 HZFAZF HEd 0] 0[]0 4747} %3 &

MAXo= ST MWE SHET |2 dlie+E0]| H = S7I
v 571el = HEMEALZES 71=01 1407|2 HEl S ==
v Goldwind= 093 1.5MW 215 Z2 Yl 37| £ 0|=Z2A|&0Y == 3t 0|22 1130 1237|9| HEIS ==
- 0|2 797|(1.5MW), Of E| 2 I| O} 347|(1.5MW), Of| It= 2 117|(1.5MW)
v United Power2} SANYZ} O|=A| 20| 1.5MW Z2EEl 67| A AMX|
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| MIAl S AEeiE - Top 10 H|Z=AL

The Top-10 ¢

VESTAS (DK)
GOLDWIND (PR

GE WIND (US)
GAMESA (S)
ENERCON (GE)
SUZLON GROUI
SINOVEL (PRC)
UNITED POWEF
SIEMENS (DK)

MINGYANG (PR
Others

Source: BTM Con

18%

16%

14%

12%

10%

8%

Global Market Share

6%

4%

2%

0%

Source: BTM Consult- A Part of Navigant- March

2012

Domestic
Supplier

Global
Supplier

N (GE)

Pt )

1%

SUZLON GROUP

""""*--...,_k (IND) 7.7%

VESTAS (DK)

SINOVEL (PRC)
7.3%

UNITED POWER
(PRC) 7.1%

SIEMENS (DK) 6.3%

INGYANG (PRC)

2.9%

\‘ MINGYANG (PR%

“S2 HZAIE 2 Global 3t £|X| 2oL}, O LH5A|E
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| A S 7|zl
ﬂ\ EWEA  (EU Funded)

2006 2007 | 2008 | 2009 2010 2011 2012 2013 2014

TradeWind
Wind Eﬁergy (Thé FactsII)
WindSec
WindBarriers
UpWind |

past projects | ongoing projects

OffshoreGrid
Orecca

Seanergy 2020

Twe|_1ties _
TOPWind
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| A S 7=

LiNREL =

s4 ST 7| 47 tool
HATIONAL REMEWABLE ENERGY LABORATORY
— Sy BHUHI| 47 7|F P
sjAt Zod FHot ZIE QITEOF —— oY B AAY X B B4
— S4B XHY 54 24
— J2= 8% 7%
A2 oAb Eaf 3Het RN
A
4 \

st B3 Ala®o| FHY 24
+ IEA Wind Task 26 — Multi-national Case Study of the Financial Cost of Wind Energy; Work Package 1 Final Report
+ Large-Scale Offshore Wind Power in the United States: Executive Summary

Sot sk 2

« Estimation of Seismic Load Demand for a Wind Turbine in the Time Domain: Preprint
+ On Hurricane Risk to Offshore Wind Turbines in US Waters. Paper No. 20811

XXz Hotof ME oY S8 2172 38 Hs =4
+ Modal Dynamics of Large Wind Turbines with Different Support Structures

S B3 A 7T HY
+ Offshore Code Comparison Collaboration (OC3) for IEA Wind Task 23 Offshore Wind Technology and Deployment

+ Offshore Code Comparison Collaboration within IEA Wind Annex XXIII: Phase II Results Regarding Monopile Foundation Modeling
+ Offshore Code Comparison Collaboration within IEA Wind Task 23: Phase IV Results Regarding Floating Wind Turbine Modeling; Preprint

SQA RXTE B 7 N
- Definition of the Floating System for Phase IV of OC3
+ Dynamics of Offshore Floating Wind Turbines — Analysis of Three Concepts
+ Model Development and Loads Analysis of a Wind Turbine on a Floating Offshore Tension Leg Platform
- New Modeling Tool Analyzes Floating Platform Concepts for Offshore Wind Turbines

+ Quantitative Comparison of the Responses of Three Floating Platforms )’ﬂfdftm
+ NREL Computer Models Integrate Wind Turbines with Floating Platforms



| HAH Z=MA 7|55
EETE ~le)Acle)'/ US. Energy Department Funding

Offshore wind power R&D projects : 417|

- Topic_01 (87l 1tA|) : Modeling & Analysis Design Tools to Assess Offshore Wind Turbine Technologies
— =8 7|2 E : computational tool / floating offshore / fatigue

- Topic_02 (77 1tA|) : Innovative Offshore Wind Plant System Design Studies
— 8 7|2 E : cost-of-energy estimates

- Topic_03 (47§ 1tA|) : Innovative Offshore Wind Turbine Component Development
— =8 7|2 E : aerodynamic control / turbine blades

- Topic_04 (17 1tA|) : Offshore Wind Market and Economic Analysis

- Topic_05 (37§ 1tA|) : Environmental Risk Reduction
— =9 7|2 E : bird / sea turtle / marine mammal

- Topic_06 (17 1}A|) : Manufacturing and Supply Chain Development

- Topic_07 (47 1tA|) : Transmission Planning and Interconnection Studies
— =9 7|2 E : electric grid / wind development sites

- Topic_08 (47f 1}A|) : Optimized Infrastructure and Operations
— =8 7|2 E : implementing strategies

- Topic_09 (87f 1}X|) : Resource Characterization and Design Conditions
— =8 7|2 E : international standards / wind resource maps

jﬂmr(: ’m

- Topic_10 (17§ 1tA|) : Impact on Electronic Equipment in the Marine Environment



XITEHE

- Monopile

- Tripod

- jacket

- Tripile

- Gravity based foundation
- Spar floater

- Semisubmersible floater

« Suction can monotower

- 3-legged jacket

« Full truss structure

- Hybrid monopile

- Compliant structure
- Barge floater

- Tension leg plaform
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Wind (MW) on
Transmission Lines
Existing New
» » 100 - 200
——+% — 200 - 500
= 500 - 1000 pe
L] et w—— > 1000

EUROPE

=]

Active power control

Total Between Balancing Areas Transfer >= 100 MW (all power classes, land-based and offshore) in 2012,
Wind power can be used locally within a Balancing Area (BA), represented by purple shading, or
transmission lines, represented by red or biue armows. Arrows originate and terminate at the centroid of the BA for visualization
do not represent physical locations of transmission

out of the area on new or existing
purposes.

Wind (MW) on
Transmission Lines
Existing New

> * 100 - 200
——» — 200 - 500
et 500 - 1000 .
L] et cmte > 1000

Wind (MW) Used
Inside the BA
100- 300
I 300- 500
I 50 1000
I 1000 - 5000
. > 500

Total Between Balancing Areas Transfer >= 100 MW (all power classes, land-based and offshore) in 2030,
Wind power can be used locally within a Balancing Area (BA), represented by purple
transmission lines, represented by red or blue arrows. Arrows origi
do not represent physical locations of transmission fines.

shading. or transferred out of the area on new or existing
inate and terminate at the centroid of the BA for visualization purposes; they

Delta power control

3

2% Direct Imwmnmr
dlose 1o each other

g # 2xDirect Iterconnedtor
close to each other

Gradient power control

P Correuton

“Under frequency” '\

“Over frequency”

-

Frequency control

. 2xDirectinterconnector |

% close to each other V.
OffshoreGrid Direct Design

® Wind farm

Wind farm connection

(hub or individual)
+ Existing Interconnectors
TYNDP Interconnectors
Kriegers Flak Three-Leg
Direct Interconnectors (Step 1}
Hub-to-hub and Tee-in (Step 2)
Meshed Interconnectors (Step3)

~
eﬂffshoreGnd N
senergy

Smart KR



| MIAl =LY 7|=0i

O 7ol 2% A /X =

UnWind

® Lack of experience of
Laying under sea cable
® Lack of technology of
Condition Monitoring system for wind farm submarine cable,
Detect system for fault point
® Cable installation accidents accounts for the largest portions of total cable accident

First Superconductor
r=1.73mm

l

[ ]
Superconductor |

r=21.9mm Second
Superconductor
r=0.35mm

Monitoring room Broken cable Superconducting cable

jhmrd' ’m



| HA| SEHU4E 7|s0id

© Smart Rotor Blade

fibres

Inflatable structure

extender

Micro tabs

Sweep-Twist Adaptive Rotor(200

8)
%o KR



wake
turbulence

lhi

tidal & storm surge
depth variation

soil mechanics

earthquake

Wind Resource
Assessment

Wind

Offshore ﬁ
Platforms

Corrosion Resistant
—> Materials ~—~___

Extreme Wave
Forecasting

~ Marine Structural “
Engineering

Anchoring and
- Retention

Seabed Engineering

Deep Water Wind Turbine
Development

)'mart ’m



| MIA S 7|

B Sub MW class B MW class B MW class farm

MOE
project

< U_;ﬂ Kyushu METI project

~ Univ.
project

// ” f'-: \‘\\
b L F . i}

Industrialization
oriented

WindFloat

SWAY
1:6 model

jhmrt ’m



Substation
observation

MW FOWT

ST TR

TR R — 3O A BT

/MW FOWT 7MW FOWT
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| MA SEHUY 7|=0l

Offshore wind turbine supplier (’09)

The 4t generation offshore wind turbine developer

Turbine . Installed capacity | Total installation | share Turbine | Technolo Expected date
Compan . Unit . gy
pany SIS by type(MW) by supplier(Mw) | % WTGOEMs | Country | iz source Prototype | O-series [ Series
450kw 1 4.95 HEMEDARWIND|  china 5.0MW in-house 2010
2.0MwW 20 40 AMSC
SIEMENS L | s | soww | eS| e | aou | 0w
2.3MW 221 508.3 SINOVEL | China
6.0MW - 2011
3.6MW 164 590.4
China 6.0MW in-house 2012
500kW 14 7 S
@O ZZAEEARAY | China | 5.0MW : 2012
550kW 5 2.75 Windtec
RS ; in-
vestasg 600KW 28 16.8 749.6 35.8 @ D mrermt China 5.0MW in-house 2011
2.0MW 207 414 b7yl China 5.0MW - 2012
3.0MW 103 309 B M China | 6/6.5MW Aerodyn 2011
ERE] 5.0MW 14 70 70 33 HZ. Shower | China | 5.0Mw - 2012
SINOVEL | 3omw 21 63 63 3.0 6.0MW | in-house 2010 2012
MITSUBISHI| Japan
1.5MW 7 10.5 7.0MW - 2013
% Energy 35.7 1.7
3.6MW 7 25.2 European
A w S-Korea | 7.0MW partner 2013 2016
R 5.0MW 6 30 30 1.4
AM
Cwinwino 30MW [ 10 30 30 14 AHYUNDAI | skorea | 5.5MwW Windstgc 2012
DSME | skorea | 7.0mMw - 2013 2014
§R HYOSUNG| s-korea | 5.0Mw - 2013

Smart KR
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| S S AR 3 7| B

J % HTEA

EN2| At zegnes
2NW % 207] 750 KW  17]
40 MW V80-2.0 MW J-48 750KV
(2071) (VESTAS, €0}32) (Jeumont, Z&tA)
2008 11,28 =2 AT AWTRC)
4Euy N2 S Y
LS YHF EH/HAR Su
—_——— 7 |2] m=puzicx
2MW x 17|
Sl mawns 1S90 oMW
750 KW x 32| (2Y, 83)
225 MW 750KW-Us0 275 MW 2008.09
(3721) (FHe, #3) 271]) 750 kI x 17]
2009, 12,30 HS50-750kW (2571)
agud 2715 OHHA| (&Y, 33)
2715 PAAl ST MUS oid Ma —ar~ ) ! P 20:;
km,HVD! [ i
80 2 .C~ % A ZEE YEA i ci(3)
o B oio12) Sejew| & .
00 W 100KW = 17] B9 azcix
AHAAE 2MW = 17|
(121) 2 MW 2MW-UBS
2005, 10,13 1 (RU, 83)
4587 | #30uxzseTe (120 2008
CHEA] 47 B MZ0UX ELR AsF FUEE

BT Al 445 HUNSHR|

Tohes) sagEs
20| Rz sxuw|

B50 kW x 47| 750 kW i L ¢ \
79MW | vs2.850 kw NM 4, [ { P { ( \ 660 kW x 17|
(107]) | VESTAS, tol=) | (NEG-Micx 4 P ara A % - 660 kW VA4T-660 KW
2007, 11.21 20 f S 4 iy " L e S b | (121) (VESTAS, @io}3)
Agud Hepss \l =, \ MieleY/ ol = 2 2001,02, 28
Halge FAA HISE FEANED f ~ c I [ s I\ /AN N 3 4BUH FYHE TYA
————— A=A T ZAHE ZOA| hEel SojR
AlO) AV/
AlRhuis) ?:xz:e;: Ut zaywzy|
3 MW z 750 kW x 12|
> Mp:s\:'r bis‘h?u;AE) 750 kW LM 52/750
©7 2008, 12,25 (17]) | (Lagorwoy, HiEREE)
— 2005.08
dgEH | noiEeluts :
[ Eelus toie uac 7ael | e
R sawrongex) 2 sagnc
100kW x 171 750 KVl x 57|
100 kW V20-100 kW NM 487750
(121) (VESTAS, ®i0}3) (NEG-Micon, Hin}3)
1995, 0413 660 kW x 77|
AFHF | oA R HTY Ng;{ggvr
HFEE SR FT g yael . dlol3)
— TN | Lt <
V44-600 kW
A sawmo (VESTAS, Hin}=1)
850 kW « 27| 225 kWi x 17|
17 MW V52-850 kW V27-225 kW
(VESTAS, gllo}=)

(22]) | WESTAS.Hoi3)
2006, 02
Aoher HIFRHAIR &
HFE XFA| st Adots

1997 - 2003 (7eh)
asuy HFFEIAZ I
HIEE AITA TEE $a2
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Forecast for wind power development 2010-2014 (Global)
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56,563 11,450 | 11,700 | 13,850 | 14,850 | 17,350

Total Americas

Total Europe 97,588 11,100 13,075 13,625 16,500 18,750 | 170,638
Total South & East Asia 79,282 19,150 20,400 21,500 21,900 | 26,500 188,732
Total OECD-Pacific 6,045 900 1,500 2,000 2,650 3,050 16,145
Total other areas 1,553 595 1,130 1,585 2,280 2,455 9,598
Total MW new  capacity 43,195 | 47,805 | 52,560 | 58,180 | 68,105 510,874
every year: [ [

Accu. capacity (MW) [ 241,029 | [284,224]332,029]384,589]442,769]510,874]

Source: BTM Consult - A Part of Navigant - March 2012

Expected world market in US$ sales according to the forecast
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