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Why We Are Here

http://www.nrel.gov/wind/resource_assessment.html

* Estimates show shallow (0—-30 m) nted Sates - Land-Based and Offshore Amnusl Average Wind Spesd at 0
and transitional depth (30—-60 m)
waters to have a net resource of
773 gigawatts (GW)

* If including deep waters that
would require floating sub-
structures, the total net U.S.
offshore wind resource is
estimated to be well over 2,000
GW

=

e ;'_';'
* The U.S. Department of Energy has adopted a National J-Lli"
Offshore Wind Strategy to support the development of an ot |

. . . . Wind Strat 1
offshore wind industry in the United States Creating dn
Offshore Wind
Energy Industry in
the United States.

* The strategy sets goals for deployment and cost reduction
Deployment: 10 GW by 2020 and 54 GW by 2030

Levelized cost of energy (LCOE): $100/ megawatt-hours (MWh) by 2020 and
$70/MWh by 2030

February 2011

http://www1.eere.energy.gov/wind/pdfs/national_offshore_wind_strategy.pdf
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Variability in LCOE

* Range of reported offshore wind project installed capital cost introduces
significant variability in LCOE

Baseline LCOE = $225/MWh

LCOE ($/MWh) $100 $150 $200 ' $250 $300
Icc $2,500 $5,600 $6,500
(S/kW) 7 ’ 7

AOE

Discount Rate
(nominal, after-tax)

Operational Life
year) ik

LCOE ($/MWh) $100 $150 $200 $250 $300
Source: Tegen, S.; Hand, M.; Maples, B.; Lantz, E.; Schwabe, P.; Smith, A. (2012). 2010 Cost of Wind Energy Review. 111 pp.; NREL Report No. TP-5000-52920.

Key Parameters for LCOE
Sensitivity Analysis

ICC = Installed Capital Cost AOE = Annual Operating Expenses



Installed Capital Costs (ICC)

Construction Finance

Contingency

* Balance-of-station (BOS) Surety Bond
costs dominate ICC for Insurance
offshore wind projects

Turbine

Soft Costs
16%

* There are three primary
BOS contributors:

Turbine
32%

Assembly, Transport,
Support structure & Install

Balance of Station
52%

Electrical infrastructure

Assembly, transport, and install Development

Project
Management

 Component contribution
can vary significantly from Electrical

Infrastructure

one project to another Port & Staging Support Structure

Source: Tegen, S.; Hand, M.; Maples, B.; Lantz, E.; Schwabe, P.; Smith, A. (2012). 2010
Cost of Wind Energy Review. 111 pp.; NREL Report No. TP-5000-52920.
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NREL BOS Model

* The BOS cost model is based on data provided by
GL Garrad Hassan America, Inc. (GL GH)

e Data draws from GL GH’s active participation in
offshore wind projects in Europe and their

Expected Offshore Wind Farm

FARnggof salontostlirthe experience in the onshore wind industry in the
C. Ekinton, J. Clayton, C. Garrett, N. Castilo, United States

(E;al?:; f!lélzisan America, Inc.

San Diego, California

NREL Techricalantor Sen Mapis * The model demonstrates how various factors,

such as turbine size and vessel rates, can affect
BOS costs for offshore wind projects

* Due to the high level of variability in project
- B parameters and uncertainty of site-specific
.—— elements, results of the model should be taken

P — as representative only
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Parametric Sensitivity Analysis

Baseline project parameters

Project Size (MW) 500
Turbine Rating (MW) 4.5
* Baseline parameters were
Rotor Diameter (m) | dve chosen to reflect a
Hub Height (m) 90 representative offshore wind
= roject in the mid-Atlantic
Distance to Shor (km) = project! | |
Water Depth (m) 15 * To re.preser)t the |m.pact of
! altering a single variable, all
Foundation MOﬂOplle analyses use common baseline
Array Spacing (Rotor Diameters) 8x8 project parameters while the
variable under investigation is
Array Voltage (kV) e changed.
Transmission VoItage (kV) 220
L W ad rblne Class - 7
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Sensitivity to Project Size

200%
180%
160%

140%
Assembly, Transport, & Install

120%

100% Electrical Infrastructure

80% Ports & Staging

o Support Structures

40%

BOS Cost per kW (% of Baseline)

Development & Project Management
20%

Baseline Project

0%
100 200 300 400 500 600 700 800 900 1000
Project Size (MW)

 Fixed costs such as vessel mobilization, export cable landfall operations, and others
can dominate smaller project costs.

* Further reductions come from increased order sizes that reduce per item costs.

* The electrical costs represent a significant percentage of project costs at low
project sizes. At larger project sizes, the support structure and assembly, transport,
and install costs dominate.
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Sensitivity to Turbine Size

© 120%
=
@
w
© 100%
m
gS) _ Assembly, Transport, & Install
X 80%
= _ Electrical Infrastructure
-
—  B0% .
2 BN Forts & Staging
J2
o _ Support Structures
)
8 20% _ Development & Project Management

0% ’ Baseline Project

3 35 4 45 5 55 6
Turbine Rating (MW)

* The total BOS cost is generally reduced as turbine size increases. Monopile support
structure costs increase as the turbine rating increases, but the cost increase is
outweighed by the reduction in electrical infrastructure and assembly, transport,
and install costs.

* The step change increase in assembly, transport, and install cost is associated with
a change to a larger class of vessels. This change is needed to handle the increased
monopile size required for the higher loads that are associated with larger turbines.
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Sensitivity to Water Depth

140% -

-

[

2
T

:

Assembly, Transport, & Install

g

Electrical Infrastructure

Ports & Staging

40%

Support Structures

BOS Cost per kW (% of Baseline)

Development & Project Management

2

Baseline Project

g

15 20 25 30
Water Depth (m)

* Water depth shows no impact to electrical costs. However, it does impact support
structure costs, which leads to increased total BOS cost.

* At shallow water depths, the assembly, transport, and install costs are unaffected
by water depth. As the water depth increases, the monopile gets substantially
heavier, which triggers a step change in costs due to the need to use a larger and
more expensive class of installation vessels.
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Sensitivity to Distance to Shore

140% -
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5 15 25 35 45 55 65 75 8 95
Distance to Shore (km)

* As distance to shore increases, BOS costs can rise significantly because of the high
costs of the long electrical cabling needed to connect the offshore wind project to
the land-based grid.

* For projects sited farther from shore, the assembly, transport, and install costs
increase as a result of transporting the turbines and foundations over greater
distances.
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Sensitivity to Vessel Day Rates

140% -
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%00 225 350
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* Variation of installation vessel day rates alone can substantially alter the assembly,
transport, and install costs as well as total BOS costs.

* Yet-unverified U.S. installation vessel costs and the exceptionally up-and-down
history of European installation vessel costs lead to highly variable assembly,
transport, and install costs.
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Conclusions

e Electrical infrastructure, support structure, and assembly,
transport, and install are the primary contributors to offshore
BOS costs.

* The largest uncertainty in near-term offshore BOS costs is in
vessel rates, which is the primary driver of the largest BOS
cost: assembly, transport, and install.

* Choices made in the project planning phase (such as project
location and turbine size) can play a large role in the final LCOE
for the project.

* Development of new, innovative technologies that reduce or
eliminate step changes in project costs can provide significant
cost savings.
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Thank You

NREL PIX 17856
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