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Global Wind Market

WTG Capacity by Country
(Global Cumulative Capacity: 370GW at end 2014)

Ranking (Share)

Rest of the world China 31.0%
USA 17.8%
Germany 10.6%
Brazil Spain 6.2%
Italy India 6.1%
France UK 3.4%
(anada Canada 2.6%
Urited France 2.5%
Kingdom Italy 2.3%
Brazil 1.6%

India

Top1l0 total 84.1%

_ s (311GW)
Spain

Global total 370GW

Germany

(Source: GWECQ) 3



Global Wind Market until now

(Cumulative capacity : MW)
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. . . . World Market Growth Rates [%
Wind is one of most growing industry (%]

2004 : 47.6GW—>2014 370GW

41,7
Expanding 7.8times in 10years until 2014 /ﬁ\
From 1997: 13times in 10years J - A s
50times in 17years until 2014 292 82 23\
Global Wind in 1997 was 7.6GW s e

21,3

(Offshore wind in 2014 was 8GW)

Annual Generation Capacity in 2010: 430TWh
equivalent to 2.5% of Global Electricity Demand 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Job in Global Wind industry : 670million in 2010



Global Wind Market ongoing

(2014-2019)

(Cumulative Capacity : GW)

Global Capacity will be expended by 1.8 times in 5 years
to 666GW in 2019 from 370GW in 2014
8GW 1997— 370GW 2014 —» 666GW 2019

(Source: GWEC(Global Wind Energy Council) )
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Global Offshore Wind Market

London
Array

UK Round2 630MW

175 SWT-3.6 turbines

and two offshore SS

20km offshore Kent coast

Commission April 2013

Construction Cost £ 1.8Bil
(3,300/2F)

London Array  (1:46)
https://www.youtube.com/watch?v=s7ITjrigFco&feature=player embedded



https://www.youtube.com/watch?v=s7ITjrlqFco&feature=player_embedded

Offshore Wind Market in Europe until 2014

(Cumulative Capacity : MW)

Europe leads offshore wind market

2010: 3GW — 2014 : 8GW — 2020: 24GW
(equivalent to 24 big Nuclear Reactors)

Expanded by 13times in 10years until 2014

8000 0.62GW in 2004 — 8.05GW in 2014
F000
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Cumulative installed capacity

Cumulative Capacity of Offshore Wind in Europe

(Source : DNV GL based on EWEA) .



Offshore wind in European Countries

(end of 2014 : MW)
UK as No.1. Following by Denmark, Germany, Belgium, Netherland, Sweden.

UK will start construction of UK offshore wind Round 3 (31GW) soon.
France will enter into offshore wind market.

Ireland 25, 0.3% \ Spain 5, 0.1%
Finland 28, 0.3% 1 Portugal 2, 0.02%
Sweden 212, 2.6% | Norway 2, 0.02%
MNetherlands 247, 3-..11—‘\.,& \\ |

Belgium 712, 8.8%

—

(Source:EWEA)

(Source :DNV GL based on EWEA)
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Global Offshore Wind Market until 2025
(2000-2014 2015-2025) (Cumulative Capacity : GW)
Offshore Wind Market will expand globally after 2020 .

World 9.6GW (2015) —38.2GW (2020) —65.1GW (2025)
Europe 9.1GW (2015) — 27.7GW(2020) — 41.8GW (2025)
Other Area 0.5GW (2015) — 10.5GW(2020) — 23.3GW (2025) 2025

Medium scenario (GW) 2015 2020 2025

UK 5.1 111 15.7

Rest of Europe 4.0 16.6 26.1 2020
Rest of World 0.5 105 233 @
Japan 0.0 0.5 16

GLOBAL 9.6 38.2 65.1

H RoW - Low Ao - Med ROW - High
2015
[l ELR - Lowy EUR - hMed EUR - High @

BUE-Low UK - Med LK - High

2000 2001 2002 2003 2004 zDOS 2006 ZDOT7 2008 2009 2010 2011 2012 2013 2014 2045 2016 2017 2018 2049 2020 2021 2022 2023 2024 2025

Global Offshore Wind Market (Record by 2014 and Estimation after 2015)

(Source: 4offshore, Carbon Trust)



Offshore Wind Construction
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Ilufratibn for construction of Offshore Wind Turbines and ub Station

(Source: DNV GL)



[ Floating Offshore Wind Projects in Scotland
(Three projects by 2018)

3.5 ROCs will be available for Floating Offshore Wind in Scotland by 2018.

(Reference) 1ROC=~ £45/MWh (¥8.41/kWh)
3.5ROC+ Wholesale=~ £208/MWh (¥38.8/kWh)  (Ex.£ =@¥187)

t%, Hywind Pilot Park 30 MW
Douflreay Test Facility 30 MW ﬁ N S [a[o iI b.: A » o™, ;

L XN /
V 'HW - -
- ' ’ "‘_.'\ : :
| . 8 : “_7;_3;.. % ' )
’ '

Concept: Hywind spar buoy (Statoil)
s Developer: Statoil
Concept: Multiple TBC — TLP? . Turbine: 6 MW x5
Developer: Highlands & Islands Status: FID in September 2015;
Enterprise ‘ installation 2017
Turbine: 6 MW x5
Status: Awaiting approval for grid p R I N c I PLE

connection; installation planned for renewable energy delivered
2018

% Concept: WindFloat (Principle Powe
Race to install projects by 2018 to qualify for enhanced ROCs (3.5) D::;:pﬂ_ ::m Oifs(h:re we e

» Currently no successor subsidy mechanism beyond 2018 Turbine: 6 MW x8

Status: Installation planned for 2018

3 Floating Offshore Wind Projects in Scotland (Source: The Carbon Trust)
11




China

Offshore Wind in China

Inaugurated
In 2010 Donghai Bridge (Shang Hai) 102MW (equivalent to 200mil homes)

In 2012 Longyuan Rudong Inert tidal (Jiangsu Province) 131 MW

Depth
) Cap. ) Build Cap. i km to
Wind farm * Turbines L] Where + | When # + #  range # # Country # Owner ¢ Refs. ¢
(MW) Cost fac. shore
(m)
21 x Siemens
Longyuan 2.3-93
) o 304N 500 _ EI4I5]
Rudong 131.3 | 6 x 1.5MW Sinovel 2012 . 0-8 4 Bl China | owner
i ] 121°15°36'E million ¥
Intertidal various 2 = 3MW; 2
x 2. 5MW, 6 = 2MW
) ) [817]
Donghai 34 x Sinovel 30°46"12°N Uss 102 _
) 102 v o 2010 - 7 16 il China | owner
Bridge SL3000/30 121°59°38°E million

"Cap." is the rated nameplate capacity of the wind farm

"When" is the year when the windfarm was commissioned and put into service.

"Cost" is the total capital cost of the project up to commissioning.

"Cap. Fac." is the average capacity factor, i.e. the average power generated by the windfarm, as a percentage of its nameplate capacity.

"km to shore" is the average distance of the windfarm to shore, or (where available) the distance from the in-farm transformer/substation to the shore
"Depth range {m)" is the range of minimum to maximum depths of water that the windfarm is sited in

"Refs” cite the source references for the information. The [w ...] footnotes link to each windfarm's own home page

12



Dong Hai Bridge Offshore Wind

People's Republic of
China

Country

Started Operation in June 2010 ézn;nafﬂsasat'c:mie'
103MW (3MW X 34) Coordinates (g 30.770°N 121.994°E
(Sinovel SL3000-92) status Operational

Construction began July 2008

(Equivalent to 200 thousand homes) ., mssionaate  suy s, 2010
Offshore Shanghai Owner(s) Shanghai Electric

Water depth 7m, 16km from coast. . e



Longyuan Rudong Inter tidal Wind Farm

x
=k

Demonstration Site
For Chinese wind turbine manufacturers
and industries

Started operation in 2012 for total 131MW
(Siemens 2.3MW x 23, Sinovel 1.5MW x 6
Various 3MW x 2, 2.5MW x2, 2MW X 6)

I HHINE Water Depth 0-8m, 4km from coast

g
=
[} 3
ma
ey N
SRS
o | oy

Official name EETHINE1S0MWE
£ (FiEw) FERE
7

Country China

Location Rudong County,
Jiangsu pravince, East
China Sea

Coordinates (¢ 30.504°N 121.260°E

Construction began 2011-06-21
Commission date 2012-11-23
Construction cost 500 million ¥

Wind farm
Type offshore
Site area 107 km? (41 sq mi)

Max. water depth & m (26 i)

Distance from shore 4 km (2 mi)
Power generation

MNameplate capacity 150 MW

14



Longyuan Rudong Intertidal Wind Farm
Expansion Plan

Extending by 49.2MW (Construction 2014~2016)
Aiming for Bigger WTG development by Chinese manufacturers
(Goldwind 3MW x 1, CSIC Haizhuang 5MW x 2, DEC 5.5MW x 1,

Mingyang 6MW x 1, Envision 4MW x 7)

Developers/Owners/Operators
Raole

Developer

Database as Excel [[X: | Add Your Organisation [#]

Organisation

China Longyuan Power Group Corporation Limited(#ZR i3.71 ] i#{#36FR:F]) (China Guodian &

Corporation (#EEE # &4 )
Being developed through subsidiary Jiangsu Offshore Longyuan Wind Power Co., Ltd JTHE R

R AR ]
Owner

China Longyuan Power Group Corporation Limited(#5E .71 5] i2{nEFRLF]) (China Guodian 7

Corporation ( #EE & &5 &))
Being developed through subsidiary Jiangsu Offshore Longyuan Wind Power Co., Ltd;TiHE LR

R AR T

Project Details for Longyuan Rudong Intertidal Trial Wind Farm -Extension

General Information Name

Other names
Country name
Region

Comments

Round (or calegory}
Development status

Comments on the status

Database in Excel [I=

Longyuan Rudong Interidal Trial Wind Farm -Exiension 7
TR R T R ImE V4
China 7
Jiangsu, Nantong, Rudong 4

The project is included in the "National Offshore Wind Power Development
and Consiruction Plan (2014-2016) and, as a result, will be treated by
MWEA as approved. This means the developers will be responsible for the
risks and shall implement all conditions for construciton. Once the sites
are qualified to a cerfain extend they can report to local authorities for
approval.

4
2014-2016 development plan 7
Partial Generation/Under Construction s
4

Power & Turbines

Windspeed

Costs

Location & Environment

15

Notice any Errors?
Project Capacity
Turbine Model

You can keep this an open resource by submitting corrections!
49.2 MW e

Goldwind 3MW x1, CSIC Haizhuang 5MW x 2, DEC 5.5MW x 1, and
Mingyang 6MW X 1, Envision 4MW x 7

7
Turbine Capacity rd
MNumber of Turbines 12 rd
Total Turbine Height rd
Hub Height 7
Rolor Diameter 7
Foundation Various (Grounded: Monopile+Jacket) ;//
10 Year Mean Wind Speed Available online now
(2000-2009)
Stated Project Cost CNY/(mill) 790.00 rd
Sea name East China Sea rd
Cenire latitude 32.555° 7
Centre longitude 121.233° ;//
Area 13 km? 7
Depth range (Chart Datum) Om-2m s
Depth range stated by developer 0 m-6m s
Distance From Shore (reported) 4.5 km ;//
Distance From Shore (computed 8.5 km V4

from centre)



Offshore Wind Plans in China

Name

CP1 Binhai South offshare wind farm...

CSIC Jiangsu Rudong 300MW Offsh. ..

Dafeng H3
Dangtai wind farm - phase 4
Fengxian

Fengxian Large Scale

Fujian Pingtan Datang Changjiangao. ..
Fuging Haitan Sirait Intertidal wind fa. ..
Fuging Haitan Strait Offshore wind fa. .
Guangdong Yudean - Xuwen offshor. ..

Guangdong Yudean Zhanjiang Wailu. ..

Hainan Dongfang Offshore Windfam
HEC Lamma Offshore Wind Farm

Hong Kong Offshore Wind Farm in S...

Huadian and Mingyang

Huadian Caofeidian Offshore Wind F...
Huadian Yuhuan Offshore Wind Far...
Huaneng Dafeng Intertidal C4 Wind. ..
Huaneng Rudong Offshore Wind Far...
Huaneng Yangjiang Shapa Offshore. ..

Huayuankou

[0y

oy | (o | oDy | (oD

oy | oy | oDy | GOy

oy | (o | oDy | GOy

oy | (o | oDy

o0y | (o

Jiangsu Longyuan Dafeng Offshore. ..
Jiangsu Longyuan Dafeng Offshore. ..

Jiaxing 1 Offshore Wind Power Project
Jiaxing 2 Offshore Wind Power Project
Jiaxing 3 Offshore Wind Power Project

Laoting Bodhi Island Offshare Wind. .

Laoting Yuetuo Island Offishore Wind. ..

Longyuan Putian Manri Island 400M. ..
Longyuan Futian Manri Island 400M._..
Mantong Haian Xiehe 47 5MW windf ..

Fingtan experimental zone 300MW 0. .

Powerchina Rudong C1 Offshare Wi...

Futian Finghai bay offshore project p.._.
Futian Pinghai bay offshore Wind Fa. ..

Sheyang Offshore Concession Project
Sinohydro Tianjin Mangang Offshore. ..
Sinohydro Tianjin Mangang Offshore. ..

Xiangshan 1 Offshore Windfarm - ph...

16

N
.
1%
e
Huaiyin
L
Yancheng [==]
— ¥ 4
Shaoba Hit b ' -
¥y
¢ L
Yangzhoty Taizhou i
- .
Zhenjiang Nantong
Nanjing L L
«Changzhou
WLXi o =
Tar Hu
*Suzhaou * .
Shanghai
&
e
]
=P
Hangzhou, C\ DD

Shacormg‘ 3
Ningbo

-
PUyana . cheticheng

¥resinra

Sea



Offshore Wind in Japan

Full scale BOW Test 3km offshore Choshi city, Chiba Prefecture
Carried out by NEDO & TEPCO since 2010 with 2.4 MW WT.



Wind capacity in Japan

2005 — 2014 (FY

Red : Annual Installed Capacity (in same scale) Source : JWPA

Wind Capacity in Japan
300 z A TR 2921

|
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255.6 264'?

260 ~—| @ Cumulative Capacity 2
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220 4 @ Anuual Capacity

200
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Capacity in 10MW

FIT (Feed In
Tariff)

1

2008 '2009 '2010 2011 2012 '2013 2014
Fiscal Year I
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Onshore Wind

Wind Resources in Japan

Average Wind Velocity at 80 meter above ground. Source : NEDO

BERHRER MR
SEMTHME (4 E60m) A &

B 5. 5o/l E
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B 6. Sm/skt b
1 7. om/st
2. 5m/sil ke
I 8. Om/siL E
B 6. 5m/sil b
B 5. Om/sil E
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Onshore Wind

WTG Local Capacity by Prefecture
From North to South in Japan

340,000 320
320000 | ) IEEEENER 1 300 g
300000 | Blue : Cumulative Capacity as of end 2014 FY NizeE=mwER w0 3
250,000 : Cumulative Capacity as of end 2013FY —EHIFEFREESR ’60 g
' Red: Number of WTG as of end 2013 FY =
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From Left to Right, from North to South by Prefecture

From Left, Hokkaido, Aomori, lwate, Miyagi, Akita, Yamagata, Fukushima, Ibaragi, Tochigi, Saitama, Chiba, Tokyo, Kanagawa,
Niigata,Yamanashi, Nagano Shizuoka, Aichi, Gifu, Mie, Toyama, Ishikawa, Fukui, Shiga, Kyoto, Osaka, Nara, Wakayama.

From Right, Okinawa, Kagoshima, Miyazaki, Oita, Kumamoto, Nagasaki, Saga, Fukuoka,
Kochi, Ehime, Kagawa, Tokushima, Yamaguchi, Hiroshima, Okayama, Tottori, Shimane, Wakayama.
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Offshore Wind

Near Shore Wind Resources in Japan

Average Wind Velocity at 80 meter above water.

ALAHRE RER

S0 R 15 B8 (N L80m)
B csmsiit
B 70m/sii t
I 75m/s k
80m/sElt
B ssm/ssi b
B com sk

Source : NEDO
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Offshore Wind

Offshore Wind Potential in Japan

Deep sea good for Floating Offshore Wind : 519 GW
Shallow sea good for Bottom Fixed Wind : 93 GW
Total 612 GW which is 3 times bigger than total power capacity in Japan

Sea Area with averaged wind speed exceeding 7.5m/sec at 80m height

75m/ skl L at 80mME
Source: JIWPA
{6 M km?]
35000
Total - 30,000
—— - 25.000 )
20~30km 2000 Sea Area (km)

Distance from . )
the coast (km) bl o~ toum . i1} 5000
0-20m 20-30m 30-%0m 0-100m 100
Water Depth (m)

20GW Offshore Wind can provide about 5% of Japanese electricity demand.

Source: JWPA
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Wind Road Map (vision) by JWPA

(Japan Wind Power Association)

Cumulative Capacity (GW)
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FOW 0 0.1 38 129 18
| BOW 0.03 06 58 15
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JWPA published challenging Vision toward 2050

2040
2042

$88

2050

Source: JWPA
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Offshore Wind

BOW 2 MW
Offshore Kita Kyushu
Fukuoka Prefecture
2010-2015

a0k

Ministry of the Environment

S rower @E DO

HALAHRRE RER
S50 4 B (0 L80m)
B csmsilt

B 70m/si t

B 7.5m/s60 E
8.0m/sklk

B a5m/sn b

B com/silk

Offshore Wind Full Scale Test

=R

BOW 2.4 MW
Offshore Choshi
Chiba Prefecture
2010-2015

0(0)0 @EDO

TEPCOD
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Offshore Wind

Joint Program
between

(NEDO

2)

BOW Full Scale Test

3km offshore Choshi city, Chiba Prefecture

Since May 2010

Location : 3km Offshore (water depth 12m) offshore
Choshi city, Chiba Prefecture
Rotor diameter : about 92 m (2.4MW)
Test period; from May 2010 until Feb 2015
Development Cost : About 3.5 billion Japanese Yen (US$ 35 mil)
NEDO support two third of the project cost.

Full Scale
Test

Offshore met mast and Wind turbinei(BOF)

25



Offshore Wind

BOW Full Scale Test

1.4 km offshore Kita-kyushucity, Fukuoka Prefecture
Since August 2011

Joint Program
between

Location : 1.4km offshore (water depth 14m)

off Kitakyushu city, Fukuoka Prefecture, Kyushu Island
Rotor diameter : approx. 83m (2MW)
Test period ; from August 2011 until Feb 2015
Development Cost : About 3.5 billion Japanese Yen (US$ 35 mil)
NEDO support two third of the project cost.

Full Scale
Test
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Offshore Wind

B 3 g e FOW Full Scale Test by MOE

amadnsanzd  1km Offshore Kabashima island, Goto City, Nagasaki Prefecture
Since 2012 (100kw) & 2013 (2MW)

ElAstudy : 2011-2015FY
Feasibility Study : 2015 FY

wic HITACHI

Inspire the Next
Hybrod Spar
Steel & Concrete
2012 WTG 100KW Hitz ‘%‘ﬁ'ﬂ”"“.

TODA CORPOEAT RN

2013 WTG 2MW
& Floating Met Mast
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http://www.google.co.jp/url?url=http://www.toda-bp.co.jp/&rct=j&frm=1&q=&esrc=s&sa=U&ei=nO-XVdLeLMjM8gX_rr_QCQ&ved=0CBgQ9QEwAQ&usg=AFQjCNEOzwujmW963FNg7Op-GTUg0mUbhw
http://www.google.co.jp/url?url=http://www.toda-bp.co.jp/&rct=j&frm=1&q=&esrc=s&sa=U&ei=nO-XVdLeLMjM8gX_rr_QCQ&ved=0CBgQ9QEwAQ&usg=AFQjCNEOzwujmW963FNg7Op-GTUg0mUbhw

Oftshore Wind - EQW/ Full Scale Test by METI

RREEXA 20km Offshore Fukushima Prefecture

Ministry of Foanamy: Trade and industry

http://www.fukushima-forward. |p/enqllsh/news release/news150622.html

Phase I (2011~2013) > Phase II (2014~2015)
Floating Substation Compact semi-sub Advanced Spar V shape semi-sub
(SS 25MW) 2013 (WTG 2MW) 2013 (WTG 5MW) 2016 (WTG 7MW) 2015

HITACHI HITACHI HITACHI
WTG Inspire the Next Inspire the Next Inspire the Next u“uﬂﬁ#s%lussﬂn!
JMU
F I O at Japan Marlne-;l:;; Corporation r r MES -_LM_H MITSUBISHI
M =3EM Japan Marine United Corporation HEAVY INDUSTRIES, LTD. o8



http://www.fukushima-forward.jp/english/news_release/news150622.html

Fukushima FOW Test

2MW WTG installed in 2013
Operation from November 2013

4 - peoee B e The Trmtictor T TOCes meea Scme By SV CatwrcC Lotre was coTomtec © Mey 000 Te
mmm“{y’e Foating Wind Turbine ‘“Fukushima Mirw™ Nwle o ows o ve e Care Tree mie adumre Tres races Ite e Seh lweron @] S gt
P WU wppert T wind Satee The rorpet seThed Taer tee sdveTages S ereeaten el

tntater Sus bt Ewow STt The Srag of the Sorwe et be corteled Sy sy Be Seieet e

- e e o -
o e )
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Offshore Wind

Fukushima FOW Test
25 MW Floating SS installed in 2013

i - e a P e o)
Water tank test

By g @ sombed mociel of JWAN compmc! seThactmarnte Soater wader et et s S ciety S
G6kV Floating Substation “Fukushima Kizuna™ et of B Dot e Sem)t WG were wd et Ators on At 2003 The st serdul
MO Zeeg owe (redamr B fGERy el LTEe eNe we) IveEpees & Terie eredy s moom o

FOWT & vekieind by corvpasrg o S oster lard el aead comie Fascreee e

BRI R L T R T T
MG SE STATIOTEIECE SENE VETEE S0 MU STETETTERS 30 B mel mae e e Sopcher ke or e
R Sech. The ween o et A reanend By Sag Be s Tetet s ADCE 00 Se maide It e
Rowier Tl w A measewd oI scosieroraten SIS ana gyres o the T seck vt 8 fosler maton
ErparRatnr ST N AR Sevetec




Offshore Wind

MHI 7MW WTG (Sea Angel)

Rotor Diameter : 157 m

V-Shape Semi Sub for 7MW WTG
Towed from Nagasaki to Onahama port,
Fukushima Prefecture
300ct-10Nov 2014

BhETMWARSZD—ofTHRE 000 PP s -7

FOW Schedule in 2015
July — September Offshore Installation
December Starting Operation

(Source: METI, Fukushima FORWARD)
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Offshore Wind

Offshore Wind Plannings

Offshore wind is inevitable in Japan because onshore potential is limited.
There are two BOW test projects offshore Choshi, Chiba and offshore Kita-Kyushu, Fukuoka.
There are also two FOW test projects offshore Fukushima and Goto Islands, Nagasaki. (Source: MET])

Remarks (as below) 80MW BOW _— (As of Nov 2014)
- _L Ishikari New Port

(Planning) ]
E Red :.:!'ﬁiﬁ Noshiro Port Akita Port y Wekicanai Port 10MW BOW
: 600MW BOW e aro | P | (Pranning)

r Blue PP —— SErr & General Sea
r Green gkt I I Sakata Port =
ZOOMW BOW o Mutsu Ogawabara = 12MW BOW J
Black |- (Planning) Off Iwafune Murakami city o : Port (Planning) F
(General Sea)
- A <t Proie
60MW BOW (Suspended) &
Off Yasuoka
FOW Test Project e Simonoseki City
ot (General Sea)
-2 )
——  250MW BOW by SB —
F - 5 Kashima Port = Energy & Komatsuzaki G
BOW Test Project o BOW Test Project
BOW 2 MW by NEDO & J.Power [ Omaezaki Port BOW 2.4 MW _
Offshore Kita Kyushu - - Off_shore Choshi
Fukuoka Prefecture 50MW BOW (Suspended) Chiba Prefecture
June 2013 Start Operation # Kita Kyushu Port Oct 2012 Started Operation
=1

Until March 2015

R K Red : Developer has been determined, Blue: Registered in Port Plan
emarks Green: Under study in Port Plan, Black: Others
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FIT for Offshore Wind in Japan

Newly introduced from April 2014

Wind Onshore Wind

Offshore Wind

Solar PV smaller than 10kW (house)
10kW or larger

Geothermal smaller than 15MW
15MW or larger

Biomass derived Biogas (Methane)
Wasted Biomass smaller than 2MW
2MW or larger

Additional Charge for FIT in 2015 FY : fixed at Yen 1.58/kWh

2013FY

Yen 22

Yen 38
Yen 36

Yen40
Yen26

Yen 39
Yen 32
Yen 32

(Tax exclusive, per kwWh)

2014FY 2015FY Duration

Yen 22
Yen 36

Yen 37
Yen 32

Yen 40
Yen 26

Yen 39
Yen 32
Yen 32

Yen 22
Yen 36

20 years
20 years

(*1) Yen33/Yen 35 10 years
(*2) Yen 29/ Yen 27 20 years

Yen 40
Yen 26

Yen 39
Yen 40
Yen 32

(Average consumption per household in Japan : 300kWh/month)

15 years
15 years

20 years
20 years
20 years

Remarks on Solar PV

(*1) need conditioner ¥29

(*2) April-June ¥29
July-March ¥27
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CoE

Cost of Energy in 2010 & 2030 in Japan

JWPA Model s of 2014 NEDO
(CoE : ¥/kwh) 2010 2030 White Paper on RE Tech (Ver.2 Feb 2014)
-Big Scale Onshore Wind : 10 (CoE : ¥/kwh) 2020 2030
- Onshore wind 9.9-17.3  8.8-17.3 -Onshore wind 7-11 5-8
- Offshore wind 9.4-23.1  8.6-23.1 - Offshore wind 12-17 8-11
Coal 9.5 10.3
Nuclear 8.9 http://www.nedo.go.jp/content/100116324.pdf
Hydro 10.6 http://www.nedo.go.jp/content/100544818.pdf
(A~ kwh] CoE by Power Source =]

(as of 2004 for Model in 2010 & 2013)

JWPA (2014)

CoE by big scale onshore wind farm
T could be in the same range
& of CoE by Coal or Nuclear

40 =S

I - -
- =]

=
RFATE 19~

0

METI (2014)

CoE by big scale wind farm
could be the same of CoE by Coal.

20 4

TES iy pw -n'J'r-:m we | me | 52 | 52

NuU Coal LNG Ol Wind Geo-T PV Hydro Biomass Co-Gene

OnS OffS Mega House Big Small Gas Oil
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Offshore Wind

Wind Simulation Model in Japan

Offshore Wind Map

Tentative plan for FY 2015 — FY 2016 by METI

* Preparation of Simulation Model of offshore wind from weather simulation and
satellite data.

« Image of Output of Map

METI

i gry of | ey Bygin e degiosery

o e
o o
. 0 2 .‘/’ e
TR el 4
70 R
- 3
e,
R s—
(Left) Average wind speed (Right) Wind model on each site

*  Wind Map with 500m mesh from onshore to offshore by utilizing current available
data

35



GRID

wWind vs Grid

Good wind area locates north.
More than latitude 40 degree North.

However Grid is weak in such area due to small demand of electricity.

. <y Grid Access Capacity for Wind
Wind and Grid in Japan P vy
Good Wind Area o :
0 ——— Grid Access Connected
K4 l]-\_‘ ~ Less Demand & . . Capacity for Wind  As of March 2013
! 1) A\ 1 Weak Grid Area == T~ :
' ; l"l_.- , % .
l‘ {:‘* s ff,:' o ? e "v.‘ Hokkaido 26 31.6
40degree North \\lm L” ’I E:uu , I" ‘: : TOhOkU EDD 555
e 2 \ / Tokyo . NA 37.1
_.»* Chubu NA 22.4
Hokuriku 45 14.6
Kansai NA 7.8
Chugoku 100 29.9
Shikoku 60 16.6
p Kyushu 100 36.5
Okmlawa 2.5 14
(Source) NEDO Tota 563.5~ 254.4

(Source) Each EPCO
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Cost Study for GRID Strengthen
by committee in Japan

Cost Study for GRID Strengthen

Example for cost study by Japanese Government
(Energy Committee March 2015 (Based on April 2012))
* J.Yen 1.17 tri (€8.6 bil) for 5.9GW

: : AL (R B4 - aF1 /kwh
(3.Yen 200 mil (€1.5 mil) for 1MW) AP + o
1% IUFD
HE A B T4 400080 270 8kwW
Case study _ . x (320/590 ) =#42,200{8
New Wind 2.7 GW in Hokkaido Island (=]
Transport down south to Tokyo by GRID Strengthen in Hokaido & KIRI—TSUHRETIL,
Tohoku Area HALE SR ERF DISAS
FF < THILROERAIFH \
Annual Cost Up J.Yen @¥9/kWh £ iseva——
. I :15M/kwh
To be shared by Hokkaido Area @¥5/kWh & Tohoku Area @¥4/kWh T el A
<—EQRECEIANDEBMBFARIZEITHEBMER> + R RS X R F 100 4k
HETYTOEHENRTHE
JLeE (R H) Ht (%) A & 32057kW 43:4,000f8F x (270/590 ) =
EmERE 270FkW 3205kW 590F5kW #11,800f8F)
(a7{Bkwh/4E) (s6f&kwh/£)  (103{&kwh/£E)

o fed § k8 2,000E MR 700{EMFRE 2,700 FFERE

edikectiokit 6 200(8 FITEE 2,200{EMF2E
HREREER [+1,800{%M] [—1,800{&M] 9,000{E M2 RE

L E

8,800{EMIEE 2,000BMEE  1Jk1,700(BEMEE
Ll B L [ whiEE]  [4FAWhERE]  [9F/whiRRE]

Rule on utilization of Grid shall be discussed in guide line of OCCTO.
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Electric Market Reform in Japan

We create a new comprehensive and competitive energy market in Japan, by removing barriers in vertically integrated market. We aim to

accomplish the following two goals:

1) Driving growth in Japan

MNurture dynamic innovation including combination of different services and development of revolutionary industrial technology

2) Enhancing consumer benefits

Enhance benefits for consumers including an expansion of energy choices, keeping energy prices to a minimum, ensuring a stable supply of

energy, and securing overall safety.

roduce ransport MET

ey oo |y ey Bl g Iy

All Businesses wit oqual access Al consumens get 10 be able 10 buy slectioty and
10 ranEMISSONASINDUIEN networks G0 from sy company, rogandess of location

and gas ppeines

f Electricity
Agenqy for Natural
Resources and Energy

i
4

M s expocied that pow (dte plans, as woll a8
Pukage i acrbfons oy 38
multiple sordices will be cered.




Electric Market Reform in Japan

Schedule

| Schedule

Electricity
Free choice of More equal access to |3
FR ElEt:tnmty plmider ' ' FR electricity network '
: : than ever before !

* : : : :

Full retail i i Legal unbandling of the
competifion : : transmissionddistibufion and
' -+ pipeline service sectors

More equal acocess to gas
pipelines than ever before
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Electric Market Reform in Japan

OCCTO

(Organization for Cross regional Coordination of Transmission Operators, Japan)

OCCTO has established in April, 2015.
BHLEREEHERRS

Organization for Cross-regional Coordination of
Transmission Operators,JAPAN

0CCcTo

West Area

» (Vﬂ
o ! o< ! ~ s
& : D A Jma 7
i 2 : { >~~~ North Area
N ‘ Electricity
- = Central Area

(Reference)

1. Transmission between Tohoku EPCO and Tokyo EPCO (as of FY 2012)
Transmission capacity is 12.62 GW
Operation to Tohoku EPCO 4.7 GW and to Tokyo EPCO 0.6GW.

2. ltis estimated 1,170 billion Yen (about US$ 10 billion) to reinforce grid for additional 5.9 GW Wind
in Hokkaido and Tohoku area. (Energy committee under Government in March 2015)
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FOW & MCH Transportation

Kabashima Island Reactor Fukuejima Island Gas Engine

Reactor

MCH

| —
o ] =
. Transportation
2Bmsnen By vessel

—_—
s

FOW (Floating < Toluene I I Toluene ——  Electricity & Hot water
Offshore Wind) MCH production Unilization of Hydrogen from MCH
(MethylCycloHexane) In Bigger Island
In Kabashima Island (Fukuejima Island)
H2 & MCH FOW

Cost for Production Transportation Utilization Cost for SS & Exporting Subsea Cable
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FOW & Hydrogen Utilization

Production

3 Hydrogen Hydrogen Refueling

o N — :
";/.:SL__ ! KA e Gompression High Pressure  micnanc,
= Electrolyzer e Buffer Tank  (0.7Mpa to 40Mpa) Dispenser
Electricity y : Vessels (40Mpa)
-

Floating Offshore Wind

FC Boat FCV
(Yamaha)



Ocean Renewables in Japan




e Wave & Tidal and Ocean Current are under development.

e Some Tidal barrage projects have been commercialized.

e As far as Energy Potential, OTEC & Wave have big potential
e OTEC is under test stage

Source : IEA-OES [ Ocean Renewables ET
|
| | | |
Wave Ocean Current Tidal OTEC
8000~
80.000TWh/ 800TWh/y 300TWh/y 10,000TWh/y
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Potential map of
Wave

Potential map of
Ocean Current

- - . —

Potential map of Potential map of
Tidal Current

OTEC

N\"g_fﬂ‘ f
gl —A/ i
2 el 3
T
s
a?"
NN -
Ocean Renewables
| | | |
Wave Ocean Current Tidal OTEC
19TWh/y 10TWh/y 6TWh/y 156 TWh/y
&
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. Prototype est Site
| Lavge Seale Test Site

' - Commercial Test Site




X Tidal Site

EMEC test sites since 2003

European Marine Energy Centre

e Wave Site
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Europe
Stage-gate
Approach

NED:O
R&D on
Current Technology

HEDD
R&D on
Next Generation

R&D program by NEDO in Japan

Stage-gated Stage-gate2 Stape-gated Stage-pated Stage-gated

Stage 1 Stapge 2 Stage 3 Stape 4
Concept & Small Scale Small Scale Full scale Commercial
Labo Test Tank Test Oceantest Ocean Operation
(Scale 1/100 (Scale 1/25~ (Scale 1/10 Test
~1/25) 1/10) ~1/4)
F L [
Tank Test  Stage-gateFtill Ocean Test
2015FY
2011~2012FY: FS 2013~2015FY : Ocean Test Stage-gate
Ocean Survey, Tank Test ! Installation, Test (half MW class) @¥40/kWh
2011~2015FY: Key Tech Development SZOZOFY
. . . tage-gate
Concept Design, Simulation @¥20/kWh
Tank Test

Vo=,
'[f.."EDG R&D Program by NEDO in Japan
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NEDO R&D Program

Current Technology Next Generation
(1) On-site tests of commercial plants (2) Technologies for next generation
*wave Mitsui Ship Building
point absorber, oil liquid transmission *Tidal Current  University of Tokyo, IHI, Toshiba,
y a; Kozulsh'ma Mitsui Glob.Strat.S.
wave MHI Bridge & Steel Str. Eng. Single point mooring, horizontal axis
Toa Const. turbine
in front of break water, OWC at| Sakata )
* wave Gyro Dynamics, Hitz "OTEC Saga Uni,, KOBELCO

Gyroscope type at Shimizu Thermal transfer, floating riser system

*Tidal current  Kawasaki H.I.
construction & Maintenance, mooring

@ - _ N3N

Tidal  Tsuneishi Ship Building, University of Tokyo,
& Kyushu University

Hybrid of Wind & Tidal ~ MODEC ' Hydraulic Tidal Turbine '
Vertical Axis Floating Wind with Tidal Tidal ~ Nakajima Propeller, Goyo Construction and

at Saga Hiroshima Institute of Technology

Wave Ichikawa Construction, Kyoritsu Electric, Idea Tidal Turbine at Foundations of Bridge
Overtopping Wave Converter

. — 49



@EDO

—_ i —

NEDO Ré&D & Way Forward

by MES (OPT)
Mitsui Engineering &
Shipbuilding

(2) Next Generation

’7 1S9 91ISUQ

2011 | 2012 | 2013 | 2014 | 2015 | 2016 ~ 2020 ~ 2030
(1) On Site I
Commercial Current Technology | inttial Market
For ex Study for Small islands or
Wave. Planning Onsite Commercialization . High incentive rrlarket
converter x @ Future market

Ocean Renewable Farm
Overseas market

Powering to Fishing Facilities (Aquaculture, Icing)

Technical
Development
<For ex.>
Ocean Current
by IHI, Toshiba,
UoT & MGSSI
<For ex.>
OTEC

by KOBELCO

IHI Plant

Construction

100kW class Model Test g g
= =
Next Generation
w)
15kW class Model Test Q @
o v o
=y

oo

L a

3 »n

—_— o

Ocean Test 2MW Commercial =
Turbine

Multi Purpose OTEC
(Isolated Islands etc.)

1MW class
3 Small Market
(Islands, Remote area)

10MW class —
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Ocean Test Sites in Japan

Public Invitation

for Local Governments by Head Quarter of Ocean Policy
(March 2013 ~ February 2014)

Public invitation for Local Governments (Prefectures) was announced by

Head Quarter of Ocean Policy (headed by Prime Minister) under the
Cabinet in March 2013.

It asked for candidates of the first ocean test sites in Japan for offshore

wind and ocean renewables (FOW, and Wave, Tidal, Ocean Current and
OTEC).

Dead line for application was set at the end February 2014 (one year).
Required conditions were shown as follows.

Ocean area: 2 km2 or larger
Term : 10 years or longer
Stake holders’ consent including Fishery is required.
Natural Energy & Water Depth
FOW: exceeding 7m/sec at 80m height as monthly average (not deeper than 200m)
Wave: exceeding 1.5m wave height as monthly average (not deeper than 200m)
Tidal: exceeding 1.5m/sec as a fastest velocity speed (20m~200m)
Ocean Current: exceeding 1.0 m/sec as average velocity.
OTEC: more than 20 °C difference, longer than 3 months a year
(utilization of existing deep ocean water pump-up system)

51



Ocean Test Sites in Japan

Selection by HQOP

(7sites in 5 Prefectures, as of June 2015)

Japanese Government announced first selection of the ocean test sites in Japan
for offshore wind and ocean renewables
(for the first 6sites on 15th July 2014, for Kamaishi on 22" April 2015).

Applicant (Local Government)
to the Head Quarter on Ocean Policy

(Name of Prefecture)

Candidates of sites
(Location Name

Type of Ocean Energy

Iwate Prefecture

Off Kamaishi city

Wave, Floating Offshore Wind

Niigata Prefecture

Off Uramura village,
Awashima island

Ocean Current,

(Tidal) , Wave,

Offshore Wind

Wakayama Prefecture

Off Shiono-misaki cape,
Kushimoto city

Ocean Current

Saga Prefecture

Off Kabeshima island,
Karatsu city

Tidal, Offshore Wind

Nagasaki Prefecture OOff Kugashima island, Goto city @ Tidal

@Off Kabashima island, Gotocity |@ Floating Offshore Wind

@Off Ejima island, Hirashima island, | @ Tidal

Saikai city
: (DNagashima Strait, Nagashima city @  Tidal
KagOShlma PrefeCture @Off Kuchinosima island and Nakanoshima | @  Ocean Current
island, Toshima village
Okinawa Prefecture @®Kumejima island city g OTEC
Wave

@]Ishigakijima island city
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Ocean Test Sites in Japan

Potential Users for Test Sites

Main Point of First Selection was whether or not there would be potential user(s).
Government (HQOP) put importance on real users of Test Sites.

| | & MODEC
Nagasaki b
Prefecture

Saga

Prefecture

Ejima Island

Hirashima Island Kabejima Island

lwate
Prefecture

Kamaishi City
Wave, FOW

At

Univ. of Tokyo
Tohoku Univ.
Yokohama Univ.

Kugashima Island ii‘émjﬁf Niigata »«
Tidal OSHIMA # » J
N | SmeTe- e R f};’; p Prefecture /
E MR FHSUY HRS) i 5 R T LY )
e\ f.kw Awashima t
~~uoad ANFYP ?‘ﬁ L/ U Island B ;qﬁqa
< G Wave, (Tidal), s
i} : Ocean Current Nlhon UnlverS|ty
B4 Kawasaki BMRERE | FOW
7 | BAR | - =
Kabashima Island y R, |
Kumejima e,
FOW Kumejima. ..
> . Island [ Y
i i
Ministry of the Environment WERmeE E £ Polil n aWa OTEC
- o ' refecture
- JMU
%A?OE?OEI%QN \ = f Japan Marine (Inited Corporation
3 - Addition of one hear exchanger
af (making total two) 53




R&D Consortium (NEDO Project)

> IHI Floating System, Mooring System etc. TIHI . [ =gy g
> Toshiba Subsea Turbine, Subsea Power Transportation Realize your dreams S St
> U o Tokyo Simulator, Ocean Current measurement and Analysis TOSHIBA MGSSI
> MGSSI Pre FS, Risk Assessment Loy Imowaion 2

2015)

AT TN

Phase3 (i)

OW: 33m, OL 15m
RD : 12m

WT : 200 Tons
200kW at 1.5 m/Sec

Ocean Current Map
of KUROSHIO
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From TV Program in Japan

(1) Program : TV Tokyo lFuture City Laboratory #29 |
(2) Date on TV : 22:54~23:00 27" April 2015
(3) Theme : Ocean Current Generation (IHI, Toshiba, UoT, MGSSI)

http://www.tv-tokyo.co.ip/miraicity/backnumber/029.html (2:57)

UBIRT — 2 )L CHth LA\BH7% S

HN TS

('a,)l\l‘r:;\“".i-
e 1k

(Direeted by
SHOKOIOK IR



http://www.tv-tokyo.co.jp/miraicity/backnumber/029.html

Thank you for your attention !

Mitsui Global Strategic Studies Institute

Yo.Oda@mitsui.com
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