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Dear Reader,

Offshore wind is one of the most fascinating industries in the renewable energy sector and is
experiencing a remarkable growth. By the end of 2010, around 3,000 MW of installed offshore wind
capacity was operating in Europe. By 2020 around 40,000 MW should be installéalda 13

increase.

E.ON is committed to being a leading player in the offshore wind industry. In 2010, we
commissioned 46% of all new offshore wind installations in Europe. E.ON has already invested
around(2 billion into our offshore wind farms. This includes five operational offshore wind farms
across the North and Baltic Sea, and the construction, with partners Dondylasdar, of the

London Array which will be the wofkllargest offshore wind project when fully completed.

This unique experience enables us to move our offshore wind activities from a gogjeaject basis to a portfolio approach,
thereby | everaging E. ON6s skills and procurement <capabil
commission an offshore wind farm every 18 months while significantly reducing costs by 40% by 2015.

By 2015, E.ON will invest anotférbillion in three further offshore wind farms in Germany, UK and Sweden. In total these
projects will have an installed capacity of around 550 MW. Ourtkmng lease of a specialist construction vessel will support
the construction of these projects.

In this Factbookwe would like to give you some insights into the offshore wind industry, its challenges, growth prospects, and
our own projects. We hope that you find it useful, and we would welcome your comments and feedback.

Kind regards,

Mike Winkel, CEO E.ON ClimafesewablessmbH
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Offshore Wind Development and Milestones in the EU
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After a slow and pilotproject driven developmentbefore 2001 offshore wind energy has developedinto
oneof the keyrenewableenergyindustriesin the EU

In 2010Qwith almost3,000MW installed offshorewind capacitythe EUis a world leaderin offshorewind

Source: European Wind Energy Association **JV of E.ON 26.25%), EWE (Aa8&s)fall{@6,25%) 6



Snapshot of the EU Offshore Wind Industry

European Installed Offshore Wind Capacity

Il United Kingdom 45.5% 1,341 MW

Bl Dpenmark 29.0% 854MW
Netherlands 8.4% 247TMW
Belgium 6.6% 195 MW
Sweden 5.5% 163MW
Germany 3.1% 92MW
Finland 0.9% 26MW
Ireland 0.8% 25MW

B Norway 0.2% 2MW
Total 100 % 2,945 MW

Sources: European Wind Energy Association, Emerging Energy Research

Good to knowée

- Over 96% of global operational offshore wind

installationsare locatedin Europearwaters

- More than 80 of the total offshorewind installed

capacityin the EUis locatedin the United Kingdom,
Denmarkandthe Netherlands

- In 2010a total of 883MW of offshorewind capacity

was brought online in five Europeancountries(UK,
DenmarkBelgium,Germanyand Finland)

- Utilities have realized about 9% of EU offshore

wind projects

- EONcommissioned46% of new installed European

offshorewind capacityin 2010

- Thefirst offshore wind farms outside Europewere

commissionedn 2010n Chinaand Japan



European Outlook on Offshore Wigdergy

Developmentand Forecasbf installed capacity
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Goodto knoweé

~ 40,000 MW - Following a rather slow growth until 2010

offshore wind energy in Europeis supposedto
grow stronglyoverthe nextdecade

- 3,000MWin 2010
- About21500MW in 2015
- About40000MW in 2020

- Offshorewind energyis on the renewableagenda

of severalcountries,especiallyin the North Sea
and Atlantic

- UK(13000MW by 2020 33000MW by 2030

- Germany(1Q000 MW by 2020 25000 MW by
2030

- Francg(6,000MW by 2020
- Netherlandg5,000MW by 2020
- Denmark(1,300MW by 2020

SourcesNationaRenewabl&nergy Action Plarsf EU Member States, European Wind Enékggociation Emerging Energy Research,



GlobalPerspectiveof Offshore Windenergy

Installed offshore windcapacityand targets worldwide

EU
Status in 20103,000 MW China
Targetfor 2020:40,000 M Status in 2010100 MW

North America
Status in 20100 MW
Targetfor 2020:3,000 MW

Targetfor 2020:6,000 MW

South Korea
Status in 20100 MW
Targetfor 2020:2,500 MW

- Sofar, developmentof offshorewind energyhasmainlytaken placein Europewith first offshorewind
farmscommissionedn Japan25MW)and China(100MW)in 2010

- Europewill remainthe leadingregionwith atarget of about40000MW of offshorewind by 2020

Source: EWEA, Price Waterhouse Coopehigws
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OoOffshore Ii's more than onsh

Main differences between onshore and offshore wind energy projects

Onshore Wind Offshore Wind
Resources A wind potential for 2,000 full load hours A Wind potential for 4,000 full load hours
A Limited sites available A Large sites still available
Dimensions A 183 MW wind turbines A 387 MW wind turbines
A Wind farms of 1850 MW installed capacity A Wind farms of 5@1,000 MW installed capacity
A Investment ofi308 (70 million per wind farm A Investment ofti18 (3 billion per wind farm
A At full load,onewind turbine producee househol A At full load, one wind turbine produces househ
consumption* in 200 minutes annual consumption* in 40 minutes
Environment A Landbased conditions A Rough marine conditions
A Unrestricted access (24 hours / 7 days a week) A Distance to shore 470 km

A Access limited byigh waves and storms

Foundations A Built on solid ground A Differing soil conditions (sand, clay, rock) and erosior
A Standard concrete foundations cast on site A Foundation type depends on water depdind soil
consistency (e.gnonopiles gravity, tripod)

Offshorewind energy has a greater energy potential but marine conditions pose great challengesto
projectdeliveryd weather,wind and wavesare highly influencingthe outcome

Thusa whole new approachto wind power in terms of turbine technologyand scale foundation types,
infrastructure Jogisticsand maintenances needed

*based on average annual electricity consumption of 3,500 KWh 11



0Of fshore is not offshoreo

Distance to shore

COQIST )

Water
Seabeq depth
Distance to shore W_ind farm design:
Wind Power Size of wind farm
ind resources Generation REVENUE Water depth Wind turbines COSTS
Foundations
Seabed

Logistics

- Eachoffshore wind energy project has its individual characteristicsdependingon factors such as wind
conditions, the consistencyof the seabedyater depth and the distanceto shore

- Project developerschoose their foundations and wind turbines consideringthe individual wind
conditionsthe consistencyof the seabed andthe particularwater depth

- Logistics, Operations& Maintenance (O&M) conceptsand the accessibilityof the turbines are
stronglyinfluencedby the distanceto the shore

- Especiallyar-shorewind offshorefarmswith a greaterwater depth needlargerwind turbinesand a higher
energyoutput in orderto balancecostsandrevenue

12



Offshore projects require extensive loteym planning

Devcopment
pl A

@

3

S

& Initial screening of - Wind Assessment/ - Component contracts - Regular check of

S potential sites Ground Survey signed technical equipment
Preliminary evaluation | - Environmental Impact | - Installation of and maintenance
of seabed and wind Assessment (EIA) foundations and wind works
conditions - Technical planning turbines - Repairs, overhauls and
Securing of project - Securing of grid - Connection to onshore upgrades
and property rights connection grid - At end of lifetime:
Application for - Receiving of - Commissioning and decommissioning or
permission construction permit start of operation repowering with new

wind turbines

- Therealizationtime of an offshorewind park,from the first ideato the start of the project,might require
up to 10yearsof continuouswork and requiresa complexprojectmanagement

Picturestakenat E.ON Offshore Project Robin Rigg (Uriitiedjdom 2009) 13



3. Offshore Wind Technical Solutions
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Offshore Wind~oundations Overview

GravityFoundation Monopile Foundation TripodFoundation Jackefoundation
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- Reenforced concrete - Steel structure - Heavy steel structure - Lateracesteel structure

- Max. water depth = 30m - Max. waterdepth= 25m - Max. water depth = 35m - Max. water depth = 45m

- Suitable for 5 MW turbines - Limited to3.6 MWurbines - Suitable for 5 MW turbines - Suitable for 5 MW turbines
- Good experience - Mostly used foundation - Little experience - Little experience

Water depth and consistencyof the seabeddetermine the choice of foundation So far, there is no
universalfoundationtype suitablefor all kinds of seabedconditions

With a share of 66 in 2010 monopile foundations were the most commonly used foundation type,
followed by gravity foundationswith a shareof 30%

Significantresearchand developmentare still necessaryo developa costefficient conceptfor production
at industrial scale Newconceptsge.g. floating foundationsare being tested

Source: European WitthergyAssociation 15



Gravity Foundatio® Manufacturing and Delivery

Assemblyof the steelformwork Foundationsare castin concrete Completedgravity foundation

- Gravity foundations are preferably used in waters with a maximum depth of 30 meters

- Made of reinforced concrete, one gravity foundation can weigh up to 1,400 tons at a height of 15 meters
- To increase weight and stability, gravity foundations are often filled with gravel and stones

- From arrival at site the complete cycle of installation of a foundation takes less than 24 hours

- E.ON has gained experience with gravity foundations in its Danish piRggtsandl

- To date, E.ON has successfully installed 162 gravity foundations

Picturesdakenat E.ON Offshore Proje€wdsandll (Denmark 2009) 16



Gravity FoundationInstallation

unda 0 hipped to t

: T TN
Foundation lowered to seabed Level checks on the foundation

17

Pictures taken at E.ON Offshore Projdddsandll (Denmark, 2009)



Monopile Foundationd Manufacturing and Delivery
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Mohopiiedelivered to harbor Monopilesloaded out o jackip barge ‘

- Monopilefoundations can be used in waters with a maximum depth of 25 meters

- Made of steel, onenonopilefoundation weighs up to 600 tons

- About 30 meters of thenonopileis driven into the seabed

- Monopilesare the most common foundations so far, especially for projects in the sandy North Sea seabec

Pictures taken at E.ON Offshore ProfectobySands (United Kingdom, 2003) 18



Monopile Foundation- Installation

Pile gripper for exact pile positioning Pile hammer (300 t of force) drivimgonopile  Installation complete

From arrival at site, the complete installation of a foundation takes less than 24 hours

E.ON has gained experience wittonopilefoundations in its United Kingdom projects at Bly8croby
Sands and RobiRigg

To date, E.ON has successfully installed more thamd80pilefoundations

Pictures taken at E.ON Offshore ProfctobySands (United Kingdom, 2003) aRdbbinRigg(United Kingdom 2009) 19



Tripod FoundatiorManufacturing and Delivery

Tripods being welded in Norway Tripod upended for shipping Tripods arriving at Wilhelmshaven port

- Tripod foundations can be used in deeper waters with a maximum depth of 35 meters
- Made of steel, one tripod foundation weighs up to 700 tons with a total height of up to 50 meters
- In an extensive manufacturing process, all different pieces of the tripods have to be welded together

- Tripods are still in the development phase and are, until so far, rarely put to use in offshore wind
installations

Pictures taken at E.ON Offshore Project Alpha Ventus (Germany, 2009, Source: DOTI) 20



Tripod FoundationInstallation

Heawylift crane ship on site Tripod foundation lowered to seabed Installation complete

- For the installation of a tripod foundation three securing steel piles, each 30 meters long and weighing
100 tons, are needed to fix the tripod at the ground

- From arrival at site, the complete installation of a foundation takeésdays but the installation process
will benefit from larger capacity jaakp crane vessels

E.ON has gained experience with the successful installation of six tripod foundations in the German
offshore wind project Alph&entus

Pictures taken at E.ON Offshore Project Alpha Ventus (Germany, 2009, Source: DOTI) 21



Jacket FoundationManufacturing and Delivery

Jackets aBurntislandFabrication, Scotland ~ Jackets aEemshavemort, Netherlands Jackets being shipped to site

- Jacket foundations can be used in water depths of more than 40 meters
Made of steel, one jacket foundation weighs up to 500 tons with a total height of up to 45 meters
In the manufacturing of the jackets, many single steel beams need to be welded together

Next tomonopileand gravity foundations, jacket foundations are the third most common type of
foundation, quite often also used for transformer stations

Pictures taken at E.ON Offshore Project Alpha Ventus (Germany, 2009, Source: DOTI) 22



Jacket Foundationlnstallation
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positioning the jacket foundation

Jacket foundations during transport The

The installation of the jacket foundations at AlpWantuswas done by the biggest crane ship in the world,
dhiado, which has the size of two football fields

From arrival at site the complete installation of a foundation takes up to three days

E.ON has gained experience with the successful installation of six jacket foundations in the German
offshore wind project Alph&entusand at the installation of the transformer station

Pictures taken at E.ON Offshore Project Alpha Ventus (Germany, 2009, Source: DOTI) 23



Wind Turbines Technology

Main components of a wind turbine

(D Tubular steel tower
(2 Nacelle with main mechanical and electrical components

(3 Hub with three rotor blades, rotating at slow speed
(@ Main shaft transmitting rotation from hub to gearbox
(® Multistage gearbox with high gear transmission ratio
@) (6) Fast turning generator, producing electricity

- Offshorewind turbines must be highly robustand reliableto avoid costlystandstills,sincethey cannotbe
accesseat sometimes becauseof wind, waveand weatherconditions

- Most offshorewind turbineshavea conventionaldesignthat is alsousedin onshorewind turbines,which
includesgearboxand generatorin the nacellewhile 6 g e a nurbmesdodot havea gearbox

- Inadditionto normalo w eamdt e affshibrewind turbinesmaysufferdamagefrom:
- Corrosiordueto aggressivesalty environment
- Highweardueto heavymechanicaloadsand higher utilization
- Failuresmayaffect gearboxgeneratortransformerbladesand transmissioncables

24



Wind Turbines Development

Size and capacity of wind turbines have significantly increased -

Project ScrobySands Radsandl RobinRigg Alpha Ventus

Turbine Type ~ Vestasvg0 Siemens2:93  \Vestasv90 ~ REpowetMultibrid
Hub Height 6m  6m som om
Rotor Diameter gom  93m om 126 m/116m
Capacity ~ 2Mw 23Mw  3mw 5MW
Number of Turbines 30 ©° e 122

- Sizeand capacityof offshore wind turbines have increasedconsiderablyAt the moment,wind turbines
with a capacityof up to 7 MW are beingtested

- While at onshore sites the size of wind turbines is often limited by restrictions on height and rotor
diameter,offshorewind turbinesdo not encountertheselimits in the opensea

In 2010the averagecapacityof offshorewind turbineswasabout2.6 MW

Source: European Wind Energy Association 25



Wind Turbines PreAssembly

Preassembled turbine parts in the harbor ~ Storage of wind turbine blades Preassembled turbine ready to be ship to the
site

- Windturbine componentsneedto be pre-assembledonshoreto allow quickinstallation offshore Themost
important pre-assemblyworksare the stackingof tower segments

- Vesselswith high cranesare neededto finally install the nacelleand the blades Thisprocessneedsa high
levelof precisionand canonly be fulfilled in goodweatherand with low wind speeds

- Fromarrivalat site the installation of a wind turbine takesa minimum of 24hours

- Todate,EONis operatingandinstalling more than 3650offshorewind turbinesin three different countries

Pictures taken at E.ON Offshore Project RBligg(United Kingdom, 2009) 26



