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What are the potential and W'hy-m'u'st R&D focus on it
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Good news In the wind business!

Core Analysis: The Levelized Cost of Wind _
Energy Is Currently At An All-Time Low LCOE is now between
$33 and $65 per MWh

§120 eeenesss
g 4510 Clearly beats fossil fuels
3 |
22 . Main reason:
E : &= Mid-Class 3
55 s |- . Bigger wind turbines
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g% b - e that hgveahlgher
5% capacity factor
;‘-‘ - 5_:!;] ...............................................................................
S0
2002-03 2009 10 Current, 2012-13
Standard Tech Stndard Tech Tech, Chaice

Assumes availability and use of PTC and MACRS in all cases;
same is true for all results that follow

FINREL - , . A\“L‘I
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Definition of LCOE — Levelised Cost of Energy

The sum of discounted lifetime generated cost (£)- divided by
the sum of discounted lifetime electricity output (MWh)

Generation cost: Capital (CAPEX), operating (OPEX) and decommissioning
costs including transmission costs (OFTQO) over the lifetime of the project

An expression of cost rather than revenue

The discount rate is the Weighted Average Cost of Capital over the lifetime
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CoE split (typical UK R2 project)

CAPEX ~2/3

Project management

Transport & logistic Project completion

/Insurance

Electrical onshore

Foundation

OPEX ~1/3

Grid cost (BSUO0S)

Other

Preventive WTG service

-

G service



Costs must come down

Otherwise projects will not get built

Cost per MW installed (€Em/MW)
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Source: Emerging Energy Research 2009; Garrad Hassan 2(
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Drivers

— Rising commodity prices
— Bottlenecks in supply chain
— Complexity of sites, distance, depth

— FX rate volatility

@—

Robin Rigg

Greater Gabbard

Rhyl Flats

Gunfleet Sands
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’ ~ Scroby Sands Burbo Lynn
s North Hoyle ~.“ -~ ‘ Kentish Flats
- ‘ Barrow
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2002 2003 2004 2005 2006 2007 2008 ZOOQT 2010

World.com 2009

2011 2012

ROCs increased from
1.5to2
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Innovation as input to Cost Reduction

High inmovation

Finance &
Supply Chain

Incremental
imip roverment

Exhibit A: Industry Stories

3. ‘Supply Chain Efficiency’

* 35G'W in Europe by 2020 (17GW In LIK)

* |ncremental technology evolu tion (e g. steady progress
to 5-TNW turbines)

* Greater competiton, investment, project collaboration
and better risk managenmenit

+ Dieeper financ al markets, lower risk/low er cost
of capital

1. ‘Slow Progression’

+ 31GW in Europe by 2000 [12GW In LK)

* |mcremental technology evol ution, progress limd ted by
market sire

# Limdted competitoneconomies of scale

» Modest developments in financing solutions,
reduced in risk/fcost of capital

—

Incremental Technology High innovation

i roverment

4. ‘Rapid Growth’

* 435W in Burope by 20000 (X3GW in LK)

= High levels of technol ogy evolution across 8l wind
farm elements (eg. turbines progress rapl diy
o 5-ThIW+)

= Gregter competition, Imestment, project collaborat on
and better rick man agement

» Challen ging volume of finance requinred

2. ‘Technology Acceleration’

* I6GW in Burope by 2000 (17GW in LK)

= High levels of techmol ogy evolution across &l wind fam
elements (eg. turbines progress rapldly to 5- T W)

* Fragmented supply chain with somse improvement
Im col lakboration

# Limited improvement in cost of caplital due to
ongoing changes in technol ogy

Offshore Wind Cost Reduction. Pathway Study: Crown Estate 2012
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Potential LCOE cost reduction

— g

New Turbines 17%

Competition o COTVI
Front end activity Bl s« 7
Installati
Scale / Productivity B 4 netatiation -
Installation - 3% Collection & trans. .
Support structures B 3% 7
Other - 9% Foundation _
Total | 39% roone .
0 5 10

B Supply chain B Technology . . ; .
15 20 25 30
Potential LCOE reduction by 2020 ( %)

TCE study 2012: FID 2011 to 2020 Technology Innovation Needs Assessment Offshore Wind 2011
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Offshore Wind Accelerator (OWA)

Aim: Reduce cost of
offshore wind by 10%

SCOTTISHPOWER
RENEWABLES

@SSE

Renewables
- Competition:
e De-risking and cost modelling
2" statoil

400 entrants, 13 to be supported

<) Statkraft

Efficient software and

Investigating possibility and
layout optimisation study benefits of moving to higher
=25 pamsIREAm o

POWER

voltage for array cables
-0
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Projects are becoming more
technically challenging

"._._..___
CARBON
TRUST

Larger, further from shore, in deeper water, with bigger turbines

Mean nuembar of turbines

el Al Az A3
Firth of .

Atlantic Amay
1. 5GW

West Tske of

Forth 3. S0
Mzan distance to shore (k)
D-o-gigeir d 1023 3041 505170
Bank SGW
a1 1%
Az 325
Hirmsaa
|_—— e "3 ) 65
East Anglla
7. 3GW
= 7

Wight 0. 3:GW
Source: LK Parts for the Ofchars Wind Industry: Tims ta &ot, DECC 7 BvWG
Time=%, Ianuary 3310; Carbon Trust anahysis
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Choose sites carefully

Focus on reducing sensitivity of cost to distance and depth

Wind speed Distance Depth

CoE as % typical
near-shore site

130 T 130 7 130 T
120 A 120 A - 120 A
110 A 110 - ’_*' 110 A
100 o 100 + ~ ~ 100 -
~

90 A S~ 90 A 90 A

80 T ~ 80 T 80 T

70 70 70

<700 700- 800- 900+ 0-12 12-30 30-60 60+ 0-20 20-40 40-60
800 900 Distance to shore (nm) Depth (m)

Wind power (W/m2)

)
Source: Carbon Trust “Big Challenge, Big Opportunity” 2008 _.g) Statkraft



Significant opportunity for innovation to drive
down costs

New layouts ACvs HVDC links Monopiles Jack-up barges + Larger turbines  Port-based vs
shuttles mother-ship
Higher voltage Gravity bases Blades
arrays Floating New vessels,
Jackets installation Drivetrain transfer systems
Radial vs loops vessels
Buckets Condition
Float-out and monitoring
sink
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Four designs prioritised for Round 3 from 104

entries
Objective: Reduce foundation costs by up to 30% in 30-60m

Shortlist Finalists Stage |l focus
A | Fabrcation

Keystone

Freyssinet

lt:’ Gifford / BMT

Installation

Demonstration

Universal
Foundation

Source: Carbon Trust Offshore Wind Accelerator 2010, IHC
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Concept development of 13 access systems is

underway

Vessels

Fjellstrand Windserver

Surface Effect Ship —
UMOE Mandal

Nauti-Craft

Pivoting Deck Vessel —

Sea

~ Logistics

SolidSea Transfer — University of
Strathclyde

University of

Strathclde

Glasgow

TranSPAR -
ExtremeOce
Innovation

raft




Concept development of 13 access systems is

underway

Transfer systems, launch & recovery systems

Auto Brow -
Ad Hoc Marine, South Boats

Coone
Marine Designs Ltd.

E South Boats

MOTS - Momac

Wind Bridge
Knud E.

H n— I

X LARS - Divex

Offshore Kinetics L&R
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R&D general selection criteria in Statkraft

Effect evaluation
reduced risk
increased long-term value
increased margin
increased volume

Expected added value — a multiple of R&D cost
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Objectives for the Demonstration Programme of DONG Energy —
More objectives than to reduce LCOE

Reduce risks

Improve

. Increase power
supplier

comnetition

Reduce Improe

internal
competences

lifecycle costs
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Example of classification of R&D importance

1

()
Load case requirements
) XX Topics|

Scour protectio
requirement

(2}

Knowledge gap -> high

0,5 Cost impact -> high !

Statkraft presentation
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Concepts Phase | Monopiles — Bucket (UF)
Numerical qualification with R&D input

0.231 Hz 0.265 Hz 0.267 Hz 0.244 Hz 0.271 Hz

58
m Platform,

z=20 m

LAT,z=0m
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WMS SYSTEM (Wind Management System)
Economical goals in Statkraft

LT @
HE H B :
B

WMAT

1% increased production
1% reduction of O&M-costs
5% reduction of balancing costs
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Potential for Savings via Code Review. Revision B Ramboll Offshore Wind

Phases
CAPEX OPEX
=]
= kT
= =
= =
= = =
£ 5 5 2
z s & e E
T = = @ o
System/components & = = & &
Support structure
Foundation 2 2 0 0 1
Substructure 2 2 ] 1
Tower 1 1 o 0-1
Rotor nacelle assembly
Structure
Drive train
Gear box
Bearings
Generator
Shaft
Couplings
Blades 0-1 0-1 0-1 0 0O-1
Control and protection
Electrical systems
Turbine electrical
Cables
Internal
ArTay 0-1 o-1 0-1 ] 0O-1
Export 0-1 0-1 0-1 0 0-1
Converters
Substation
Structure 2 2 2 o 1
HVDC converter
AC transformer station
HSE ] 1 1 1 1

MNote: The potential for a cost saving is estimate qualitatively as 0 to 3, where 0 is no saving potential
and 2 is largest potential
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Some questions for the audience

Do you think LCOE or RISK REDUCTION is most important for offshore wind
R&D?

Can pre-competitive research contribute to LCOE?
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LCOE — break down

Exhibit 2.3 Levelised cost of energy model for a single site in a specific year

Offshore wind levelised cost of energy

= Cormsenting,’
Development

= Project Mngmt.

= Turbine

= Support structure

= Array electrical

= |nstallation

= Decommissioning

= Insurance

= Opertions and = Gross annual
Maintenance enegy production

= |[nsurance = lnsses

= Trarnsmission = Availability

charmges = MNet annual

= Seabed rent enegy production
= Other to offshone
substation

- 1 4 4 +
= e =

= Capital structure

= BEguity meturns

= Debt margin
and tenor

= Re-financing

= Phasing of capital
and operating
costs and annual
energy production
owver time

= Re-financing
Changesin
weighted average
cost of capital

Offshore Wind Cost Reduction. Pathway Study: Crown Estate 2012

STATKRAFT 2008
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Cost targets from Denmark — motivates R&D focus
areas

igure 6

Capital and operational
expenditures in relation
to CoE (own adaptation)

M wrcs

Foundations
M Electrical infrastructure
- Assembly, installation and
SOURCE: Danish Energy
Agency, 2010; Nielsen et al,
2010 and own calculations.
CoE is defined as the average
cost of electri-city produc-
tion measured in<€/MWhH
during the total life span of
the electricity production
facilities. Discount rate is
10%.

project development

Operational expenditure

-2020 target - CoE reduced by 50 %
-25% increase in annual production
-40 % reduction of Capex (WTG, Foundation,
Installation)
-50 % reduction of Opex (O&M)
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OWA and Universal Foundations

UF is the most promising OWA =

foundation design CARBON
Average of lowest 2 Baseline fabrication and Benchmark TRUST
installation costs, 25-55m, 150km

I Large cost reductions

I No piling noise

I Simple installation
process

I Easier to fabricate

I Transitions piece is not
required

¥ Reversible -

decommissioning

possible

é Statkraft



