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Introduction Sirris/ OWI-Lab
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“The Sirris Application labs focus on technological
themes that will be crucial for the future of our companies

in the coming years”.
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Why OWI-Lab?

1) The offshore wind energy market fast expanding !

Offshore wind energy is a critical energy component in may countries low
carbon strategy (target 2020)

Interesting alternative energy technology (grid parity forecasted in 2030)
= Large untapped resources
= Relative high energy yields
= Potential to develop projects on a large utility scale (bulk energy harvesting)

Economic opportunity
Latest numbers 2012 (EU):

» 3.5 GW currently online
» 2 GW under construction at the moment
» 100 GW under development
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Why OWI-Lab?

FIG 7: CUMULATIVE AND ANNUAL OFFSHORE WIND INSTALLATIONS (MW)

EU MARKET FORECAST:
The coming 4 years 12 GW will be installed
offshore, this is 3 times the amount of what
has been realized over the last 20 years.

Source EWEA 2011
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Why OWI-Lab?

» Belgium committed to realize 13% of energy mix out of renewable energy
= 1/3 of this - Offshore wind energy (planned offshore wind capacity = 1.622 GW)

é&’elwind

= Offshore Energy

Phase 1 = 165 MW

Annual generation for 175.000 inhabitants
Phase 2 = + 1656MW

|
@
~-C-Power

Phase 1, 2 and 3: 325,20 MW
Annual generation for 600.000 inhabitants

4
Comming up: Northwind, Phase 3 C-Power, Norther, Rental ‘W
Seastar, Mermaid




Why OWI-Lab?

2) Creation of jobs and export opportunities

Direct 135.863 3.476 2,6 %
Indirect 102.292 2.564 2,5%
Total 238.155 6.040 2,5%

= 40 % of Belgian wind energy jobs are related to ‘offshore wind’

= Forecast 2020: 13.000 jobs in general with biggest impact in offshore wind
energy

= lLarge international component suppliers active in Belgium (export)

= Pioneering experience in installing and operating offshore and deep sea
wind farms (Belwind, C-Power)
|
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Why OWI-Lab?
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What does OWI-lab do?

SHARED
CAPACITY

" |nvesting 5.5M € in test and monitoring infrastructure
to support (offshore) wind power R&D in the whole Access to high-tech
industrial value chain = 4 investment programs in R&D B

infrastructure
SHARED R&D
o Technological
= platform to initiate local and European research developments with
projects together with industry and universities LR R

(SBO, 0&O0, FP7,...)

INNOVATION

_ . _ o _ PROJECTS
» |nnovation projects with / for companies in the wind paslications

power sector from idea to product
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Development of
R&D infrastructure

Expansion of the

. Creation of innovation
research infrastructure

Operationalize infrastructure

Proposal OWI-project Kick-Off Launch

submitted to the OWI-Project OWI-Lab " ';‘;‘th;;gtl'i‘t’“ OWI-Lab Kick-off
Flemish government Platform y Shared R&D project
/ . . . Optiwind (SBO)
/ = 24 Companies / universities
. participating in user group
\\ /

\

hore ™ Kick-off feasibility study

nfrlg: Flanders Wind Farm Test Site

OptiV¥]
COUWWIND
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OWI-Lab in detail

5.5 milj€ investment in state-of-the art test & monitoring infrastructure

Wind turbine component

Stationary and Test Lab with Remote measurement O&M simulation tool

Floating LIDAR large climate chamber & monitoring systems &
(FLIDAR™) (Temperature testing) (SHM & CMS) Cost estimator

1 2 3. 4

SHARED R&D INNOVATION

Technological PROJECTS
developments with Realisations
industrial partners from idea to product




Stationary and
Floating LIDAR
(FLIDAR™)

Geotechnical Offshore Contractor



SLIDAR & FLIDAR

DATA

Y

ANALYSIS &

Datasets and ongoing measurements
around Belgian North Sea

MODELLING

|

ENERGY

Wind flow modelling

Meso-scale modelling

Long term correlation

On-site data reconstruction
Advanced wake modelling

SCADA data analysis

Turbine siting

Turbulence and extreme wind speeds

CALCULATIONS

Long term yield calculation
Detailed analysis of energy losses
Uncertainty analysis

Bankable reporting




)

It would be nonsense to claim
that we can predict everything
by the use of computer simulations.
We need tests for verification and

validation of our models’.

Carl Erik Skjelstrup, Vice President, Mechanical Systems,
Vestas R&D

Wind turbine component
Test Lab with
large climate chamber
(Temperature testing)




Large cold climatic test chamber

= On-and offshore wind turbines are standard designed
to operate in a temperature range from -10°C to +40°C,
BUT in some (remote) locations this specification is not
enough to ensure reliable operations:

= Example: Finland = turbine operate @ -40°C
» Desert of India = turbines operate @ +50°

= These inhospitable locations form a huge challenge
for the machine and also for the maintenance and
repair teams




Large cold climatic test chamber

High operations and maintenance (O&M) costs have to be avoided for
remote located wind turbines (arctic wind turbines, offshore located wind
turbines, turbines installed in high mountains, etc...).

How? - testing their components up to their limits ; ensure reliability in
all operational conditions.

“Only a cost optimized and reliable turbine is bankable”

Industrial challenge: find appropriate test infrastructure and datasets for
these wind turbine components which get bigger and bigger every years

g




Large cold climatic test chamber

Unigue climatic test chamber in EU

Components up to 150 ton (30 ton/m? floor capacity)
560 m?3 test space = components up to 10m x 7m x 8m (L X W xH)
-60°C to +60°C

408kW installed cooling power

+60°C to -40°C air in 1 hour

#20°C to -60°C of 100 ton steel in 60 hours
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Remote measurement
& monitoring systems
(SHM & CMS)
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Dedicated offshore measurements &
monitoring system

= Datasets as input for component design

- Get better understanding of the behavior how the
turbines operate far shore

" Multi-purpose: _— = _=
= Vibrations Wk RAR L
= ‘Corrosion

‘= Temperatures ——— =
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= Offshore Energy

Advanced post-processing techniques
for continuous dynamic monitoring
of the structure (damping, frequency,...)
Vrije
0) Universitei
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Belwind
= Offshore Energy

At this moment Belwind already cooperates with OWI! for a

| structural health monitoring measurement campaign, with very
interesting results. It is inspiring to see how all involved partners
can benefit from such knowledge build-up: Belwind and their
suppliers to learn about the behavior and performance of their wind
turbines, OWI in the fact that they get access to a real offshore wind

farm environment.

Frank Coenen, CEO Belwind



O&M simulation tool\
&

O&M SOftWa re tool Cost estimator

= Purpose O&M tool: study the interplay between:

* Maintenance strategies

= Tools

= Lifetime predictions—CMS
= Statistical data
= Wind & meteo data

and their impact on uptime wind turbine (farm), O&M cost
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INNOVATION
PROJECTS

Realisations
from idea to product




Strategisch Basis Onderzoek (SBO)

=  SBO OptiWind granted by IWT this summer !
= Key topic: Serviceability optimization of the next generation offshore wind

turbines
= |mprovement of the design and concepts of offshore wind park, components and their
serviceability, and development and validation of dedicated numerical modeling and
component testing
= Development of robust and effective Structural Health and Condition Monitoring
techniques for offshore wind energy through advanced data-processing and new sensor

technologies

SB
o /~ Project

4{4‘ / Proposal
Wik

) Servlceability
Optimisation of the

Next Generation
Offshore Wind

» Project partners VUB / Ugent / KUL / Sirris / LMS / 3E
= Timing: Okt 2012 — Sept 2016

. B}déet 3.2 Mio Euro
SHARED R&D
\

( Technological
\ S developments with INNOVATION

CAPACITY ! :
Access to high-tech industrial pa rtners Realisations

infrastructure from idea to product




Flanders Wind Farm

= Feasibility study for developing an offshore test site
= Study granted by ‘Agentschap Ondernemen’

" Experimental offshore test field to test &
demonstrated the newest generation of wind
turbines (>6MW)

o SHARED R&D
“L'\ _ Technological

developments with
\ industrial partners




Floating factory of the future

Mission: High Wind provides a solution to install offshore wind

turbines at “high wind” conditions. We are designing, developing ngh

and constructing a tool, used for offshore wind turbine installation ——=Wi nd
to make wind farm installation faster, cheaper and more reliable.

TINA- prqject | | o &
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Raadgevende Ingenieurs International

Studiebureau voor bouwkunde

Sirris = knowledge partner
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INNOVATION

PROJECTS

SHARED R&D

Technological
developments with
industrial partners

Realisations
from idea to product
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What is next?

= OWI +




Thank you for your attention!
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http://www.owi-lab.be/

1§ @owllab

A Group: Offshore Wind
[ ] L ]
Infrastructure
‘ S]T”S u Application Lab
. (OWI-Lab)
driving industry by technology
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