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1 Wind turns blades on each individual wind turbine to
generate electricity

2 Sub sea cables take the power to an offshore substation
3 Offshore sub station boost the voltage to reduce
transmission loses

4 The export cable from offshore sub station brings the
electricity to shore

5 Cables run underground to onshore sub stn. from where
the electricity is connected to grid

6 Grid is finally connected to the end users

For Mustrathve purpoces only

OFFSHORE WIND FARMS WORK IN THE SAME WAY AS THEIR ONSHORE COUNTERPARTS, BUT HIGHER /STRONGER WINDS
MEANS THEY GENERATE MORE ENERGY . HOWEVER , IT IS MORE EXPENSIVE TO BUILD AND RUN OFFSHORE WIND FARM
DUE TO HARSH AND UNPREDICTABLE MARINE ENVIRONMENT . EACH OFFSHORE WIND FARM PRESENTS UNIQUE
CHALLENGE DUE TO ITS LOCATION AND SEA BED CONDITIONS BEING COMPLETY DIFFERENT .



Country

No. of Farms

No. of Turbines

Capacity Operational *
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United Kingdom

N
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750

2015.7

Denmark

—
1

403

864.5

Netherlands

128

246.8

Germany

56

220.3

Belgium

13

268.8

Sweden

5

163.7

Finland

26.3

Ireland

25.2

Norway

e

Portugal

2

China

DO, IPDDOT D OO | B>

251.3

»
O

4586.9

*Dataas on 30 June 2012 for Europe and Nov 2012 for China
Sources : EWEA & Wikipedia
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Capital cost w. r. to Distance/Depth/OWT Capacity

[Mio EUR’ MW]
@ Bearice (5.595: 45, 5)
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1,000 : ; ; . . . . . : .
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Year of first electricity production
[The values behind the wind farm name indicate the distance from shore [km]. the water depth [m] and the turbine size [MW]; The size of the wind farms [MW installed capacity] is
indicated through the area of the bubble; The framed wind farm names indicate that these wind farms are under construction or results from th's study and thus uncoupled from the x-

Other Variable

Costs, 11.1% T)fpical Life Cycle Cost Breakup

Turbine, 28.3%

Operations &
Maintenance, |
20.5% f

Other Capital
Costs, 1.2%

! Electrical
Project Infrastructure,
Development and 10.9%
Permits, 4.4% :
Logistics and Support Structure,

Installation, 10.4% 13.3%

Ref : http://www.nrel.gov/docs/fy100sti/45889.pdf
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Europian Offshore Wind Farms Cost By Yr.

Offshore wind farm capital @ OPERATIONAL
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Note: Bubble diameter proportion to wind farm capacity The values utilised for the chart are based on published information - typically contractor or
developer press releases and / or guidance from the relevant project owner through direct consultation. The values have been adjusted for currency, inflation
and scope differences. Adjustment for scope differences has been made in cases where grid connection including offshore substation have been provided by a
third-party. In addition, reductions have been made in cases where Warranty, Oy
Thevalues exclude develop l and jonal di

| and M ai costs have by

included in the published value.
Source: GL - Garrad Hessan
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Cost of Capital Breakup - 2015
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I 35% Labour
Bl 34% Materials

Source : UK Renewable Advisory Board Report By BVG Associates
B 31% Other
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- 51% Labour
- 26% Labour
-32% Materials

- 57% Materials
I 17% Other i
OWT Excluding Tower B 7% Other

Balance Of Power

0.2% 0.03%

\.
¢

-25% Labour I 35% Labour

-6% Materials -14% Materials .
. : Lo . OPEX Source : UK Renewable Advisory
6 I 552 Other Installation & Comm|35|0n|ng I 529 Other Board Report By BVG Associates
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Offshore Wind Cost of Energy
Calculations

The general formula for calculating the cost
of offshore wind energy can be represented
as:

COE = (DRF x ICC) + O&M + LRC + Fees
AEP

COE = cost of energy

DRF = discount rate factor

ICC = installed capital costs

0O&M = operations & maintenance costs
LRC = levelized replacement costs

AEP = annual energy production

Fees = annual insurance, warrantees, etc.

DRF = d x (1-TxPVDEP
1-1/(1+d)" =

d = discount rate

N = analysis period

T = marginal income tax rate

PVDEP = present value of depreciation
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Component 2010 - Land

Installed Capital Cost (S/kW) $2,120
Discount Rate Factor (DRF)° 12%
Turbine Rating (MW) : ] 1.5
Rotor Diameter (m) ¥ i 4
Annual Energy Production / Turbine (MWh)

Capacity Factor

Array Losses

Availability

Rotor Coefficient of Power

Drivetrain Efficiency

Rated Windspeed (m/s)

Average Wind Speed at Hub Heights (m/s)
Wind Shear
Hub Height (m)

Cost of Energy ($/kWh)

Cost of Energy ($/kWh) at constant 7% DR

Courtesy NREL-USA SUZLON
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Foundations

Foundation
competition

104 entries, four finalists

Shortlist

-

DONG Energy E.ON

— e e
Universal Foundation

MAINSTREAM RENEWABLE

POWER RWE

SCOTTISH POWER Keystone Engineering

SSE Renewables RENEWABLES & Rt

B jacket”

Statoil Statkraft

Carbon Trust Carbon
Trust.pptx

60% (30GW of licensed capacity in UK waters)

VATTENFALL

Foundations

‘ Access systems
Electrical systems
Cables !

Cost of finance ‘

[ B

J
Wake effects
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10MW for depths beyond
50m , Principle Power is
deploying the WindFloat
technology worldwide -
pursuing projects in Portugal,
Oregon and Maine.
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Financial Investment Decided

= P Industry Evolution Technical N,
Site Characteristics (Story) Exogenous Factors

* Water depth * Size of the market e Operational life * |[nterest rates (risk
« Distance to shore (GW) e Decommissioning free rate)
e Wind speed * Technology costs e Commodity

progress e O&M costs prices (steel,
* Supply Chain copper)
response e Exchange rates
* Finance

e

Modelled in detail. Made assumptions.

Impact of drivers assessed through Pathways Tested through sensitivity analysis. S u I D N
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FID 2011 FID 2014 FID 2017 FID 2020
s=fig==] - Slow Progression ==Ji==2 - Technology Acceleration
welill==3 - Supply Chain Efficiency ==ill==q - Rapid Progression

Source: The Crown Estate
New Turbines | 17%
Competition Cost Reduction Opportunity by
Front end activity % Technology & Supply Chain as
5"':‘:"”)‘* % Reduction in LCOEIndustrial
Support str;.lc.:urss - Story.pptx

Other
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Sensitivity Modelling Results (based on project at FID in 2020)
Impact on LCOE
-10% 0%

Currency fluctuations (€)
Commodity prices
Increase operating lifetime

Risk free rate

O&M costs ]

Residual value at end of life

41 O&M costs and Decommissioning costs are calculated for each data point (ie site, story, turbine, year combination); whereas the operational lifetime, commodity prices,
exchange rates and interest rates are fixed across all datapoints. See Appendix 2 for more details of our assumptions.

“ Analysis based on a wind farm at FID in 2020 using 6MW turbines, on site B, in the Supply Chain Efficiency story

4t should be noted that the impact of each of these sensitivities changes over time. For example, since the turbine increases as a proportion of CAPEX and LCOE between FID
2011 and FID 2020, the impact of the steel price sensitivity also increases over time. The results presented related to atypical projectat FID in 2020.
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Large number of new generation installation
vessels are needed featuring innovative
technologies, capable of operating in deeper

waters (up to 75 m) and in harsher sea
conditions

SUZLON
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Advance TIVs

(Clockwise)

Swire Blue Ocean
MML Vessel

SWATH -WTS Husiman
RWE Innogy Vessel
MPI MV Adventure

Beluga Hochtief

SUZLON
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2 MW Wind turbine farm

Up to 1.5 m
significant wave height

Today’'s
offshore
wind
farms

——\/esse

—e— Helcopler
Vesse=Dowrdme
=zl=-Dowmme

Costs [euro]

T

: 0 T T T T
NOT TO SCALE

L) L] L]
0 10 20 30 40 50 60 70 80
Wind farms: up to 20 km from shore, shallow waters, 30 to 200 turbines.

Metocean conditions: up to 1.5 m significant wave height. Distance of maintenance base to offshore
Foundations: Predominantly monopiles.

Access: from shore via work boats and personnel steppi across onto ladders. Courtesy TU Delft farm [kl’l‘l]

Rawdata Structure Data Processing Data Information O&MStrategy Strategy Analysis Results

Up to 300 km

Above 3 m Operation & Component

. = —
s | Z_o» ) — Maintenance Failure rates Unplaned
i _~" | offshore Corrective
::_/- “~_ | wind ~

farms Event List Maintenance
; i Equipment

L
S | Logistics 5 and spare
i | partsuse

Rawwind Annual

\ / farm data Condbion OMCE downtime
NOT TO SCALE v > Based P S
i d X Cakulator And
Usage & Loas Maintenance

Wind farms: up to 300 km from shore, deeper waters, 200 to 2,500 turbines. Montorke: I\ 0&MCost
Metocean conditions: above 3 m significant wave height. § \

Foundations: Monopiles, jackets, gravity bases and piled tripods. N\ Remaining
Access: from in-field bases or mother-ships via daughter-craft equipped with new / fifetime
safer transfer systems.

/
Health

Monitoring

Preventive
Maintenance

The costs of O&M figures show a spread of values, with the
majority in the range £10/MWh to £20/MWh .

http://www.renewableenergyworld.com/rea/news/article/2013/04/cost-modeling-for-offshore-o-m?page=2 s u z L n N
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73% of substructures are monopiles,13% jackets, 6%, tripods, Suzlon Energy Ltd.
5% tripiles & 3% gravity based foundations.

There are also two full scale grid connected floating turbines, and two
down-scaled prototypes.

—— Tower Work Platform ——
Work | |:a*_‘nr~_\ Trancition | Intermediste
“AE = Platform =
E Bozt Landing
ntermediate

~Platfor
e atform

Bost Landing Extemal Jtubes Substructura
I'ransition
Substructure

Grouted

Foundation

Work Platform
™S

nterme diste
Platform Work Plstforn
Central Column

~

Internal J tubes  _

Boat Landing mermediale
.

Flatform
'lel'

Boat Landing

Subsiructure Shaft

= 1 Substructure
Emerging Infernal J tubes

5 Intemal Jtubes
Disgonal Braces

Pile Sleeves Under-base
] grouting

! udmats
L}

Scour protection

e s ans suw - og—) —

A
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water depth [m]

._/ Semi-Sub

Monoplie Jocket/Tdpod Moaling Structures Foafing Struchures

60 80
0-30m, 1-2MW  25.50m, 2.5 MW >50m, 5-10MW >120m, 5-10MW

distance from the coast [km)]

Siting Monopile Jacket Tripod Tripile Gravity base sb‘:::'::: Floating
Varying soil conditions 0.08 0.1 0.09 0.0 0.03 _ 0.09

Poor soil conditions 0.06 0.08 0.07 0.07 0.03 0.03 0.08
Sloping sea 0.05 0.08 0.08 0.08 - 0.03 ' 0.1 |
ce 0.06 0.04 0.04 0.04 0.08 0.06 0.06

Tota 0.063 0.075 0.07 0.07 0.04 _ 0.083

Courtesy : Wind Energy Update




Hywind floating wind :

Wind turbine

eCapacity: SWT- 2.3 MW, built by Siemens
«Weight of turbine: 138 tonnes

eTurbine height: 65 metres

eRotor diameter: 82.4 metres

Floatation element and offshore installation
«Built by Technip

eConsists of a steel floater filled with ballast
eFloatation element’s draught below sea
surface: 100 metres

Diameter of floatation element: 8.3 metres
Total weight: 5300 tonnes.

Diameter at sea surface: 6 metres.

No. of anchor moorings: 3

StatoilHydro and Siemens have jointly
developed a special control system to control
the movement of the floating structure

Suzlon Energy Ltd.
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pwater ff_shore wind TW&QH;

—

il
__ Flexible rotor

dec

Tower aligns with the
wind allowing structural
drivetrain’ioads Tol & reduced cost
increased reliability /

N

Stability arms insure ‘,/’ Downwind rotor
safe response to reduces risk of
rapid changes in blade-to-tower

wind and high sea \ impact failure
states

Variable buoyancy —
allows lowering of No ball_ast. optimized
tower for repair design offers a
competitive weight
advantage of 75%
Single mooring & ==
o . - anchor reduces
Courtesy: Nautica Windpower i e et o
installation and
end-of-life removal

Sway AS of Norway -10MW OWT

Partners including Clipper of UK & Sway AS of Norway

Private partnership comprising G@,ﬁi‘%@pm EDF, E.ON,
Rolls-Royce, Shell, BP, EDF, EON, Caterpillar, the UK Goverament
and Wind Power Limited




Honoclulu

Transmission route

Project area

CONVERTING WIND, WAVES TO ELECTRICITY

Grays Harbor Ocean Energy Co. is proposing to build up to
100 wind-and-wave-energy platforms over an 80-square-mile
area off Moloka'i. The proposed site is within a marine sanctuary

for humpback whales.

HOW IT WORKS

ABOUT THE PROJECT

SITE: Penguin Bank (eroded
summit of sunken volcano)
PROJECT: 100 wind-and-wave-
energy platforms over an 80-
sqQuare-mile area

ESTIMATED COST: $4 billion
PLANNED POWER CAPACITY:
1,100 megawatts

PLANNED POWER CAPACITY

PER PLATFORM: 10 megawaltis
from wind, 1 megawatt from
waves

PROJECTED PROJECT
COMPLETION: 2016

Platform st

As a wave rises,
it pushes air up
the hollow leg

MOLOKA’I

La‘au
Point

The legs will not be
anchored to the ocean floor
but will be held in place by
the sheer weight of the
structure. The company says
such a design will be safe
even during hurricanes.

HEIGHT COMPARISON

From 120
to 180 feet

First Hawaiian Bank:

435 feet

JON ORQUE

Turbine tower:
300 feet
Blades: 200 feet

Suzlon Energy Ltd.
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As a Function of Distance to the Coast

Distance to coast (km)

0-10 10-20 20-30 30-40 40-50 50-100 100-200 > 200
;- Turbine 772 772 772 772 772 772 772 772
S Foundation 352 352 352 352 352 352 352 352
2 Installation 465 476 488 500 511 607 816 264
E Grid connection 133 159 185 211 236 314 507 702
S Others 79 81 a2 84 8s 87 as 89
Total cost (EUR/KW) 1 800 1 839 1 878 1 918 1 956 2131 2 534 2 878
Scale factor 1 1.022 1.043 1.065 1.086 1.183 1.408 1.598
As a Function of Water Depth water depth (m)
10-20 20-30 30-40 40-50
; Turbine 772 772 772 772
:’.'; Foundation 352 466 625 900
o
a Installation 465 465 605 605
; Grid connection 133 133 133 133
S  oOthers 79 85 92 105
Total cost (EUR/kw) 1 800 1920 2227 2514
Scale factor 1.000 1.067 1.237 1.396
As a Function of Water Depth Distance to Coast Distance to coast (km)
0-10 10-20 20-30 30-40 40-50 50-100 100-200 > 200
—_ 10-20 1 1.022 1.043 1.065 1.086 1.183 1.408 1.598
Eé 20-30 1.067 1.090 1.113 1.136 1.159 1.262 1.501 1.705
£
4 30-40 1.237 1.264 1.290 1.317 1.344 1.464 1.741 1.977
8 40-50 1.396 1.427 1.457 1.487 1.517 1.653 1.966 2.232

Source:

EEA,
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Courtesy -www.windpower.org

No. of turbines

0
c
g
b
3
-
-
0
o
[
0
0
c
e
g
T
Lod
0
£

= 320 4 — —
280 4 — — — - — — —

(193 /1502 UOfelie)Su

Courtesy-EEA




Suzlon Energy Ltd.

Safety performance of offshore operations compared with
construction and all industries, 1996/7 to 2010/11

Fatal injury rates (per
100 000)

18.0
16.0
14.0

12.0 _
g s Construction

10.0 a
e==fil== All industries

8.0 {1
6.0 | === Offshore operations

b o
4.0
2.0 \/

ol

0.0 AR 1

2010/11p

Note: Offshore operations include both oil and gas and offshore wind, but exclude air transport activities and cover
all workers. Construction and all industries cover employees only.

Source: Health and Safety Executive
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United Kingdom — Jersey
United Kingdom — Guernsey |
United Kingdom |
Turkey |
Sweden |
Spain — Mediterranean
Spain — Atlantic |
Slovenia |
Romania |
Portugal |
Poland |
Norway
Netherlands i
Malta |
Lithuania ]
Latvia |
Italy
Ireland |

. . G;esce - India’s Coast Line 7500 KM +
it Mooty EEZ = 2305143 Sq KM (including A&N Islands)
| Offshore Area (Assumption) :

France — Mediterranean Sea i

France — Atlantic Sea | As 20% of 7500 ie. 1500 KM
Finland | Up to 50 km distance =75000 Sq KM
G This should accommodate = 100,000 MW
Denmark — Faroe Islands
Denmark — Bornholm |
Denmark |
Cyprus |
Bulgaria |
Belgium

T T 1

80 000 100 000 120 000
Distance to shore (km?2)

BO0-10km B 10-30km @ 30-50km H > 50 km
Source:
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Suzlon wind farm in Paracuru,
Brazil
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High Innovatid

Incremental
Improvement

Suzlon Energy Ltd.

3. ‘Supply Chain Efficiency’

* 36GW in Europe by 2020 (17GW in UK)

* Incremental technology evolution (e.g. steady
progress to 5-7MW turbines)

* Greater compensation, investment, project
collaboration and better risk management

* Deeper financial markets, lower risk/lower cost of
capital

4. ‘Rapid Growth’

* 43GW in Europe by 2020 (23GW in UK)

» High levels of technology evolution across all wind
farm elements (e.g. turbines progress rapidly to 5-
7MW+)

e Greater competition, investment, project
collaboration and better risk management

* Challenging volume of finance required

1. ‘Slow Progression’

* 31GW in Europe by 2020 (12GW in UK)

¢ Incremental technology evolution, progress limited
by market size

* Limited competition/economies of scale

* Modest developments in financing solutions,
reduced in risk / cost of capital

2. ‘Technology Acceleration’

* 36GW in Europe by 2020 (17GW in UK)

¢ High levels of technology evolution across all wind
farm elements (e.g. turbines progress rapidly to
5-7MW+)

* Fragmented supply chain with some improvement in
collaboration

* Limited improvement in cost of capital due to
ongoing changes in technology

Incremental
Improvement

High Innovation
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