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Wind LCOE (2013$/MWh)

LCOE Trends

GO v e TBO
‘ =
B S OT—— = @‘
500 25 o
.E
400 |00 &
\ O
300 15 5
200 50 %
"""" ‘é’ $140 -
1[0 e ——T 1 1 0 A 0 O (N 25 8 _ .
0 . om e sommEo, s—— p— 0.0 $100
1980 1985 1990 1995 2000 2005 2010

B Annual installed wind capacity = Wind LCOE $80

Source: DOE Wind Vision, 2015

$60

I Nationwide (82.1 GW)
—#— Interior (55.1 GW)

$40

Average LCOE (2018 $/MWh)

—¥— Great Lakes (9.4 GW)
—e— West (12.0 GW)
$20 ~4— Northeast (4.6 GW)

GW: 09 17 19 20 18 36 63 96 51 63 95 09 51 82 82 53 57

Source: 2018 Wind Energy Technologies Market Report, Lawrence Berkeley
National Laboratory



Market Trends @®

100% Sl
i - 2018 Capacity by
90% ? Off-Take Category
80% Bl

70% 70%

60% 60% IOU:
2,616 MW
50% _ 50% (34%)
40% -l ® Merchant/Quasi-Merchant [S o s0% |
B On-Site
30% " Direct Retail 30%

" m Power Marketer "
0% B Undisclosed A
10%

0% Power Marketer  Undisclosed
212 MW (3%) 252 MW (3%)

Onsite: 17 MW (0%)

10%
0%

% of Cumulative Installed Capacity

Source: 2018 Wind Energy Technologies Market Report, Lawrence Berkeley National Laboratory



‘ O&M Cost Trends
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Land-Based Turbine Trends: Capacity
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Land-Based Turbine Trends: Hub Height
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Land-Based Turbine Trends: Rotor Size
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Land-Based Turbine Trends: Specific Power
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Land-Based Turbine Trends: Capacity Factor

BAR Target

) cox

Net Capacity Factor (%)

50%

40%

30%

20%

10%

0%

@)

Mo

W

—@— Empirical Capacity Factor (in 2017)
—O= Projected Capacity Factor (TX site)
—O—= Projected Capacity Factor (Ml site)

Average Specific Power (right axis)

T

1998
1999
2000
2001

2002

2003

2004
2005

2006
2007

2008
2009

O = AN NN O MNWMOOEH AN NST LD OO O
™ = e e e e e EHEHE AN AN AN AN AN AN ANANNANANM
O 0O 0000000000000 O0O0O0O0OO0OOoO
N AN ANANANANANAANANANAANANANANANANNANANNANAN

Commercial Operation Year

Source: Lawrence Berkeley National Laboratory, U.S. DOE Big Adaptive Rotor project

BAR

75

150

225

- 300

375

450

Specific Power (W/m?)

BAR Target

{3



Future Turbines
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Rotor Scaling
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DOE Big Adaptive Rotor Project

Objectives
Investigate value of low specific power turbines
Evaluate innovative rotor technologies
Understand logistics challenges for large on-shore blades
Design 5SMW turbine with 206m rotor with 60% capacity factor in Class I1I, low wind speed site
Identify enabling technology for the next generation of high capacity factor wind turbine rotors
Impact

Enable high capacity factor wind rotors to maintain grid resilience in high renewable penetration
future

Open up large areas of the U.S. for potential wind development

Reduce all-inclusive LCOE for wind

Push turbine innovations towards commercialization



Rotor Innovations

Fully
extended
diameter

From top left to bottom right: NASA/DOE, Rosenberg and Sharma, EB 28 Glider, Vestas, GE,
UVA, UCLA, Enercon, DTU (RISO) , NREL, Sandia/UC-Davis, GE (Blade Dynamics)
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Technical Report, May 2019



Logistics Challenges

250 PEOPLE

FOR THE HALIADE-X

—
=

e

Source

: General Electric




Logistics Challenges

Source: “R&D Pathways for Supersized Wind Turbine Blades”, U.S. DOE U.S. DOE Big Adaptive Rotor project, DNV-
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