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Abstract — As the reduction of the fossil fuel consumption due to global warming becomes a huge problem and
the production of eco-friendly energy is required, technology for offshore wind power, solar power generation is
turning out to be a decisive factor for future growth industries and CO, reduction. In addition, research on methods
to solve the common problems of industries in Ulsan by utilizing the local characteristics is required. By establish-
ing an floating wind field on the offshore, it is one of a major option for maximizing the CO, reduction at the
industries. It is also expected that Ulsan will become the core of Hacoleum Union, which was constructed through
the recently opened Ulsan Daegyo Bridge and Ulsan-Pohang Highway. In this study, we analyze the technology of
wind power generator, the location, the total capacity, the total CO, reduction, and the economic effect of offshore
floating wind power field.
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Fig. 1. Floating wind resource assessment of Ulsan offshore based on the wind resource map.
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Constants Components 3 Blades Turbine nacelle Post Hull Total
Specific gravity of steel : 7.85 Weight [ton] 3 6 150 1585.3 1744.3
Gravitational acceleration: 9810 (mm/s?) Remark Provided Provided Provided | FE model
Young’s modulus of steel: 2.06-10° (N/mm?) COG [mm] X:2,626/Y:0.0/7: 18,778

Fig. 2. Example of structural analysis of floating wind turbine generator.
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Components QEH A Weight [Ton] (1) Weight [Ton] (2) Remarks
1.00 3 3
1.15 3.45 3.45
3 Blades 2.00 6 6
2.50 7.5 7.5
5.00 15 15
1.00 6 6
1.15 6.9 6.9
Turbine nacelle 2.00 12 12
2.50 15 15
5.00 15 30
1.00 150 150
1.15 172.5 172.5
Post 2.00 300 300
2.50 375 375
5.00 375 750
1.00 1585.3 1717
1.15 1823.095 1974.55
Hull 2.00 3170.6 3434
2.50 3963.25 4292.5
5.00 3963.25 8585
Total 15967.845 21855.4
4500 : . : . 9000 T T T
4000 —m— Safety factor = 1.00| i 8000 | |8 Safety factor = 1.00|
—e— Safety factor = 1.15 —@— Safety factor = 1.15
= 3500+ | —A— Safety factor = 2.00 B = 70001 —A— Sa;e:y ;a;tor = ggg
= are actor = 2.
S 3000 T o o= 500 1 S 6000 3" SZiey tactor - 5.00
— 2500+ 1 & 50004
= =
% 2000 - 1 2 4000
2 1500 1 2 3000
1000 1 2000
500 h 1000 A
0+ . 04
3 Bllades TurtI)ine pést th 3 Blades Turbine F’(;st HLI||
nacelle nacelle
Weight[Ton] (1) Weight[Ton] (2)
Fig. 3. Comparison of weight of floating wind turbine generator analyzed by two different methods.
COG[mm] (1) COG[mm] (2)
X Y Z X Y Z
1.00 2626 0 18,778 2442 0 18,435
1.15 3019.9 0 21,595 2808.3 0 21,200
Wind Float 2.00 5252 0 37,556 4884 0 36,870
2.50 6565 0 46,945 6105 0 46,088
5.00 13130 0 93,890 12210 0 92,175
T T T T T T
100000 | _g— Safety factor = 1.00 ] 100000 (g Safety factor = 1.00
—@— Safety factor = 1.15 —@— Safety factor = 1.15
— 80000 [—&— Safety factor =2.00 4 —~ 80000{ —&— Safety factor =2.00
£ —¥— Safety factor = 2.50 £ —¥— Safety factor = 2.50
§, —&@— Safety factor = 5.00 §, —@— Safety factor = 5.00
o 60000 - B o 60000
o o
© 40000 - B © 40000 -
20000 - . 20000 -
0 . 0

X Y
COGImm] (1)

T T

X Y
COGImm] (2)

Fig. 4. Comparison of COG of floating wind turbine generator analyzed by two different methods.
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Fig. 52 AA T+Z25 1495171 930 Load case (L100~L600)
2 BAAITE WgkA71AA vl (Displacement)] &, 77

.. . COG [mm]
Load Case Condition Weight [Ton] X v 7
Dead Load x 1.00 174430 2626 0.0 18,778
Dead Load x 1.15 + No4 2005.95 3019.9 0.0 21,595
LC100 Dead Load x 2.00 + No4 3488.60 5252 0.0 37,556
Dead Load x 2.50 + No4 4360.75 6565 0.0 46,945
Dead Load x 5.00 + No5 8721.50 13130 0.0 93,890
Dead Load x 1.00 7266.15 725 0.0 -
Dead Load x 1.15 + No4 8356.07 833.75 0.0 -
LC200 Dead Load x 2.00 + No4 14532.30 1450 0.0 -
Dead Load x 2.50 + No4 18165.38 1812.5 0.0 -
Dead Load x 5.00 + No5 36330.75 3625 0.0 -
Dead Load x 1.00 8748.80 1047 0.0 -
Dead Load x 1.15 + No4 10061.12 1204.05 0.0 -
LC300 Dead Load x 2.00 + No4 17497.60 2094 0.0 -
Dead Load x 2.50 + No4 21872.00 2617.5 0.0 -
Dead Load x 5.00 + No5 43744.00 5235 0.0 -
Dead Load x 1.00 9620.95 1190 0.0 -
Dead Load x 1.15 + No4 11064.09 1368.5 0.0 -
LC400 Dead Load x 2.00 + No4 19241.90 2380 0.0 -
Dead Load x 2.50 + No4 24052.38 2975 0.0 -
Dead Load x 5.00 + No5 48104.75 5950 0.0 -
Dead Load x 1.00 13981.70 1638 0.0 -
Dead Load x 1.15 + No4 16078.96 1883.7 0.0 -
LC500 Dead Load x 2.00 + No4 27963.40 3276 0.0 -
Dead Load x 2.50 + No4 34954.25 4095 0.0 -
Dead Load x 5.00 + No5 69908.50 8190 0.0 -
Dead Load x 1.00 12378.30 -1890 0.0 -
Dead Load x 1.15 + No4 14235.05 -2173.5 0.0 -
LC600 Dead Load x 2.00 + No4 24756.60 -3780 0.0 -
Dead Load x 2.50 + No4 30945.75 -4725 0.0 -
Dead Load x 5.00 + No5 61891.50 -9450 0.0 -
100000 T T T T T
70000 —m— Safety factor = 1.00; 12000 4 i —#-C0G_Zof LC100
—@— Safety factor = 1.15 80000 - 4
— 60000+ —A— safety factor = 2.00 1 | €
5 —w— Safety factor = 2.50 ~ 8000 ] £
1= 50000 —@— Safety factor = 5.00 R E_ 1000 ] N 60000 1
E, 40000 100X g'
a> [0} 04 i o
= 30000+ 1 8 40000 J
40004 —&— Safety factor = 1.00 ]
20000 - —e— Safety factor = 1.15
—A— Safety factor = 2.00 20000 i
10000 B -8000+ | —y— Safety factor = 2.50! 1
—&— Safety factor = 5.00! T T T T T
0-—= T T T - - -12000 : ; : . . . 0 1 2 3 4 5 6
LC100 LC200 LC300 LC400 LC500 LC600 LC100 LC200 LC300 LC400 LC500 LC600 Safety factor

Fig. 5. Analysis on the weight of displacement and the COG for varying load.
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LC Condition Weight [Ton] Draft [m] Roll [deg] Pitch [deg] Remarks
1.00 9355.28 28.0 - - Height =28.0 m
1.15 10758.57 322 - - Height =322 m
- Maximum Buoyancy 2.00 18710.56 56.0 - - Height =56 m
2.50 23388.20 70.0 - - Height =70 m
5.00 46776.40 140.0 - - Height = 140 m
1.00 1744.30 4.40 0.00 2.69
1.15 2005.95 5.06 0.00 3.0935
LC100 Dead Load x 1.00 2.00 3488.60 8.80 0.00 5.38
2.50 4360.75 11.00 0.00 6.725
5.00 8721.50 22.00 0.00 13.45
1.00 7266.15 2233 0.00 0.75
1.15 8356.07 25.6795 0.00 0.8625
LC200 Dead Load x 1.15 + No4 2.00 14532.30 44.66 0.00 1.5
2.50 18165.38 55.825 0.00 1.875
5.00 36330.75 111.65 0.00 3.75
1.00 8748.80 26.77 0.00 1.27
1.15 10061.12 30.7855 0.00 1.4605
LC300 Dead Load x 2.00 + No4 2.00 17497.60 53.54 0.00 2.54
2.50 21872.00 66.925 0.00 3.175
5.00 43744.00 133.85 0.00 6.35
1.00 9620.95 >Maximum Buoyancy
1.15 11064.09 >Maximum Buoyancy
LC400 Dead Load x 2.50 + No4 2.00 19241.90 >Maximum Buoyancy
2.50 24052.38 >Maximum Buoyancy
5.00 48104.75 >Maximum Buoyancy
1.00 13981.70 >Maximum Buoyancy
1.15 16078.96 >Maximum Buoyancy
LC500 Dead Load x 5.00 + No4 2.00 27963.40 >Maximum Buoyancy
2.50 34954.25 >Maximum Buoyancy
5.00 69908.50 >Maximum Buoyancy
1.00 12378.30 >Maximum Buoyancy
1.15 14235.05 >Maximum Buoyancy
LC600 Dead Load x 5.00 + No5 2.00 24756.60 >Maximum Buoyancy
2.50 30945.75 >Maximum Buoyancy
5.00 61891.50 >Maximum Buoyancy
T r 1 - T 1 160 T T T T T T T . . . . .
700007 __::E:I:g 2212[: 1:(1)2 140 -t AL ] —=— Safety factor = 1.00 |
60000 —A— Safety factor = 2.00 —— Safety factor = 2.00 12 —8—Safety factor = 1.15 |
— —¥— Safety factor = 2.50 1204 —y— Safety factor = 2.50| | —A— Safety factor = 2.00
§ 500001 —e— Safety factor = 5.00 1001 - safety factor = 5.00] | §’ 104 —_z_—gz;:g Zgg; - §;§3 J
£ 40000 ] E & . S 5 ]
g 30000 E 60+ ] g o ]
= ] =} x
200001 407 1 “ 1
10000 201 > Max buoyarcy | 1 > Maxbuoyancy 1
0 T T T T T T T °1 T T T T T T T ] °] T T T T T T IA ]
Max LC100 LC200 LC300 LC400 LC500 LC600 Max LC100 LC200 LC300 LC400 LC500 LC600 Max LC100 LC200 LC300 LC400 LC500 LC600
buoyancy buoyancy buoyancy

Fig. 6. Analysis on the weight of displacement,
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Fringe: LOH00_5 (¥ Turbineload, Sati Subcase,

LC600«

s Tonsor, , von Mises, Mudmum 3

debu Finge
Max 181 @Nd 13137
M 0N 5767
Load case Max. Stress[MPa] Ballast level 18 m

LC100 26 Column Cross Sectional Area 75.03 m?
LC200 43 S
LC300 52 Ballast Tank(Column) Volume 1710.6 m
LC400 05 Sea Water Density 1.025 g/em®
LC500 130
LC600 131 Ballast Water Weight 1753.4 ton

Fig. 7. Analysis on the maximum stress for varying load and ballast water weight.
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—Analysis case

LC100+

Paran 20122.1 6481 15:May-17 140158
Fringe: LC100_1 01, Stabic Subcase, Stress Tensod]. von Mises, Madmum,3 of 3 layers

delaut Fringe
Max 25N 13187
Min 0@Nd 5767

LC200~

Paran 201221 6481 15May-17 14.06.03
Fringe: LC200_1.15/, Stafic Subcase, Stress Tensd,, von Mises,

X
=
dolaut Frnge
= Max 43 @Nd 8172
Min 0@Nd 5787
Structure Weight
Load case Load facior Self-Weight Ballast Force

LC100 1.0 Dead load - -
LC200 1.15 Dead load Ballast at Column #1, 2&3 -
LC300 2.0 Dead load Ballast at Column #1, 2&3 -
LC400 2.5 Dead load Ballast at Column #1, 2&3 -
LC500 5.0 Dead load Ballast at Column #1, 2&3 -
LC600 5.0 Dead load Ballast at Column #1&2 Turbine vertical load =150ton

Fig. 8. Analysis on the maximum stress for varying load and ballast water weight (continue from Fig. 7).

A
o=
HelF o Aaiglon olof W HlE, &S VFOE 7S
A8 tHMusial et al. [2004]; CORBON TRUST Floating Offshore
Wind[2015]). Fig. 10> 2} '2dmk2] 8 AJ7ke]] mhE v]§-0 =2 3
FE AL A 27)0lRE vl go] Wol F 3ty FFoll= v
H8-& fAleks A= B 4 Q).
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e Ao R ket Zlo|th 203074 75 AIS5AE AlAl
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T

7] gl | xk o] 287k ol Higt 22 vlEeSs Ko
o}

Table 2= & 97" AAIE Fdto] Feuat -2 aid 39
1719] 73S nast 2Akgo|w, o2 AAZ} ehae 2o

ol - @7E Rl s Eal TSRt Tong[1988]).
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No Components Weight [Ton]
1 ‘WindFloat 17443
2 Ballasted at 1 Column 1753.4
3 Ballasted at Column #1&2 3506.8
4 Ballasted at Column #1,2&3 5260.2
Model Weight & COG
of eig . - Weight COG [mm]
* Asis Definition oad case Condition [Ton]
X Y zZ
LC100 Dead Load x 1.00 174430 2626 0.0 18,778
LC200 Dead Load x 1.15 + No4 7266.15 725 0.0 -
LC300 Dead Load x 2.00 + No4 8748.80 1047 0.0 -
Z.a LC400 Dead Load x 2.50 + No4 9620.95 1190 0.0 -
LC500 Dead Load x 5.00 + No4 ~ 13981.70 1638 0.0 -
L. L [ LC600 Dead Load x 5.00 + No5 1237830  -1890 0.0 -
X
Load case Condition Weight [Ton] Draft [m] Roll [deg] Pitch [deg] Remarks
- Maximum Buoyancy 9355.28 28.0 - - Height=28.0 m
LC100 Dead Load x 1.00 1744.30 4.40 0.00 2.69
LC200 Dead Load x 1.15 + No4 7266.15 22.33 0.00 0.75
LC300 Dead Load x 2.00 + No4 8748.80 26.77 0.00 1.27
LC400 Dead Load x 2.50 + No4 9620.95 >Maximum Buoyancy
LC500 Dead Load x 5.00 + No4 13981.70 >Maximum Buoyancy
LC600 Dead Load x 5.00 + No5 12378.30 >Maximum Buoyancy

Fig. 9. Transportation analysis on floating wind turbine generator.

Pricet
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Notes:

*1) 1999 IEA Xt& : D2|1= 7| |X (587MW) 7|& I 2 "2 = $592,870,000USD
EH2(1,195.8¥) S 2SS E(39.1%)=2 2011E =4 M2 H|E = 9,860 |

Fig. 10. Expected cost by generation types.
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Table 1. Predicted reduction of GHG emission by offshore floating wind power generation
Classification Results Notes
(@ 2030 Total GHG Emission[ton] 850,600,000 [ton] -
(® 2030 reduction target[ton] 314,722,000 [ton] @ x0.37
(© 18.3% reduction[ton] 155,659,800 [ton] @ % (0.113+0.07)
(@ 18.3% of wind power capacity 259,433,000 [MWh] (© /0.6[ton/kWh] <— GHG reduction per IMWh of wind power
(©) Wind power installation requirement 84,249 [MW] (@/(8,760Hrx0.35) «— Annual time and utilization
® 5.5[MW]WTG + Float Price [KRW 100 million] 190 [KRW 100 million] ~ WTG 110[KRW 100 million], Float 80[KRW 100
million]' Except for installation fee for more than 20 sets
(® Wind power Market Size [Set] 15,369([Set] ©/5.5[MW]
(® Wind power Market Size [KRW 100 million] 2,920,102 [KRW 100 million] @ x (®

Table 2. Unit price comparison between Korean offshore wind turbine generator (WTG) and foreign WTG

Sub-modul 6[MW] FLOW BASE based on Oregon project 5.5[MW] FLOW BASE

(Un?t: ;;‘;[)QR%V) IMW] 6[MW] 30[MW] 1[MW] 5.5[MW] 500.5[MW] ‘ .
Price % Price % Price % Price %  Price % Price %
WTG 2,640 272 15,840 27.2 79,200 27.2 2,000 452 11,000 45.3 1,001,000 45.4
@ Float Total 1,426 14.7 8,554 14.7 42,768 14.7 1,527 345 8,399 34.6 764,291 34.7
%}iocg{ong ©+® +®) 5,654  58.1 33,927 58.1 169,635 58.1 894 20.1 4,885 20.1 438,156 19.8
(© Develop Wind Farm Subtotal 769 7.9 4,615 7.9 23,075 7.9 93 2.1 484 2.0 44,033 2.0
@ Electric Subtotal 2,076 214 12,453 214 62,267 21.4 554 12,5 3,048 12.6 271,000 12.3
(® Transportation 198 2.0 1,188 2.0 5,940 2.0 19 0.4 105 0.4 9,510 0.4
( Installation @sea 145 1.5 869 1.5 4,345 1.5 13 0.3 72 0.3 6,507 0.3
Control safety & CMS 24 0.2 145 0.2 723 0.2 24 0.5 132 0.5 12,012 0.5
(® Contingency 2,443  25.1 14,657 25.1 73,285 25.1 190 43 1,045 43 95095 43

Grand total with Electric (Grid) 9,720  100.0 58,321 100 291,603 100 4,421 100 24,284 112.6 2,203,447 100
Grand total without Electric (Grid) 7,645 78.6 45,867 78.6 229,336 78.6 3,867 87.5 21,236 87.4 1,932,447 87.7

- Oregon WFP Project CAPEX 97[% /MW]@30[MW]
- Korea FOWT CAPEX 45[% ¢//MW]@500[MW]
- Exchange rate: 1,1000 W/$
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Fig. 11. Design of floating wind power generator.
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Table 3. Expected construction cost and profit
i DAL F MW) A 75 % (ton) - w2 AN g 7Y (D)
1A T (100%)/478 423 5.5~6.0 50 2,500~3,000 71 Al A 15,000 2,500
24 T (85%) 8.0~10.0 100 3,500~3,800 71 A2l +AOM+HIT 30,000 8,000
34T (25%) 10.0~12.0 250 3,800~4.200 % %1 AOMAIT 87,500 25,000
S 7S A ik oSS sk AR distel=t [3] Bae, Y.H. and Kim, M.H., 2013, Rotor-floater-tether coupled
Sk Qlnk. A AR S Sk R AR Vo] A5A dynamics including second-order frequency wave loads for a
OF UL F Qe BokolBnE A 7% FRels SHollA Kol mono-column-TLP-type FOWT (floating offshore wind turbine),
T W Aol 9l Ao g Holth Bdl, Ak ghjtlel] F5- Ocean Eng,, 61, 109-122.
21 SFERE A7 A A, 18 oy o] Ak B2 [4] Bae, Y.H. and Kim, M.H,. 2014. Coupled Dynamic Analysis
o]31 Ak Akele] A7) wigkE eksiAly] T, Fake] AAE of Multiple Wind Turbines on a Large Single Floater, Ocean
. Eng., 92, 175-187.
o N2 F8 FEE o]F T & AR o) PO
E 0:01;1 - }\]—EOH:]];J}— %;]:; Z ;ﬂ Zﬂﬁ;’ﬂ} bz = [5] CARBON TRUST Floating Offshore Wind, 2015, Market and
= A7 2 CH e T Technology Review, pp. 149-166, Prepard for the Scottish Gov-
A, T5 9 AdeAe] F-i4 sl TAEAE 2] ernment.
ufl-9- A&st 319lS ERISIITE. Wk, W] o] FEsA Al AN [6] Dubois, J., Muskulus, M., Schaumann, P,, 2013, Advanced represen-
TEEY M ERES EAE Rdgshs thl dAY TRER tation of tubular joins in jacket models for offshore wind turbine
pagslo]r & Q) ik AL BRIt 9, oA 2= o simulation, Energy Procedia 35, 234-243.
3l Load cases} QFAA|IG| WE vk, FAIEA, &5, & ¥ [7] Hwang, B., 2010, Understanding Wind Turbines, Book publishing
Zo] W3S wdl=s WAS HojZo 7] Wy AL T Azin, 540-544. Synthetic Fiber Ropes for Offshore Mooring, 1st
ree GHE 8 ?‘.,Alzlﬁ Lee, K., Sohn, JM., Park, ., Choi, J.-S., Hong, K
Fig. 112 2 9170 opaAS [8] Kim, K.H., Lee, K., Sohn, J.M., Park, S., Choi, J.-S., Hong, K.,

2 Fig. 11014 vehd A9 572 sid24
sl s WA o A8l wl, Al 317

H-g-3} =) vk itk o|ZlE Vo R 24
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