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Introduction to Renewable Energy Technologies ClassNIK

ClassNK MISSION

Devoting everything to safety and environmental protection

O Deliver the highest quality classification and certification services, by the
highest quality personnel, while maintaining our totally independent third

party, non-profit status.

O Develop relevant rules, guidances, and procedures, and conduct technical
research and development to positively contribute to the maritime industry.

O Maintain and develop our global operations in line with the needs of our
clients through our global service network of roughly 130 survey offices.




Introduction to Renewable Energy Technologies ClassNIK

ClassNK has a global organization

@ 129 Exclusive Survey Offices
€ 6 Plan Approval Centers (Tokyo/Busan/Shanghai/Singapore/Mumbai/lstanbul)
@ 4 survey Operations Headquarters (Tokyo/Singapore/Hamburg/New York)

-

o S S _ SRRy

Cadiz
{Spain)

: Casablanca
. (Morocco)

@ Plapn Approval Cantars
@ Survey Operafions Headgquarters
& Cffice opened in 2014 & 2015

Renewable EnerFy Department operates as matrix organization
across the global organization. Head office for Renewable Energy

Technologies is in Tokyo, Japan.
iy

Services for Renewable Energy Technologies ClassNI

Certification for large wind turbines

OcCertification for wind power generators
Ol Project certification

[dSite certification

O cCertification for floating offshore wind turbine

Cooperation with organization for Renewables




Services for Renewable Energy Technologies ClassNIK

Certification for large wind turbines

CCertification for wind power generators
* Design certification, type approval and prototype certification

OProject certification

# Certification for wind farm projects

C1Site certification ' - -
» Site certification is covered as a part of the project certification
process and is carried out to ensure conformity with the safety
regulations of the Electricity Business Act for business permits.

LlCertification for floating offshore wind turbines

Cooperation with organization for Renewables  ClassNK

b

.[ Cooperation with Taiwanese Organization |

L

BSMI & MIRDC

Establish a cooperative relationship
especially type certification for wind
turbine. (Oct 2015)

v Develop technical standard and
guidelines in accordance with

!’lgji gigi'y:gi;; . requirement within Taiwan and Japan
{é‘irﬁ";’gg: i ¥ Provide Services for type certification,
_§§E*Ff§‘; E = certification
i etc.
A ERHA(10/22) BT
L R TR




Offshore Wind Farm Projects in Japan ClassNIC
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Track record of certification services ClassNK

Fukushima FORWARD [HP: http:/fwennfukushima-forward.jofenglishfindes. ktm| |
founded by the Ministry of Economy, Trade and Industry(METI)

Project Technical Leader is Prof. Ishihara
3 FOWT and 1 floating substation are all certified by ClassNK

V-zhape Semi-Sub

Advanced Spar
Hitachi 5WMW MHI 7MW

Floating Substation Compact Sermni-Sub
Hitachi 2ZMW

lFukushima Hamakazel [Fukushima Shinpu]

lFukushima Kizunal || TFukushima Mirai]

Image by Fukushima Consortiurm




Track record of certification services ClassNIK

GOTO FOWT (ve: htpusseoto-fout sa nsengiishy
founded by the Ministry of the Environment(MOE)
A FOWT and a floating observation tower are certified by ClassNK

=]

Power generation has started operation

since Oct. 2013

Fi60T

Floating Observation Tower,

ZMW FOWT, Hybrid Spar type
ﬂyx EQIREQM Hybrid Spar type lHaenkaze |
T — MToki)
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ClassNIKK

Severe environmental condition for WT
in Taiwan and Japan




Severe environmental condition ClassNIC

Tropical Cyclones, 1945-2006

Saffir-Simpson Hurricane Scale:

nundeare  IGIGEROT
tegory | SESGONNE IR

Severe environmental condition ClassNIK

Earthquake




Severe environmental condition ClassNIK

Lightning

Map by NASA Lightning Team

Severe Accidents of WT in Japan 3;g*hf;':df'gdu';gg§;;‘iant

lwaya Wind Farm, Aomaori, 7
rua LNEG
8.Jan.2007 Turbulence J Micon, Blade
. ‘ — Damage b|r
| Mo.11A Bonus {Present: — |_|g]'|1:|r|g Attack
Siemens), Over speed -~

b

II.

caused by malfunction of ; \
pitch actustor made <" “}
tower fall down, {, J
o3 1)
’. ; ﬂ-:,

L

itz s hakkaiso-no 2oLy nres ftlans ORI grm)

Wt MNikaho Wind Farm, Akita, 1.0ct.2003

'U'estas Lightning

attack caused
nacelle burnout. ‘

Karimata Wind Farm, Okinawa,

6.5ep.2003

MNo.3 Micon, Buckling of

Mo.d an, Damage of | , ] F
tower cross sectlon = ~ Yuza Wind Power Plant, Yamagata,

| Nacelle
22.Nov.2013

Mo.d4 ENERCON,
Blade Damage by
Lighting Attack

No.5 Micon, Buckling of Ne.d Enercon, Damage
tower cross section of Blade

Ittt ckidrn.cos plebared fpdRs arooratelr_and_c06133000. pdf



Severe Accidents of WT in Taiwan ClassNIK

Wind turbine damaged by strong wind from Typhoon
in Taichung on 8 Aug 2015
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Common problem of WT ClassNIK

Common problem to be solved for wind turbine

in Taiwan and Japan

OEvaluation of safety of wind turbine under storm
in _l:;_lgckout conditi_gn

A 7k Bl
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Thank you for your kind attention

ClassNK

Contact us: ClassNK Renewables
re@classnk.or.jp, +81-3-5226-2032
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"Development of Wind turbine System |






HITACHI

Inspire the Next
f.ﬂ—_.'—}tu'

Mestng with Bureau of Standards, h-1etr0|og}/ and Inspection

Development of Wind turbine System

Tailored to East Asian Environmental Conditions

June 22nd 2016
Renewable Energy Solutions Business Division
Hitachi Ltd.
FH-EET6Res @ Hilmzhi, Ltd, 2015, A1 rghle seserves
HITACHI
Inspire the Next

Contents
F‘m

1. Hitachi Wind Turbine Technologies
2. Hitachi Profile and Experience

& Hiiszki. Lid. 3012 4% righls resersac 1



1.1. Solutions for TAIWAN Environmental Condition§1TACH!,

Environmental |
Conditions of Japan Hitachi Solutions

and East Asia

s P i 1 R
TRy 1f Downwind Weather
— Tropical Gyclone ™1 Vane Principal
K el g
L
-— ( 7
. . Lightning
— Lightning Attack | Protection Dasizn

7 'd
!r Lew Gravity
| | Earthquake, Sea | | Genter, Low
| Wave, etc. Owverturning
mament
L e e — o —
P
LDIF.HG.L”W md | | Proper Modular
qum'tlcslan Dasign
installation o )
@ Hitacki, Lio. 20706, All rights regerved. 2

1.2. Design Concept of Hitachi Offshore turbines  HITACH!

[Requirements dsolutions |Requirements dSolutions| Requirementsdsolutions

'System Cost ‘
| Reduction |

i | b " Protection =«
Larger sized | Lineup ; Simple Low Over l il D\fer:tllatiun
| turbine 2MW | Foundation |  Turning | and moisture  DESIGN,
| Y————— +5MW | ~— — Moment | —  +Gear Drive
et |~ —. Ly _
S irbine | Best-mixed E Instlglﬁ;inn Proper | | Preventive ~ Service iNet.
System Gear | | Modular Maintenance, Monitoring
g A Cost ’ |
I & Gene. ————— Design |
| Fault Down Wind
[ Tolerant Config-
| Design :

Hitachi SMW windturbing,
HTWERO-126

i Hitachi, Lid. 2216, All righls ragarved. 3



Inspire the Mext

1.3. Down Wind Solution HITACHI

LS A,

Gap between rotor and :
W st B se Asidetad Need to Avoid tower shadow effects

against blade fllexion‘ = | g

!
j

» 8+ b
.-3}1-—|_).'.-'.'
“al

b

i

0 N
%{pr;'

R

Distance from tower and effect
on air flow

-

[ o

Sirulation Experimental
tasting

Problems (incl. after tower turbulence) are overcome using analysis-based

design techniques and then confirmed by demonstration test.

) Hiachi, Lid, 2018 AL rights resornn 4

1.4. Merit of Downwind: Weathervane, Wind Sensor,HITACHI

nspire the Nexi

Wind | rurbuence wmd Turbulence

- Dua to h[‘;!’d'as Dua to blades
3 =
5 sy = .
., JAnemoscope —ARBROSCODE ———y
E g ] =
.4_. -

Wind

Direction (}

Inherently following wind '

Free Yaw Operation
Downwind turbine can ride out the storm m m

by free yaw operation without support o
batferies with limited capacity Ii case of
\_._/\\.r'_‘-u—"\

s ph Tted ooty ) -Efficient Power Generation

Downwind configuration allows accurate wind 7 <771 7

e - .. 1% 3 i
I detection with pre-wake flow (1% /5[i)7)
e S T W i VT b

0 Hilaeh L, B018, Al rights reserad 5



1.5. Normal Operation / Downwind, Upwind A e,

Both down wind and up wind configurations keep proper nacelle direction.

Down Wind Up Wind
Active Yaw Control Active Yaw Control
Yaw Follows Wind Direction Yaw Follows Wind Direction

@ ﬂn!ud}r PR 2N ; ‘ : g
B ""*'l-d'hi‘n’i" HRRETY *.rl' LS
SR ﬁﬁ“mfe«* R 3#:-‘.1
4 _-. h- T .‘ .

& Hiachi, Lid, 2018 All Aghta ressmed B

1.6. Standstill Mode without Electric Supply J@'Jlﬁﬂ!!f

Under storm in blackout condition
after exhaustion of battery, emergency power supply

Free Yaw Fixed Yaw
Yaw follows wind direction. Yaw does not follow wind direction.

Down wind keeps right yaw angle Upwind has possibility to have
not to receive cross wind. cross wind.

@ Hitechl, Lid. 201G All dghts resarved 7




1.7. Danger in Up-wind’s Transit to Down-wind ,,f",,'T‘?;,CP'JlL

Mormal Cperation

No need to transit, only
to keep down wind

Down-wind

position.
Feather @
% =
o Transie Wind. . T
[ sl k& )
E I - - _sé’ﬁ}ﬂé
1 1 3 4
o k. | 7 2% 1
= -y | i {2 50310
© ke
@
Cross wmd situation. )
= Feather Hegative
Feather
2 Hitgchl, Cld. 207 8. Al righls resereed, 8
i i i HITACHI
1.8. Lightning Protection e it

e et L B e e S LT i e R bt R S P o W S R o e SR 2 et

Peak Electrical Energy ::ornparlson
current(kA) | Charge(C) {MJ

f{ e =T

International standard” 200 300 52 %
Hitachi's Wlnd Turbine 250 600 4D

Thick aluminum wire

Secure lightning protection above international standard by using thicker

aluminum wire

B Fitachi; Lid, 2076, Al fghte ressived 9



1.9. Recommendations / Deciding Criteria HITACHI

Tnspire the Mext

Need to evaluate conditions for Taiwanese Windturbines

- To assess what criteria are effective to design turbines tolerant to Typhoon,
lightning attack, earthquake, Tsunami, etc.

Need to decide criteria

« Wind conditions: Vave(m/s), Vref (m/s), Ve50 > 70 m/s, Load during
tramsient to standstill mode, etc.

- Lightning conditions; peak current(kA), electrical charge(C), energy
comparison (MJ/Q), etc.

- Earthquake conditions: Synthetic earthquake waves including Tsunami

V.« reference wind speed averaged over 10 min
V... annual average wind speed at hub height
[m/s]

V,:: expected extreme wind speed (averaged
over three seconds), with a recurrence time
interval of N years. Ve1 and Ve50 for 1 year and

50 years, respectively [m/s]

& Hitachi, Lid, 2013 &1 dgnta resarved. 10

HITACHI

Inspire the Next

Contents

1. Hitachi Wind Turbine Technologies
2. Hitachi Profile and Experience

@ Hiachl, Lid 2016, All rights esenvad, 11



2.1. Over 140 Hitachi Wind Turbines L

AFukughirma Floating
; Offs Wind Farm
Dern n F"rcject

{

i of Eco
Tra trg,r‘,l,
@

B

pment), - ’J

Fs
-

Fukashiba Wind Powar Station
{Ibaraki praf. Sewerape Office),
1 turbine

W]nd Fowar Kamisu No.1&2 Offshore
¥ \Windfarm
(Wind Power Group),

! 15 offshore turbines
/4 Omaezakd Windfarm | " U
‘ o (Chubu Electric Powar},
4 11 turhines
Kushikina Reimai Windfard Yura Windfanm
{Kyudenko New Enargy) ‘LYura Wind Davalopranit),
10 turbines & turbines

operation)™
for

the g urnmenrdn-'rrmn:-tratlt:n F"IF'D]F’ cts for fluatmg uﬂth

*1: Source: & BT Wind Repor: Works Market Update 2012 20 Az of Feb 2074 & HEsahl, L, 20%6, All dghts rasenes 12

2.2. Downwind Nacelle Effect HITACHI

Tnspire the Nexl
N T T T e T

Downwind Nacelle
Increases wind

Downwind power
production is

speed and blades’ e

moment arm.

Wind speed is increased by using the j

P / Bernoull's theorem |
= (Volume/sec.)
= prveA L % Power Product: P[W]
(Wind Energy/sec.) —R P=Cpx(1/2)x p X Ax V3
= (1/2):m=v2.
= (1/2)% p XAXVS T ;

Moment arm length is |
increased. |

& Hifashl, Ltd. 2015 Al dghts rezenved. T3



2.3. Nacelle Increases Inlet Wind Speed I TACH

[

EWEA Offshore 2015 "Poster Award Winner” &
(Collaboration between Hitachi & ETH) OFFSHORE -;:E:_E

High efficiency of Downwind Rotor Wind Acceleration by Nacelle Shape

Inherent efficiency of downwind rotor is _T;ij:::_____"f i |

shown not only theoretically but also
experimentally

Computation [2] Experiment 3]
Downwind

Pawar coedficlent oy 100% T00%
Thrust cosiliclent £, 1003 o 0%
Upwind

Puwer coaficient o, B Qh%
Thrust coalficisnl o, BT oo

Exparimeantal sat
at ETH Ziirich

oz Sweaswed dR B of Sl welncdy 1 5w sbaen hal beghf of Hfschy’ SV o
Bty S et v of LpsTean et o HESOA U faxhing wER s oot e airanikaes

& Hitachl, Ltd. 2078, Al rights resares. 14

2.4. Rotor Bearing Design to reduce Nacelle weight, HITACH!

eNacelle size and weight are reduced by rotor bearing concept.

2 Sets of Main 1 Set of Main Bearing +
Bearing is Installed Gear (3 Points Support)
inside of Hub

Diameter of Nacelle

Length of Nacelle

& Hitachi, Lid, 2008 Al rghts resarves. 15



2.5. Compact Nacelle lﬂT"??Cmﬂf
B i T e g o LT e e A e ]

@ Hitachi 5SMW Turbines try to employ advanced design concepts to reduce

nacelle dimensions and weight

i

Direct-drive deslgn: I::_j'-_-!_, ¢ ._ .LII.I .-_.'..

ENERCON 4.5 MY i, P
| g Arpund
,;_1 y Around

&,

th
Areund ﬂ
Cenventiznal dasign: ﬁ::l R 203

 Amund 13m Rupawer 5 MW

| e

" Arcund zat'__ 2t

T TT T T T T L]
m am wan

Comparison between nacelle size
Beursa: da Vree, J0370FET Ketmark. 2004 (%] :l.l#‘th*M{rf \ToER
& Hilachi, Lid. 2016, Al rights resered 1 6

2.6. Experiences on Severe Asia Environment ATl

ind Turbine has to be designed to adapt with severe typhoon

2014 T 3

2013 _ _ at B

2012 25 7 =~
2011 2 5

Il Hitachi’s Wind Turbine > No Fatal Accidents. |
T S @Hiach, L 2018 Al rghis ceesved, 1T



2.7. Experiences on Severe Asia Environment Lallin Sinlh

AR PN v BT A T

Safety in Sturml‘d {'yphunn)

e

@ 18:30, Max. wind speed 41.9m/s
@) 17:30-20:00, Cut-out, No damage, Resumed
operation after typhoon attack .

A T T ]

@ 12:10, Max. wind speed 42.2m/s
@ 10:40-13 jut-out, No damage, Resumed
operation after typhoon attack .

ETE i e e

35 |——E e L

M |f—

@ Max. wind speed 61.7m/s, 10 min. average = [ R
wind speed 46.1m/s, Thour average 42.7m/s 3 ,, | :

2 11:00-21:00, Cut-out, No damage, Resumed = = s — M

operation after typhoon attack . 10 _"CUIT-DUT 4

; e Wind Farm A Mo.1 Turbine |

kg

I Hitachi’ s Wind Turbine >  No Fatal Accidents. |

& Hitachi, Lid. 20°6. Al Agats rasareed. 18

2.8. Experiences on Severe Asia Environment HITAGHL

Typhoon passlng experience on 251 Aug. 2015 (Dl}{)hrs~l}62{]hrs)

— findSpeedleft Max —— WindSpeedRight Max WindDirectionDeg_Avg  — PitchBladePosAl_Avg
—— nfindSpeedleft Avg —— WindSpeedRight Avg —— NacelleDirectionDeg_Inst —— PCSSystemActivePower_fug

&
M pE— st Y L0 .
] J/ o ‘-:‘l e g
O RS i Wb} | L L ome I~
o | - 1%
S w / e O
1600

| DAY

= o | c o
Lo s . \\ iy e X
5 VNN it

> =
= - ——lmeF | o E
NI A IRV
= T \ =82
i i—¥—-2‘=--__; £D I - 1, =t
DB{EEIW:EI} 0325 0700 0825 {'ZII QB2 (300 (G264 00 0825 06:00 DE{25 06:00 g
. o.

R Grid loss(4 days)
Free yaw

& Hitachi, Ltd 2016, All ighls reserved, T8



2.9. Taiwan Offshore WTG / Hitachi Strategy HLIAGH]

» Partnering with A Leading Developer CSC(China Steel Corporation)
| = HTC would like to cooperate not only WTG*!, but also total energy solution
#» [HTC WTG Advantages]

(@ Typhoon Class T (V.1 = 57 m/s) Cert. with MIRDC*? and NK*?,

2Support with Japan Alliance, 3:Utilize METI (NEDO ) Support

HMMarket
= Poligy : # Power Utllity Scheme
Renewable Energy Development Plan{Offshors 3=+4GW)  HTC to support not only WTG,
but also Energy Solution
Target Plan (Acc.:GW)  (ex. Grid Stability, Micro Qird and loT)
il "“'t'l | IFP l I HR2 I é: Class Cert. i
On-8hore 0.9 1.2 1.2 1.2 | B6.5%) {1 (33.5%) I K [
1 1
b : 1
1.8 3.0 %  « MET| (NEDO)
Off-Shore | 0.02 | 06 | 50 | ;) HATH ?i; Rinneet 1
' i

#OFpallity Capaclty Rate (312)

R
|

' | -36 Potential Site ‘
| -OTPC #k slte

Shallow Large Scale
| .___J{_].EG".I'.I' b _%.4#431”

¥ FIT 19JPY /K'Wh
v Wind Spesd:>0.0m/s(& FEEE)

#1:WT3(Wind Turbire Generalor)
=2 MIRODCG{Metal Industries Research & Development Centre)
*5 NK {Nippon Kaijl Kyoksi)

_ Hitachl, LId. 2098, All ghts ressoed, 20

2.10. Seismic Design: Low Center of Gravity T,t'ﬂﬁ?,ﬂ!f

E

Kamisu 1 and 2 Offshore
Wind Farms

Lightweight nacelle allows
low center of gravity design

B Converter and transformer
located at ground level
B Easy maintenance

Gearboxpy Generator
% MNacelle

Powe [ | Cc:-nstrut:ted on monopile foundations 40 to 50

lines m off seawall
¢ a B Kamisu 1: 7 turbines (in operation during
QNVener earthquake)

B Kamisu 2. 8 turbines (started cparation in
March 2013)

The turbines kept integrity through the intensity 6+ earthquake and 5m

tsunami

# Hitachi, Lid, 2018 A dghtzreserved, 21



2.11. Tsunami Attack with 5 m Height, 8.5 m/s Speeg I TACHI

The 2011 Tohoku Earthquake Tsunaml nunitation height
Joint Survey Group

2 ===l

Frmuphein 7 o
| o TETS | -

=, i
——

Epicenter”

Google
3

Kamisu Phase 1 was still “After the earthquake
and “5 m Height, 8.5 m/s Speed Tsunami”.

Shallow accelerated Tsunami speed.

2 Hitach!, Lid. 2076, All rights ressred.

2.12. Variety of Offshore Foundation HUTAGHI
Kamisu (A Certain) Fukushima Kabashima
Mono-pile Jacket Semi-Sub Spar

: e e BRI A SR B e gt oy A
: ‘] I e
|

Spar

Semi-Sub

Flooting Structures
>120m, 5-10MW

Monopile Jacket/Tripod Floating Structures
0-30m, 1-2MW  25-50m, 2-5 MW >50m, 5-10MW

Source: FEpiturbines’ netoffshorm-wind-furkine-faundaticnss & Hitachi, Lid, 2018 All rights reserved. 23
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Fukushima Floating Offshore \Wind Farm™

Demonstration Project
( Fukushima FORWARD')




Fukushima offshore wind consortium, which
consists of Marubeni Corporation (Project integratar),
the University of Tokyo( Technical advisor), Mitsubishi
Corporation, Mitsubishi Heavy Industries, - Japan
Marine United Corporation, Mitsui Engineering &
Shipbuilding, Nippon Steel & Sumitomo Metal Corpo-
ration, Ltd., Hitachi Lid., Furukawa Electric Co., Lid.,
Shimizu Corporation and Mizuho information &
Fesearch, is proceeding with Fukushima floating
offshore wind farm demonstration project (Fukushima
FORWARD) funded by the Ministry of Economy,
Trade and Industry.

In this project, three floating wind turbines and one
floating power sub-station will be installed off the
coast of Fukushima., The first phase of the project
consists of one 2MW floating wind turbine, the world
first 25MVA floating substation and undersea cable,
and will be completad in 2013, In the second phase
two world largest 7MW wind turbines will be installed
before 2015.

This project will establish the business-model of the
floating wind farm and contribute to future commercial
projects. The consortium members are also expected
to leam know-how of floating offshore wind farm,
which will be one of the major export industries in
Japan.

Fukushima Floating Offshore Wind Farm Demonstration Project

Fukushima Floatimg Offshare Wind Farmn Demonstration Project

The Fukushima FORWARD project believes to
help Fukushima to become the center of new industry
which will create new employment in this region to
recover from the damage of the Great East Japan
Earthquake in 2011.

V-shape Semi-Sub
(TR

Advanced Spar
(TN

Eukuahh'ra Otfshora Windg Consortium




Twao decades have passed since the first bottom-
mounted offshore wind turbine was installed in
Europe and many large scale commercial projects
are in operation now. On the other hand, a few float-
ing offshore wind turbine(FOWT) has been installed
as a pilot project in Morway and Portugal. Several
technical guestions such as floater optimization and
transmission system need to be solved for future
large scale projects.

A V-Shape semi-sub floater with the world largest
7MW turbine, the world first 25MVA floating substa-
tion and the 66kVY undersea cable will be imple-
mented in Fukushima project and the economical
feasibility will be studied,

A metocean measurement system considering the
floater motion compensation will be developed in
order to evaluate the performance and the motion of
FOWT. Furthermore, the characteristics of each
floater and the wind turbine, and the effect of control
system on floater motion will be investigated.

In addition, the advanced steel material against
corrosion and fatigue and construction technology
under severe weather condition will be developed.

The project will not only focus on technical chal-
lenges but also on collaboration with fishery industry,
marine navigation safety and environmental assess-

ment, which are needed for the future large offshore
flaating wind farm. Public relations work will be
carried out so that the status and results of this
project will be open to public.

Fukushima Recovery
- Emplymient creston

o

£
; | Fukushima Project | E@

Soclal acceptance
* Mrera navigntion safeey
it e ;
Pl refation o

Technical challenge

= Floater aoncent

= Maas rament ard oradiblion
= Floatmg sub=stabion

= Arhvances sbes’ matanial

FORWARD member and Main role

Marubeni Corporation [ Project integrator |

The University of Tokyo [ Technical adviser |
| Mitsubishi Corporation

Mitsubishi Heavy industries, Ltd.

Japan Marine United Corporation

Mitsui Engineering & Shipbuilding Co., Ltd.

Feasibility study, Approval and licensing, O & M,
Collaboration with fishery industry

Metocean measurement and prediction Technology,
Marine navigation safety, Public relation

Coordination for grid integration, Environmental impact assassment
V-shape semi-sub{7MW}
Advanced Spar, Floating Substation

Compact Semi-sub{2ZMW)

Nippon Steel & Sumitomo Metal Advanced steel material
Hitachi Ltel. Floating Substation
Furukawa Electric Co., Lid. Large capacity undersea cable

Shimizu Corporation

Mizuho Information & Research institute, Inc

Pre-survey of ccean area, Construction technology




FikusHima Floating Cffshore Wind Farm Demorstration Projest

Metocean Measurement and Floater Motion Prediction

A metocean measurement system is developed by considering the floater motion compensation. Wind
speed profile and wind direction are measured by anemometers on a met mast and a lider on the floater and
are compared each othes. The motion of the floater is measured by using gyro, compass, accelerometer and
GPS, and used for the motion compensation.

Alsa, in this project a dynamic analysis model of FOWT is developed. The model is improved by comparing
the model results with water tank test and measurement data at the site.

1 Metocean and floater motion measurement W2 Prediction of floater motion |
ltems Scopes iteme Scopes
Metocean + Davalopmant of a metocsan measuremont system » Devalopment of a coupled analysis model of
measurement considaring the floater motion compensation Oyngmic wind turbine, fioater and mooring.
anakysis model + Devalopment af the wind turbing comtrol madel
Floales metion + Development of accurate floater motion which takas the floater motian into account.
measLEenEn measuramart systam tg combining gyro, comgass Rafirament of » fimprieement of the sralyss modal By comparing with
acceleromater and GP hiee el waler tank test and on site measuremants,
s shbstation T A0 eEral o= 0 e Fin B et <~ A
bt gl ot ieiiede (Ll o [ T T L L et S S AL R |
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Floating Wind Turbine Technology

In the first phase of this project, minimization of floater motion, safety and power generation efficiency are
attempted by using a compact semi-submersible floater with 2MW downwind wind turbine.

In the second phase, optimization and verification of the design is attempted by using V-Shape
semi-submersible floater with the world largest 7MW wind turbine. These studies will establish technologies for
a future large scale offshore floating wind farm.

“%‘L Compact semi-sub floater with 2MW down wind turbine ﬁj ﬁf V-Shape semi-sub floater with TMW turbine ',_ |

Itams: Scopes [tams Scopes
= Varfication of 2MW down + Verfication of  TMW
TUbine ind turbine. TUrbing  pyrauiie turtine
+ Dgvelopmant of compact 1
i Nxater,
SRTEF 00D ; * Development of V-shapa |
2 Mln]mlzallo; of foafer sami-sub flsating
motion and optimization
Floating  of power penemtion by Fisating * Development of the
turbing cantrol reduction  of  foating
; rtian. by lrbing control
- Minemization of floater and D&M program
maaion by optimization of
ballast
+ Rotor diametar BOm = Rotor diameter T64m
Maoring  + B places catenary = Huly hiight BESm (ASL) Mooring - & pleces catenary, « Huky hesight 105 (ASL)
+ Haight of the floater Adm * Haight of the floaber 32m

Flukisima CHtshore Wing Corsortium P’:I



bl Fukushima Floating Otfshare Wind Farm Demonstration Praject [

Floating Grid Integration System

An offshore floating transformer system which is both durable and unsusceptible to motion is developed by
evaluating its performance against vibration and inclination through the shaking table tests,

Furthermore, a large capacity water proof riser cable superior to fatigue is developed and optimized by
motion analysis. The goal of these studies is to establish the world first floating offshore transformer system
against severe metocean conditions.

1 Transmission system for floating offshore wind farm | |2 Riser cable, cnnli-]mnt.an& mntlm‘a’namis_ &l

| e ndinsk + Egtablishmeant of dasign crifterla undear motion + Devalopmean gwmmmhh supenor 1o fatigus
| el = Witeation lest, inclinstion test Risar catie under high voRage(2266ky) condition.

. Deulgn aid npumllmof dymamic cable by cable

« Compariscn of bwa ?«pa.
Verification of GIS
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- n conin ¥ St
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\é'-"- Onshare grid Froaling II.
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"1 . wind Y

[1EL | turbire
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Pre-survey and Construction Technology for Floating Offshure Wind Farm

Optimal construction method which can be conducted under severe weather and minimize the impact on fishery
environment is developed based on preliminary survey and estimation of meteocean condition.
Furthermaore, optimal construction method for windfarm which consists of multiple fleating wind turbines will be

established.
- P!a-uumfand environme: FWMW . . ¥
Mearshore Sumdlng FUTVEY, :
e | SR e O‘pﬁmlzatlunﬂfmnmﬂmn mathuad, warkflesl
Marine survey Qﬂﬂhucﬁnntachnuhg}r ard constructicn squipmeant.
Oftshore  + Sounding. seabed surdace, for offshore « Davalopment of con |:|n i minemezsing
Bres cora sampling, ﬁnm:lng wind furbing deployment araa of mooring for lame scale of
r ] floating offshors wind farm.
Erndrcrunental conditl ! i !
I’arlsnT'lr:umg_ﬁun 9N . Estiration of wind velocity and wave baight.

Construction method of floating offshore wind turbine
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[ FukisHina Floatig Offshiars Wind Farm Demanstration Prasct [
Advanced Steel Material

The TMCP and UIT developed in Japan are applied into steel material for the waorld first FOWT and the
welding efficiency, corrosion resistance and fatigue for the long operation under the severe metocean condition
are verified.

These studies will achieve shortening of the consfruction time and reduction of the construction cost.

4 Advanced steel material for floating offshore wind turbine

e Hoaces
= Appication of TMCP to floating oMshore wird tubing
sleal material and clarifcation ol improverment of
wekding afficancy
H'gfr;m:aﬂl TMCP ¢ Therme-mechanical Control Process )
il trabia High heat |nn|.rt 1 utilized for high tension
ﬂqutmngq g construction fiekd and
featured fo be as hlﬂh oy welding and easy
TMCP High heat input welding
- Prefieated frée - Battap ﬁ'l'diﬁ'g"ﬁmcmn-:y
- Bafter wald ability + - Redustion of wefding risk
+ Application of UIT technology infn wtresonic biow - Battéy base malarial - Batter jgint pefarmance
wawe traatmeant and clanfication. : :
Fatigua solution uiT ﬁﬁam Impact g‘r;sltmﬂnﬂ -d e
Promising technoiogy w mpeoyve dram ¥
fatigue feature-of we joint.
ant of sheel maberial for caterary supeior
Calenanychain tudumEITrty and cormosian, W

E +
Iyl of faligua Mo b LT
[5roes ekt ng connecton)

For floating offshore wind turbines. collisions between ships or collisions between ships and turbines might occur. Development of & collision
risk moded is camied out and the quantitative collision risk is assessed. Actual traffic data in the coast area along Fukushima are collected, The
collision risk assessment makes it possible to take appropriate safety measures.

[f mooring is failled by severe storms or accidents, drifting flcaters may collide with other wind furbines and ships. A simulation method basad

on aciual response of ﬁuahng turbines is developed and the consequencas of drifting of floating turbines is confimead.

nt ﬁ‘fmms}m tﬂﬂc

+ Cruanfitative risk anatysis for colksion besed on sk

turtiing
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Fukishima Floating Offsharg Wind Farm Demorstration Project

Environmental Impact Assessment

The environmental impact assessment is implemented around the sea where FOWT and seabed cable are
installed.

The habits for seabirds, marine mammal and fish in addition to noise, scenery and radio disturbance will be
surveyed and the environmental impact from the installation of the turbine and seabed cable will be clarified.

i w...‘. = o T
m Survey area and item Eﬂ F’h_h;&jﬁg . o skt Miaadiinn alabans (ki

'\ﬂl#l.lm.u...\-‘wthum chutd_ ekl S‘.."n Sond]
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Bird + Feedings, migrant of bird L] o _E_ 5 5
¥ . |
il 5 |
Marine mamma  « Whala, Dolghine L]
Linderwaler + Bacharound noise and horzonal componen
sound in rarmad condition witar 2
Fish » Fish, prawnfcrab. squid aclopus . L]
Fial ;
illﬁl‘-‘! = Fish, agg, young fish L] L]
Plankian = Zooplankton & phyloplankion - .
! Intertkial = Ahached organism and benthic living from e
| orgEniem saashore to Im deap water.
= Brown slgse such s son grapd and Eckionia
Maring plant snionifaca L]
* Benihic activity such as bivala, umvaheshes
Macrobentos and shall igh » fish sgg plankion
; i
S'ngﬁﬁm + Benthic activey such as sea chestnut, . { S Lﬁ' s o R =
e T i
Qthers + Sediment made of Seawater, ganh and sand L i

A committee formed by the government, Fukushima prefecture, local public entity and fishermen's union is
organized. The impact on the sea and fishery operation around the project after installation of FOWT and a naw
fishing method are investigated working together with the special consultant of fishery industry.

After that, a proposal for fish gathering effect by marine farm, marine fertilization and culture raft and providing sea
information will be discussed.

B Proposal for new fishing method &
ltems Scopes
fkaring anm + Construction of naw fishery farm by automatic feeder,

sound and fEshing bank using floatar and mooring

£ * Culthvation of shallfish and seaweed by marnng
”?;L"zfm:‘;ﬁ“ fartization through wabis pumping of Seep sea
by densily diffusion egquipment and maring fartilizer

Fish gathering effect - Chsanation of fsh gathering arsund floater by ROV

| = Frowi of real tima sea information through
Saa information uhsanmw equipmant on floater to fishenman
and disaster control cenper
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Fukiushima Floatire shiore Wirkd Farm Demonsiration Project

2MW Downwind-type Floating Wind Turbine “Fukushima Mirai”

Fukushima offshore  wind
consortium  is  proceeding  with
Fukushima floating offshore wind
farm demonstration project
{(Fukushima FORWARD) funded
by the Ministry of Economy, Trade
and Industry.

In this project, three floating
wind turbines and one floating
power sub-station have been
installed off the coast of Fuku-
shima. The first phase of the
project consists of ona 2MW
floating wind turbine, the world first
25MVA  floating substation and
submarine cable, and have been
completed in 2013, In the second
phase two world largest TMW wind

Fukushima Offshara Wind Corsortium




Fukisnima Floating Offshare Wind Farm Demorstration Project

66kV Floating Substation “Fukushima Kizuna”

turbines will be installed before
2015,

This project will establish the
business-model of the floating
wind farm and contribute to future
commercial projects. The consor-
tium members are also expected
o learn know-how of floating
offehore wind farm, which will be
one of the major export industries
in Japan.

The Fukushima FORWARD
project believes to help Fukushima
to become the center of new indus-
try which will create new employ-
ment in this region o recover from
the damage of the Great East
Japan Earthquake in 2011

-
R
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Fikushima Floatimg Offshora Wind Farm Demorstration Projest
Water tank test

By using a scaled model of 2MWW compact semi-submersible floater, water tank test was carried to clarify the
response of the floater under design wind, wave and current conditions on April, 2013. The optimum control
method during power production for floating wind turbine was also investigated. A dynamic analysis model of
FOWT is validated by comparing with the water tank test and onsite mesuremant data.

Miger Tank Tesk ‘,I Mg at||:|| al Marine Resarch Institule

Metocean measurements

The floating substation is equipped with met-ocean measurement devices. Wind velocities are measured by
using cup anemometers, wind vanes and sonic anemometers on the met mast, and the doppler lidar on the
main deck. The wave and current are measured by using the wave meter and ADCP on the middle hull. The
floater motion is also measured with accelerometers, GPS and gyros on the main deck, and a floater motion
compensation algorithm is also developed.
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Fukishima Floatmg Offshore Wind Farm Demorstration Froject

Compact semi-sub floater for ZMW downwind turbine

The construction of compact semi-sub floater for 2MW downwind turbine was completed in May 2013. This
floater consists of one center column, three side columns, three braces, the main deck beams and the pontoon
beams which support the wind turbine, The compact semi-sub floater has advantages for construction and
installation due to its shallow drought. The drought of the floater can be controlled by using the ballast tank
located at the bottom of the side columns.

e EBiERE R CEmpac] Semi-sub =7 Eeatrg Balkbst and Bantoon Beams

Installation of 2ZMW downwind turbine

The 2MW downwind offshore wind turbine was installed on the compact semi-sub floater in June, 2013. At
first the three sectioned 48.5m tower and the nacelle were assembled and then 39m blades were installed.
After receipt of commissioning test at Onahama, the 2MW downwind offshore wind turbine on the semi-sub
floater was towed to the site and began to generate power in November.

ACHEHA

Lilting of Blade
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Fusushima Floatng Offshore Wind Farm Demonstration Prajest |

Advanced spar floater for substation

The construction of the floating substations on the advanced spar floater was completed in June, 2013. COn
the main deck of the upper hull, a met mast and heliport are installed. Inside the upper hull, the world first
floating substation is equipped. The bottom hull is filled with concrete to lower the center of gravity, which
enabled the construction and towing in vertical position. The floater motion by waves is reduced by the unigue
hull shape with cob, middle hull and lower hull.

Uppear . i\ ‘A 3 . --I

{ Upper Hull e Hull ) 33 =1 ’ L i '::r-,u,l.-j_ré'-' '

An offshore floating transformer system which is both durable and unsusceptible to floater motion is
developed and the performance against vibration and inclination was evaluated through shaking table tests.
Furthermaore, a large capacity water proof riser cable superior to fatigue is developed and optimized by motion
analysis. Based on these technology, the world first floating offshore transformer system was established
against severe metocean conditions.
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[ 5 ] Fuisushima Floating Cifshore Wind Farm Demonstration Progect

The compact semi-sub floater with 2MW downwind turbine left Chiba dock of Mitsui Engineering &
Shipbuidling on 27th of June, 2013, After testing at Onahama Port, it was towed to the site and installed. On
11th of June, 2013, the advanced spar floater for floating substation left Isego dock of JMU and towed to the
installation site directly. From the 16th of June, 2013, the anchoring for the substation began and finished in
October,

o iR o Subskatan

In May, 2013, the anchor and mooring chain for both compact semi-sub and substation floaters were
installed. In June, at the coast of Hirono, where onshore substation is located, the installation of the submarine
cable began by the cable layer ship. The grid connection of the floating offshore wind turbine and substation
was completed on 31st of October,

AnchofamibeReck
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7MW floating wind turbine Fukushima Shimpuu |

turbines and ore loating power
sub-station have been installed off
the coast of Fukushima. The first
phase of lhe project consists of
one 2MW floatiig wind turbine, the
world first 260VA floating substa-
fion and submarine cable, and had
been completed in 2013, In the
second phase the installation of
TMW floating wind turbine Fuku-
shima Shimpuu was completed in

rotor diameter : 167m, hub height : 105m,the height of the top blade : 188m
depth : 32m, draft : 17m, length : 85m, width : 150m
no. of mooring chain : 8, chain diameter : 132mm




Fusushima Floating Difshora Wind Fanm Damonstration Project

SMW floating wind turbine Fukushima Hamakaze
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the damage of the Great East
Japan Earthquake in 2011.

rotor diameter : 126m, hub height : 86m, the height of the top blade : 150m
depth : 48m draft : 33m, length ;: 58m, width : 51m
no. of mooring chain : 6, chain diameter : 132mm

Flkushima Offshare Wind Corsoroum




Installation of 7MW wind turbine on Fukushima Shimpuu

The nacelle of TMW wind turbine by Mitsubishi Heavy Industries, Ltd was fabricated at Yokohama Dockyard &
Machinery Works, the tower was manufactured at Kobe Shipyard & Machinery Works, and the blades over 80m were
manufactured in Germany. All the above components were installed on the floater at Onahama port in Fukushima
prefecture, The world's largest 7MW wind turbine installation was completed at the beginning of June, using ane of the
gigantic cranes which were only a few in the world. The height of the top blade is about 200m above the sea level,

orrpleton of insta®ation of TS wind uemine on ihe foaler

Construction of SMW wind turbine and the floater for Fukushima Hamakaze

SMW down-wind turbine manufactured by Hitachi Ltd is now under construction and will be installed on
Fukushima Harmnakaze, which will be the second floating wind turbine facility in the second phase. Advanced
spar floater for Fukushima Hamakaze is also under construction at Sakai Works of an affiliated company of
JMU. The floater with 51m width and 33m draft is optimized for the construction and transport.
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Mooring chain development

All moaring chain used for the four floaters, the material of which is made by Nippon Steel & Sumitomo Metal,
are produced at Hamanaka factory. This material with lots of world track record is applicable to severe
metocean condition in Japan and improves abrasion and fatigue resistances, By 3-D analysis and fatigue
testing in the sea water, safety and reliability are validated. A dynamic analysis of the mooring lines by using
measured floater motion, the lifetime of the mooring line was evaluated and the development of long life chain
are also conducted.
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Riser cable development

The world largest riser cable is used to connect the sub-marine cable and floating substation as well as floating wind
turbines. The riser cable needs to be designed against fatigue load and water shielding is required while optimizing it
against floater movement and wave effect. To keep the riser cable in planned shape, the intermediate buoy, developed
by Furukawa Electric Co., Ltd and local UJK was used from the 2nd phase. Since the commissioning in November,
2013, there has been no major problem on power transmission. The data measured by the censors attached on the
riser cable is useful for the estimation of the life time of the cables and the development of O&M method.
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Environmental impact assessment

|

After installation of 2MW wind turbine Fukushima Mirai and waorld-first floating substation Fukushima Kizuna, |
environmental impact around the site has been investigated. By visual inspection which is conducted four times |
a year from ship, albatross and pelagic cormaorant are found as valued sea bird species and by sea bed fish |
inspection redwing searobin and pacific cod are found, By the fixed point abservation through the year, pacific |
white-side dolphin is found as marine mammal and yellow tail and large scale blackfish is found to be more |
than around adjacent sea. |

Flad point of flaating fish and manne marmal
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Albatross Redwing searcbin Pacific cod Yellow tail Biack fish
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' To assess the risks of collision of ships and moored floating wind turbines, maritime traffic was investigated
using AlS and navigation radar at Fukushima site. The collision, initiation of drfting and drifting behavior of
ships and wind turbines were investigated in wave basins. Analysis code of Rotor-Floater-Mooring coupled
analysis code was improved to investigate the response of mooring line in shallow water. The risk evaluation
procedure of the chain drift was developed based on the risk scenario combined with a chain drifting simulation
method,
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Fukiishirma Floating Cffsharg Wing Farm Daermonstration Project

Collaboration with fishery industry

Not only the regular meeting with fisherman, but also the research on fishing environment, fish catch testing,
fish research by ROV and provision of marine information data are proceeded. Through these activities, by
developing a new fishing method and clarifying the effect of fishing bank and fish gathering, future direction of
the collaboration between floating wind turbine and fishery industry was investigated.
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Operating and maintenance

2MW wind turbine and world first substation are working well since the commissioning at the end of 2013. At
the landing point of sub-marine cable, the onshore switching station is constructed and the four people are
always managing the offshore wind turbine facility by remote monitoring. While the normal maintenance work
for the power facility is done by boat, emergency response training by helicopter is also implemented to
execute necessary behavior in the case of emergency and more effective access method and Q&M method
ara developed,
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Fukushima Offshore Wind Consortium
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The University of Tokyo
Department of Civil Engineering
School of Engineering
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