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The position of Korea in terms of Electricity Consumption

World Korea Share Ranks
Elecrical Facility 76GW
Elecrical Energy Consumption 19,771TWh 426TWh 2.10% 10th  (AIE,07)
Per Capita 2,752KWh 8,502KWh 3 times
Wind Energy Capacity 159.8GW 340MW 0.20% 28th  (GWEC,09)
Wind Power Generation 340TWh 0.7TWh 0.20%
Remarks
USA China Japan Germany Denmark
Electrical Energy Consumptior (TWh) 4,233 3,279 1123 639 364
Per Capita (KWh) 13,616 2,328 8475 7,185 6,671

Wind Energy Capacity (MW) 35,159 26,010 2,056 25777 3,497
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Items 2002 2003 2004 2005 2006 2007 2008
Generation(GWh) 7 7.8 9.9 14.4 31 71.3 284
Solar Support Fund(M\) 8 340 3,481 14,772 96,000
Unit Price(VKWh) - - 0.81 23.61 112.29 207.18 338
Generation(GWh) 70.8 100.2 147 129.6 154.5 307.3 3
Bio Support Fund(M\) 16
Unit Price(\/KWh) - - - - - 0.05 -
Generation (GWh) 14.9 24.9 47.4 129.9 239 375.6 436
Wind Support Fund(M\) 256 300 738 3,858 5,483 7,826
Unit Price (\/KWh) 17.18 12.05 15.57 29.70 22.94 20.84 -
Generation (GWh) 110.6 4,902 4,329 3,674 3,468 3,632 3,070
Hydro Support Fund(M\) 2,477 3,688 2,859 2,392 661 2,076
Unit Price (\\KWh)) 22.40 0.75 0.66 0.65 0.19 0.57 -
Generation (GWh) - - - 2 6.7 8.5 20
Fuel- cell Support Fund (M\) - - - - 48 393
Unit Price (\\KWh) - - - - 7.16 46.24 -
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- Renewable Energy

2003 /2004 (B won) 2009 / 2010 (B won)
Gov. Incentives 118 /177.1 774.1/808.4
R&D 37/73 219.4 / 252.8
Subsidy / Fund 75.4 /1 98.9 315.4 /292
FIT 57/5.1 239.2 / 263.6
« Wind - Solar
2003/ 2004 2009/ 2010 2003/ 2004 2009/ 2010
Capacity (MW) 18/49 342/ Capacity (MW) 2.5 356/
Generated Energy (GWh) 25/ 47 700/ Generated Energy (GWh) 7.8/9.9 117/
FIT(B won) 0.3/0.74 7.8(08) FIT(B won) /0.008 63.7/
Number of Generators 7(22) Number of Generators 295/
Number_of Mar_1ufacturers 12 o4/ Number of Manufacturers 13 61/
including parts including parts
Number of Employees /281 2,301 /2,668 Number of Employees /170 5,587 /7,572
Exports (M USD) /58 72411,273 Exports (M USD) 16 1,308/ 3,381
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Up-Dream

/

Down-Track

=¢=Recviced Forecast by MKE in 2008(Scenariol) Reviced Forecast by MOCIE in 2003 ==Dream1(Scenario2) =@=Dream?2(Scenario3)
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The Projects for developing the renewable energy should be
viable regardless FIT or RPS.

Outcome should be more effective, more generation and less
subsidy.

Reasonable allocation of fund to the renewable energy
resources.

The consideration to develop the respective industry which will
contribute to the national GDP in the future.

o Solicited for FIT, while market mechanism for RPS.

O The proper definition of the renewable energy is required.
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O The fund for subsidy has over-run while the outcome was unable
to meet target.

O Unit price for solar energy has been recorded 10 times higher than
that of wind energy as shown in later page.

O Businessmen have been crowded to develop the solar energy
sector which has recorded more than 300 distributed generators in
2009 from nil in 2002.

O Unable to adjust subsidy after people’s power established.

O To achieve the goal of reduction of de-oxide emission.
O To adopt the Cap and Trade system for the CO2 emission later on.
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Tarrif Regulation in Korea

Present Future(after 2012)

FIT Scheme RPS Scheme

SMP + CDM or FIT + CDM SMP + REC

Exp. 120won/KWh + 13won/KWh=133won/KWh 120won/KWh + 100won/KWh=220won/KWh
or 105won/KWh + 13won/KWh=118won/KWh (off-shore wind)

Note: SMP fluctuate largerly depending upon the price of gas and oil,

TIF:Feed in Tariff, RPS:Renewable Portfolio Standard REC:Renewable Energy Certificate
SMP:System Marginal Price, CDM: Clean Development Mechanism.

Carbon Price: 30 USD/CO2 Ton is equivalent to 22.3 won/KWh,
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0 Bearings for 3 Blades and Hub
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Hub and Pitching Control system

Hub 5H%{
Blade H- A}

AF= Grease
59 B4l

* 1A

Accumulator % 1% C A Manifold
% 200bar9] o+ at block and Solenoid

0“]:]7(] = /\ z§. 15} valves




Inside of Nacelle
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Inside of Nacelle

/

% NacelleL} 5 2] Gearbox and Brake between Gearbox and
Generator




Nacelle2| 3D Model




Hub and Pitching =2 3D Model




Gearbox manufactured by Hansen in Belgium

O Specification: a 2 stage planetary gear and a
1stage helical gear. Housing bolted to the
bedplate.

O Picture:

Hansenws4

o Maintenance Points:
= Prefer Lubrication
= Vibration Monitor
= Temperature Monitor




Pitching System

0O Function:
» 592 o] 85}o] Blade Pitch& Ao &t

0 Schematic Diagram:

0 Maintenance Points:

O o} O =
By E

= Solenoid Valve, Power Cylinder




Generator

DFIM, TEWAC

O Specification: 2000 kW / 3000 kW
m A3 344 pole B =7] &A1 7| =

. L. O )

» DVSGM 560/4L

AL
m Manufacturer:ABRB

O Picture or Single Line Diagram

S




Case Study of WTG Simulator

Experimental Validation of DFIG Wind Turbine Simulator

_____________________________________

== { [ -Toivine

: :
OO =
: H test bench

S Y - === g motor drive

3 and 2 phase faults Phase

- i Voltages and Currents

iEaidbenalatiens measured at MV side (Primary
' of WT Transformer)

Example of medium voltage
field test equipment in a trailer
(max. 5 MVV turbine can be
tested)

iy | §|J
F o % | 4 | 4

BABS Oy Drives + 12+

Fault Ride Through — ABB Drives Test Setup 3 MW

Srid
+H%W Transformer Line SGFTE L% Transformer Converter Sanerator
Raurinc - Riinine . ™ ot
| | | |

(E=10] + MU —@D

§_I_

Single.two or three phase shom




Case Study of Fauit Ride Through

Lab. test — Full converter (Type 4) 0V- Fault Ride Through

FUMDAMEMTAL POSITIVE RS VOLTAGES (p.u.)
1 1
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Transformer

O Specification:
= Transformer 3160KVA, 22.9KV, YNYNO 60Hz,dry type cast resin
= Serial-No. K808213

O Picture

"I Three-limb core
= LV winding

5 HV winding

"1 Insulation cylinder
W HV terminals
WLV terminals

"l Resilient spacers

" Yoke clamping frame
and truck

= Maintenance Points:
o Cooling & Temperature
o Over—Voltage, Corrosion, Fire protection & Vibration




Schematic System Overview

[T

Meteorology station

__

Eiber ooti Ethernet HUB

VestasOnline Business Server

Grid station
Internet
Substation
Figure 1 - Schematic system overview - including meteorology mast, grid station

and substation. There are three communication routes to the server: dial in,

Ethernet and the intermal fibre-optic cables in the wind power plant




SCADA System

O Sequence Diagram

Customer Operation
& Control Center

Vestas Management SCAD'.A 2
Technicians,
and Employees

Service
—

] ]
sememe ameifs ----1.-.-. smsmssmfasemems --I-l smsmeemenssnsnsissneenens .'l-. L L

==
=

Vestas Performance Vestas Data Center Vestas Surveillance
& Diagnostic Center (vDC) Centers




Emergency Devices

Figure 16-1: Hand service panel in parking position.

Figure 16-4: Multi-pole connector for
distribution block. HSP.

NOTE The shut-off valves are shown in closed (service) position in the figures above.



Sensor Locations

3 Function and Principle of US Sensor

Two ultrasonic wind sensors mounted on the roof of the nacelle are used for
determining wind speed and direction.

gipe—— —
Figure 3-1: US sensor

(a) Bracket for US sensor (weight 3 kg) (b) Hexagon socket set screws




Rotating trasfer of hydraulic, electric and communication signals

This document describes the rotating transfer of hydraulic, electric and communication signals
between the nacelle and the hub. It also depicts the main components that are used.

Figure 1

Figure 2 Figure 3




Main Component

The system is mounted on the nacelle side of the gearbox, and the pipe set is supported on 4 rubber
bushings on the hub side of the gearbox. The first component is the bearing flange, which is mounted
to the gearbox, and all other components are connected to this component. The next unit is the
ARCNET, which is mounted to the bearing flange. Then comes the rotating contact unit, mounted to
the ARCNET unit, and finally comes the hydraulic rotating union.

Figure 4 Main components of the rotating transfer unit.




3lo] A< ¥ (Hydraulic sytem)

The hydraulic pipes are placed in a “closed chamber”, supported by the flanges, see Figure 5. The
system is sealed by an O-ring/back-up ring seal system.
The system is designed in such a way that if it leaks oil in the hollow shaft of the gearbox, the oil can

be drained through a small hole located on the lower side of the bearing housing of the bearing flange
in the nacelle.

< Boundary line

O-ring/back-up ring gearbox/rotating transfer

||||||||||||||||||||

Pressure and return pipe

O-ring/back-up nng

Figure 5
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Module 2: 2050 Supergrid




Xiangshui

Guanyun Sheyang
(N
A== 1,000GW

| ‘ ‘ oA} : 750GW
Ea——— SAF 1 250GW

Dongtal
| ey @, MR- 23 : 25GW(2009)
Nantong
o 7id &4| 5 : 18 GW
2012 : 100MW
2015 : 2.7GW
PLANNED OFFSHORE PROJECTS

O PLOr
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Wind Energy Potential (2MW Turbine; H=60m, D=80m, 10Dx10D)

e dHo] EEZ (2aAd
=3): 4.47 <10 km?

XA A E QA

2 oft 4
ol

e dBEO) AL A Y AAF
. (2008): 971.87 TWh/yr

CRENY

150

GWh/km?

<EE— T
4 5 6 7 8 9 10 11 12° 13 14 15 16" 37

Fig. 6 Annual energy production per square kilometer (GWh/km2).
Blue lines show boundaries of Japan’s EEZ (including disputed areas).
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FIGURE 18. CHANGE IN POWER GENERATION
REQUIRED IN 2030 (GW))

Coal

Coal CCS

Natural Gas

Natural Gas CCS

Oil

Nuclear

Onshore wind

Offshore wind

Geothermal

Source: Bloomberg New Energy Finance GE2M analysis
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Current Status of Major Wind Power. Resources'in Korea 2 JEOLLANAMDO
. .

B ~ 50 misec
B 5055 msec
W 55~60 mie et of wame 40m
B 60~65 miec _
B 65~70 misec deoh of water 20M o
70~75 maee L
75~80 mfsec
—ag . — =N
B 85~90 mex SO e
I 20795 misc f
> &

W 95 misc ~ \ t

predmrary leashilty lest —— ';‘ SGW

are =
Wind Power Project

Potential energy of marine wind power . 4GW within 20 meters (water level) — 7
in southwestern part of Korea * over 6GW within 40 meters (water level)
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113
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24

120.8

0.364

3

26

3.5

157(7)

2b

.49
8.1

158.6

2.5

100

123.4
299(42)

9

16

17

448

o (-l & =48, //: Scenario 1/2/3

150

40/70/122/150(BTM)
15%

230(40)
582(20%)(148)

43/52

107(15.8% )/ 116(17.2%)

26/34

84(18.6%)/113(24.9%)

23/26
62(9.9%)/72(11.4%)

1000(BTM)
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20%
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400(150)
1,155(34%)(563)

23,000

2050
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125(25% )

400/450/611
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Scenario 2
Scenario 1
Scenario 3

scenarion 2
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| Wind Resource Potential

¢ Development potential
» Scenario |: 7%
» Scenario Il : 5%

3.4GW
2.2GW

» Scenario Ill : 23% of the territorial waters  48.7GW for high priority area
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| National Wind Atlas of Korea

KIER-WindMap™
Wind Resource Map of Korea

National Wind Atlas

Korea Institute of Energy

* National dissemination target of wind energy
has boen established based on wind polonhnl
estimation from national wind atlas ¢

High altitude area and
Jeju island, southern
offshore

Western offshore after
low-speed wind turbine
development

Micro-Siting
- (10m x 10m
High Resolution BTEAEHEL
NWP.CFD Hytind Systom

(1km x 1km) for Complex Terman

Spatial

Analysis

* Wind power
density

* Weibull scale
factor

* Weibull
shape factor

* Air density

* Temperature

* Atmospheric
pressure
*elc

Temporal
Analysis

JLIL2
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5GW Wind Power Project. et e
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Current Status of Major Wind Power ResourcesiiniKorea: it

B ~ 50 m/sec
B 50~55 m/sec
W 55~6.0 m/sec
B 60~65 m/sec
B 65~7.0 m/sec
70~75 mfsec
75~8,0 m/sec
~ 80~85m/sec
7 85790 m/sec
B 20~95 m/sec
B 95 mjsec ~

prefiminary feasibility test
area
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Figure A-6. Generation by technology in 2030

Figure A-7. Capacity by technology in 2030
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0] = Algf|: Cape Offshore Wind Project

GREEN CREDITS PUSH UP PRICE

1)Capacity:468MW(3.6MWx130uUnits)  sreskdomnorcae wincponercosts s

Hedge value

?) Location: Massachusetts State of USA &b

3) Progress:

- &£:20014

- A& 501:2010= 42 (Massachusetts local Gov.)

- &3 0 &E:20134 \

4) PPA:20.7 cents/KWh for 15 years with annual e

inflation adjustment of 3.5% over 15 years, Rl .

34.7cents/KWh at the end of the contract.

5) Jt= 2 &: Energy price:12.5, REC:6.7, kil e
Hedge value(CRA):1.5, total:20.7cents/KWh |

6) =2J} BE24 2% MHARZ AS

(1.59 $/month/customer)

S REC

b Nantucket Sound Site of Cape Wind project




FIGURE 1: Nationwide Green Power Superhighways: A Conceptual Vision
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Source: AWEA and SEIA




Figure A-14. Transport of wind energy over existing and
new transmission lines projected for 2012
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Figure A-16. Transport of wind energy over existing and
new transmission lines projected for 2024
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Figure 1-9. All new electricity generation including wind energy would require
expansion of U.S. transmission by 2030
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F2o HE QY AT AA
(China Wind Power Report 2007)
[Tabis 4 Main component manutaceurers in China
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FIG 1.3: EU Energy mix 1995 (Total 532GW)
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FIG 1.4: EU Energy mix end 2007 (Total 775 GW)
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« 20164 11 le‘|0| MXl= F3HOX = 129 0 15¢/KWh, BE-ZOE,P}Xl 3.5¢t/KWh(31 of EEG 2008)
* 2016\ O[O0 MX|= BHEIX| = 12U S04 13ct/KWh /2015'«5 OjF0f HHEE SHTHX|= O 5%4 24 J




»Sandbank 24« Offshore Wind Farm
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The Economist August 7th~13th 2010.
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ﬁ:l 7—8' 11 (Acronyms and Abbreviations) \

Q Btu : Quadrillion Btu,

M TOE : Million Tons Oil Equivalent
GW: Gigga Watt.

TWh : Trillion Watt Hour

T Gallons : Trillion Gallons

E: Estimation

R: Revised Estimation

\ D: Dream /
ﬁ A& AFX (Reference Documents and Data)

1. 20% Wind Energy by 2030, Increasing Wind Energy's Contribution to U.S.
Electricity Supply, DOE of USA.

2. Annual Energy Outlook 2009,Energy Information Administration, USA.

3. Global Wind 2008 Report. GWEC.

4. =X 3RS olat Z7folu x| 7| 2718, 2008W A AARE SRR 2 129

Aoy

5. A 3x} & 4x} A4 7iE A=

6. gr= SHLX P2 A& (Dream)

7.Vestas Products, Siemens Products

8. Indian Wind Energy Outlook 2009

9. China Wind Power Report 2007

1049 % 56W E2A1Y 571 A8
The European Wind Initiative June 2010
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