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CURRENT STATUS OF
JAPANESE OFFSHORE WIND R&D PROJECTS

o ANd ITS ROADMAP

- This wind farm withstood
Tsunami on 3.11

= 7 units of 2MW Wind Turbine
- Extended to 15 units of 2ZMW
and to future Giga-watt farm by

& Kamisu, Japan / 2MW x15 EEEE AR DAk AT— EE




Total Capacity of Wind Power in the World (2)

WWEA: World Wind Energy Report 2013 - List of Countries and Regions using Wind Power in 2013

1 China 91'324,0 16'000,0 21,2 68,3 9,5 75'324,0 62'364,0 44'733,0

3 Germany 34'660,0 3'345,0 11,7 425,4 97,1 31'315,0 29'075,0 27'215,0

9 India 20'150,0 1'829,0 10,0 16,9 6,1 18'321,0 15'880,0 13'065,8
7 Italy 8'551,0 444,0 5,0 140,1 28,4 8'144,0 6'737,0 5'797,0
9 Canada 7'698,0 1'497,0 24,1 226,2 0,8 6'201,0 5'265,0 4'008,0
11 Portugal 4'724,0 196,0 4,4 439,0 51,3 4'525,0 4'083,0 3'702,0
13 Brazil 3'399,0 892,0 35,6 16,7 0,4 2'507,0 1'429,0 930,0

15 Australia 3'049,0 465,0 18,0 140,1 0,4 2'584,0 2'226,0 1'880,0
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21 Mexico 1'992,0 644,0 47,8 17,5 1,0 1'348,0 929,0 521,0

23 Austria 1'684,0 308,0 22,2 204,9 20,1 1378,0 1'084,0 1'010,6
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Total Capacity of Offshore Wind in the World

ANNUAL CUMULATIVE CAPACITY (2011-2014)
GLOBAL CUMULATIVE OFESHORE WIND CAPACITY IN 2014 10,000 MW.... e - -
- 8771
B Cumulative Capacity 2013
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UK Denmark Germany Belgium PRChina Netherlands Sweden  Japan Finland lreland ~ Korea  Spain  Norway Portugal us

Total2013 3,680.9 11,2706 5203 5715 4286 246.8 2117 49.7 26.3 25.2 5 5 23 2 0.02 7,046
New2014 8134 0 529 141 241 0 0 0 0 0 0 0 0 0 0 1,725
Total 2014 4,4943 12706 11,0492 7125 6699 2468 2117 49.7 26.3 25.2 5 5 23 2 0.02 877

Source: GWEC




' Setana  Bjack: Earl .
Offshore Wind Power ooa ack: Early exam

Green: Founded type
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Offshore Wind Projects in Japan

Location Map
Planning up to date
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National project of offshore wind Q—sini area
By NEDO in October; 2012




National project of offshore wind
in Kita-Kyushu area
By NEDO in May, 2013




METI’'s Fukushima Recovery, Experimental
Offshore Floating Wind Farm Project

:
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2013 2013 2014 2014

Project Consortium:11 members
Marubeni (Project integrator)

MHI

University of Tokyo

Mitsubishi Corp.

IHI Marine United

MES
Nippon Steel
Hitachi
Furukawa Electric Hitachi Hitachi 2MW MHI 7MW MHI 7MW
Shimizu Corp. JMU Spar Mitsui semi-sub MHI semi-sub JMU Spar
Mizuho Information & Research
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Source; Fukushima offshore wind consortium


http://www.google.co.jp/imgres?imgurl=http://www.thr.mlit.go.jp/miharu/outline/img/map01.gif&imgrefurl=http://www.thr.mlit.go.jp/miharu/outline/outline02.html&usg=__ZezEcMvfKqqer9AmXYOuFKkm-rs=&h=345&w=300&sz=13&hl=ja&start=3&zoom=1&tbnid=Xz4PpG111MzoIM:&tbnh=120&tbnw=104&ei=XWO0T-bLPIb_mAXH8bnvDw&prev=/search?q=%E6%97%A5%E6%9C%AC%E5%9C%B0%E5%9B%B3%E3%80%80%E7%A6%8F%E5%B3%B6&um=1&hl=ja&safe=active&gbv=2&tbm=isch&um=1&itbs=1

MOE Floating WTG Project at Kabashima
Islands, in Goto Nagasaki Pref. (1)

PC Hybrid Spar, Catenary Mooring,
100kW in 2012 2MW in 2013

Source; MOE Project consortium




1. Steel upper floating body, which was
manufactured in the plant, is connected with
the concrete made lower floating body at the
quay, resulting in completion of the hybrid
spar-type floating body.

4. The tower, nacelle and rotor are assembled to
the floating body, then, the wind turbine is
completed.

2. The (hybrid spar-type) floating body is loaded
on a salvage barge and transported to the
assembly site in the north sea of Kabashima.

3. The floating body is lifted and raised by a large
floating crane and is floated on the sea.

6. Mooring chains and submarine cables are
connected to the turbine at the demonstration
site and installation is completed.

5. After completion of the wind turbine, it is
towed from the assembly site in the north sea
of Kabashima to the demonstration site.



Comments of MOE Project

* The first grid-connected FOWT in Japan
(100kW half-scale model) was attacked by
severe typhoons, but it survived with no

damage.

— The survivabi
typhoon attac

 The full scale

ity of the spar type FOWT against
K has been proven.

~OWT (2MW model) has

successfully been installed and now in power
generation stage. No major technical barrier

has not been |

dentified.

Further cost reduction and experience are

required for commercial realization of the
floating wind turbine system.
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Hywind Scotland Pilot Park Source: STATOIL Website

Statoil plan to build the first floating wind farm off the Scottish coast. The park will be located
near Buchan Deep, approx. 25-30 km off the coast of Peterhead in Aberdeenshire.

The 30 MW pilot project will consist of five, 6 MW floating turbines operating in
_ waters exceeding 100m of depth. The Pilot Park objectives is to demonstrate
(% cost efficient and low risk solutions for commercial scale parks.

The technology that will be used in the pilot project has been tested with
excellent results in a demonstration project off the coast of Norway.

R ' ® Hywind
. ® Aberdeen Floating wind represents a new and significant renewable energy source that
.‘; : ; will complement an existing and expanding array of alternative energy projects
4 in Scotland.
7 { v
,’1 K

This pilot project is expected to demonstrate the feasibility of multiple floating
3 wind turbines in a region that has optimal wind conditions, a strong supply

* Statoil office ¢ Wind turbine chain within oil and gas and supportive public policies such as enhanced

support for floating offshore wind pilot parks under the Renewables Obligation

(Scotland).



Offshore Wind Turbine System ( Structures for each water depth)
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n One Example of Future Offshore Wind In

C . ®
7 Floating Type SCD nezzy 8omw

New revolutionary floating solution.
reduces the costs by 40% due to:

m concrete foundation design

m quided leaning profiled tower ' e
m self-adjusting downwind rotor e o

m stabilised by 3 flexible floaters
m installation without crane ships

-
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Future Technology of Giant Wind Turblne
for Offshore Wind (1) £

Two-Blades Turbine

1) Comparatively low cost

2) Easy maintenance in offshore
3) Teetered hub or traditional one?

Distributions of Induced Coefficient on Surface of Rotated Blade



Future Technology of Giant Wind Turbine for

Offshore Wind (2)
Vertical Axis Wind Turbine of Darius Type
1) Low center of gravity in turbines, 2) Easy transport ?

Prototype Nénuphar
Fos-sur-Mer (Caban, Darse 1)

A t Unités industrielles ZIP Site d’'essais temporaire MISTRAL o
V‘ : Marseille-Fos Au large de la Commune b
de Port-Saint-Louis-du-Rhone

2013 2014 2016 A partir de

Debut de la construction  Identification sites possibles Expérimentation 2017
d'assemblage et de maintenance Prototype en mer D&mondaiein

13 éoliennes

prototype terrestre

Source: Nenuphar Website



Future Technology of Giant Wind
Turbine for Offshore Wind (3)

_’2—:

> N
New Drive-train of Hydraulics N 5 54
1) Gearless \ _ \f
2) Small size of generators
IS available.

3) Easy development to larger size

Appearance Pistons Appearance Pistons

DDP/DDM: Digital Displacement Pump/Motor

Mitsubishi Heavy Industries Technical Review Vol. 50 No. 3 (September 2013) KU



Negative Damping Analysis for Spar-Type Offshore Wind
RTS control in order to make variation of power and tower movement smaller

Orover with small reduction of power
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Stakeholder Management Research
In Nagoya University

Set up of offshore wind projects in Japan
 Communication with local stakeholders
— To identify local stakeholders and to coordinate their interests
— To support local offshore wind energy policy
— To create local benefits through an offshore wind project
— To give lectures and workshops to local people
« Communication with governments and private companies
— To discuss the laws to use general sea areas

— To discuss risk analysis Source: Nagoya Univ.

\ Stakeholder management |

The Face Surface y

To make the mutual agreement
(Example: Set-up of acceptance with H
Fisherman’s Union)

The Face & Back

Offshore Wind Business Di ion Field \M—anmL~; BEBRE )
iscussion Field 4 T 0 BARME [0
agreement s set-up by ng-88 Manager
knowing the both sides RIS %

At the same time, to check the risk
(Example: Check the impact on the h EERAR
5 R 82
The Back Surface project feasibility) L
HrERRE

. Risk management i ERD PREEE
SEEERTEREZRDD BREFDD RMEID

Relationship of stakeholder management and risk management Consensus building process in a general sea area Workshop at a elementary school
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Roadmap of Electricity for 2030 by JP Government

Electricity Demand Electricity Constitution
Save Electricit Generated Electricity S0 small wind is !
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ROAD MAP of Offshore Wind

proposed to government by councellors in Office of Cabinet Secretariat
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FIT for Offshore Wind in Japan

Newly started from April 2014

*FIT has started in Japan from October 2011.

FIT for Offshore Wind has firstly been introduced from April 2014.
It was based on BOT cost but it shall be applied to FOW as well
unless separate FIT for FOW will be introduced.

2013FY 2014FY  Duration

Wind Onshore Wind Yen22 Yen22 20 years
Offshore Wind --- Yen 36 20 years
Solar PV less than 10kW (house) Yen38 Yen 37 10Years
more than 10kW Yen36 Yen 32 20Years
Geothermal 15MW or more Yen26 Yen26 15 years
less than 1SMW Yen4d0 Yen40 15 years
Biomass Biogas Yen39 Yen39  20Years

(Tax exclusive, Price per kWh)
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FIT for OFFSHORE

F LR AORZEMGICROIARIOMYFLEHZITLELL:

BEEXREE. FR25F 11 AKY. ELERIDORTUOVILARENGEMNAEIC
BWT. BEARRIRLT—DEALKRZRS LETREGD, F LR DO ZE(
BOEREICAIT T, FLRAADDIARMEFEICOVWTREAZITOTEWWEL -, SHE.
BRERNBERYFEELEOHFTELI-OT, ZORBRZEZINMDEEY RARLFET,

3. MYUFEELEHDRAE
AABRETIE, BB ERICKIYEONE-ERFTHRFEZ. BEHAEICBSVT, FLA
NEEEFHEMICERBL-EESICWLELLIERADRIEFITOVEL-,

NEDO PJ
E.REI1ETLEA. CE20~50 D1 R O7—LIZHEIREL =15
Ad)%ﬁ%kcwcnﬁ;%u—a_a EARE 107 AM. 112 BA/KW. EEf#iFE 2.3

BHH.31 AE/KW/EELGYELT:
3.1 TFA/KW/ETY + CAPEX 1.07MYen, 1.12MYen
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« CAPEX 450KYen

DEEZSTERIEICHE—BBEEFDIHEL
BEXE 45 TH/ KW, 1EEGHEIFE 2.1 T kW/ 4,
FEENSLITFDIEHEHBH o=,
- f/iliﬁ%%‘w#Ezﬁ*@%&@%wo)ﬁ?ﬁs’?/# THEIR FEME
- FBREYRIPRBEFHFHEDZEBLLEIZF 57
QHERIR M BLVELEE () ICH VT, FAN CHEFILEEZE T BEAH9/Z
g2 ra ki vaeyd * CAPEX 540-590KYen
BEXE 54~59 T/ kW, 1 &8 FFE 1.5~3.0 T/ kW/ %,
(VE) ERMPRS . HEAE L REFIEPFETCE 5
OME TAEREZRE T IR ZAENSE, 1A E B GEEEE
FERETST—X [ CAPEX 750 /90KYen
EXE 75 5H. 79 FH it rE 21 FH. 2375H/kW/fﬁo
—BBDEE D HIE, I&—z@otyf* B TERFHIEFE > TUVBHE T
DAXEREL ZIEAL - EMIEDREVUGEEDEZ S BH o/,

EFRDETIE. I, O oQ@DEMNFLESNFELA, RIFICBANEES
NAHMIBRIRIEO, EQOXIGREE - EEZ RFEICEIMNICELT, BYEIRAMK
HEDFHEL R INSHEDRBLELYFLT=,

BEEEEHPKLY  http//www.meti.go jp/press/2013/01/20140107001/20140107001.html
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YER26F EREMSRUBEMEIC DN TOES:

Q@F LEAAE) : FIT for OFFSHORE

@EME @GEElIT without tax 36El/kWh 36Yen/kWh

EAE CAPEX 56588/kW 565 KYen
2eriEE OPEX 2.25P8/kW/E 22.5KYen
=imfA%E  Capacity Factor 30% 30%

IRR (#3518) |IRR 10% 10%
#BEEY  Period 20% 20Years

GENREBRVEZRTFTOVTIOBEITLOMEFICLLTILAZLELETHLO

Source: METI



Japanese Typhoon Experience and etc.

New Guideline for Wind Turbines in Japan and Asian Area

Typhoon attack

Miyako Island was hit by huge Typhoon g
#14 on 11.Sep.2003 and all 7 WT were :
destroyed; 3 fallen down, 3 lost blades,
1 lost nacelle roof

High level of turbulence in wind

due to complex terrain
Strong Lightning




