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Disclaimer

. DISCLAIMER AGREEMENT

. These information (“Data”) are provided by the National Renewable Energy Laboratory (“NREL”), which is operated by the
Alliance for Sustainable Energy LLC (“Alliance”) for the U.S. Department of Energy (the “DOE”).

. It is recognized that disclosure of these Data is provided under the following conditions and warnings: (1) these Data have
been prepared for reference purposes only; (2) these Data consist of forecasts, estimates or assumptions made on a best-
efforts basis, based upon present expectations; and (3) these Data were prepared with existing information and are subject to
change without notice.

. The names DOE/NREL/ALLIANCE shall not be used in any representation, advertising, publicity or other manner whatsoever to
endorse or promote any entity that adopts or uses these Data. DOE/NREL/ALLIANCE shall not provide any support, consulting,
training or assistance of any kind with regard to the use of these Data or any updates, revisions or new versions of these Data.

. YOU AGREE TO INDEMNIFY DOE/NREL/ALLIANCE, AND ITS AFFILIATES, OFFICERS, AGENTS, AND EMPLOYEES AGAINST ANY
CLAIM OR DEMAND, INCLUDING REASONABLE ATTORNEYS' FEES, RELATED TO YOUR USE, RELIANCE, OR ADOPTION OF
THESE DATA FOR ANY PURPOSE WHATSOEVER. THESE DATA ARE PROVIDED BY DOE/NREL/ALLIANCE "AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY DISCLAIMED. IN NO EVENT SHALL DOE/NREL/ALLIANCE BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER, INCLUDING BUT NOT
LIMITED TO CLAIMS ASSOCIATED WITH THE LOSS OF DATA OR PROFITS, WHICH MAY RESULT FROM AN ACTION IN
CONTRACT, NEGLIGENCE OR OTHER TORTIOUS CLAIM THAT ARISES OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THESE DATA.

This work was supported by the U.S. Department of Energy under Contract No. DE-AC36-08-G028308 with the National Renewable Energy Laboratory.
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Overview

* The offshore wind industry is expanding into
deeper waters farther from shore
contributing to a wide range of the cost of
energy

* U.S. land-based wind plant cost of energy
may be returning to a historical low as a
result, in part, of new wind turbine options

* Projections for future wind plant cost of
energy anticipate reductions for both land-
based and offshore wind plants
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Levelized Cost of Energy (LCOE)

Capital Investment

Financing Operating Expense

(FCRxICC) . A(‘)/E

AEP AEP

net net

N

Annual Energy Production

LCOE =

Source: Short et al. 1995

* Four basic parameters

o Initial Capital Cost (ICC), Annual Operating Expenses (AOE), finance
parameters (Fixed Charge Rate (FCR)), and net Annual Energy Production (AEP)

e Metricis useful to explore
o Long-term trends or projections

o Relative differences in resource quality, geographic locations, or technology
options
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Globally, There are Over 200 GW of Offshore Wind Plants in
Various Stages of Planning In Addition to Nearly 5 GW in

Operation
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Source: NREL Offshore Wind Database
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Installed Offshore Wind Projects Have Typically Been Sited In
Shallow Water and Close to Shore, But New Projects are

Exploring Deeper Water Farther From Shore
—— > <& Far-shore =

P (DC power exporttechnology becomes competitive)
220 > F
Floating Technology
Demonstration Projects
210 >
\ / Deep Water
200 // \{-:_/
= 604
5
- A
a
8 50
° Plaph™ Transitional Water
T ! 74 ’r"
\Y \
‘- - \--_
A A4
30 )
* \“ -#l A
20 -
® Shallow Water
10 ~L 1
0+ , . v

60 80 100 120
Distance to Shore (km)

20 40
Installed Under Contracted ;”“‘\I Approved
Project Construction Project ‘\__,f Project
Bubble size represents project capacity

Source: NREL Offshore Wind Database

NATIONAL RENEWABLE ENERGY LABORATORY 6



Offshore Wind Plant Capital Costs Have Increased Over the Past
Decade Partly Due to the Rapid Expansion to Deeper Water Farther

From Shore
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Potential U.S. Offshore Wind Plant LCOE
Ranges From $168/MWh to $292/MWh

Reference LCOE = $225/MWh
LCOE ($/MWh) $100 $150 $200 Y $250 $300
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Source: Tegen et al. 2013

 The offshore wind industry is evolving with a variety of foundation
types designed for a number of site conditions contributing to a
range of cost estimates

* Lack of experience in project planning, construction and operation
also introduces uncertainty that results in varied cost estimates
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Land-Based Wind Plant LCOE Declined by
More Than 2/3 Between the Early 1980s
and 2000s
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Escalation in wind power capital costs since 2003 resulted from:
e Rising commodity and raw material prices
* Increased labor costs
* Improved manufacturer profitability
e Turbine upscaling.
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Lower Turbine Prices Since 2009 Along With Improved
Wind Turbine Performance May Yield a Return to
Historically Low LCOE Levels in 2012—-2013
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e Estimated wind plant LCOE based on observed market variation in
capital investment and modeled wind plant performance

* |Incentives or policies that reduce price of wind energy in wholesale
power markets (e.g., production tax credit) excluded.
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New Technology Options Reduce Variability in LCOE Across a
Range of Wind Resource Sites
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Source: Lantz et al. 2012

* Low wind speed technology with larger rotor and taller tower size
options provides Technology Choice in 2012—2013 for annual-
average sea level equivalent wind speeds at 50 meters.
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Geographic Spread of Wind Power Projects in
the United States Spans a Range of Wind
Resources

S Wind Projects = MW
{ ‘ B\ o @ Newin 2012
1 SR, o\ o Priorto2012

ks ., Wind Power Capacity

5 R Megawatts (MW)
, T Total Capacity =3 A > 10,000

3 [New Capacity 2012] ) 5,000- 10,000

= 1,000- 5,000

INREL B &%

f?‘lstﬂ.l b et <100

NATIONAL RENEWABLE ENERGY LABORATORY

Source: Wiser and Bolinger, 2013

Note: Numbers within states represent cumulative installed wind capacity and, in brackets, annual additions in 2012.
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Recent Wind Projects Utilize Low Wind Speed
Technology in Lower Wind Resource Quality
Locations than Were Used a Decade Ago
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* Specific power is a ratio of generator rating to rotor swept area
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Wind PPA Prices Generally Have Been Falling
Since 2009 and Now Rival Previous Lows Set a
Decade Ago

(this despite the trend to lower-quality wind resource sites)
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Source: Wiser and Bolinger, 2013 PPA Execution Date

* PPA prices include incentives or policies that reduce price of wind energy
in wholesale power markets (e.g., production tax credit).
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Most Projections for Wind Plant LCOE Anticipate Future
Reductions With Opportunities for Greater Reductions in
Offshore Wind Plant LCOE
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Source: Tegen et al. 2012

* Projections included here were published and derived from a variety of methods
including learning curves, expert elicitation, and engineering-based models.
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Demonstrating Future Cost Reduction of Wind Energy is
Important for Understanding Future Electric Sector Evolution

Increase in retail electricity price relative to reference/baseline
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Source: Renewable Electricity Futures (2012)

 Renewable Electricity (RE) Futures showed that the incremental cost of high RE
scenarios is comparable to published cost estimates of other clean energy
scenarios

* Improvement in the cost and performance of renewable technologies is the most
impactful lever for reducing this incremental cost.
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Conclusions

* The offshore wind industry is expanding into
deeper waters farther from shore
contributing to a wide range of the cost of
energy

* U.S. land-based wind plant cost of energy
may be returning to a historical low as a
result, in part, of new wind turbine options

* Projections for future wind plant cost of
energy anticipate reductions for both land-
based and offshore wind plants
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Thank you. For more information...

M. Maureen Hand
303-384-6933
maureen.hand@nrel.gov
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