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Completed development of non—powered
horizontal control algorithm technology
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~ CHANGI Tech’s Tower—Floater joint separation hybrid type of floating offshore
wind—power generation platform with Tuned Mass Damper(TMD) technology
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CHANGI TECH CO., LTD.

& Marine plant

Floating Wind Power Generation Plant is the second shipbuildin
www.ocean—tech.co.kr industry.
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Current Competitive Technology, Tower—Floater integrated type of floating offshore wind—power generation platform
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Tower—Floater integrated type of platform pitch control method
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D@® It doesn’ t secure the economic feasibility on the grounds that power should be supplied to 11 pumps inside the platform by using
a submarine cable in order to pump seawater in the balancer, and the direction of the wind is uncontrollable due to its frequent change
caused by seawater balancer travel time delay, and in addition, cracks occurred in the platiorm from a slope of 14° at 17m/s wind speed.
(Annex: Refer to 2 result reports attached on Generating efficiency TSR 4~12 and structural stability by the integrated platform’s tilt angle)

@ Passive Pitch Control Algorithm ST S—r

Static instability l l
-
— Blade Pitch - | W

Control Pitch=15.914"
=51.4s

QEUE S-S 2
Blade Pitch Control=
EYHZA EE=
LYHBTHAIZ

=

Ul nE

= - -
B A 1 © 1 4 & ® W 12 W ® 0
Downwind[D]
Wind speed Increases pitch to ~ Reduced thrust: Increase in {Wake simulation of NREL 5—MW Turbine on pitching
increases reduce power nacelle moves induced wind OC3-Hywind Spar—Buoy in 18m/s winds)

coefficient forwards speed

University of Stuttgart, Stuttgart Wind Energy (SWE) @ Institute of Aircraft Design httos: //www.youtube.com/watch?v=eAF54Vi1 2aU

Blade Pitch ControlA| &2Zt4A L= UMFCH £|0f 0| E0| F&6H ZAE £t 7|127] 14 (Wind Speed 17m/s)FE SHE0| 2 LA
(LIS SUE ZAZZO M2 LHES TSR 4~12 L 7X OFHN AnETM 27 UE HE &%)
The operation rate rapidly declined due to output reduction or generation shutdown in Blade Pitch Control and cracks occurred in the

platform from a slope of 14° at 17m/s wind speed. (Annex: Refer to 2 result reports attached on Generating efficiency TSR 4~12 and
structural stability by the integrated platform’s tilt angle)
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Current Competitive Technology, Tower—Floater integrated type Main Platform Horizontal
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Difficult to secure economic feasibility by reducing power
generation efficiency by blade pitch control
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Competitive Technology Sample of power generation efficiency according to changes in NREL 5MW class Blade Pitch Angle
[ CHANGI Tech Co., Ltd" s Flow Analysis Result Report ]

applied to Tower—Floater integrated Spar Type (TSR 7)
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Difficult to commercialize due to cracks on the platform
from typhoons and >17m/s
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beta(® ) :
TSR ) generating
(ETea) (A/g%g SF beta(rad) cl c2 c3 | c4| ch c6 ramda_i Cpmax efficiency(%)
7 0 0 05176 | 116 | 04 | 5 | 21 | 0.0068 | 9.271523 | 0.451282393 100
7 1 0.017444444 | 05176 | 116 | 0.4 | 5 | 21 | 0.0068 | 8.081269 | 0.392316245 | 86.9336474 | ¢———
7 2 0.034888889 | 05176 | 116 | 0.4 | 5 | 21 | 0.0068 | 7.365076 | 0.345120072 | 76.47541251 Blade Pitch Angle
7 3 0.052333333 | 05176 | 116 | 04 | 5 | 21 | 0.0068 | 7.30612 | 0.330378094 | 73.2087267 1° HEIA| LSS
7 4 0.069777778 | 05176 | 116 | 04 | 5 | 21 | 0.0068 | 7.348966 | 0.320520038 | 71.0242727 = =223
7 5 0.087222222 | 05176 | 116 | 0.4 | 5 | 21 | 0.0068 | 7.415242 | 0.311086056 | 68.93378965 13% ZAE
7 6 0.104666667 | 05176 | 116 | 0.4 | 5 | 21 | 0.0068 | 7.489035 | 0.301171759 | 66.7368734 ,
7 7 0.122111111 | 05176 | 116 | 0.4 | 5 | 21 | 0.0068 | 7.56582 | 0.290521224 | 64.37681332 13% reduction
7 8 0.139555556 | 0.5176 | 116 | 04 | 5 | 21 | 0.0068 | 7.643984 | 0.279040841 | 61.8328668 in power generation
7 9 0.157 05176 | 116 | 0.4 | 5 | 21 | 0.0068 | 7.722859 | 0.26668816 | 59.09562712 efficiency when
7 10 0.174444444 | 05176 | 116 | 0.4 | 5 | 21 | 0.0068 | 7.802128 | 0.253439901 | 56.15993542 .
7 11 0.191888889 | 05176 | 116 | 0.4 | 5 | 21 | 00068 | 7.881632 | 0.239281064 | 53.0224683 blade pitch angle
7 12 0.209333333 | 0.5176 | 116 | 0.4 | 5 | 21 | 0.0068 | 7.961283 | 0.224200725 | 49.68080488 changes by 1°
7 13 0.226777778 | 05176 | 116 | 0.4 | 5 | 21 | 0.0068 | 8041029 | 0.20819023 | 46.13302747
7 14 0.244222222 | 05176 | 116 | 0.4 | 5 | 21 | 0.0068 | 8.120841 | 0.191242357 | 42.37753553
L7 ] 15 0.261666667 | 0.5176 04 | 5 | 21 | 0.0068 | 8.200697 | 0.17335089 | 38.41295223 |4
7 16 0.279111111 | 05176 | 116 | 0.4 | 5 | 21 | 0.0068 | 8.280586 | 0.1545104 | 34.23807414
7 17 0.296555556 | 0.5176 | 116 | 0.4 | 5 | 21 | 0.0068 | 8.360498 | 0.134716108 | 29.85184218
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Completed development of CHANGI Tech’ s Tower—Floater joint separation hybrid platform horizontal control algorithm technology

POWER IN THE WIND= d(DENSITY OF AIR)xD’ (TURBINE BLADE DIAMETER) x V* (VELOCITY OF WIND)’ x C(A CONSTANT)
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Tower—Floater joint separation hybrid type

TMD Self Balancing System of CHANGI Tech's in South Korea
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Typhoons have an average wind speed of over 35m/s
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Analysis report sample of structural stability on the existing competing technology, Tower—Floater integrated

type of floating offshore wind—power generation platform’s tilt—angle.
(Annex: Refer to 2 result reports attached on Generating efficiency TSR 4~12 and structural stability by the integrated platform’ s tilt angle)
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The existing competing technology, Tower—Floater integrated platform’
s service life declined rapidly after 14° of slope
(Tower's crack generated/Refer to page 24 in the report)
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[Figure] Min. life cycle according to tower tilt angle

Wind Speed(m/s) ZARZ= (Tilt angle, X, ° )
6 m/s 1.749° . . . .
e 5 869416667 ° Gross Properties Chosen for the NREL 5—MW Baseline Wind Turbine
8 m/s 3.989833333 °
9 m/s 5.11025 ° Rating 5MW
1? 2;2 76325?;%%22% 5 Rotor Orientation, Configuration Upwind, 3 Blades
12 m/s ~ 84715° Control Variable Speed, Collective Pitch
13 m/s 9.591916667 ° Drivetrain High Speed, Multiple—Stage Gearbox
e s 8171 2Bt 5 Rotor, Hub Diameter 126m, 3m
q_m * XExd 15 m/s 11.83275 :
== =183 16m/s 12.95316667 ° Hub Height 90m
i ut—In, Rated, Cut—Out Wind Spee m/s 4m/s m/s
Crack start point Cut=In, Rated, Cut—Out Wind Speed 3m/ 11.4m/ 25m/
17m/s 14.07358333° Cut-In, Rated Rotor Speed 6.9rom, 12.1rpm
12 mﬁs 15.194 5 Rated Tip Speed 80m/s
m/s / 5 5
20 m/s ) Overhang, Shaft Tilt, Precone 5m, 5, 2.5
21 m/s ? Rotor Mass 110,000kg
gg mj’s Z Nacelle Mass 240,000kg
m/s /
24 m/s p) Tower Mass 347,460kg
25 m/s | Cut—Out Wind Speed Coordinate Location of Overrall CM (0.2m, 0.0m, 64.0m)
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The existing competing technology, Tower—Floater integrated type of floating offshore wind—power generation platform faces technical
challenges that the generator should be cut out to the Blade Pitch Control at 17m/s, which allows its normal operation up to 25m/s of
Cut—out Wind Speed to avoid the platform cracks due to High Vibration.

For this reason, it shows well below the operation rate compared to Offshore fixed type and CHANGI Tech’ s Ultra—low vibration (Min1®
~Max2° ) Tower—Floater joint separation hybrid type platform regarding an identical offshore installation.,

@ Japan failed the demonstration caused by demonstrator cracks in 2018,

@ ¥

CHANGI TECH CO.,, LTD.
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CHANGI Tech’ s Tower—Floater joint separation hybrid type of floating offshore wind—power

generation platform with Tuned Mass Damper(TMD) technology

o H-O| QH=240| E RSt Flectric Motor7} 2 Si&LICH @ ?i\gall E!Ic?c'cﬁc:o)
No need for an electric motor requiring a separate external power.
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It is the only floating offshore wind—power generation platform around the country and the world that can increase up to the
theoretical maximum of wind power generation efficiency, Cpmax 0.45(Betz Law), enabling no output reduction or generation
shutdown without requiring Platform slope restoration blade pitch control. For this reason, a completion period for commercialization
can be shortened 2 to 3 years without Blade pitch control algorithm design development for Platform slope restoration.
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It prevents the platform from cracking by Super Typhoon due to Ultra—low vibration Min1° ~Max2° unsloping no more than 2°.
For this reason, It is the only floating offshore wind—power generation platform around the country and the world, enabling a stable
operation and maintenance in the East Asia, Southeast Asia, Southwest Asia, India, USA including South Korea, China, Japan,
Taiwan where a Cyclone, Hurricane form,
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[Figure 1] CHANGI Tech' s Tower—Floater joint separation hybrid type of floating [Figure 2] Joint technology development and technology transfer contract signed with
offshore wind—power generator model VL Offshore (www.vloffshore.com) February 13, 2021
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Floating Wind Power Generation Plant is
the second shipbuilding & Marine plant industry.
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M Company leading the future marine energy technology
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