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1. " Comparison of Integrated and Sequential Design Approaches for Fatigue Analysis of a

Jacket Offshore Wind Turbine Structure |

One of the most important criteria in the design of fixed offshore wind turbine
structures 1s fatigue resistance. There is an unabated need for research in order to improve
and optimize current design methods. There are mainly two approaches for structural
analysis available in the offshore industry: the Integrated Design Approach (IDA) and the
Sequential Design Approach (SDA). Within the IDA, the entire wind turbine, consisting of
the jacket structure including tower and the rotor nacelle assembly (RNA), is considered as
a unique system exposed to wind- and wave-induced loads in an aero-hydro-elastic solver.
In SDA, the jacket structure 1s converted into a superelement and implemented into an
aero-elastic solver, where it is expanded by RNA in order to obtain the wind-induced
interface loads. The obtained interface loads are used for further analysis in a more
advanced offshore code, where the wave-induced loads are simulated. The fatigue damage
of the relevant K-joint in the support structure 1s afterwards compared to the one obtained
in terms of IDA. Apart from the judgment about advantages and disadvantages of both
approaches, this work benefits from confirming the reliability and applicability of both

approaches.

IEE S i S H B RPRET H A7 i = el A S 45 45 o A o 50> 560 P A A 118 075
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Jacket design Wind and wave loads FLS and ULS analysis
Coupled structural analysis

8 Integrated Design Approach (IDA)

2. "Fully Coupled Analysis of a Bottom Fixed Offshore Wind Turbine under Earthquake,
Wind and Wave Loads |

The governing equation of motion of offshore wind turbine (OWT) under
acrodynamic, hydrodynamic and seismic loads 1s derived based on blade element
momentum theory (BEM), Morison equations and fundamental theories of structural
dynamics. Then, a seismic analysis module is developed for the coupled analysis of a
bottom fixed OWT under seismic, wind and wave loads according to the derived governing
equation. An integrated bottom fixed OWT is presented referred to the NREL SMW
baseline wind turbine and a practical multi-pile offshore wind turbine in China. Dynamic
characteristics and structural responses of the integrated OWT under earthquakes are
analyzed by using the updated fully coupled analysis model. Then, the influence of the
coupling effects of environmental load conditions on the structural responses can be found.
Furthermore, the influence of seismic excitations in S-S direction for an operating OWT 1s
investigated; it shows that the structure may confront with comparable responses in F-A

and S-S direction simultaneously under such load conditions.
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3. " Comparison of Laboratory and in-situ Small Strain Soil Stiffness for Modelling

Lateral Bearing Capacities of XL Monopiles |

In this real case study two data sets of small strain shear modulus Gmax from laboratory and
in-situ measurements are compared. The two data sets are used as inputs to a linear elastic
3D finite element numerical model to estimate the initial lateral pile-soil stiffness. The
question of how much the pile deflection curve depends on the different Gmex derivation
methods 18 discussed throughout the paper. The study reveals a high importance of
stratigraphy for this task, and shows that average input stiffness differences up to 20%
throughout the profile do not lead to pile deflection changes at the midline for the

discussed regime.

SR s SC LA PR ZE BRI 15 L B 500 e B BE MG BL O AR R Rt B > e
ENEEEREE 2R SR Ea T TR E FETER NESHREE MM T HREs
B o RO CHIE MR TR BURT E #E B PRSI - DU e B - (1P)MIEE 5 A
PAAR(GP) ~ BLLCRGREVS N IFERIP IR - 11 E 2ARE RS S R S (5 g
HERAEHAREEE N A S HEE UM% - R iR G R NEZFITUHE
Gmax HETTEUZ ENELRE - WRABIEE A\ £ =S MEATR T BEE A LLASET
PHERIFRE—LSIE - BIFEaE I8 T #h & BT IS TET Fe R B B AR
+fEHIE B REE R EE 20% o HATBINFE RS Z BRI E (R /g

12



HRERy T EARG + fg 2 wgy AT R i TRV B g R B R R SR 2 H
PAIREAR - TEEBESG e B8R T HERL - et S B BRI
NZ HIEE RGP ISR > WA S A R A R A e 2 B - 1L
BIEIR IR T3t 2 BEA RS 2 8 - 55— 5 B A B
TARERAM 2 Sk AR RS B T RE & > DARIIR AL = U P9 4 Mt o VB B B
HaGt 2 A EsEt LA -

4, " Hydrodynamic Performance of a Novel Floating Foundation for Offshore Wind

Turbine | :

A novel semi-submersible platform, referred to as HexaSemi, is proposed with a
completely new designed heave plate. Compared with WindFloat, the new heave plate has
a single hexagonal shape with a moonpool. From the structural point of view, its integral
design can increase the integrity of the structure. In this paper, we mainly study its
hydrodynamic performance for offshore wind turbine. A numerical model is set up to
simulate the motion characteristics of the floating wind turbine system, based on WADAM,
Star-CCM+ and FAST. The comparative analysis of HexaSemi and WindFloat under the
storm condition is conducted and discussed. It is found that the integral design can increase
the viscous hydrodynamic damping, reduce the motion response, and reduce the mooring

cable force.

St FEE R —EA R WindFloat /B FEEIH#ERE 85
HexaSemi design * {E&RF-F G EE B RSZ B T A BB EER S HE - B
BHER T HIBE AR5 6 (65 L ryEEH 2 E 3 P SRR E M

(A cantilever beam )

Fig. 1 WindFloat design

D ‘g (A fixed supported beam

Flg 2 HexaSemi dé51gu

9 WindFloat 1 HexaSemi %51 ELaR
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5. " Uncertainty Modeling and Fatigue Reliability Assessment of Concrete GravityBased
Foundation for Offshore Wind Turbines
Evaluation of the fatigue limit state (FLS) for offshore wind turbine foundations is
normally based on deterministic design approaches, where partial safety factors are used to
account for load and resistance uncertainties. In this paper, the propagation of uncertainties
related to structural, environmental and fatigue damage model parameters is evaluated by
performing Monte Carlo fatigue simulations of a reference Gravity Based Foundation
(GBF) supporting a 5 MW offshore wind turbine. A linear model for concrete fatigue
damage 1s formulated based on the S-N approach, and fatigue structural reliability is
evaluated using the FORM technique. Results indicate that the uncertainty related to wind
turbulence intensity has the highest influence on fatigue loads during power production.
Adopting a probabilistic damage model for concrete also increases the fatigue damage
standard deviation by 60% and 85% for structures in water and in air, respectively. In
addition, the assumption on Miner’ s rule uncertainty has a large influence on the
structural reliability. A reduction of this uncertainty from ACOV=0.40 to ACOV=0.30

could increase the annual reliability index by 22%.
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6. " ModelingUncertaintyinExtrapolatedExtremeLoadsforOffshoreWind TurbineSupportStr
uctures |

Inthispaperweshowhowanewideaforhowtocalculatethederivatives of extrapolated 50-year

return values, used in extreme load safety criteria,can be used to estimate the uncertainty in

these return values resulting from uncertainty in the simulations and in the load
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extrapolation procedure itself. The method yields uncertainty estimates with a high degree
of accuracy. Additionally, to highlight one of the subtler uncertainties involved in this
setting, we also make a small study of how changing the block size used in the extraction

of maxima from load time series affects the 50-year return value.
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7. " Advanced reliability assessment of offshore wind turbine monopiles by combining
reliability analysis method and SHM/CM technology |
In this work, advanced reliability assessment of OWT (offshore wind turbine) monopiles 1s
proposed by combining reliability analysis method and SHM (structural health monitoring)
/ CM (condition monitoring) technology. A 3D (three-dimensional) parametric FEA (finite
element analysis) model of OWT monopiles 1s developed, considering soil-structure
interactions. A number of stochastic FEA simulations of OWT monopiles are performed,
taking account of stochastic variables, such as wind loads, wave loads and soil properties.
Multivariate regression is then used to post-process the FEA results, obtaining the
performance functions expressed in terms of stochastic variables. After that, FORM (first
order reliability method) is used to calculate the reliability index, evaluating the reliability
of the OWT monopiles. In the presence of SHM/CM data, the reliability of monopile
structures is reassessed and updated. The updated reliability index provides valuable
information for decision making for inspection and maintenance of OWT monopiles. The
application of the proposed advance reliability assessment method to a 45m-length OWT

monopile 18 presented, showing great potential to reduce the OPEX (operating expenditure)

of OWT monopiles by using the proposed method.
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£ Frankl {81717 "IEA Renewables Perspective ;| HYERRE E 527 EH H i [EA A
A BE T SHIS Y PR S (RN » LUK - S5 B 2 P A BB B B 25 (NREL) £ £ Keller
4 # 7 " Advances in Next Generation Energy Technologies: Enabling the
Transformation of Global Energy Systems ; RS > SRBH3EE] NREL T EoHT A
REIRRH AR 5 [SH R BRAE R A SV HA - £ 1% » RIH{EE Fraunhofer &/
FeBE R PSAE 2% 0 E T Henning 19T AR S ZUEGE" Sector Coupling and
System Integration- Key elements of the next phase of the energy system transformation |
St IHAE A [BIRE R 2E 55 M R SR B S Y R T 22 DAL TE T — AU BB T S ey
JERT - WRDZCRER S48 & e IRV EE A - AR 58 A b 5 355 UERE %
TETTIRENRER - SERET G rYBRE -

Grand Renewable
Energy 2018

10 =58 BT GRE 2018 FHAE AR IR BIFEHTET &
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AR G FREEED)BRAEE SRS Policy & Integrated Concept); (2)761K
(Photovoltaic):(3) A5 ZAAE B FH (Solar Thermal Applications):;(4) 13t 4= 4 G (5 2 28
(Innovative Bioclimatic Architecture);(5) EAE (Wind Energy);(6) 4 & ) & FH 1 #8 f#4
(Biomass Utilization & Conversion);(7) & FERIEARFEE A (Hydrogen & Fuel Cell);(8)75F
HE (Ocean Energy);(9) Hh 281 # )5 2147 (Geothermal Energy & Ground-Source Heat
Pump);(10)8E T 48 E& (Energy Network);(11)E7&YEE R A1Z4%E (Energy Conservation &
Heat Pump);(12)/NEI 7K 7 F1H B IEEH 40 58 J7 (Small Hydro & Non-Conventional
Energy) 12 35 » WIMT$%7X o e & LR EIEE 505 - B AR S EZEN
WS EE Y HE G R EFARFREIEHS @R 5§ K HEE - AR ER
MEfSEE A RE R R b 4% - #5224 GRE 2018 AR FMIEHE it © i
AP BE AR EDRMThI 5E F BE 2 SRR BT R TR B 2 A o2 B D FEliEt == - 1TASH
e L H R EAPTE RS TR R E R I NEP-II BEFRE)
BOGTE TR &EdRERRE E UK T SRR iR 3 - sl A AITE
H A ERE T & & & Rl R AR ZH S 42 GRE 2018 WHAETS5 THH F &
JEBE T AT YR 55 8 5% > 88/ " THE DEVELOPMENT OF OFFSHORE WIND
POWER IN TAIWAN: CHALLENGES AND PROSPECTS | » #Iiffgkt= - BEREERET
5 6 A 20 H 15:00 - 40 11 &E HRNGHBHEERR - AR L2 R SE
[ PR AT i S R 2 o (B P R o 7 2 S5 B T B PR Y 5 A R T R e 2 D B
F HFERBUR » GBI & R S i S THE S AR & - DARRY
bR o B SRS A S IR TP & - B I BB SR E A AR TR 2
— o MEEFQOLT) T 2P EBHAARE TR R DR & R e Bhi A2 R B A RE 22 HAR - Il
ASAEQ018)2  H ST e Rl RSl 0 258 Rt (E St (RS - R Rg
JeE A5 5 25 R ot (A 1 T [EIRFFETT 2025 B MEZEHEE 5.5GW - i
{IKHE 2018 47 4 HJERAVEEEES R » 2025 FELAAITRy 3836 MW - [T HL R A 2 R 58t
E&E R A GRE2018 &afififd] 6 A 22 HAMAER » HEIFE R =525%7s
IR ILREEEE ST NPL » i £ LLAE TR K2R B A 4 {18550 (B 7 5 B 58 1
HET 1664 MW - 0 LB R RS 3 B AE AR - FHET Y 2025 43788 R ot (B M I T2
B 5.5 GW HYEEREE R ZZBER HE ALt GRE 2018 FFEWET & ET
it e O B R - AR - SRR 4 H AT ARV R E IR - £t - TAR
e B3 BRSNS BH Ry A SR BRER S i - B RS Y BRIPR B2 R B R R S SO T4E
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The Development of Offshore Wing
Power in Taiwan :
Challenges anq Prospects

* Institute of Nuclear Energy Research

June 20, 2018
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BT S H AALIRE ISOPE 2018 W &Y & S e e i - E S A1 1% GRE
2018 HieT & th - {RAGHETERI S AIA 747 FEL 9000 s 33 M S A
EESHI H S B\ R R ERT %4 A LU R AL R {5 B A RE R R i L
BRI S BTSRRI P R (e R P AR RE R T 1T - 0 IR A A R T R
HEXT FERRTTE » DU RGBT AE & - BE S MBS & -
EAZNEF s B2 RS B MR T

(—) 1 ISOPE 2018 J7Ifl » AKX EZZ Renewable Energy B > Hrbiz )
AL R R R AR BRI FT IS N5 25 » 60 & B il 5 B A AR e /D HaH
9T o FHMEREOMN & Bl FRATem oL 0 Mo E BRI E T ER P %
TR RIS LT o TS AR RSB E T B - R
FERCAEE 250 2 B R B B & RV TSR BN /I (Aerodynamic response )8l 7 545
ZBNRE A ~ /KN 4R /KE 58 1 2 ( Hydro-elastic response ) ~ #—1—4i#
7 E4R M B E S 2B (Multi-physics) B S HYBIREAETE 2450 » IR L IR FHHRF AT
BT 734 » SR RIS A 75 AR B R BV T R A - R A SR e
AR R AV ERT R T - MATRER ISOPE &aff » AIBE TR
B RIS FHEE RS 0L ST RBIRE SRR G - 5351 HEsE K
B RIBRE - IGHENRE - BUEREL - RHI TRERS: - NBRTREE# EHE1r
HAPFFL i E RN R ETREERE AT - IH K E 2 T - it & HER
Pk e R B R T S 3 i 5 -

(7)) 7£ ISOPE 2018 &T & Bl G A & BEF 2RI ME B BRSO » B
WEEFFL K E GBS REBIR RTFT A A B - RG> AR SRl
B SR =R w0 — R R T A T L B T e o S PR A R B TR
B2 MBI RIS > DS 2 S R LRI T RE & ER AT > B RER oI A
B0 S R 4 R e RV R 2 S i R A RS R - AR B R — 0 - 55
— I RS P B S PR AR AR T B S B oA - R VB B R B AR
SHRNERAR s Bk —RATR IR & B THE RIS S B IR IR T - BTl
TRV TR 2 S PR A5 2 SRR 55 S TR SR G R TR RSl 2 3538 » &
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B > TR N Bl R R TS AR BERAT

(=) ERBEAREEITE > 2017 - 6 HEONEEE e e & - B ERE R
Senvion EE4XE AT 10MW JEF&IEM(Prototype)sHUE. » 1T MHI Vestas Kz Siemens 7D
C48H MW Jali 2 S K EGIER ¢ 5FQ018) =22 T4ERHIT(MHI Vestas) 5
EEFEFHEIIE T OMW B E Vied DUER &E 2 Re Ry SR Bn
FE R e 2 A L IE e E P IR e 2 L B S e i3 3 AR o WS R
B R SR EEE T RAVER S 0 B DL 6~10MW B A SR EE BtFTayE
5 bR T R EREZ 6 HRVEE UK T 6 B2 B 2R =PI E A
TN R B AL RS & B AR A R THT 2B 38 e S A P
PR 4R T: W AAERAREE -

(M) AP H AT R R R ) EdhEt S o StENS EZE RGBSR E
OC3/OC4 HYH il e S Esefy 5 A 17l 8 A L BT B A » iy AR PRI YA I S fig B
MR GR (- E AR G R TR A S R T A R S A R A T A LRl L Ry
H A - ¥ F AR G HY S BRI H RIS 122058 07 17 Ry 2 Eh R A B e s
IR ~ ISR AR MW SR E SR A AR 25155 UL
BRI YR T 5 LR A P B TR 26 8548G (open source software) 175
TAVERASEEERE TT - PRI T 2T R A B R (B2 SR RO O Y B oK e
s DABH 2 BLE E% 5 A WY N EBEZ =(in-house code) °

(o) AR RS 1 A 5 7R T el SEFE AT LU S GRS BEE: - 5
AR ESE AT R E L 2N TR E SRR AEEN - B8 KZE
H  GEREORE  BRBHE I LR TR B A T o R oA (E F deat i
RIFAERCE b - B R B ESEREE T 2Rt B A e 28]
ARSI E - R A L GHE BT T S A e SRR ] DUARGE it
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FER GG TRERARES S -

21



(N) BB AEREY - LB IFEE BN B ERE A R
BRI AL > INIEAEH 5 [SRIT R AR VE S - ARSI BISNT 2 RT3 50k =i
FI75 FE MR R B AT Bl ) SIS SRR Se B M 2 2 - DAL I A VR s S 7 LA
Giteaat ISR D B EE RS A RS ENE SRR TR S
i BEARGHE T L RA RS IR SRR Sy IR 7e 8 R - it H
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JIEIANST By 12 THERE - IRKEZHERH R - (RKGHRETERINEE 900 Hif
SO 98 R AR EAER TR S E R e SR S3 R 2% - HATEN
W R FE AR )8R 2B NS 4 B 6 B4y il 58 B A il 2 R 23
J5E B (1) [ P B B S e o 5 L MR S B DL Rl B SR BUER B AR 2020
FESERE 738 MW B R 8 K 2025 FEERE 5.5 GW AVBS R 2L 2
& - MEEE R RERSRETENSE 2 HUIRMERAEEE - HELFEE 5
#4123 H](JDN) fz H 6 H 1228 = (Hitachi) H [FE &R - FHETIC 2020 FE58 64 110MW {irji?
ARSNGB — MRS o 7Y Hitachi THETHEALAVEERERE S Hitachi
52MW T EA(Down-Wind Type) » A& Bl A Bl A 2 S B R va -+
(Siemens)Z2E] ~ MHI-Vestas 2 | J&AI(Up-Wind Type) © Mi{EiE2K GRE 2018 » 71,3
BEEH 3 % Hitachi 5.2 MW [+ EMMHRENER SR > 575151 POWER
CURVE MEASUREMENT OF HTWS5.2-136 WIND TURBINE WITH DOPPLER
LIDAR; (2) DEMONSTRATION RESULTS OF INDIVIDUAL BLADE PITCH ANGLE
CONTROL:  IMPROVING =~ POWER  PERFORMANCE OF  FLOATING
OFFSHOREWIND TURBINE;(3) DULABILITY TEST OF 52MW WIND TURBINE
NACELLE 2ND REPORT - [i;#5 8 Hitachi 5.2MW 52 JEli# B R A BT N 2 8 2R
— HARE RIS TEE B 240 - 1T DA AR GRS R B R S R S T R &
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Experimental Study of Surface Tension Influence on Sloshing Impact Loads [Oral
presentation]

M Frihat, L Brosset, Gaztransport & Technigaz; J-M Ghidaglia, ENS Paris-Saclay,
France

Phenomenological Study of the Initial Stages of Liquid Impacts Through a
Simplified Liquid Impact Scenario [Oral presentation]

N Couty, Y Jus, HydrOcean; P-M Guilcher, NextFlow Software; L Brosset, Gaztransport
& Technigaz, France

An Investigation on and Determination of Damping of Sloshing in a Tank around
Resonance Frequency

Yusong Cao, Fuwei Chang, C-Z Marine Technology, USA; Jingzhe Jin, SINTEF Ocean,
Norway

Two-Phase Particle Simulation of Violent Sloshing Flows with Large Density Ratios
Sang-Moon Yun, Jong-Chun Park, Pusan National Univ, Korea; Abbas Khayyer, Kyoto
Univ, Japan; Se-Min Jeong, Chosun Univ, Korea

4. RENEWABLE ENERGY I: Support Structures (V. 1)
Monday June 11 10:30 Regent, 2F

Chair: Renata Archetti, Univ of Bologna, Bologna, Italy

Uncertainty Modeling and Fatigue Reliability Assessment of Concrete Gravity
Based Foundation for Offshore Wind Turbines

Joey Velarde, Claus Kramheaft, COWI A/S, Denmark; John Dalsgaard Serensen, Aalborg
Univ, Denmark

A New Model for Fatigue Load Sequence Effects in Offshore Wind Turbine
Substructures and its Implications for Design Life

R.C. Dragt, S.T. Hengeveld, J. Maljaars, Netherlands Inst for Applied Scientific Research
(TNO), Netherlands

Fatigue Damage on Offshore Wind Turbines by a Cell Mapping Method
0dd Eiken, Michael Muskulus, NTNU, Norway

Sampling Methods for Simplified Offshore Wind Turbine Support Structures Load
Case Assessment
Lars Einar S Stieng, Michael Muskulus, NTNU, Norway

Markov Approach to Estimate Fatigue Damage for Monopile-based Offshore Wind
Turbines

Christina Capdevila Choy, Polytechnic University of Catalonia, Spain; Sebastian
Schafhirt, Michael Muskulus, NTNU, Norway

Numerical Fatigue Analysis for Jacket-type Substructure of Offshore Wind
Turbines under Local Environmental Conditions in Taiwan

Ting-Yu Fan, Chin-Yu Lin, Chin-Cheng Huang, Tung-Liang Chu, Inst of Nuclear Energy
Research, Taiwan China

Study on Fragility Curves for Support Structures of Wind Turbines under
Earthquake in Taiwan

16
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Hsien-Chou Lin, Chin-Cheng Huang, Hsiung-Wei Chou, Inst of Nuclear Energy
Research, Taiwan China

Modeling Uncertainty in Extrapolated Extreme Loads for Offshore Wind Turbine
Support Structures [Proceedings only]
Lars Einar S. Stieng, Michael Muskulus, NTNU, Norway

5. VORTEX-INDUCED VIBRATIONS I (V. 3)
Monday June 11 10:30 Highness, 2F

Chair: Jin S Chung, ISOPE, USA
Co-Chair: Decheng Wan, Shanghai Jiao Tong Univ, China

Development of Prediction Model for Vortex-Induced Motion of Multi-Column
Floating Structure

Seiya Shiiba, Shinichiro Hirabayashi, Hideyuki Suzuki, Rodolfo Trentin Gongalves,
Univ of Tokyo, Japan

Vortex Shedding and its Impacts on the Motions of a Paired-Column Semi-
Submersible
Weiwen Zhao, Decheng Wan, Gang Chen, Shanghai Jiao Tong Univ, China

Experimental Study about Vibration Interference of Dual Pipe Systems
Yaowei Xuan, Shigiang Li, Hanping Li, Hai Zheng, Dahong Fu, Guozhi Chen, Zhejiang
Electric Power; Zhen Liu, Xiaoxia Zhang, Ying Zhang, Ocean Univ of China, China

Vortex-Induced Vibrations of Two Flexible Cylinders in Tandem Arrangement with
Discrete Vortex Method

Ke Lin, Jiasong Wang, Jianliang Zhou, Liangbin Xu, Leixiang Sheng, Shanghai Jiao
Tong Univ, China

Experimental Study on Flow-Induced Motion of an Array of Three Cylinders with
Circular, Square and Diamond Sections

Rodolfo Trentin Gongalves, Univ of Tokyo, Japan; Maria Eduarda Felippe Chame, Univ
of Sao Paulo; Nicole Hepp Hannes, Federal Univ of Santa Catarina; Pedro Paludetto
Silva de Paula Lopes, Univ of Sao Paulo, Brazil; Shinichiro Hirabayashi, Hideyuki
Suzuki, Univ of Tokyo, Japan

6. ASSET INTEGRITY I:
Fracture, Fatigue Management (V. 4)
0:30

Monday June 11 1 Crystal A, 2F

Chair: Robert E Melchers, Univ of Newcastle, Australia
Co-Chair: Ali Reza, Exponent, USA

Risk-based Approach for Fatigue Integrity Assessment of Offshore Piping in the
Arctic Environment
Arvind Keprate, DNV GL; R.M. Chandima Ratnayake, Univ of Stavanger, Norway

Asset Integrity and Site Investigation for Water Ingress to Flexible Elastomeric
Foam (FEF) Thermal Insulation

Abe Nezamian, Armin Pilehforoushha, Suraj Kishnani, Asset Management Advisory,
Aurecon, Australia
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Van Minh Nguyen, Tien Thua Nguyen, Juwon Seo, Hyeon Kyu Yoon,Changwon
National Univ; Yeon Gyu Kim, KRISO, Korea

The Analysis of Optimal Oscillation Angle of Fin in Propulsion Device of Wave
Glider Based on Quasisteady Hydrodynamic Method

Zhongqiang Zheng, Zhenjiang Yu, Zongyu Chang, Xiujun Sun, Zhanxia Feng, Jiakun
Zhang, Haoran Zhao, Ocean Univ of China, China

43. SLOSHING YV: Sloshing Mitigation (V. 3)
Tuesday June 12 10:30 Empress, 2F

Chair: Andre Baeten, Augsburg Univ of Applied Sciences, Germany
Co-Chair: Mirek Kaminski, Delft Univ of Technology,
Netherlands

Slosh Mitigation of LNG: New Challenges
Erik Jeroen Eenkhoorn, Hengelo (O), Netherlands

Slosh Mitigation Applications in LNG Containment Systems
Erik Jeroen Eenkhoorn, Hengelo (O), Netherlands

Effects of Internal Cylinders on Natural Sloshing Frequencies of a 3D Rectangular
Tank
Chongwei Zhang, Peng Su, Dezhi Ning, Dalian Univ of Tech, China

Active and Passive Sloshing Mitigation in Tanks
Philipp Behruzi, Francesco De Rose, ArianeGroup GmbH, Germany

Numerical Simulation of Liquid Sloshing with Multiple Flexible Baffles Using a
Coupled SPH with Smoothed Point Interpolation Method

Shuangqiang Wang, Guiyong Zhang, Bogian Yan, Dalian Univ of Tech, China; Zhigian
Zhang, Inst of High Performance Computing, Singapore; Zhi Zong, Dalian Univ of Tech,
China

Incompressible SPH for Simulating Violent Sloshing in Tank with Different Baffles
Yi You, Xing Zheng, Harbin Engineering Univ, China; Qingwei Ma, City Univ London,
UK; Gang Ma, Harbin Engineering Univ, China

44. RENEWABLE ENERGY V: Offshore Wind Simulations (V.
1)
Tuesday June 12 10:30 Regent, 2F

Chair: Decheng Wan, Shanghai Jiao Tong Univ, China

Study of Free Vortex Wave Method with Curved Filament Correction
Yi Lin, Lei Duan, Ye Li, Shanghai Jiao Tong Univ, China

3D Fully Nonlinear Beam Dynamics of Offshore Wind Turbines
Carsten Corte, Baustatik — Baudynamik — Numerische Modellierung, Germany

Comparison of Integrated and Sequential Design Approaches for Fatigue Analysis
of a Jacket Offshore Wind Turbine Structure

Ana Glisic, Leibniz Univ Hannover; Ngoc-Do Nguyen, DNV-GL; Peter Schaumann,
Leibniz Univ Hannover, Germany
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Simulation of Topograpical Change in an Offshore Wind Farm

Hsing-Yu Wang, Hui-Ming Fang, Sung-Shan Hsiao, National Taiwan Ocean Univ; Yun-
Chih Chiang, Tzu Chi Univ; Jung-Chang Su, Chun-Sen Lu, Sinotech Engineering
Consultants, Taiwan China

Application of a New OpenFOAM Tool to Design a Pilot Floating Wind Farm
Offshore Mazara del Vallo (Italy)
Agnese Paci, Renata Archetti, Univ of Bologna, Italy

A Regression Analysis for Fatigue Damage Estimation on Offshore Wind Turbine
Using Artificial Neural Network
Hyeon-Jin Kim, Beom-Seon Jang, Seoul National Univ, Korea

Dynamic Loading Comparison between Fully Coupled and Simplified Model on
Offshore Wind Turbines with Jacket Support Structures under Seismic Condition
Wen-Jeng Lai, Wei-Nian Su, Chin-Cheng Huang, Inst of Nuclear Energy Research; Yi-
Mei Huang, National Central Univ, Taiwan China

45. SUBSEA, PIPELINES, RISERS I:
Flexibles, Umbilicals (V. 2)
Tuesday June 12 10:30 Highness, 2F

Chair: Yijun Shen, Rose Group, UK

Burst Tests of Pipeline Containing Colonies of Metal Loss Defects with Different
Sizes

Chenliang Su, Dalian Univ of Tech; Ying Li, Zhejiang Univ of Sciene & Tech; Xin Li,
Dalian Univ of Tech, China

An Overall and Safe Design Method for Subsea Production System
Jing Ma, Xiaohan Yan, Yongtu Liang, Haoran Zhang, Bohong Wang, China Univ of
Petroleum-Beijing; Zhongliang Huang, CNPC Offshore Engineering, China

Analysis on Nonlinear Hysteresis Characteristic of Unbonded Flexible Pipes
Wei Wang, Hexiao wang, Liping Sun, Harbin Engineering Univ, China

Numerical Simulation of Nonlinear Vibration of Flexible Riser Conveying Fluid
Jianjie Niu, Jiangsu Univ of Sci & Tech; Xiaomin Li, Ocean Univ of China; Jiajia Shen,
Li Zhou, Jiangsu Univ of Sci & Tech, China

Study of Mechanical Performance of New-type Non-metallic Composite Flexible Riser
Offshore Environment

Lin Zhao, Yanju Yin, Ocean Univ of China, China

Global Analysis of Flexible Riser with Internal and External Pressure Load Effects
Jeong Du Kim, Beom-Seon Jang, Lan Hee Yoon, Seoul National Univ, Korea

Influence of Gap Span Creep Behaviour of Polymer Barrier Layer on Service Life in
the HPHT Deepwater Unbonded Flexible Risers

Yijun Shen, Andrew Burton, Paul Birkinshaw, Roland Palmer-Jones, ROSEN Group,
UK

A Procedure for Assessment of Umbilical Fatigue Damage [Proceedings only]
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Numerical Fatigue Analysis for Jacket-type Substructure of Offshore
Wind Turbines under Local Environmental Conditions in Taiwan

Ting-Yu Fan*, Chin-Yu Lin, Tung-Liang Chu, Chin-Cheng Huang
Institute of Nuclear Energy Research, Mechanical & System Engineering Program
1000 Wenhua Rd. Jiaan Village, Longtan District, Taoyuan City 32546, Taiwan (ROC)

*E-mail : jackyfan0420@iner.gov.tw
*TEL /886-3-4711400 Ext.3349 : Fax/ 886-3-4711452

Abstract

This paper is to perform a series of fatigue analyses for reference offshore wind
turbine (OWT) under Taiwan local environmental conditions to investigate the
potential design load cases (DLCs) which could affect the owverall calculation
procedure and improve the design calculation efficiency. Based on sequentially
coupled approaches, NREL FAST and ANSYS software are employed to analyze the
dynamic responses of offshore wind turbine system and jacket-type substructure
under various DLCs defined in the international standard IEC 61400-3. The stress
distributions around the intersection of tubular joints under the axial, in-plane and
out-of-plane loads are computed to determine the stress concentration factors. Using
conventional Rainflow counting algorithm, the cumulative fatigue damage (CFD)
factors for tubular joints can be thus calculated with S-N curves and
Palmgren-Miner’s rule. The computed results show fatigue damage caused by power
production design scenario is more dominant and accounting for the ratio of total
cumulative fatigue damage up to 90%. This work with more efficient load calculation
procedure (LCP) in preliminary design will be helpful for cost assessment and
selection of adequate types of substructures to be utilized in future offshore wind
farms in Taiwan.

Keywords: Fatigue Analysis, Offshore Wind Turbine, Jacket-type Substructure, Load
Calculation Procedure
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Study on Fragility Curves for Support Structures of Wine Turbines under
Earthquake in Taiwan

Hsien-Chou Lin", Chin-Cheng Huang, Hsoung-Wei Chou
Institute of Nuclear Energy Research, Atomic Energy Council, Taiwan, R.O.C.
juy@iner.gov.tw

Abstract

The paper presents the estimation process of seismic fragility curves and the seismic reliability
assessments for a wind turbine support structure. At first, the Nation Renewable Energy Laboratory
(NREL) 5MW reference wind turbine finite element model is built by beam and shell elements using
ANSYS finite element package to conduct seismic response spectrum analysis. The realistic
earthquake data reported from Pacific Earthquake Engineering Research Center (PEER) ground
motion database are taken into account. Totally 500 earthquake response spectra derived by 100
Taiwan Chi-Chi earthquake data combined with magnification factors of 1, 2, 4, 7 and 10 are imposed
on the wind turbine support structure model as the loading conditions. Through Monte Carlo
simulations the peak displacements and peak stresses are regarded as the damage measures (DMs).
The fragility curves could be thus numerically derived from DMs and the earthquake peak ground
acceleration (PGA) using maximum likelihood estimator (MLE). In addition, the Taiwan probabilistic
seismic hazard maps in terms of 475 and 2475 years return period are further considered to estimate
the statistical parameters for annual maximum PGA distribution function. Finally, the annual
reliability index of the wind turbine support structure can be obtained from the fragility curves and the
annual maximum PGA distributions.

Keywords: Fragility Curve, Reliability, Earthquake Response Spectrum.
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Dynamic Load Comparison between Fully Coupled and Simplified Models on
Offshore Wind Turbines with Jacket Support Structures under Seismic Conditions

Wen-Jeng Lai'?, Wei-Nian Sul, Chin-Cheng Huangl, Yi-Mei Huang?
'Mechanical and System Engineering Program, Institute of Nuclear Energy Research, Taiwan, R.O.C.
?Department of Mechanical Engineering, National Central University, Taiwan, R.O.C.

Abstract

The dynamic load calculation of offshore wind turbine is an important technology in the future
development of wind turbine industry in Taiwan. This paper presents a simplified
equivalent-monopile model of reducing the dynamic load simulation time for offshore wind turbines
with jacket support structures under seismic conditions. The FAST v7 code that only simulates
monopile substructure is chosen as the analysis tool and is further recompiled to include the effect of
seismic-pile-soil interaction in the simplified model. The numerical analysis results are then
validated by comparing with the results from the fully coupled model, calculated by Bladed software,
in a NREL 5MW offshore wind turbine. Two seismic load scenarios, operational and idling
conditions, are studied in this work. The results show that usage of simplified model may offer
advantages in preliminary support structure design. The advantages are apparent in seismic
simulation since the simplified equivalent-monopile modeling allows current FAST v.7 code
constraints relaxed for simulating jacket structures and leads to quicker and more convenient dynamic
load calculation. The influence of earthquake and soil flexibility is especially important in design
considerations since Taiwan is located in a seismically active region. Thus, the developed simplified
numerical model will be helpful to shorten the simulation time of a series of seismic design load cases
in the preliminary design phase.

KEY WORDS: Dynamic Load, Seismic Condition, Simplified method
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Grand Renewable Energy 2018
International Conference and Exhibition
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Dr. Hannele Holttinen is Principal Scientist at VTT Technical Research
Centre of Finland (MSc and PhD from Helsinki Technical University). She
has worked for VTT for more than 20 years in different fields of wind
energy research, with main interest on the impact of wind and PV on
power systems and electricity markets. She acts as Operating Agent of the
IEA international collaboration on wind integration (IEA WIND Task 25),
chaired IEAWiInd in 2011-12, and has been active in European Wind
Energy Platforms ETIP and TPWIND as well as in Nordic energy research.

Dr. Chin-Cheng Huang is currently the Scientist and Director of
Mechanical and System Engineering Program at the Institute of Nuclear
Energy Research(INER) which is a national laboratory in Taiwan. He is a
senior research scientist with over 26 years of experience in the area of
engineering analysis and structural integrity assessment for energy
systems involving both nuclear power plant systems and wind power
systems. Since 2013, Dr. Huang has been leading a research project on
offshore wind power sponsored by the National Energy Program. His
recent researches on offshore wind aim to develop techniques for
verification and validation of offshore wind turbines with support structures

under extreme external conditions specially for typhoons and earthquakes.
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CONFERENCE SUBJECTS

Papers are solicited on the following topics: )

1. Policy & Integrated Concept

+ Poligy Instruments, e.q.FIT

+ Scenario

+ RE and Climate Change, toward CO2 Zero

+ RE in the Context of Sustainable Development
+ Mitigation Potential and Costs

2. Photovoltaics

+ Nowel Materials and Concepts
+ Silicon Solar Cells
+ Compound Semiconductor Thin Film Solar Cells

+ Financing and Implementation

+ R&D Policy

+ Energy Technology Roadmap

+ International Cooperation and Collaboration

+ Module Reliability
+ Performance Characterization Method
+ P\ Systerrs, BOS Components and

+ |l Solar Cells, Concentrator and Space Applications Grid Integration

+ Perovskite Solar Cells
+ Organic Thin Film and Dye-sensitized Solar Cells
+ Multijunction Solar Cells

3. Solar Thermal Applications
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12. Small
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+ Operation and Maintenance
+ Forecast and Solar Resources

+ Solar thermal collector + Thermal Energy Storage + Solar desalination

+ Solar based heat pump technology  + Solar-thermally driven chem-  + Solar cooker

+ Solar Cooling ical proceses + Solar thermal detoxification
+ Solar-fired power generation + Solar thermal utilization for

+ Solar Binary Power Generation hydrogen or fuel production

4. Innovative Bioclimatic Architecture

+ Vernacular Architecture / Passive Design
+ Zero Energy House/ Zero Energy Building
+ Zero Net Carbon

+ Affordable Green Housing

+ Building Stock Activation / Refinement

5. Wind Energy

+ Offshore Wind Energy

+ Advanced Wind Turbine Technology

+ Grid Connection and Electrical Systems
+ Site Assessments and Forecasting

+ Plant Design and Management

+ Operation and Maintenance

6. Biomass Utilization & Conversion

+ Smart City /ICT

+ Comfort and Indoor Climate

+ Energy Management Systern /Commissioning
+ Elements and Materials

+ Building Evaluation Index/Tool

+ Tower and Foundation

+ Measurement and Monitoring Techniques
+ Acoustics and Noise Issues

+ Small/Distributed Wind Powver

+ COE of Wind Power

+ Social and Environmental Issues

+ Biofuels {Bicethanol, BDF in- + Marine Biomass including + Carbon Neutrality
cluding BTL) freshwater biomass + Forestry

+ Biomaterials + Pyrolysis and carbonization + Hydrothermal Technology

+ Gasification and combustion including torrefaction + Sustainability

+ Biomass Refinery + Anaerobic Digestion

7. Hydrogen & Fuel Cell

+ Hydrogen Energy Systerms

+ Hydrogen Production

+ Hydrogen Transportation and Storage
+ Hydrogen End-Use Technology

8. Ocean Energy

+ Wave Energy + Offshore Wind Energy

+ Technology and Fabrication
+ Fuel Cell for Transportation
+ Fuel Cell Power Plants

+ Fuel Cell for Co-generation

+ (Ocean Resources for Energy

+ Tidal Current Energy + Utilization with Aquaculture + Ocean Marine Biomass
+ Ocean Current Energy  + Resource Assessment and Monitoring — + Deep Sea Water Application

+ OTEC + Economic Assessment

10. Energy Network

9. Geothermal Energy & Ground-Source Heat Pump

+ Power generation + Exploration + Monitoring
+ Direct use + Geochemistry {erosion, cor-  + Thermal conductivity
+ Enhanced Geothermal Systems rosion and scaling) + Saving energy
(EGS) + Induced sekmicity + Ground-source heat pump
+ Social and environmental aspects + Nurmerical modeling
+ Smart Grid + Power Storage and System  + Superconductor and System
+ Micro-grid + Vlehicle to Grid + Advanced Electric Car
+ Energy Network + Demand Response
+ Distributed Energy Resources + Power Electronics

11. Energy Conservation & Heat Pump

+ Air-conditioning/Heat Pump

+ Area Energy and Environmental Managernent
+ Combined Heat and Power Utilization

+ Energy Conservation and Assessment

+ Global Warming/MHeat Island and Cther Environ-

mental lssues

Hydro & Non-Conventional Energy

+ Hydropower Development and Utilization
+ Practical Examples and Field (Model Tests
+ Micro & Pico System

+ Net Zero Energy Building/House

+ Refrigeration and Refrigerants

+ Renewable Energy Utilization

+ Thermal Energy Technology and Storage

+ Thermodynamics and  Energy  Manage-
ment

+ Undeveloped Energy for Human Life
+ Unused Energy Recovery
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THE DEVELOPMENT OF OFFSHORE WIND POWER IN TAIWAN:
CHALLENGES AND PROSPECTS

Chin-Cheng Huang
Institute of Nuclear Energy Research, Longtan, Taoyuan City 32546, Taiwan

SUMMARY: This presentation is to introduce the development of offshore wind power in Taiwan with some
challenges and prospects. To mitigate global warming and climate change, the offshore wind has become one of
major renewable energy alternatives over the past years. In Taiwan, The Incentive Program of Offshore Wind
Power Demonstration System was announced in 2012. Recently, the Taiwan government further announced the
Four-year Wind Power Promotion Plan to boost the offshore wind power deployment. With the applied
researches and developments under National Energy Program(NEP), the technical resources from academia,
research institutes and offshore wind sectors are integrated to build up the learning curve of offshore wind power
development in Taiwan. To adapt offshore wind turbines to local extreme external conditions as typhoons and
earthquakes, an integrated dynamic load analysis of offshore wind turbine and support structure combination is
important and needs to be paid special attentions. The technique has been developed at the INER which is a
national laboratory in Taiwan. It will be helpful for adoption of international standards and increase of reliability
with reasonable cost to facilitate the national offshore wind power projects in Taiwan in the future.

Keywords: offshore wind power, design verification, local extreme condition

INTRODUCTION

Utilization of renewable energy has been
regarded as one of the most important actions that
people can take to mitigate the global warming and
climate change. Over the past decades, the wind
power has been one of the most promising
renewable energy sources. As of 2017, total installed
capacity of wind power in the world is 540 GW.
Among them, the offshore wind power accounts for
18.8 GW in installation. Many countries including
the UK, Germany and Denmark, etc. in the Europe,
China in Asia have success stories. The America
also had its first offshore wind farm, the Block
Islands wind farm, in 2016. The offshore wind has
become one of the fast-growing renewable energy
sectors.

Following the Fukushima nuclear accident in
Japan in 2011, nuclear power faced very severe
challenges from public primarily on design safety,
operation and nuclear waste management, etc. Some
of countries with nuclear power began to strengthen
nuclear power safety, regulation and operation.
Some of countries also examined and evaluated the
state nuclear policy. In Taiwan, new government
stepped on in May of 2016 and announced the
nuclear-free  homeland national policy. The
renewable energy will become one of important and
necessary alternatives for future national energy
target of Taiwan.

OFFSHORE WIND DEVELOPMENT IN
TAIWAN
To speed up offshore wind deployment, Taiwan
government announced The Incentive Program of
Offshore Wind Power Demonstration System in
2012 to financially support three offshore wind farm
developments including two private offshore wind
developers, Swancor and TGC, and one national

offshore wind developer, Taiwan Power Company.
In October of 2016, two offshore wind turbines were
successfully built at Formosa-1 wind farm located in
Taiwan Strait near northern Taiwan. Further, the
Energy Bureau formulated a Four-year Wind
Power Promotion Plan to run from 2017 to 2020.
Its short-term goal is to solidify industry foundations
and increase installed onshore wind capacity to 814
MW and offshore wind to 520 MW, respectively.
For national medium and long-term targets, the plan
is to improve the installation environments and
increase total installed capacity to 4.2 GW (1.2 GW
onshore and 3 GW offshore) by 2025. These efforts
will  promote  energy  diversification and
self-sufficiency, stimulate domestic job growth and
demonstrate Taiwan’s commitment to renewable
energy.

RESEARCH AND DEVELOPMENT OF
OFFSHORE WIND

To develop the learning curve of offshore wind
technology in Taiwan, a National Energy Program
was formed under the Ministry of Science and
Technology(MOST) to integrate academia, research
institutes and offshore wind sectors to move the
national wind power development forward. One of
the important research projects is to develop
technology of design analysis and verification of
dynamic loads for adaptation of offshore wind
turbine system to local extreme external conditions
as typhoons and earthquakes. This work has been
performed at the INER which is a national
laboratory in Taiwan, It will be helpful for adoption
of international standards of design, operation and
maintenance of offshore wind and increase of
reliability with reasonable cost to facilitate the
national offshore wind power project in Taiwan in
the future.
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Status of wind power in the world

TOP 10 CUMULATIVE CAPACITY DEC 2017

p— mae 3> According to GWEC, 52GW of
global new installed wind
power in 2017, global
cumulative wind power has
been 540 GW as of 2017.

» China, leading country of

oy wind power, installed 19 GW
et snare of wind power in 2017.
o Cumulative wind power has
“’ been up to 188 GW as of
AR i 2017

First modern offshore wind farm

g Renewable Energy Research Laboratory

“First Offshore Wind Turbines Built

* Vindeby, Denmark,1991

* Eleven wind turbines

» Shallow water, close to shore
* Protected waters: low waves

Source:UM/RERL
11 X 450kW wind turbines. Decommissioned in 2017
Max water depth: 4m Distance from shore: 2 km
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Status of offshore wind power in
the world

ANNUAL CUMULATIVE CAPACITY (20

)
GLOBAL CUMULATIVE OFFSHORE WIND CAPACITY IN 2017 (Rl 2514~ A

18,000
16,000 14,483
7,000 MW 14,000
12167
W umulative Gapacity201s [l Cumulative Capacity 2017 12,000
6000 10,000 8724
8,000 7,046
6,000. 5415
4117
4,000
5,000
2,000
0

200 ‘| |‘ am 20m 2013 2014 2015 2016 2017
3
2

0 II Hl e o o—— e

g

g

g

UK Germany PRChina Denmark Netherands Belgium Sweden Vietnam Finland  Japan § Korea US lreland Taiwan  Spain Norway France  Total

Total2016 5156 4108 1627 1271 1,118 m 202 99 32 60 35 30 5 0 5 2 0 14483
New2017 1,680 1,247 1,161 0 0 165 0 0 60 5 3 0 0 8 0 0 2 431
Total2017 6836 5355 2788 1271 1,118 877 202 99 92 65 38 30 25 8 5 2 2 18814
Source: GWEC

Wind resources for offshore wind
development in Taiwan

“ Shallow Water (5-20 ) |« . o |
« Area: 1,779.2 km? 5 . S . |
* Potential: 9 GW I S
« Feasible: 1.2 GW il 3 |

B Deep Water (1050 ) — <*
+ Area: 6,547 km? s
« Potential: 48 GW ~
+ Feasible: 5 GW

B Deeper Water (~ °0 1) i
» Potential: 90 GW N ’ | -
+ Feasible: 9 GW | A i

Wind Power Density(W/m2) £1=
Bl <100 []+400-500 [0 s00-900 [ 1,200 1,300 | i,
I 100 - 200 [ 500 - 500 [ 000 - 1,000 [ 1,300 - 1400 ! 1 —t — |
[ 200 - 300 ] 600 - o0 [ 1,000 - 1,700 [ 1,400 - 1,500 ! I
0300 - 400 [0 700 - so0 I 1,900 - 1,200 1> 1.500 Sk et

Source: ITRI




Taiwan wind power policy

» To achieve the nuclear free homeland policy in Taiwan
by 2025, wind power especially offshore wind is one
of major renewable energies.

Maturity of Cost
tech. reduction

Increase of Driving

electricity industry

Iy

2 ]
g’é o | e
pars L \_ S Ny " Source:MOEA/EOB
go
;ﬁ UK has 6.84 GW offshore The cost is expected to  |n Taiwan, 12.6 Billions Boost investment of 540 Billions
wind since 2000 be reduced. The LCOE  Kwh /yr based on 4.2GW NTD or more in offshore wind sector
Germany has 5.36GW for offshore wind is and 35% capacity factor by 2025 in Taiwan

offshore wind since 2010 around 0.15 USD/kwh |s expected to increase.

National target for wind power
development

» Energy Bureau of Taiwan set national target for wind
power development

short-term mid-term long-term
2016 2020 2025 >

1,200 MW

| offshore

RIAHTN

Source:MOEA/EOB
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Strategy for promoting offshore wind

DIP ZAP ZD
Incentives for Pioneers Transition Period Sell-sustaining Indusiry

B [Phase 1] Offshore Demonstration Incentive Program
* 4 Demonstration Turbines by 2017, 3 Demonstration Wind Farms by 2020

« Government provides subsidy for both equipment & developing processes

B [Phase 2] Directions of Zone Application for Planning

+ 36 Zones of Potential revealed for preparation in advance of Zonal Development

* Applicants must acquire EIA approval by 2017 and Preparation Permit by 2019

B [Phase 3| Offshore Zonal Development
+ Zones will be released in stages by the government
+ Commercial scale for cost reduction

* SEA has been approved by EPA
Source:MOEA/EOB;ITRI

Status of offshore wind development
in Taiwan

» In 2013, three developers (Swancor, TGC and Taipower)
were awarded as DIP players of offshore wind.

» Three met masts were installed
at offshore wind candidate sites
close to Miaoli and Changhua

Met mast of Taipower OWF

Met mast of Formosa OWF Met mast of Fuhai OWF Source:Swancor/TGC/Taipower
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Status of offshore wind development
in Taiwan

» In October of 2016, Swancor first
completed 2 offshore wind
turbines at Formosa-I offshore
wind farm off the coast of
Miaoli county(1~5 km) with 5~10
m of water depth.

» InJan. of 2018, JDN and Hitachi

won the contract of Taipower-I ) o g
OWF at Changhua (110 MW) i

Hitachi 5.2 Mw-127/136 Souce:

....... a1 i e

Siemens SWT—

Status of offshore wind development

In Taiwan
> National target for offshore wind | PRy
» 1In 2016, 2 units of Formosa-l ~ 8MW) g x o
> In 2020, completion of DIP e S
> and potential 520MW | -

» In 2025, zonal development 3 GW
» 4-year plan of promotion for wind power

» Announced in June 2017, 2017-2020

» Three stages for offshore wind, from
DIP>potential>zonal development.

» 18 cases of offshore wind project
applications. Some of them have
obtained EIA approval including some
international developers as Orsted, LS
CIP, wpd,etc, and some local developers( ###: b :
as Taipower, CSC, Swancor, ACC,TGP, et e/ zones Demonstration Source:MOEA/EOB
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Status of offshore wind development
in Taiwan

» Announcement of " Directions
for Allocating Installed Capacity
of Offshore Wind Potential
Zones” in Feb of 2018. |

> 3.5 GW is by selection and apply . /
to incentive feed-in-tariff. i

» Added 2 GW will be by auction.

2asbocu wine b

e \
e L

wind power installation by 2025 J
is the revised national target of S}fsh':“re I d‘rote“:;ial”;on:’
OffShore Wlnd power |n Taiwan. Source:MOEA/EOB

Status of offshore wind development
in Taiwan

» Applications of offshore wind
farms by selection ended at end
of this March.

> Intotal, 18 OWF applications = —
submitted by 9 local and wind farm planning LN EEERS
international developers. (source:Swancor) —

> International developers include Orsted A

OrSted, CIP, Wpd, NPI. 4 . NOBTHLAND
» Local developers include Wpd CIP Marubeni

Ta i pOWe r’ CS C' SWa n CO r’ AC COPENHAGEN INFRASTRUCTURE PARTNERS
TGP, etc. | ancor] (l/ [HJ CHINASTEEL @




Status of offshore wind development

in Taiwan
» Results of offshore wind farms site

selection were announced at end of (z E=)
this April by MOEA/BOE.
> 7 international/local companies Ormd_\._‘
were awarded to develop 10 Nm;_‘f_‘"
offshore wind farms . o
» wpd, Orsted and CIP were big
winners; Swancor, CSC and
Taipower are main local developers.
» By 2020, adjusted to 738MW and
add. 3098MW by 2025. In total, fource:MOEA/ECB
3836MW by 2025.

wpd =

300 MW K

CSC

wpd
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NEP-Il Execution Framework

» A National Energy Program(NEP) under Ministry of
Science and Technology: NEP-I/II

Supervising
Committee

Adw sory Committee:

; fram the Minks
B Pl'O]BI.“.'t
I ' (Academia) | Program
Office
Oversight
1

= §
DaIEY £ OUCY International
Energy Policy Bridging and Collaboration Llnkage
Strategy Division Communication Chici=harn
Division

T
contio | “Erea | smerend WL TR “* Recucton
n Focus Focus Marine Energy || Gas Hydrate i .

C
Center Center il Focus Center || Focus Center Coal Fatll
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Z15]
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Center

Virtual Power Plant and Emerging Energy and

Energy Management Architecture Carbon Reduction Architecture Source:MOST/NEPII




Offshore Wind Power and Marine

Energy Focus Centernep-i, 2014~2018)

» Three areas for offshore wind power technology
development.

» Integrate the resources from academia, research
institutes and industry.

. Offshore Wind Marine Engineering
Fag;fs[;':lr;:\' Ir':‘:m Turbine Localization and Underwater
P and R&D Structure

u |dentify wind field m Establish domestic =m Build the assembly
blocks wind turbine harbors
= Field surveys industry supply m Marine engineering
m Environmental chain fleet of support
impact m Offshore wind ships
assessment, power industry m Structure design
m Approval scheme parks
= Financial / = Offshore Wind
incentive Turbine design
mechanisms capability
m Operation & Maint.

Marine Energy
Generation
System R&D

m Wave energy
generation
system
development and
demonstrators

= Ocean current
energy generation
system
development and
demonstrators

%
AE
i}
L
FR

Some important research projects of

» Measurement and simulation of
underwater background noise at
offshore wind farm g

Measurement of
underwater background
noise

ocean lidar carriers
» Development of met-ocean Sag
observation and real time pre- Floatingmet-ocean

] lidar system e el
% warning system ﬂ I
BHE — ST : o
.| » Development of Smart offshore === 58"
R wind farm surveillance and - e anl wave

management system . L
Scouring monitoring system development

18 Source:MOST/NEPII projects




Some important projects of offshore
wind under NEP-I|

> Integrated load analysis and I MITQF
verification for typhoon and =
earthquake resistant offshore W ]
wind turbine support structure | grtedioad anaT;;Eié for offshore
» Design and manufacture of wind turbing

diagnosis device for wind blade
surface damage

1 > Risk assessment of offshore wind

| foundation stability [EEARE Surice camase detection of

B ; !
. =

Bottom mounted substructure

Source: Marin foundation

19

Forward-Looking infrastructure
construction project-Green Energy

» The FLICP Project period is from 2017 ~ 2020,
including 8 main categories as railway, water
environment, digital infrastructure, etc. Green
energy is one of them.

» Aims to increase energy security and help create
green energy economy and promote
environmental sustainability.

» Build up the domestic green energy infrastructure
to strengthen local green energy sector integrity
including wind and PV, etc.

IR




Some important projects under
FLICP-Green Energy

» Localization of engineering =l [ 5
design guidance for offshore i
DNV-GL B

wind support structure

uuuuuuu

> Set up a center for third-Party Source: DNV GL [
accreditation and certification ~ jererorel desen siandards for
for renewable energy

Source: DNV GL

Design Assessment | Qualty Managemont || Prootype Testing

Nacelle equipment test platform

RIAHTS

Source:Eric Thayer/Bloomberg

Typical offshore wind turbine/
farm certification scheme

Block Island offshore wind farm
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Some important projects under
FLICP-Green Energy

> Applied service of ' 21

meteorological Information
for green energy
development

» Develop Offshore wind e
power industrial zone at i
Taichung Harbor

RIAHTN

¥ : % Source:TPC

o - - "
Offshore wind power industrial zone




RIBHAAN
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Typhoon and earthquake on
offshore wind

» Geographically, typhoon is
frequent in northeast Asian @&
regions. In average, 6
typhoons hit Taiwan a year.

» Similarly, Japan and Taiwan eSS———" o :
are both located in Global tropica °V°'°”e”ac'< (198N§s,%99a§)on
earthquake active regions.
Earthquake is one of
important design factors £ B
for structural Safety of Building and Wmd turblne coIIapseunderO(EEErt“h%kJ?ke
buildings, wind turbines, etc.

Offshore wind turbine structural system
under typhoon and earthquake

» Not much European
experience with typhoon \
and earthquake can be used e
for offshore wind design
and operation in Taiwan. : ===
» These extreme external Offshore wind turbine under typhoof™"
conditions are not
completely covered in
international standards for |="*7
offshore wind turbine S o
. L Loads and site conditions for wind turbines
de5|gn requirement. DNVGL-ST-0437 standard ~ (*uree: Vet

ce: NREL)

DNV-GL
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Integrated load analysis for offshore wind

>

Y

turbine and support structure

With IEA Wind Task23/30,

OC3/0C4, NREL 5MW |
reference offshore wind \‘
turbine was used to develop ~——
the domestic reference
offshore wind turbine and
support structure under
typhoon and earthquake.
INER also joined the IEA
Wind Task30/0CS5 as an

observer in 2015. NREL 5MW reference offshore wind tlsjo:rkc)ei::lkg

I-B
Upwind, 3 blades
Variable speed,
collective piteh
Multistage gearbox
126/3
a0
3,114, 25m/s

6.9, 121 rpm

(0.22 ; 0.3) Soft-stiff

IR

» Build load analysis model for
combination of wind turbine and

S

OC3 were analyzed and compared =

25 1E-

Natural Frequency, Hz

- re
[T

1.0

Load analysis model and results
comparison with OC3

upport structure, load cases of

::-:-EEL;E (1] (1] 1 Fow'm “I\ 5 1] 25
GHBladed .

SHESuPACK Shear stress results at tower base
®INER FAST 1E+10

Fraqueecy. Mz

) ) Overturning moment results
Comparison of natural frequencies M RrOwer base




RAFIN

RAFFN

Load analysis model and results
comparison with OC4

» Model for SMW reference s
offshore wind turbine and jacket 3 .c '}
support structure with load cases e S AL _&__;
defined in OC4 O RTRTAS Sv
e

Bt % Tubular axial force at bottom of

span .
Generator jacket structure

LCs.7
Be# High-speed

- r v
s o
Y shaft 10 e ABS/FAST ANSY
p i | eEm
Tower top L ¥ —3
Low-speed shaft o — N . .
posTECH  sWE NeA mseoTu ans ineen

at main bearing

oL of K2 )
E Bl B

osTEC!
LCcs.7

B59 5 2000
(1 fl‘ B61 gt i

mudbracel2 d 3 B
\ mudbraceld E 2000 — -

mudlinel2 dlineLl R -
L 4r— mudlinel Blade tuu__‘ s |

mudlineL4 8
mudiinel3~” L3 b s00 -
' o ABs i

Jacket support structure used in OC4 Damage Equivalent Load comparisons

Reference offshore wind turbine/support
structure under typhoon and earthquake

» Collecting extreme wind data
recorded for typhoons from
1977 to 2015 at Wuchi which is
close to candidate sites of
offshore wind farms.

» Design earthquake indicated in e B
the technical specification _ P—
document of Taipower offshore  !eid s oo wnatpe
wind farm was used.

» GL Tech. Notes of design load
cases with typhoon and

earthquake were used forload °~ = » ™ ey
Comparisons of load analysis results
analyses.

Substructure
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Summary

Prospects Set up a green energy
industry promotion
Form data management center‘
center for metocean
seabed @
ManY mternatlonal/local
deve opers actively get @
involved

3.5GW of OWF
EIA approved

Support from @ _4 oﬁsh
Government g

Ecolog
@ Grid ‘Flshm

@ Construction Connection
Vessel

Typhoon/Earthquake o/
“ Local industry/supply chain MS}’Q‘?__

@ Build up learning
e Challenges
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