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Offshore Wind in Statkraft - Status
Statkraft Strategy
Long term player within offshore wind
Profitable lead operator in all phases

News

Dudgeon contracted cost indicate significant cost of energy (COE) saving
from Sheringham Shoal

Larger wind resource

Larger turbines (highest potential for cost reduction)

Optimized and integrated design — contribution to LCOE - still not fully
utilized
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Larger turbines and improved access system with
highest impact on CoE

COE reduction potential

@ 1+ New foundation design (including without
4 piling) optimized for fabrication, transport

° and installation *

&

- 26 5 Improved jacket design manufacturing

©

6 Engineering tool for foundation concept
= evaluation and selection - not quantified
14 Reliability database for the offshore wind
industry (like OREDA) - not quantified

Q )

o

-

o 17 New design. Integrated solutions (transport/
installations, pre-assembly), floating
installation vessels/crane, improved feeder
and other transport solutions — not
quantified

° 18 Engineering tool for installation concept

??1 29 20 evaluation and selection — not quantified

1
= 27
26 Safe Access/transfer system for DB
conditions
o seatsoe 29 Develpmeajdvaldaton ofmproved
wake models * *
*Reduction potential number from Offshore Wind Accelerator for concepts at 35 m water depth 20 Higher voltage inter-array (66 kV)**

** Reduction potential number from Offshore Wind AcceleratorProgram
"+ Average of a 6 and a 7 MW turbine 35 6and 7 MW offshore wind turbines ***



Innovation as input to Cost Reduction

High innowvation

Finance &
Supply Chain

Incremental
| PP POVE et

Exhibit A: Industry Stories

3. ‘Supply Chain Efficiency’

» 35GW in Europe by 2020 [176W In LK)

* |ncremental tech nology evolution (eg. steady progress
to 5-7NIW turbines)

» Greater competiton, investment, project collaboration
and better risk management

» Deeper financ al markets, lower risklower cost
of capltal

1. ‘Slow Progression’

* 31GW in Europe by 2020 [126W In LK)

= |noremental tech nology evolution, progress limited by
market sire

* limited competitonfeconomies of scale

» Modest developments in financing solutions,
reduced in riskfcost of capital

—

Incremental Technology High innovation

improvement

4, '‘Rapid Growth’

= 43GW in Europe by 2000 [Z3GW in LK)

= High leveks of technol ogy evalution across 3l wind
farm elements (eg. turbines progress rapl diy
o 5-TRIW+)

= Gregter competiton, | mestment, project ool laboration
and better risk managenment

» Challenging volume of finamce neguilned

2. ‘Technology Acceleration’

* 36GW in Europe by 2000 [17GW in LK)

= High levels of techmnol ogy evolution across all wind fam
elements (eg. turbines progress rapidly to 5-TM W)

* Fragmented supphy chain with some improvenment
Im col laboration

# Limited improvement in costof capital due to
ongoing changes in technol ogy

Offshore Wind Cost Reduction. Pathway Study: Crown Estate 2012
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Opportunity for innovation to drive down costs
across the supply chain
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OWA has made real impact so far

Demonstrating innovations is critical to achieve cost reduction

Reducing O&M

cost

New vessels concepts

Fjellstrand

 —

Prototype: 2013

NautiCraft

Prototype: 20 1

WaveCraft

Prototype: 2015

Extreme Ocean

:%_

P rotot\y'[;:e: 2015

Still to come

~

PDV vessel
P-plots
Divex
Mothership

Radical

Reducing
Foundation cost

New foundation concepts

Keystone

Universal

Installed: 2013

Installed: 2014

Suction Bucket Jacket

- GBF demo

/
™\ Radical

UF demo but
Keystone

demo monopile

Reducing

Financing cost
New wake models & LIDAR

Installed: 2012

Babcock

Installed: 2013

Fuga

Prototype: 2011

Wake Campaign

J winning
N

- Measured

TI (LIDAR),
modelled TI
(Frandsen),
scanning
LIDAR

Incremental

Reducing Elec.
System cost

Higher voltage armrays

66kV switchgear

W
—

,*1 i ="i __gi

Commercial: 2014

66kV

Cable qualification

- 66kV demo

Commercial: 2015

&

Commercial: 2015

/
=

_ Incremental
Dynamic
cable demo
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Development of MP‘s — scaling up diameter and

length

SIF MT Hojgaard EEW SPC/Bladt EEW SPC/Bladt EEW SPC
Horns Rev 1 Lynn London Array Baltic Il Gode Wind Il Future MP‘s
2.0 MW 3.6 MW 3.6 MW 3.6 MW 6 MW 8+ MW
Water depth up to 14 m Water depth up to 18 m Water depth up to 25 m Water depth up to 27 m Water depth up to 35 m Water depth up to 40 m
2015 2018
= EEEREEEIE
2012 2014 e e —

2002

_n

2008

Source: A2Sea News - Winter 2013 and EEW SPC




Smgla test turbine — scaling up rotor diameter
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Example scaling - 6P interaction

XL-diameter monopile
Large turbine - 154 meter diameter

1.2 T

oP=1.1Hz

2 tower mode = 1.15 Hz ' “indea ot e

N _ _ o Tos 1P - rotor rotation
Critical design drivers - Significant 3P - blade passing
influence on COE §06— ¥6P - turbulence sampling |

Avoidance of 1P, 3P interaction = g4l ,,Z“ |

with 1st tower bending mode (All

. 0.2+
turbines) W
Avoidance of 6P interaction with 05 10 15 20 25

2nd tower bending mode (Large Wind speed, [m/s]

turbines) ref Lene Eliassen post.doc - NTNU
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Example scaling

Ringing event depending on monopile diameter
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Large turbines — highly integrated with tower and
foundation design — cost implications

OWA (Offshore Wind Accelerator) studies show cost estimates for foundations
(Capex) sensitive to large rotors (above 150 meter diameter) due to interaction

Comparisons between foundations with 5 MW turbine and updated foundations
with 8 MW turbine -> relative cost picture has been changed

In particular for jacket designs and some mono-type foundations
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Cost targeted R&D needed - incremental

FREQUENCY RELAXKED FREQUENCY
CONSTRAINT CONSTRAINT

AR

25% cheaper jacket:
only 0 2% energy penalty, but
a b% net cost of enargy saving

é?é

>
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Summary and reflections

Incremental technology development and upscaling choosen as a mean to
reduce LCOE - the industry do not risk to many radical concepts due to

unacceptable risk

R&D LCOE reduction:

Integrated methods
helping out with integrated foundation and turbine design

park layout
yield estimates and more optimal O&M

Incremental technology development will require targeted method contributions
from R&D — FAST IMPLMENTATION
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THANK-YOU
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PURE ENERGY

www.statkraft.com
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