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Why the renewable energy?
o MhEK;RBE1E (Global warming)

¥ I*)lxiF“ % & &= (National security)- - -
VI—)LHREMRICKYEHE. RAEEM
N

« B#A3 (Self-supply) . Z#&r1k (variety of
energy sources)

o e (Safe)
e Z£ /4 (and so on)
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LR A :2GW(~2018)=10GW (~2024) =20GW (~2030)
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@ BEANHEERS(2014558)
BEERD: 10GW (2020) =27GW (2030) =>38GW (2050)
EERXH¥ELRETS: 0.66W(2020) =6GW (2030)=>19GW (2050)
BEAKXFELRA: 0.16W(2020) =4GW (2030) = 18GW (2050)
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Offshore location 10 km off the coast of Karmegy, Norway
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Transportation of compact semi 2MW

Transportation of floating sub-station
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The European

offshore

wind industry
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34% MORE
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CARBON TRUSTXYMDIRE

> KT 1E100%BFDE L EIBTPROGURAM SCOPING STUDY” (A4 SLOEKREE)
FERETARE

> TS LARETDERSRESN-EBRETLUTOAIVIAVIERD
— B BRI TCTORETCHIEROEE/E
—BROEERBICHETHIFENKE (EEDIFEA1X33%)

> BRI TILCARBON TRUSTHARL—2—LLTLTHEEEEEToTLVS,
(BATHRBFOT7TO—FHHELLH?)

B s S
What approach would work best for Japan? carson
FRUST

= Initially the proposal is that the programme scoping study is 100% funded
by the government

* Once the programme is up an running we propose to have more formal
commitment

- Industry and government agree a minimum level of funding for at least 4 years
- Government agree to a funding intensity for project, e.g., 33% in the UK

* In EU OWA, Carbon Trust holds funding from government and industry in a
revenue account and disburses funding on behalf of all parties (or returns it
if not used), does a similar approach make sense in Japan?
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B) IR{TDFIT(36A/kwh) THBankable,tT A &ICEEXBTHEAXER
DEFEZEITS (JIVIFDRIEXRIL)

FEICKDHTREMREEZRE TS

(BRI & B O+ Bh <& il BE)
Germany Denmark  Netherlands Belgum  France
CfD Feed-| ROCs - Feed-In Tariff
Subsidy mechanism |_ | = ROCs 5, ., |Feed-In Taniff ,?E : anl Tender FIT | Tender FIT  |Feed-In Tariff | Tender FIT
Tariff Floating wind |Accelerated)
Subsidy value
12 135 351 12 26.7 154 134 15.0 M40
[Yen/ ki |
Term years) 15 0 )] 12 3 125 15 2 20
Contrbution o grid 0% 0% | 1008 £2m
connection

R)FTY, T2 v—OTIE B LB ZEL THERIELTEZLT
S B R E DCAPEX (FIT) EHIZ TLV B,
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ILLUSTRATIVE

Comparison of offshore wind subsidies in Europe

UK CfD

IPY/kWh
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BN DFLEAZBLMFEREKROEMEREOKE L

ICKYBREIARM LR

35EA/MW = 6fEH/MW)

Offshore wind farm capital @ OPERATIONAL
cost (2011Em/MW) ® UNDER CONSTRUCTION
51 Drivers @ CONTRACTED
45 ] - Rising commodity prices
- Bottlenecks in supply chain
4 - Complexity of sites, distance, depth o
35] - PXrate volatility '
3
25 | -t
[ ]
2
lls . ' *
1] ‘0
0.5
0
1990 1993 1995 1998 2000 2003 2005

Year operational

Source: The Crown Estate, Offshore Wind Cost Reduction Pathways Study, 2012

2008 T 2010 2013 2015

ROCs
increased from
1.5t02

HEETE2020FE F TITH M EHIZLY 25~ 34%DIX M A T §E

(N, BELST15~18% DR MRS TTEE)

Innovation could deliver 25% cost reduction ——
CARBON
by 2020 TRUST

100.0 1.4

TINA (UK waters ICE pathways (4 to 6MW, site B)
2.7 B 100.0 1.4

18% excluding turbine

15% excluding turbine |

Today

Collection &

transmission

o 202 c = 2
[ H g . 2020 Today ez g < < g Y 2020
E = ¥ = ¢ s8 5 = ¥ = ¢

s 2 3 T £ FE2 3 3 : 3
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% [E] TldCarbon Trusth®
FLERNDT VS A 3—7
(Offshore Wind Accelerator)
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78~100 {EA O7A45 5L (1/3788Bn)
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OWAD#

Steering Committee

Carbon Trust Management Team

|

» e ' 3

Foundations | Wake Effects, . Cables

’s

Electrical

Ac(c“

EIEEE

Innovators, Innovators, Innovators,

designers designers designers

Innovators,
designers

Innovators,

designers

B OWA partners
D Carbon Trust
] 3¢ party contractors

' 190 people from

the 9 OWA
members

500+ Companies
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100{E IR D) Offshore Wind AcceleratorZfiig (1/3EEBFFEIR)

Offshore Wind Accelerator CARBON
Objective: Reduce cost of energy by 10% in time for Round 3 TRUST
—
_,..-P-'"
CARBON DONG T Joint industry project involving
TRUST eneray 9 developers + Carbon Trust
e,on 5= & MAINST = Only developers are members

— Aligned interests

RWE - Commercially-focused

>3 8 8 SCOTTISHPOWER - Preferential access to new
The energy to lead tech ng|gg1}.r

- T £45-60m programme (7.8b -
@SSE D) sucart | * £330

- 2/3 industry, 1/3 public

&7 (government)
= 18 . VATTENFALL

4" Statoil =

¥ Focus on overcoming near-term

- technical challenges
72% (31GW) of licensed g .
slrs oo |  k——




OWA engages across industry

Third-parties supplies innovation, supply chain validates it

Foundations Electrical
Designers Fabricators Installers systems o&M

Wake effects

ANDSYS Jorssnsss A2SEA ATKINS
N (3) Ballast Nedam »
AXYS - FAB 3 I::: iEi
GBEL .
b : AARSLEFF
il & ° J  SEASPEED
---l;l- K%FQHF L B BILFINGER EI_EH.GEH
= MBD ) | (= | FEEMIAT
% E c N .::m.-a-m .&}
= GeoSea
" N EXdNns
L ——— HEEREMA
EB,}IER_HAE_H SPT Offshore Salpem Sch d
COMSULTANCY - — . H
< TR Technip >“FNET
ATKINS
| o» thel JPKENNY

f Grontmij

GL Moble Denton

Mott MacDonald

SeaRoc—{

e ———
CARBON
TRUST

Developers

DONG

energy

e-on
A2 MAINSTREAM

fg‘ RENEWABLE

RWE

The energy to lead

&

'SCOTTISHPOWER
REMEWAEBLES

=

=3 Statkraft

2" Statoil

, U

e

et

\}

f
VATTENFALL Far

_——

36



OWAIZMARKET-PULLOD) F T B 57

OWA is an example of market-pull

innovation

0 4] to innovatio

Innovators Market

* Research-
Technol focused
echnology O 3 O * May not
push meet
customer
needs

e Customer-
Mark focused
arket ;O e Innovators
pull O focus on
main
challenges

Source: Carbon Trust 2011

P\\

CARBON
TRUST

UK offshore wind R&D

customer-driven

DONG

energy

-7

-~

NAIND IREA
’qaz\wms.l

The energy to lead

&

SCOmISHPOWER
@SSE
33 Statkraft

LA
~ .
72" Statoil
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OWA focuses targets areas where it can have ——— >

: CARBON
the largest impact it £

Access systems, cable installation, electrical, foundations, wakes, environment

Levelised Cost of
Energy Breakdown

| Development-"

m Construction
Finance

mInstallation

® Foundations

m Electrical ==

B Turbine

Focusing on everything but the turbine, representing roughly 70% of offshore wind costs

11
Source: Navigant (offshore)
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Significant opportunity for innovation to i
CARBON

drive down costs TRUST

HIGH VOLTAGE -
‘ A
‘ .
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OWA focus on technology ——

CARBON

close to commercialisation rrust

R — S—
G ——
-
~

-~

7 TRL-7
(Production system field proven) Field Proven

(Production system TRL-6 \
Installed and tested) | System Installed |

(Production TRL-5 /
—_— systewnterface tested) System Tested /
\ TRL-4 (Pre-production system 3
\E\nvqument Tested | environment tested) /
TRL - 3 (System function—
Prototype Tested | and reliability tested) o= e
TRL-2 (Experimental proof of

Validated Concept | concept using physical model tests)

TRL-1 (Proof of concept as a paper study or R&D experiments)
Proven Concept

20 (Basic R&D, paper concept)

Unproven Concept
TRL = technology readiness level 5 |
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X L2 . 3 : N |
0) )13 A Competition for novel o ‘ - ; : i
foundations in 2009 B \ '

1 O 4 O) *IEE ;% - 104 entries

- 7 shortlisted

7 ': % ﬁ%: E% : 3 ggfrlli:rtlsstrated with 1

475‘\%%%5@% met masts |
—— Next step " 5N

2 ]:E 7$|<< - £18m fund toincentivise :

—_— = demonstration of three
SFE novel foundations with
% I:IIE nit:% ~ turbines

———————
s e T
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\ &

Universal Foundation \,
- Dogger Bank 2013, -

150km offshore, Keystone ‘twisted
25m depth jacket’

Image: Universal Foundation 2013, Mainstream Renewable Power 2011 - Hornsea 2011,
100km, 30m



Foundations

Keystone installed
at Hornsea, October 2011

100km offshore, 30m depth — first R3 met mast

Images: Keystone Engineering 2009; Heiko Lindenthal, REpower 2011; Mainstream 2011
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MAINSTREAM
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Foundations Y

DoggerBank

Suction
bucket
jacket

- Round 3 conditions
- 150km offshore, 25m depth

- Fabricated in the UK

Image: Universal Foundation 2012



Electrical

) N
Electrical systems
Objective: Reduce cost of collecting and transmitting electricity ¢ -?RRUBSQr N

We aim to increase intra-array
voltage from 33kV to 66kV

» Advantages of higher voltage
arrays are:

- More reliable cable layouts
- Reduce losses in array cables
- Eliminate substations

5

CAUTION
High voltage

Next step: Qualify 66kV cables




Cable Installation
_,.F'“ —

. . CARBON
Cable installation U s

Objective: Reduce cable failure rates and installation costs

J-tubeless, free-hanging cables: cables would be hung from transition piece, rather
than pulled through the foundation

Improve cable burial: development of an OSW specific burial protection index

Benefits to dynamic
cables

¥ No J-tubes
Lower costs

Z  No divers Fewer risks

T No cable pull, leading
to faster installation

45

Image: Orcaflex 2013




Access

Access systems

CARBON
TRUST

Objective: Increase accessibility to turbines for operations and maintenance

Competition
Access boat

E=1.5m
p10]0] = - S ——
K E3.0m

~ 310 days/year

200 days/year

T e -
: lyear

Competition for
novel access
systems in 2010

- 450 entries
- 30 countries
- 13 finalists

Design development

Sea trials

O l Fjellstrand

P -
ey “!
T 84

-

e Nauti-Craft

ITranSPAR pt

k4

- Momac

J5h

B —




Access

Nauti-Craft prototype

Advantages
- Fast, comfortable

- Hydraulic connections
system compensates heave

16 Matre Naut=Craft Catamaran WARP MCDE

P\

CARBON
TRUST

Source: NautiCraft
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Access

TranSPAR prototype is under construction

M

Source: ExtremeOcean

m—

CARBON
TRUST
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OWA has made real impact so far in reducing LCOE | —

Demonstrating innovations is critical to achieve cost reduction CARBON

S Estimated LCOE
OWA Innovations W e

Fjellstrand NautiCraft
O&M cost
4%/
New vessel concepts
Foundation cost 50/0

New foundation
concepts

Measurement Campaign

66kV cable qualification Free-hanging cables

I

Financing cost

New wake models &
LIDAR

Cable burial

Electrical System cost

2%0

Higher voltage arrays
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HEEH

HITOFE LB AAFITTBANKABLE PROJECTE(E ?

FERADAT 368 kWh (Fitk) ERE

AR B AE (CAPEX)=565,000
Eiﬁﬁﬁﬁ (OPEX)=22,500

A AZE= 30%

BT REEH .

HARE: 204

1/kwW (5.65EH.”MwW)

0 kW, £

& A E (CAPEX)<5.65(%
BELHE B (OPEX) < 22,500

BIEFIAE>30%

] /MW
]/ kW./ £

_—

IRR>10%
(BANKABLE)

+ D SEI{REE (Timely Completion).
@ F4-RL-BE-REEE (HSEQ),

@ HiEE@#HSEE (Proper 0O&M)
@ {RBEFHR  (Risk Hedge)
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Ocean Energy Test Site applicants where local governments preparing

Niigata

Fukui
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XHUMETTFEHEESH Y
Vil

Aomori

BFHAR . JMECER)
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Iwate
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XHAFPHEBEHY

Shizuoka

BME GEh%E. IMECEEERD

Tokyo
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ME B A AHEE R

Wakayama

MIVLE GER)
HIMECE[H]

Okinawa 1 13'“‘
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Wind farm applicants: Aomori, lwate,
Ibaraki, Chiba, Shizuoka, Niigata, Fulgljli,
Saga, Nagasaki
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Proceedings of the ASME 2013 32nd International Conference on Ocean, Offshore and Arctic Engineering
OMAE2013 (FP7 CDESRIZARED)
June 9-14, 2013, Nantes, France

Figure 2. Topology of the combined system.

FIGURE 1. TLPWT WITH 3 POINT ABSORBER WECs WITH DESIGN, MODELLING AND ANALYSIS OF A COMBINED SEMI-SUBMERSIBLE
HINGED GUIDES. Note: water (k‘plh not to scale. FLOATING WIND TURBINE AND WAVE ENERGY POINT-ABSORBER
Imanol Touzén Gonzalez Pierpaolo Ricci
~ Tecnalia ) Global Mantime Consultancy Ltd
POINT ABSORBER DESIGN FOR A COMBINED WIND AND WAVE ENERGY ~ Derio, Bizkaia, Spain ~ London, United Kingdom
CONVERTER ON A TENSION-LEG SUPPORT STRUCTURE imanol touzon@tecnalia.com pierpaolo ricci@globalmaritime.com
Miren Josune Sanchez Lara German Pérez Moran Francesco Boscolo Papo
Erin E. Bachynski* Torgeir Moan Tecnalia Tecnalia Tecnalia
Center for Ships and Ocean Structures Center for Ships and Ocean Structures Derio, Bizkaia, Spain Derio, Bizkaia, Spain Derio, Bizkaia, Spain
Nomwegian University of Science and Technology Norwegian University of Science and Technology Josune.sanchez@tecnalia.com geman.perez@tecnalia.com francesco.boscolo@tecnalia.com
Trondheim, Noway 7491 Trondheim, Norway 7491
Email: erin.bachynski@ntnu.no Email: torgeir.moan@ntnu.no
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