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Welcome to EWTEC 2009

As chairman of the Organisational and Advisory Committees, it is my pleasure to welcome
you all to the 8th European Wave and Tidal Energy Conference, organised by the Division
of Electricity at Uppsala University. The first conference in this series was held in Edinburgh
in 1993.

This year, 133 papers have been selected for inclusion in the Conference Proceedings fol-
lowing an intense peer-review process. Some of these papers will be presented during a
Poster Session, which is a novelty compared to the last conference in Porto 2007. Conven-
tional oral presentations will be made of 108 papers. The programme also offers the usual
social events and some very interesting Technical Tours. Industrial representatives from the
field of renewable energy are here to exhibit their products. In all, this promises to be a most
rewarding conference for everyone involved.

| wish to express my gratitude to the EWTEC Technical Committee, all reviewers, our spon-
sors and not least to the local EWTEC 2009 Organising Team for their contributions in ar-
ranging the 8th European Wave and Tidal Energy Conference. Once again, welcome to
Uppsala and to the conference!

Mats Leijon
Professor of Electricity, Uppsala University
Chairman of the EWTEC 2009 Organisational and Advisory Committees

Division of Electricity
Department of Engineering Sciences
Uppsala University

P.O. Box 534
UPPSALA SE-751 21 Uppsala
UNIVERSITET Sweden
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EWTEC at a glance

Conference Topics

EWTEC 2009 covers the following topics. Oral
sessions are assigned a corresponding roman
numeral.

1. Preferential subject A: Grid connection
and system aspects of wave and marine
current power

2. Preferential subject B: Future markets
and ocean energy financing

3. Wave and tidal energy resource
characterization

4. Device development and testing

5. Device hydrodynamics and structural
mechanics

6. Power take-off and device control
7. Device and environmental modelling

8. Testing standards and performance
normalization

9. Environmental impact and appraisal
10. Policy development and legislation
11. Socio-economic impact

Information Desk

The Information Desk is located on the ground
floor of Uppsala Castle.

Telephone: 072-203 78 00 (local)

+46 72 203 7800 (international)

Lunch

Lunch is served at Norrland’s Nation, situated
by the Fyrisan river in central Uppsala. See the
map on page 8. Lunch hours are as follows:

Tuesday 11.00-12.30
Wednesday 12.00-13.30
Thursday 11.30-13.00

Vegetarian food and other special food require-
ments will be available according to requests
made upon registration. For admittance, please
wear your EWTEC 2009 nametag clearly visible
when entering the Nation.

Note. Norrland’s Nation is situated downhill
from Uppsala Castle. Please allow ten minutes
for the walk there, and slightly more for the re-
turn which is uphill. Afternoon sessions will start
promptly on time.

Refreshments

Coffee and other refreshments will be avail-
able outside the session rooms and in the Adolf
Fredrik room during oral sessions. There are
no explicitly scheduled refreshment breaks, but
feel free to grab a cup of coffee during an inter-
session break and bring it with you to the next
session.

Monday 7 September Tuesday 8 September

8.30-10.30

OPENING SESSION
Uppsala University main building

See page 5
11.00-12.30
LUNCH
Norrland’s Nation
12.30-16.15

ORAL SESSIONS
Uppsala Castle

Preferential subject A: Grid connection
and system aspects of wave and
marine current power

llI-A Wave and tidal energy resource
characterization 1

IV-A Device development and testing 1
V-A Device hydrodynamics and structural

15.00 Check-in opens at Uppsala Castle MEETEES ©
VII-A Device and environmental modelling 1
X Policy development and legislation

See page 11

16.30-18.30

17.00-20.00

POSTER SESSION
Main hall, Uppsala Castle

See page 12

WELCOME RECEPTION
Main hall, Uppsala Castle

See page 5
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Wednesday 9 September

8.10-11.55

ORAL SESSIONS
Uppsala Castle

llI-B Wave and tidal energy resource
characterization 2

IV-B Device development and testing 2

IV-C Device development and testing 3

V-B Device hydrodynamics and structural
mechanics 2

VI-A Power take-off and device control 1

Thursday 10 September

9.00-11.25

ORAL SESSIONS
Uppsala Castle

IV-D Device development and testing 4

V-C Device hydrodynamics and structural
mechanics 3

VI-B Power take-off and device control 2

Xl Socio-economic impact See page 14
See page 13
11.30-13.00
12.00-13.30
LUNCH
Norrland’s Nation
LUNCH
Norrland’s Nation
13.00-15.25
USRI ORAL SESSIONS TECHNICAL
Uppsala Castle TOURS
ORAL SESSIONS V-D Device hydrodynamics and structural See page 7

Uppsala Castle

Il Preferential subject B: Future markets
and ocean energy financing

llIl-C Wave and tidal energy resource
characterization 3

VII-B Device and environmental modelling 2
See page 14

mechanics 4
VII-C Device and environmental modelling 3
IX Environmental impact and appraisal
See page 15

15.45-17.00

CLOSING SESSION
Main hall, Uppsala Castle

See page 5

19.00 (until late)

CONFERENCE DINNER
Uppsala Castle

See page 5

Friday 11 September
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VATTENFALL
OCEAN ENERGY PROGRAMME

We believe that Ocean Energy will be the next renewable technology to be
commercialised within 10 to 15 years. Our concern for the climate and the
environment is one of the reasons why we are focusing on wave energy.

'

The aim with Vattenfall's Ocean Energy Programme is to reach a fast s i e A
breakthrough and to meet the demands and expectations of our customers.. . "

Read more at www.vattenfall.se-or at V\iww:\_/atte‘hfall._com o

VATTENFALL
MAKING ELECTRICITY CLEAN =~
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Conference Highlights

Welcome Reception

On Monday evening at 17.00-20.00, you will have the chance to social-
ize with old friends and meet new acquaintances at the EWTEC 2009
Welcome Reception in the Main hall of Uppsala Castle, in the presence
of the most famous of all Uppsala scholars, Dr. Carolus Linnaeus. The
bar will be open and some light entertainment provided.

Opening session

The Opening Session of EWTEC 2009 will be held on Tuesday 8 Septem-
ber at 8.30—10.30 in the assembly hall of the Uppsala University main
building (see the map on page 8). The list of speakers will include promi-
nent representatives from academia, government and industry within the
field of renewable energy. A detailed programme will be issued sepa-
rately.
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Uppsala University

Uppsala University, the first university in Scandinavia, was founded in
1477 by initiative of the Primate of the Catholic Church of Sweden, Arch-
bishop Jakob Ulvsson of Uppsala. After a period of decay during the
Lutheran Reformation, the privileges of the University were restored and
a new charter signed in 1595.

Many famous scholars and scientists have studied, lectured and per-
formed their research at Uppsala University. In the late 17th century,
Olof Rudbeck constructed his remarkable anatomical theatre in the Gus-
tavianum building, today the University Museum. The astronomer Anders
Celsius became professor at Uppsala in 1730, the botanist Carolus Lin-
naeus in 1741. In the 19th and early 20th centuries, Anders Angstrom
and his son Knut Angstrém were professors of physics, and the modern
Angstrbm Laboratory is named in their memory. Through the years, eight
Nobel laureates have been connected to the University.

The present-day main building of the University, University Hall, was a
gift by the government to the University on its 400th anniversary in 1877.
It was constructed in the following decade and inaugurated in 1887. In
the park in front of the building, a statue of the 19th century historian Erik
Gustaf Geijer, at the time regarded as the foremost of the University’s
scholars, was erected.

Today, Uppsala University is organised in nine faculties: theology, law,
arts, languages, social sciences, educational sciences, medicine, phar-
macy, and science and technology. The University has 6 000 employees,
two-thirds of which are academic staff. There are more than 40 000 grad-
uate and undergraduate students, including 2 000 doctoral students. Up-
psala University is highly rated in international rankings and comparisons
with other universities at home and abroad.

Conference Dinner

On Wednesday night you are invited to the Castle for a traditional Uppsala
sittning, which is a formal dinner party followed by dancing to live music.
Many sittning traditions are influenced by the student lifestyle which has
put its mark on Uppsala since 1477. Among other things, the evening will
contain food and drinks (including snaps), as well as singing.

For those of you interested, opportunities will also be given to con-
tribute to the entertainment with your talents of all kinds, be they ever so
small. Musical performances, funny stories, show dancing — everything
is equally welcome. If you want to perform during the dinner, please con-
tact one of the toastmasters (Simon Tyrberg or Katarina Yuen) or leave a
note at the Information Desk. After the dinner, an open stage with instru-
ments and microphones will be provided, as will encouraging cheers and
applause. A contribution might be the quickest way to fame within the
EWTEC community, so don’t miss out. Surveys show that that a half-bad
sittning-performance tends to be 54 % more successful than a half-good
conference presentation.

The evening begins with a welcome drink at 19.00! Dinner seating is
at 19.20. The dress code is informal dress.

Note. The Conference Dinner is included in the conference fee for all
participants.

Closing session

During the joint Closing Session on Thursday 10 September at 15.45—
17.00 in the Main hall at Uppsala Castle, a discussion will be held re-
garding EWTEC 2009 and future European Wave and Tidal Energy Con-
ferences. Come and give your input.
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Uppsala Castle

The construction of Uppsala Castle was begun by King Gustavus Vasa in
the mid-16th century as a fortification against foreign as well as domestic
enemies. Over the decades, the Castle was remodelled and expanded
into a representative renaissance palace, and it was traditionally used
for the festivities following the coronation of a new monarch in the Upp-
sala Cathedral. The Castle was damaged in the great Uppsala city fire of
1702, and parts of the building were torn down and used for construction
material in other buildings. Eventually, the Castle was reconstructed in a
French classical style. Due to funding reasons, the planned north wing
was never constructed, and this is the way Uppsala Castle looks today.

Through the centuries, Uppsala Castle has been the site of many signif-
icant events in Swedish history, among them the decision by the Privy
Council in 1629 to enter into the Thirty Years’ War and the abdication of
Queen Christina in 1654. Today, the Castle houses the residence of the
county governor, and three museums are open to the public.
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The future needs less fossil fuels. That is why
we are developing tidal power in the north sea.

The European countries have committed themselves to an also important focus areas for power production. Statkraft
ambitious goal to reduce their carbon emissions. This will is Europe’s largest renewable energy company, and since the
require the construction of new renewable energy power world’s need for pure energy will continue to grow, so will we.
plants. Statkraft has generated hydropower for more than Read more at wwuw.statkraft.com

100 years and today marine energy and wind power are

The future looks bright. :“ Statkraft

PURE ENERGY
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Technical Tours
All Technical Tours take place on Friday 11 September.

Late registration. There are limitations to the number of particpants on
some tours. If you did not register for a tour in advance but would still
like to go, please enquire at the Information Desk about any vacancies
on that tour. Empty slots will be filled on a first come, first served basis.

Forsmark Nuclear Waste Storage and Alvkarleby
Hydraulic Lab

This tour comprises study visits to the Underground Facility for Nuclear
Waste Storage at Forsmark Nuclear Power Plant and to Vattenfall's Hy-
draulic Laboratory at the Alvkarleby research facility.

Important information for participants. |f you already registered for
this tour, you must complete the tour sign-up with your passport number
at the Information Desk no later than Wednesday 9 September at 11.00.
The Swedish Nuclear Fuel and Waste Management Company requires
this information for all persons entering their underground facilities. Late
registration for this tour will not be possible after 11 o’clock on Wednes-
day.

The tour fee is 15 €.

Preliminary tour schedule

7.30 Departure by bus from the parking lot beside the Botanic
Garden (right across the street from Uppsala Castle)

9.00 Study visit to the Facility for Nuclear Waste Storage and the
Biotest Lake

12.30 Lunch at the Forsmark Guesthouse (included in the tour)
13.30 Departure by bus to the Alvkarleby Research facility
14.30 Study visit to the Hydraulic Laboratory in Alvkarleby
15.30 Departure by bus for Uppsala

17.00 Return to Uppsala

Lysekil Wave Power Plant

This technical tour features a study visit to the Uppsala University Wave
Power research facility outside Lysekil on the Swedish west coast. The
site is about 460 km from Uppsala and this will be a full day trip. Break-
fast/lunch will be provided on the morning trip and a dinner stop will be
taken on the return trip to Uppsala. Departure directly for Gothenburg
after the visit in Lysekil is possible (for onward flights abroad etc.).

Please note that the bustrip back and forth to Lysekil takes 12 h!

The tour fee is 30 €.

Preliminary tour schedule

5.00 Departure by bus, central Uppsala
45 min break
12.00 Arrival in Lysekil
12.30 Boat tour out to the wave power site Islandsberg
14.00 Return to Lysekil
14.30 Visit to Seabased Industry work shop
16.00 Departure for Uppsala
45 min dinner break
23.55 Arrival in Uppsala

Note: Detailed information regarding bus departure locations etc. will be
provided separately.

Marsta Wind Turbines

During this field trip you will see a short demonstration of a 12 kW verti-
cal axis wind turbine at a research facility located north of Uppsala. The
turbine is directly connected to a permanent magnet generator and op-
erates at variable speed. After the demonstration we will head on to Old
Uppsala, an area rich in archaeological remains. We will visit the local
museum and nearby burial mounds. This is a half day event.

Important information for participants. There are no toilets or water
available at the wind turbine site. However, these facilities are provided
at the museum and restaurant.

The tour fee is 15 €.

Preliminary tour schedule

9.30 Departure by bus from the parking lot beside the Botanic

Garden (right across the street from Uppsala Castle)

10.00 Demonstration of the vertical axis wind turbine

11.00 Bus leaves for Old Uppsala

11.20 Guided tour of the local museum and burial mounds

12.45 Lunch buffet (included in the tour) with optional mead (55 SEK
per bottle)

13.45 Departure for Uppsala

14.15 Return to Uppsala

ABB

This tour is a study visit to the ABB facilities in Ludvika. ABB is one of
the main suppliers of both power and automation technology necessary
for the renewable energy industry. ABB products and know-how are used
across the energy chain, from power generation and power plant control
to grid connections and transmission. ABB technologies, such as FACTS
and HVDC, not only allow the connection of intermittent energy sources
to the grid without stability problems but also make it possible to locate
large off shore wind farms far from the coast. On this tour you will be
given the opportunity to see some of the latest developments necessary
for large scale integration of renewable energy sources.

The tour fee is 15 €.

Preliminary tour schedule

7.00 Departure by bus from the parking lot beside the Botanic
Garden (right across the street from Uppsala Castle)

10.00 Study visit ABB

12.00 Lunch (included in the tour)

13.00 Study visit ABB High Voltage Laboratory
15.00 Return to Uppsala

17.00 Arrival in Uppsala
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Where to go
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Main Entrance

The assembly hall of the Uppsala Uni-
versity main building is the site of the
Opening Session.

A prowr A ;ﬁﬂ-u&g?ﬂ‘
Norrland’s Nation is our lunch site.
Enter from the street by the small
river, between the cinemas Spegeln
and Filmstaden.

Uppsala Castle, Slottet in Swedish, is
the main venue of the conference. For
a plan of the castle, see below.

Uppsala Castle




Technical Programme

Industrial Exhibition

Several commercial companies and other organisations are participating
in the conference by displaying their products and services at Uppsala
Castle. Some booths are located in the Adolf Fredrik room, others in the
hallways and between the galleries on the top floor. See the Castle plan
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Technical Programme
Oral Sessions

Oral presentations will take place concurrently in three rooms, the Main
hall, Gallery A and Gallery B. The Sessions will be chaired by members
of the EWTEC Technical Committee. For a detailed programme, see
pages 11 and 13-15. Abstracts of all papers presented orally can be
found in the EWTEC 2009 Book of Abstracts; reference is made in the
detailed programme as BoA p. XX.

Instructions to presenting authors. In each session room, a computer and
projector will be provided to facilitate presentations. The recommended
format to use is PDF, although PowerPoint will also be supported. Please
note that it will not be possible to connect your own computer during the
session!

Presentations are to be handed in at the Information Desk, preferably
when you check into the conference but no later than specified below:

Time of presentation Sessions Latest hand-in time

Tuesday afternoon I, I-A, IV-A, Tuesday 12.00
V-A, VII-A, X

Wednesday morning 1B, IV-B, IV-C,  wednesday 7.45
V-B, VI-A, XI

Wednesday afternoon I, llI-C, VII-B Wednesday 13.00

Thursday morning IvV-D, V-C, VI-B Thursday 8.30

Thursday afternoon V-D, VII-C, IX Thursday 12.30

Bring your presentation on a USB memory device. As you hand in your
presentation, it will be checked to ensure it is working properly. It will then
be available on the computer provided in the session room.

Please make sure to hand in your presentation well in advance. This
will ensure smooth switching of presentations during sessions. Presen-
tations that are not handed in on time will not be available in the session
room. Again, it will not be possible for you to connect your own computer.

The time available for each paper is 15 minutes presentation followed by
5 minutes questions and discussion. Please make sure that you plan
your presentation within the alotted time frame.

on page 8. Among others, the following distinguished actors in the field
of renewable energy are represented:

Main Sponsors

- Vattenfall (see advertisement on page 4)
- Statkraft (see advertisement on page 6)
- Fortum (see advertisement on page 10)

Other Sponsors

- Seabased (see advertisement on page 16)

Other Exhibitors

- Sandvik

- Trelleborg

- Garrad Hassan
- Aquatera

- INORE

Poster Session

The Poster Session will be held on Tuesday 8 September at 16.30-18.30
in the Main hall at Uppsala Castle. It will be opened with a brief intro-
duction by the Session Chair. There will then be time to walk around and
study the posters and chat with authors. For a detailed programme, see
page 12. Abstracts of all papers presented on posters can be found in
the EWTEC 2009 Book of Abstracts; reference is made in the detailed
programme as BoA p. XX.

During the session, the bar will be open and some light snacks provided.

Instructions to presenting authors. You will have time to put up your
posters on an allocated space (identified by the title of your paper) on
Monday at 15.00-17.00 and on Tuesday at 8.00-12.00. A minimum of
one author per poster is expected to be present with each poster dur-
ing the Poster Session to explain the presentation and answer attendees’
questions. If you would like to keep your poster, you must take it with you
at (but not before) the end of the Poster Session.

Photo: Emilia Lalander
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How much energy does an ocean wave contain? Fortum, together with
Uppsala University, are currently testing a new type of wave-power plant
outside Lysekil, on the Swedish west coast. Buoys move up and down
according to the motions of the ocean, and a connected generator on

the sea bed converts the power of the waves into electricity. Calculations
show that wave power can cover up to 10% of the world’s entire energy
needs and our experimental facility is capable to cover the energy
requirement for 20 households. A good start.

@Fortum
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Advertisement

Wave energy potential

Wave energy is a truly renewable, sustainable and
literally priceless energy source. It will have a vast
impact on electricity production in the world given Sun 1 kW/m? 100 W/m? 1,000 h
that feasible solution in terms of technology, economy

P max P average Full Load (hours)

and ecology are provided Wind (11m/s) 1 kW/m? 1 kW/m? 2,200 h
Seabased has a robust, cost efficient and environmen- Wave G " S1OKW Hooomn
tally sustainable solution for wave energy generation. 200 kW/m - 20-80 kW/m 4,000-5,000 h

It is based on a revolutionary new generator and system

design. A buoy on the ocean surface drives the unique bt I 7,000 h

wave energy converter that stands on the sea bed.

Several wave energy converters are placed in a park Basic physics suggest that wave and underwater energy are extremely

. . .. useful as energy sources. [P max = maximum power; P average = average
together with switchgear and cable transmission from power over time; Full load = hours of utilization corresponding to full

the park to the shore. This solution can be a significant power per year (8,760 h).]
complement to current electricity sources.

Seabased Group
SEABASED AB + SEABASED INDUSTRY AB « SEABASED ENERGY BRITISH AB « SEABASED ENERGY USA AB

Seabased Group, with the mother company Seabased AB develops and implements industrial solutions for sustainable conversion
of ocean wave energy to electricity, thereby creating lasting value for consumers, customers, society and shareholders.

Dag Hammarskjolds vag 52 B Phone: +46 (0)18 472 30 90 E-mail: info@seabased.com % ‘
SE-751 83, Uppsala, Sweden Fax: +46 (0)18 472 30 91 www.seabased.com SEABASED



