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Business and university background

—PhD, 40 years with bugsiness elevelepmenr
md:%r:f_,
Project management large pro;ecty “

r——

—Ocean wave energy (Wave Dragon), Tidal current (Tldeng)

—Offshore wind (Middelgrunden 40 MW, Samsg 23 MW, Hvidovre 7.2 MW)
Committees

—Dan;Mde Turbine Owners Association, board to 2018

'—European Ocean Energy Assouahon vice president to 2011 ..~ ,4‘
‘ 2 . -'-‘-’-="—‘ :
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Basic information

* Situated just 3.5 km’s off the harbor in

Copenhagen, Denmark.

e Established 2000 as the largest offshore wind

farm in the World.

* Delivering 3% of power to Copenhagen.

e Two owners each 50%:

**HOFOR (Copenhagen Municipality) and

+»*A Cooperative with 8,550 members
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Old tradition
 Owners have been invited to visit their wind farm 3
Sunday in June (windmill day).

* We started already during the construction phase having
1600 people on the building site.

* At the open day: we have 150-200 people every 2 years
on a sailing trip including climbing the turbine.

This Project has received funding from the European Union’s Horizon 2020
Research and Innovation Programme under Grant Agreement no 862915
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How about safety and insurance?

* Only turbines from before around 2003 have several
floors and can be climbed without safety line.

 Owners in general - like utilities have no interest in a
visiting program- cooperatives have.

* The legal and safety rules for professional service
people cannot be followed, - and need not to be
followed.

* The UNITED Project is helping to solve these issues
more general.

With a large boat for 30 people a stair has been installed
to give easy and safe access.
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With a RIB boat the situation is different

* You must enter using the ladder placed
outside the foundation.

* The weather situation gives sometimes
difficulties with waves and current.

Here a situation
where we had to
wait 1 hour for an
extra person to help
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Also TV is showing interest

* Monday a week in October with
the BBC program: Breaking Dad
running in UK speaking countries
for their 4t season.
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Take a virtual visit — by using QR codes from the top of different buildings

* Here the Copenhill incineration plant
* Other possibilities: l.

* The Science Museum
* The Round Tower
* The Lider Parking House

Take a tour

https://www.h2020united.eu/pilots-
denmark

This Project has received funding from the European Union’s Horizon 2020
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Synergies combining wave, wind and seaweed gLl

Wava Dragon™

* Can bridge production gaps in offshore wind production.

* Can be equipped with wind turbines.

* Can be combined with seaweed production.
* LCOE: 40€/MWh for 24MW units after 100 units.
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Wave Dragon as foundation for offshore wind

Wave climate - Power - Production

12 kW/m 1.5MW 4 GWh/y/unit
24 kW/m 4 MW 12 GWh/y/unit
36 kW/m 7 MW 20 GWh/y/unit
48 kW/m 12 MW 35 GWh/y/unit

Waves overtopping the doubly

Reservoir curved ramp

Source:
www.wavedragon.net
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Fully operational SCADA
system controlling the air
chambers
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57 m wide 200 tonnes
Wave Dragon prototype
with 7 turbines deployed
and connected to the grid
in 2003 as Worlds first grid
connected WEC.
www.wavedragon.net
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with two wind turbines

Expected rated power and
annual power production of 4
sizes of Wave Dragon + 2
wind turbines, calculated for
an annual mean wind speed
at 8.5 m/sec (46% capacity

factor)

Source: Feasibility and LCA for a Wave
Dragon platform with wind turbines ,
ISOPE 2016
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Wave Dragon - multiuse of space -

The Wave Dragon platform is a reinforced concrete structure well
suited as floating foundation for two wind turbines — the difference
in natural period is 10 times larger than for the wind turbine

W d Wind
Wave climate ave rate Wave Dragon Annual wave rated Annual wind
(kW/m) power weight (tonnes) | production (GWh/y) power production (GWh/y)
(MW) (MW)
12 1.5 6,500 4 0.85x2 6.8
24 4 22,000 12 1.65x2 13.2
36 7 33,000 20 2.3x2 18.4
48 12 54,000 35 3.0x2 24

Plocan, Spain

This Project has received funding from the European Union’s Horizon 2020
Research and Innovation Programme under Grant Agreement no 862915
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Wave Dragon - multiuse of space — with seaweed production

(©CmARIBE ‘

Marine Investment for the Blue Economy

' overtopping
resemnvolr
turbine Youtlet : ;S; : x
A Multi use of space example: Combined = 4000 tonsy
wave energy converters with a seaweed ) scs=founhs

L {typical “weather shadow” ; .
lee-side of WD farm) (estimate:

producing farm — utilizing the calm water! N
behind the Wave Dragon

€ > tons per year)
Thi ject has received funding from the European Union’s Horizon 2020
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Marine Investment for the Blue Economy

Wave Dragon and Offshore Aquaculture in Wales, UK

Description of projects

Pilot projectin | 1t Commercial | 2" Commercial 3™ commercial
Wales project in Wales| project; new project
location

-+ AQUACULTURE

Wave : . i
1 WD; 4MW 9WD; 30MW 9 WD; 30MW had L Y v,
Dragon
s ,-
80 tonnes/y 4000 tonnes [y X
\ /
(&
A
%
. Tt N
| Key figures 3 L
_ 3'd commercial project 5} g = —
VEVENLLE 4A5WD@4MW = 180MW = &5 =
SES 20 000 tonnes/y = : = S _ = 4000 tons/y
o -. e m T = '. in
Pay back 4.3 years v 3____ : 9 845-40 units
I \'1_ (typical “weather shadow" i / . .
IRR 24.4% A lee-side of WD farm) i [estinate;
each 200x250m
v . ' unit produces 100
1000m
% > tons per year)
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* Plenty of opportunities

 Thank you for your attention

Contacts:

Hans Chr. Sgrensen:
consult@spok.dk or
hcs@wavedragon.net
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