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&% Priority regions for Offshore wind farm
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Development Stage of Alternative Floating
Technologies

The WindFloat is ahead in commercial deployment vs. most competitors

State of development of selected floating turbine concepts
Concept development Scale testing Full scale prototype I’Are-commerciaI/Commerciiall
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WindFloat (US/PT)

Mitsui (JP)
Mitsubishi(JP)

. Ideol (FR) Hywind technology with
' DeepCWind(US) much higher installation
: Winflo (FR) costs and higher large

correctives costs

Nénuphar (FR)

Semi-submersible

Gusto (NL)

Hywind(NO)

Toda(JP)
Japan Marine (JP)

Sway(NO))
Nautica AFT (US))
Sea Twirl (SW))

“The range of Technology concepts still
present in the floating foundation segment
indicates the industry’s immaturity. {(...)
Announced near-term installations of
floating wind turbines, also for 6 MW and
larger, will likely weed out non-viable
foundation concepts to ease the industry

toward a technology consensus”
IHS, May 2013

Gicon (GE))
Blue H(GE))

Pelastar (US)
Iberdrola Etorgai (SP)

TLP

Mitsui (JP)

Source: Main(e) International Consulting, LLC
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phase

[ s ][ a0 ][ eeene J[ 220 ] \WWiNndFarm project size
Countries with (=) i
offshore wind 3 ! 12~15 0 D '-‘ng E_:! 5O[Mw]
Avg. wind farm/ I‘I Al "'I-I *I‘ AL E:I [ ]
oroject size 6 90MW ~350MH > 500MW D 1 S = o oSS = 300 Mw
Avg. yearly _ H O *I 'I'I-I AI‘ L E:| [ ]
instailed capacity 3N 230l 3,000MW 6,000MW D T — o oA M 500 MW
Significant
manufactures 2 3 6~ 7 >8
Avg. turbine size < 0.5M 3w 5~6H > 7 ‘l
Avg. rotor diameter 37m 98m 120 ~ 130m 180 ~ 240m
Avg. water depth 5m 15m ~30m Up to 200m
» Scandinavian o European e Utility and non- || Utility and non-
utilities utilities utility investor utility investor
Customers s European s Large consortia
developers » International
developers

Note :
1) Source : E W EMEA of BD = Siemens AG Energy sector Wind power division Europe, Middle East and Africa

WindFloat market Strategy

Author : DHCHANG



CAPEX Analysis for 2, 6, 12[MW] Float

WindFloat market Strategy

Author : DHCHANG

5% [SRATE ] @A A9 |
2[MW] = 2,750[ton] 00[ton] | 4,000[ 4] 48[04%] -
6[MV]5 6,000[ton] 9 00 [ton] | 4,000[] | 80[Ad] | -
12[MW] | 10,000[ton] | 2,700[ton] | 4,000[ L] 100[9A] | <

Description WindFloat (2+9]:1,000kg)

2MW oMW 12MW
Displacement 2,750.0 | 6,000.0 10,000.0
Total weight 2,726.0 | 5,920.0 9,867.0
Total 2,500.0 5,200.0 8,667.0
Steel 1,200.0 2,000.0 3,334.0
e Ballast water | 1,300.0 | 3,000.0 5,000.0
Aux. - 200.0 333.0
WTG Total Weight 226.0 720.0 1,200.0
Total 89.0 360.0 500.0
Blades 1.95 - 168.0
Top side Hub 18.0 - 145.0
Nacelle 69.0 360.0 160.0
ETC - - 27.0
Tower Weight 137.017 |  360.018) 700.019)

Scale Ratio(6 to 12 %g%?%k 71T 11856205

24.0[ 24/MW]
13.3[2f /W]
8.3[< & /W]




Floating offshore wind turbine
Additional = Inducing Wave energy

O Oscillating water column

O Spherical wave energy
device

L Oscillating vertical plates
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Floating offshore wind turbine
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O Grid parity solution
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If electncal power remains..., we can
use fertilizing energy for marine echo
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Floating wind turbine
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Budget

WindFloat Pacific Demonstration Project

.. FY13 BP1 | FY14 BP2 FY15 BP3 FY16 BP4 FY17 BP5
Descriptions Total
Values calculated from RLS Values calculated from LCOE model
DOE Funding avaiable 4,000,000.00 6,700,000.00 13,300,000.00 13,300,000.00 13,300,000.00 50,600,000.00
PPI and Partners 493529400 | 7,849,773.65| 1,650,000.00] 3,611,210.00| 4,066,210.00 22,112,487.65
Permitting 590,039.00 788,712.00 - - - 1,378,751.00
Engineering 3,009,000.00 4410,827.00 - - - 7,419,827.00
Site assessment 823,000.00 860,234.65 - - - 1,683,234.65
Research and Development - 695,000.00 - - 440,000.00 1,135,000.00
Certification 30,000.00 430,000.00 400,000.00 400,000.00 400,000.00 1,660,000.00
Project management 483,255.00 665,000.00 1,100,000.00 1,100,000.00 1,100,000.00 4,448,255.00
Contingency 150,000.00 150,000.00 194,000.00 494,000.00
Insurance during construction - 1,932,210.00 1,932,210.00 3,864,420.00
Surely bond - 29,000.00 - 29,000.00
Siemens wind power 28,800,000.00 | 43,200,000.00 - 72,000,000.00
Turbin supply aggreement - - 28,800,000.00 43,200,000.00 - 72,000,000.00
Fabricator 15,552,000.00 | 23,328,000.00 - 38,880,000.00
WindFloat Hull supply 11,736,000.00 17,604,000.00 - 29,340,000.00
Secondary Steel + Marine systems 993,600.00 1,490,400.00 - 2,484,000.00
Anchoring system 2,822,400.00 4,233,600.00 - 7,056,000.00
Marine contractor 39,674,800.00 | 26,999,280.00 6,611,220.00 73,285,300.00
Ports and staging - - - 2,160,000.00 3,240,000.00 5,400,000.00
Turbine and substrucutre and install - - - 1,584,000.00 2,376,000.00 3,960,000.00
Electric procure - - 36,068,000.00 - - 36,068,000.00
Electric install - - - 20,538,000.00 - 20,538,000.00
Control safety and condition monitoring - - - 262,800.00 394,200.00 657,000.00
Contingency - - 3,606,800.00 2,454,480.00 601,020.00 6,662,300.00
Total project cost 4,935,294.00 7,849,773.65 85,676,800.00 | 97,138,490.00 10,677,430.00 206,277,787.65
DOE Funding Requested 4,000,001.00 6,279,819.00 13,300,000.00 | 13,300,000.00 13,300,000.00 50,179,820.00
Total project cost after DOE funds 935,293.00 1,569,954.65 72,376,800.00 | 83,838,490.00 |- 2,622,570.00 156,097,967.65
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FOWT CAPEX =
Bigger is Better! But Technical Challenge
Market

O Oregon WFP Project CAPEX 97[ &1/MW] @ 30[MW]
d Korea FOWT CAPEX 45[<21<l/MW] @ 500[MW]

Exchange rate 1100 #/%
6[MW] FOWT BASE based on Oregon project 5.5[MW] FOWT BASE
Sub-module
1[NW] B[NH] 30[Nw] 1[NW] 5.5[NH] 500.5[NW]
Unit : 1M KRW)| Price % Price Price % Price % Price Price %

WTG 2,640 27.2%| 15,840 27.2% 79,2000  27.2% 20000 45.2% 11,000 453%| 1,001,000 45.4%
Float Total 1,426 14.7% 8,504 14.7% 43 7638 14.7% 1,527 34.5% 8,399 34.6% 764,201 34.7%
WindFloat 1076 111% 6435 11 1% 32274 1119 1145 25.9% 6300 259% 573,300 26.08
Secondary steel + Marine system 91 09% 546 0.9% 2732 0.9%] e 2.2% 546 23% 49,730 23%
Anchering system 239 27%) 1,552 27% 7,762 27% 282 6.45¢) 1552 64% 141 261 6.4%

BOP 5,654 50.3% 33,977 50.3% 169,635 50.3% 894 18.1% 4,833 18.1% 438,156 17.9%
Subtotal 769 7.9% 4,615 79% 23,075 7.9% 23 2.1% 434 2096 44,033 2.0%

Permitting 1| 05% 303 0.5% 1517 05% 15 0.3% 6593 03% 6,000 0.3%

Engineering 272 28% 1,632 28% 2162 28% 12 0.3% 5495 02% 5,000 0.2%

Dewelop |Research & Development &2 06% 370 0.6% 1852 06%; 5 0.1% 28 01% 2,503 0.1%

Wind Certification 6l 06% 365 0.6% 1826 055 10| 0.2% 55 02% 5,005 0.2%

Farm Project Management 163 17% 979 17% 4893 17% 10 0.2% 35 02% 5,005 0.2%
Contingency 18 02% 109 0.2% 543 025 104 0.2% 55 02% 5,005 0.2%

Insurance during construction 142 15% 850 15% 4251 15% 30 0.7% 1465 0.7% 15,015 0.7%

Surely bond 1 0.0% 6 00% 32 005 1 0.0% 6 0.0% 501 0.0%

Subtotal 2,076 214%| 12,453 21.4% 62,267 214% 5534  125% 3,048 12.6% 271,000 12.3%

Electric Inner array cable 1322 136%, 7,935 13.6% 39675 136%) 364 8.2% 2000 82% 182,000 8.3%
Export cable 0 0.0% 0 0.0% 0 005 73 16% 400 16% 30,000 14%

Substation & etc. 753 77% 4518 7.7% 22592 7% 118 27% 648 27% 59,000 27%

Transportation 198 20%) 1188 2% 5,040 205 19 0.4% 105 04% 9,510 0.4%
Installation @sea 145 15%) 869 15% 4345 15% 13 0.3% 72 03% 6,507 0.3%
Control safety and CMS M 02% 145 0.2% 723 025 24 0.5% 132 0.5% 12Mm2 0.5%
Contingency 2443 231% 14,657 25.1% 73,285 25.1%) 190 4.3% 1,045 43% 95,095 A3%
Grand total with Electric (Grid) 9,720| 100.0%| 58,321 100.0% 291,603 100.0% 4421 100.0% 242841 112.6%| 2,203,447 100.0%
Grand total without Electric {Grid) 7,645 78.6%| 455867 78.6%% 229,336 78.6% 3867 87.5% 21,236| 874%| 1932447 87.7%

WindFloat market Strategy
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Future Offshore wind costs analysis
Validation 4-A-14 : 4[] — A site — 2014 FID (Final Investment Decision

Future renewable energy costs: Offshore wind, KIC InnoEnergy, 2014

Element Units 4-pA-14 4-pA-20 4-A-25 8-A-14 8-A-20 8-A-25
ment €k/MW 101 101 101 90 91 91
|Turbine €k/MW 1,279 1,254 1,240 1,498 1,450 1,427
Support structure €k/MW 677 617 583 689 628 591
Array electrical €k/MW 98 90 74 89 82 68
Construction €k/MW 543 488 448 320 284 262
Operations and planned maintenance €k/MW /yr 31 30 30 23 23 23
Unplanned service and other OPEX €k/MW /yr 65 58 55 48 40 37
Net capacity factor % 41.4 42.3 42.9 42.8 44.2 45.2
Element Units 4-D-14  4-D-20 4-D-25 8-D-14 8-D-20  8-D-25
ment €k/MW 108 108 108 95 96 96
Turbine €k/MW 1,279 1,254 1,240 1,498 1,450 1,427
Support structure €k/MW 861 785 741 122 662 614
Array electrical €k/MW 99 90 74 91 83 68
Construction €k/MW 645 569 515 496 415 371
Operations and planned maintenance €k/MW /yr 37 36 35 28 27 26
Unplanned service and other OPEX €k/MW /yr /8 68 62 57 47 42
Net capacity factor % 47.4 48.4 49.1 48.7 50.2 51.4
Type A 25[m] 40[km] 9[Ms] Walney 1&2, Westermost Rough

Type B 35[m] 125[km] 10[Ms]  Creyke Beck (Doggrer Bank), Horon (Hornsea)
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Energy LCOE based on time
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Provide FOWT with Solution.
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- Conclusion !
Daihyun Chang’s Word
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