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Why offshore wind?
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Why offshore wind?

Reason #1: Stronger wind close to the people

US Wind Resource
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US population density

People per Square Mile

. 1324 -1.927
. B17-1.323
B 485- 816
N 273- 484
B 137- 272

B 46- 136
Cm0-45

B

Source: U3, Census Bureau {county data)
Indiana Business Research Center

I I I .
I I Massachusetts Institute of Technology )

3



Why offshore wind?

Reason #2: Better wind

120

100 e Stronger wind
_ | e Steadier wind direction
40 / * Better wind shear profile

. J e Less turbulence

U (m/s)

= Calm open sea Crops
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Why offshore wind? h

Reason #3: Not In My Back Yard!

L =v2HR

H =90 m (hub height) => L =34 km
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Wind Energy in 1 slide

Power curve V90-3.0 MW
Noise reduced sound power modes are available.
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Power in wind at speed U:
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Extracted power by turbine:
1
o
Power coefficient
Betz limit: max C, = 59%

Actual turbines: C, close to 50%

Rated power ~ 3 to 5 MW

Capacity factor on site:

Power produced during year
Potential production
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Current state of
offshore wind




Offshore wind works!

eOffshore wind parks: 30 in 10 countries
eOperational since 1991
eCurrent installed capacity: 1,500 MW

eGlobal wind total: 120,000 MW+, equals over 35 million homes;
US total today over 7 million homes powered by wind

*2. 500 MW of offshore under construction
eOver 20,000 MW in permitting offshore Europe

Source : Bluewater Wind, 2009
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Offshore wind map
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Operating offshore wind
farms around Europe
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Horns Rev (Denmark) h
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Operational since 2002

Distance from the coast : 14-20 km
Water depth : 6-12 m
Capacity : 160 MW (80 x 2MW)

High capacity factor (42%) !
Annual production : 600 GWh
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Foundation types A

Monopile foundation Gravity foundation

e Most common type
eMinimal footprint eLarger footprint

eLow stiffness oStiffer but heavy
(due to the soil composition)
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Installation (1/2) A

Monopile driving Tower lifting Nacelle lifting
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Installation (2/2) h

Oh, let’s not forget the blades!
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Transmission h

/t\ /A\ Intra-array submarins cables
. -‘_,v '''''''' _-‘-_--
o - -- ‘.‘ﬂ
/h e /b e Ty Offshore

T e e _,.--""'"'-- ; transformer platiorm
AR T
Wind turbine array /h /t\h —"‘_,.':w" ‘\\
e Submarine cable to shore %
-.-.-*"'F

Source : Bluewater Wind, 2009
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Proposed US sites A

2 LSPF

Hull Municipal
Buzzards Bay
Cape Wind Assaciates

A

Mew York

Mew Jersey
Celaware

Atlantic

Total capacity ~ 3-4 GW
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Economics




Economics — Costs

Offshore
(bottom-mounted)

Total

Sources:

EWEA, Wind Energy — The Facts, 2009

JZJILSPF

Turbine
Foundation
Electrical
Other

O&M

Electricity cost

1000 €/kW 1300 €/kW
100 €/kW 600 €/kW
200 €/kW 500 €/kW
200 €/kW 40 €/kW

1500 €/kwW 2540 €/kW

15 €/MWh 30 €/MWh

6.6 - 7.3 €c/kWh 10 — 14 €c/kWh

Windpower Monthly, Annual Power Costs comparison: What a difference a year can make, 2010
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Economics — Costs

Generation costs compared Fg 3
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EWEA, Wind Energy — The Facts, 2009

Windpower Monthly, Annual Power Costs comparison: What a difference a year can make, 2010
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Lifecycle emissions
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From bottom-mounted
to floating




Issues with bottom-mounted

e Expensive installation

 Max water depth 30 m

2 LSPF

bineinfo

Portugal water depth
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Offshore Qil since 1947

1947

1955

—HEH—

6.1 m wd.

:

1090t 305 m wd

e

2180t

1956-69

e
e LT T
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ANz

62.8 m wd KDVEKD 0
1380t 86.9 m wd
4540t  103.6 m wd
5910 t
144.5 m wd
24,240 t

wd = water depth
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1976

259.1 m wd ;ﬂ! iir:"! by iy

vy

310.9 m wd

Source: Lee (1980)
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Offshore Oil since 1947 A

Jacket TLP FPSO Semi-Sub Spar
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Basic principle h

Wind force Wave force
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Design criteria A

e Storm survival

* |Installation

* Cost
f I‘. Eﬁ LA
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Concepts - MIT A

Tension-Leg Tension-Leg
Platform Buoy
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Concepts - MIT A

e System stability provided by
mooring lines

* Design optimization for
various sea conditions

e Hydrodynamic modeling of
the survival sea condition, 100
year storm

e Control system design of the
turbine blades

I I I .
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Concepts - MIT A

e Flexural vibration analysis of
the turbine tower

mmmmm

e Structural analysis of the
floating platform
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Concepts — Hywind

e Developed by Statoil

* Prototype installed offshore
Norway in 2009

e Spar buoy design
e Commercial plans: North Sea —

oil platform electricity and
utility-scale wind farms

JZJILSPF

QL
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Statoil
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Concepts — Hywind

65 m

100 m

| Siemens 2.3MW
offshore turbine

!

5MW for commercial application

J

— Spar buoy
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Concepts — Hywind A
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Concepts — Blue H A

e Tension-Leg Platform design
* Two-blade 2MW turbine

* Small-scale prototype
offshore Italy in 2008

 Plans for full-scale prototype
near Martha’s Vineyard

e Commercial deployment
planned offshore Italy

I o .
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Concepts — Sway

 Downwind tower with single tensioned
mooring line

* New 10MW turbine from Areva-Multibrid

e Concession for full-scale prototype
offshore Norway granted in Nov 2009
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Concepts — Windfloat
e Developed by Principle Power

e Semi-submersible with dynamic
ballast system

e Design phase, plans for

commercial deployment offshore
Portugal

. LSPF
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Challenges & Future trends




Challenges & Future trends A

* |Installation

Turbine Installation Vehicle

Windflip concept

Hywind tow-out
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Challenges & Future trends A

* |Installation

* Marine operations

I .
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Challenges & Future trends A

Direct Drive, Sync,
HTS

. AMSC

e |nstallation ( )

* Marine operations :

e Next generation turbines for offshore eﬁ
£
S
Mgp~480t
Multibrid downwind AMSC direct drive
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Challenges & Future trends

Source: EWEA

JZJILSPF

* |Installation

* Marine operations

e Grid development

* Next generation turbines for offshore

EWEAS 20 Year Offshore Network Development
Ma: an and Europ ffshore wind power

development and concession zones

FRANCE

== Currently operating offshore cable

NETHERLANDS

BELGIUM

RUSSIA

5. Meeond Darstepment Msst
planeing Eurcpe's ofishors gid

Under construction or planned offshore cible 8 Under study by TSO & Under study by TSO/EWEA recommendation

Proposed by EWEA in the 2020 timeframe = Proposed by EWEA in the 2030 imeframe

mm Concession and development zones

Massachusetts Institute of Technology j
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Thank you!

Now (7pm): Join us at the Energy club social in the R&D pub
(4t floor of Stata center)

_'[th').rrow:
Energy di_sgussi'oﬁsﬁ)ffshore wind policy & Cape Wind
- 12-1pm
4-145

Friday March 5t :
Meet us at the MIT Energy conference showcase
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Birds A

_,e*;-?'u‘_ US. Department of Energy Source: NREL
%4/ Energy Efficiency and Renewable Energy

Bringing you & prosparcus future whare enargy is ciean, abundant, reiiable, snd affordabie

4 8 Operation (2003):

Birds perceive the
presence of wind
turbines even in bad
visibility

Response distance:
~day = ¢. 3000 m

* “Avian Collisions with Wind Turbines: A Summary of Existing Studies and Comparisons to
Other Sources of Avian Collision Mortality in the United States,” (2001): 2.19 bird
deaths/turbine/year

* in US: 100 million to 1 billion birds collide with windows/year

* 100 million with cars and trucks
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Fish and marine life

See Effects of marine windfarms on the distribution of fish, shellfish and
marine mammals in the Horns Rev area (2000)

 Short-term: disturbed

* Long-term: positive effects: - safe haven — artificial reef effect
* Noise: very low-frequency

* Magnetic field: confined to 1m
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Turbines A
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Fig.5.10. Power coefficients of various of wind rotors [2]

I I I o .
k- LS P F I I Massachusetts Institute of Technology
42

-




Grid integration

TOTAL New England
Electricity Demand
by Month and
Hour of Day

New England electricity demand

JZJILSPF
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1: Graphics Courtesy of Steve Connors, MIT Energy Initiative
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Potential wind generation, Nantucket
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Grid integration s

LSPF

Fixed cost

Peaking capacity
with wind

Baseload capacity
with wind

Var. cost

Peaking

Baseload

Demand

Decrease in peaking
Net load and output

Increase in peaking
output

Ye 1 Utilization

find generation

ugx 8760 Hours
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