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MOTIVATION

What is so interesting about
decentralized offshore energy storage?
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Expansion of Wind Energy

Total Number of Wind Turbines in the EU (1991 - 2010)

(onshore - left axis; offshore - right axis)
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Expansion of Wind Energy

Estimated Energy Production from onshore and offshore

Wind Energy Plants according to the NREAPs (National Renewable Energy Action Plans)
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Expansion of Wind Energy

Estimated Energy Production from Onshore und Offshore Wind
Energy Plants in the EU (2000-2030)
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Compensation: Energy Demand < Energy Supply

DIE ZEIT 8.September 2011

tillstand bei sieben Beaufort. Die langen W- dk f
Rotorbliwer der Windkraftanlage verhar- t
ren starr trotz dieser frischer Brise. Weil ln ra

jede weitere Kilowattstunde die Stabilitat

des Stromnetzes gefihrden wiirde, wurde dieses * .
sichtbare Symhnlgj:?'hEnergjmde Zwangsweise ]_Il dle
abgeschaltet. Ein widersinniger Zustand, der im-
mer hiufiger eintritt: Vergangenes Tahr gingen laur
desnetzagentur fast 74 Millionen Kilowart-
o verloren. Einzelne Betreiber im Norden

Okostroms inGas

konnte das

der so g_rc.ﬂ ist, dass er die Republik i Speicherproblem lose
versorgen kann, der fiberall verfipks N CHRISTOPH M. SCHWARZ

74 Million kWh
wasted in one year

Ricke von Sﬂln.r Fuel Technology, »l:u. chla
grofiter Speicher ist das Erdgasnetz.« Statc witnhjs-
her Erdgas in der Turbine eines Kraftwerks zu ver>
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Compensation: Energy Demand < Energy Supply

VDI Nachrichten, 28.0ktober 2011

Die Suche nach ‘
dem grofden Strompuffer

ENERGIE: Das Konzept der Energiewende gibt vor, bis 2050 mindes- che in Dresden angesichts des sinken-

tens 80 % des Stroms aus regenerativen Quellen zu erzeugen. Der ?a?reg;‘&?fgﬁﬁ’ﬁi’;geﬁﬂgn b

gleichzeitige Ausstieg aus der Kernkraft bis 2022 verlangt nach schnel-  fiir die Stromwirtschaft. Fiir konkrete

len Weichenstellungen, wie das 43. Dresdner Kraftwerkskolloquium Aussagen, wie dieser Kapazitiitsmarkt

s ¢ 70 ; ausgestaltet werden konnte, sei es je-
zeigte, Anggsichis-derhohenVolatilititund-fehlender-GroRspeis .

och noch zu friih.
bleibt ein groRer i

neuen konventionellen Kraftwerken Micha , Leiter des Lehr-

stubls fiir Verbrennung, Wésme- und
VDI nachiRse, Dresden, 28. 10. 11, swe ssichcrhcitDeutsm Stoffiibertragung der veranstaltenden
»Wir brauchen noth auf mehrere Jahr-  garantieren kont .
zehnte leistungsfihigo~konventionelle Reiche, Parlamer Withidrawal of nuclear power
Kraftwerke, die mit schnellexRegelbar- rin im Bun

keit neben dem immer weiter wa (BMU), letzte Wc & IaCk Of energy StOI‘age pOSSibi|itieS
den Anteil der erneuerbaren Energi Der Umbau dt¢ I deman d fOI‘ new conven tional

ige IthhEIIQex
power plants
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Compensation: Energy Demand < Energy Supply

| Installed Capacity
«  <3MW

o 3-10mw
®  10-30MW
@® >3omw

Wind Power Stations in Germany (2007)

Windzoner
.. 4
3
.2

1 /1

wingonerkarne
Qus Wikipedo

Pump storage plants (>100MW) ‘= 1000 MW @ =1000 MW Pump storage plants (;1 00MW) ' .= 1000 MW @ = 1000 MW

Source: Aufleger, Markus (2008): Strom flieRt - Wasserkraft 2020, Bauingenieur, Band 83, Juli/August 2008




InTEEnD

ki awt

Ausgleich: Strombedarf & Stromproduktion
DIE ZEIT WISSEN - April/Mai 2011

Verkabelt
Europa!

Das grifite Hindernis fiir den Atomausstieg sind
¢ fehlenden Leitungen. EIN SUPERNETZ wire
Qsung — mit Norwegen als Batterie.

canlagen, so weit das
icsenbecken gart

lirmt und hisslich oder gefihrlick jst. Maasvlaktc)
¢in Unort, doch in diesem April win\die Insel flir ei-
nen Augenblick cine andere Bedeutun)\ haben: Hier
wird einer der Stilizfiden des kilnfrigen edzpaweiten
Hachstspannungsnetzes angebefeer. Dic stinldde In
sel wird zum Innovationsstandort

Es geht um das Supergrid. Das Netz der Ned
aus besonders verlustarmen Hochstspannungsleitungen
ist eine wesentliche Voraussetzung filr die europiische
Energiewende. Und seit den Reaktorunfillen in Japan
steht das Supergrid auch filr die Hoffnung, den Atom
ausstieg 7 beschlcunigen.

In dieser Halle bei Rosterdom
wird Strom filr dem Transport
nach England wmgeustndel:
Von Wechselstrom an Land in
Gleichsivom fiir das Seckabel.
Ober diese l'r-‘.'wm."u»x hénnse
muan die Letstung eines panzen
Atomkrafrwerks iibertragen

EIN SUPERNETZ

,A.tx )

ware die Losung

- mit Norwegen als Batterie
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SUPERGRID: High Voltage DC Transmission

rll"\ 'i]_::-‘:l'“,jg:-;.;ﬁfj .. : 800 tO] ] OO kV VOItage
& Visertraf b A 48 Germany alone still needs
E:E' Solarkraftwerke + A —I\ y

it Solarzelfen

" \, 3600 km of high-voltage
V¥ Biomase A
o ’%‘azn;

Creothermie pOWe r I I n e S

Estimated costs:

10 Billion Euros

(Germany)

.\/ o \. mm) the SUPERGRID
"/:L—g-— o B solution is cost-intensive
= 53 i . | and requires extensive

w—w Cist Leita - Lei Planzng - Die Vision

authorization procedures!

Source: Die Zeit - Wissen, Mai 2011, Burkhard StraBmann



Buoyant Energy

Floating Hydraulic Energy Stor ge

i\/ =4




! University of Innsbruck
W Wl Hydraulic Engineering Dept.

Concept of “Hydraulic Energy Storage”

Additional Load “

Water Reservior
\ e

Ventilation Pressure Head

Pump-Turbine

.
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Concept of “Hydraulic Energy Storage”

Flow Direction

In Turbine Mode Pressure Head
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Concept of “Hydraulic Energy Storage”

Flow Direction

in Pump Mode Pressure Head




Variation 1: Flexible Mooring Lines

Flow Direction in
Turbine Mode

Flexible
Moorinc
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Variation 1: Flexible Mooring Lines
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Variation 1: Flexible Mooring Lines
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Variation 1: Flexible Mooring Lines
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Variation 1: Flexible Mooring Lines
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Variation 1: Flexible Mooring Lines
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Variation 2: Mooring Lines attached to Buoys

Buoys
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Variation 2: Mooring Lines attached to Buoys
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Variation 2: Mooring Lines attached to Buoys
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Variation 2: Mooring Lines attached to Buoys
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Variation 3: Reversed Energy Conversion

Buoyant Bodies
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Variation 3: Reversed Energy Conversion
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Variation 3: Reversed Energy Conversion
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Variation 3
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Variation 3
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Variation 3
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Variation 4

Flow Direction
In Pump Mode
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Variation 4
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Variation 4




!“"“ h University of Innsbruck

W Wl Hydraulic Engineering Dept.

Variation 4
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Variation 4
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Variation 4




Unique Traits

Unique Traits of floating hydraulic

energy storage plants based on the
Buoyant Energy principle.
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Unique Traits

= Highly efficiency
> Due to low hydraulic losses; constant pressure head possible
= Unlimited number of cycles
= Response time is within the range of a few seconds
= Self-discharge rate is irrelevantly small

= Rapid load changes are possible

» Hydraulic short circuit

= Robust proven technology in a new environment
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Unique Traits

= Decentralized energy storage at the site of production

> Minimal expansion of the transmission network

= Diverse combination possibilities
» Demand for offshore energy, aquaculture and transport
infrastructure (“offshore terminals”, maritime service platforms) is
growing
» Hydraulic energy storage plants can be combined with just about

any other platform design
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Unique Traits

= Combination of floating offshore infrastructure with energy

storage:

> Platforms with functional buildings (“Floatels”, Aqua-farms, etc.)

> Service platforms (maintenance, floating container port, etc.)

Source: http://www.floatinghomes.de/
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Unique Traits

= Combination of floating offshore infrastructure with energy

storage:

> Platforms with functional buildings (“Floatels”, Aqua-farms, etc.)

> Service platforms (maintenance, floating container port, etc.)

Source: AZ Island, A Floating World Concept



Unique Traits

= Combination of floating offshore infrastructure with energy

storage:

> Platforms with functional buildings (“Floatels”, Aqua-farms, etc.)

> Service platforms (maintenance, floating container port, etc.)

Source: Megafloat
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Unique Traits

Die Schweizer Firma CSEM testet am Golf ein neuartiges Sonnenkraﬁwerk 5

Combination of energy production and energy storage

> floating solar power plants and ocean current power plants

e
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Solarmseln im Meer




Unique Traits

= Combination of energy production and energy storage
> Floating Offshore-Wind Farms - “Floating Wind Turbine”

Source: Siemens-Pressebild Source: Siemens-Pressebild, ,Hywind*
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Storage Capacity of an Ideal System

2
Storage Capacity: E=m-g-D=D-ApW sssss g.ﬂzApW g.h_
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Mass: mzA'pWasser‘DZE
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Storage Capacity of an Ideal System
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Buoyant Energy - Storage Capacity

T =T~ T7==T7="7T"7 =1 ATTTIT T T T T [ i I [ 1

--------------------------------------------------------

_____________________________________________________

TTTI
180 000 + |
160 000 | ||
140 000 -

120000 -

E100 000 |-

< |

80 000 |
60 000 +--f-- :

40 000 |-

20 000 +----\

0

_______________________________________________________

—————————————————————————————————————————————————————

____________________________________________________

_______________________________________________

0 5 101

5 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100
h [m]

m—1 MWh
— 5 MWh
m— 10 MWh
m— 15 MWh
— 20 MWh
— 25 MWh
30 MWh
w35 MWh
40 MWh
45 MWh

50 MWh



Challenges

= Mooring system
= Design of the pumps and turbines
= Design of “large” floating structures

- use of proven technology!

e.g. Construction of the Drogdentunnel and the Oresundtunnel
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Challenges

= Mooring system
= Design of the pumps and turbines

= Design of “large” floating structures

- use of proven technology!




Areas of Application

Possible economical use of
Buoyant Energy technology
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Areas of Application

Balancing the fluctuations between energy supply and

demand
> Integrating renewable energy into the energy market
> Use of Buoyant Energy as a component of any renewable energy

power plant (“Floating Wind Turbine”)
Peaking power market

Use in combination with off-grid electrical supply systems

> Especially applicable to natural and artificial islands



Outlook

Future scientific work



Outlook

= Examination of economic efficiency
> Highly dependent on future political changes (future standardized
tariffs for the availability of storage capacity)
» Comparison: Grid expansion< Storage costs
» Economic efficiency of combining Buoyant Energy with other
renewable energy sources
= Design-Study
» Forms of implementation
» Construction Methods
» Materials

> Plant components



Floating Wind Turbine

= Combination of a wind turbine with a floating energy storage

system as a renewable combined power station

Source: http://www.tomorrowisgreener.com



[

Floating Wind Turbine

Design Assumptions:

= offshore Wind turbine: Capacity P = 2 MW

= jdeal hydraulic storage plant (Cylinder)

= energy storage: Storage Capacity E = 1T MWh

h A Radius R  Weight W
[m] [m?] [m] [to]
20 3669.7 19.3 36 697
30 1631.0 12.9 24 465
40 917.4 9.6 18 349
50 587.2 7.7 14 679
60 407.7 6.4 12 232
70 299.6 5.5 10 485
80 229.4 4.8 9174
90 181.2 4.3 8 155

100 146.8 3.9 7 339
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Floating Wind Turbine

Design Assumptions:

= offshore Wind turbine: Capacity P = 2 MW

= jdeal hydraulic storage plant (Cylinder)

= energy storage: Storage Capacity E = 1T MWh

h A Radius R  Weight W

[m] [m?2] [m] [to]

— 20 3669.7 19.3 36 697
30 1631.0 12.9 24 465

el 40  917.4 9.6 18 349
50 587.2 7.7 14 679

60  407.7 6.4 12 232

70 299.6 5.5 10 485

— 80  229.4 4.8 9174
90 181.2 4.3 8 155

100 146.8 3.9 7 339
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Possible Layout Desigj

Hub height= 100 m
Hub height=110 m

R=20m

Immersion depth
h=20m

Floating Wind Turbine
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Hydraulic Engineering Dept.

Possible Layout Design

Hub height= 100 m
Hub height= 120 m

[
»

h=40m

Immersion depth

Floating Wind Turbine
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Floatation Stability ~ \ind power
Gravitational Force

Tilting torque

Center of buoyancy:
—+ Centroid of volume of
immersed part

Righting _
moment Center of gravity:

Weight of stabilizing load
+

Buoyant force due to
type of anchorage

Floating Wind Turbine
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Floating Wind Turbine

= Advantages
> Standardized production
> No elaborate flotation devices
> Simple maintenance and service
> Significant storage capacity when placed in clusters

> Location in the water is irrelevant (no limits to water depth)



Hywind - slender cylinder concept

...example for a visionary SIEMENS ,;'f _
Floating Wind Turbine - concept. 4" Statoil

However there is no storage device
integrated into the design!

= Main facts about Hywind:
» Siemens SWT 2.3 MW
» Turbine weight: 138 tons
> Draft: 100 m
> Displacement: 5300 m3
» Diameter at water line: 6 m
> Water depths: 120-700 m

> one prototype is currently operating near Karmgy, Norway



Am@yfjorden, April 227, 2009

Source: Statoil, ,Hywind - The world’s first floating wind turbine”, Congress proceedings, Lisboa November 5th, 2009.




Upending of substructure on April 26t, 2009

Source: Statoil, ,Hywind - The world’s first floating wind turbine”, Congress proceedings, Lisboa November 5th, 2009.




‘Official opening September 8t, 2009

Source: Statoil, ,Hywind - The world’s first floating wind turbine”, Congress proceedings, Lisboa November 5th, 2009.




BUOYANT ENERGY

smart concepts for energy storage

Contact

Robert Klar
robert.klar@uibk.ac.at
office@buoyant-energy.com

Markus Aufleger

markus.aufleger@uibk.ac.at

Valerie Neisch
valerie.neisch@uibk.ac.at

Thank you for your attention!

innsbruck .
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