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California Energy Future

¥ Renewables Portfolio Standard - 33% by
2020

¥ Once-Through-Cooling Restrictions

¥ San Onofre Nuclear Generation Station
(SONGS) Replacement

¥ AB-32 GHG Initiative
¥ 50% RPS?
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2020 33% RPS

¥ California has an aggressive Renewables Portfolio Standard (RPS). This
standard requires all utilities to adopt the following RPS targets:
b An average of 20% of retail sales from renewables in 2011-2013.
b 25% by the end of 2016.
b 33% by the end of 2020.
b No less than 33% per year after 2020.
¥ In 2012, California served about 22% of retail electricity sales from
facilities using renewable energy sources such as wind, solar,
geothermal, biomass, and small hydroelectric.

¥ The CEC estimates that this electricity was generated from about 12,300
MW of wholesale generation and 1,600 MW of self-generation.

¥ CA operating renewable energy capacity grew from 14,100 MW in 2012
to 17,400 MW in 2013.
¥ On track to meet or exceed 33% RPS by 2020
b + rooftop PV - 5%
b +large hydro - 13%

UCDAVIS Source: CEC °



CA Renewable Generation Trend
1983-2012
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¥Not counting large hydro
¥In-state and out-of-state 5
UCDAVIS ¥Total CA electric generation in 2012 was 302 GWh Source: CEC




CA Renewable Resource Type
December 31, 2013

Small Solar Total
Renewable Biomass | Geothermal Hydro Solar PV | Thermal Wind Renewable
Capacity (MW) (MW) (MW) (MW) Mw (MW) (MW)
California 1,100 2,700 1,600 2,700 900 5,700 14,700
Out-of-State - 100 - 400 300 800
Grand Total 1,100 2,800 1,600 3,000 900 6,000 15,500

Source: California Energy Commission based on Quarterly Fuel and Energy Report, source [8], CPUC RPS contract database [D1], and POU
S-2 and S-5 Forms for 2013 [D2].
* Includes 370 MW from Ivanpah Solar Units 1 through 3, even though they technically did not start selling power under their PPA until the first

few weeks of January 2014.
Note: Totals may not sum due to rounding. Additional information about the data is provided in the notes for Table 2.
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California Electric Energy

Generation Mix, 2012
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50% RPS Provides New
Challenges

¥ California does not yet have operating experience
with 33% renewables

¥ No other country or state appears to have achieved
an equivalent RPS above 33%:
b Germany: 22% renewables in 2012
¥ 7.4% wind, 4.5% solar
b Spain: 24% renewables in 2012
¥ 18% wind, 4% solar
b Denmark: 30% wind in 2012
¥ Assisted by interconnections to Germany and Norway

¥ Norway, New Zealand, British Columbia achieve

higher renewable penetrations with large hydro which
does not count towards RPS in California

UCDAVIS Source: E3 - Energy+Environmental Economics



50% RPS Integration Challenges
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Renewable Generation (TWh)
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Renewable generation
needed to meet 33%
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1. Downward ramping capability

Thermal plants to serve load at night
ramped down to deal with influx of
solar after sunrise

Minimum generation flexibility

Thermal resources must have lower
minimum generation levels to minimize
overgeneration

Upward ramping capability
Thermal resources must have quick
start up and ramp up capabilities to
deal with sundown loss in solar and
peak load

Peaking capability
System must be capable to meet
reliably peak loads

Sub-hourly flexibility

System flexibility needed to meet sub-
hourly ramping

Source: E3 - Energy+Environmental Economics 10



50% RPS Study Conclusions &
Recommendations

¥ 50% RPS does not face major technical hurdles

¥ May lead to overgeneration conditions during daylight
hours

¥ May lead to higher electricity rates

¥ Solutions to mitigate operational challenges and
reduce cost:

b Increase regional coordination - sharing of flexible resources
across WECC territory

b Develop diverse portfolio of renewable resources

b Implement long-term, sustainable solutions to address
overgeneration

b Implement distributed generation solutions

UCDAVIS Source: E3 - Energy+Environmental Economics 11



California Offshore Wind Power
Forum 2013

June 11 & 12, 2013
University of California - Davis
Davis, California

The University of California, Davis and the California Energy Commission
hosted a two day symposium to explore the future of offshore wind power
off the coast of California. The Forum featured four panels of expert
speakers discussing regulatory, environmental, technical, and economic
challenges and opportunities. Drawing upon experience from overseas,
other states, and other industries, they looked at how California can
effectively and responsibly proceed to harness the abundant winds off its
shores.

The proceedings of the Forum, including presentations are available at:
http://cwec.ucdavis.edu/presentation/california-offshore-wind-power-forum/

UCDAVIS
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California Offshore Wind Power
Forum - Program

Tuesay,11June2013

8:00 a.m. Registrati on and Conti nental Breakfast

8:30 a.m. KEYN OTE

Joan Barminski, Bureau of Oc ean Energy Manage ment

9:30 a.m. Regulat ory Is sue s for Offsh ore Wind Power
MODERATOR: David Hochschild, Commi ssion er, Ca lifornia Energy
Commission

Holly Wyer , California State Lands Com mis sion
William T oman , Pacific Marine Renewables

Aviv Goldsmit h, Fisherme n's Energy

David White, Natio nal Marine Fisherie s Serv ice, NOAA

Matth ew Armsby, Resources Law Group

12:30 p.m. Lunch

1:30 p.m. Offs hore Win d Powe r and the Califor nia Coastal Enviro nme nt
MODERATOR: David Stoms, California Energy Com mission

Andre a Copping, Pacific North we st Natio nal Laboratory
David Perekst a, Burea u of Ocean Energy M anagemen t
Scott Terrill, H.T. Harvey & Associate s

Melinda Dorin Bradbury, Independent Consultant

5:00 p.m. RECEPTIO N

Provid ed by the Warr en and Leta Giedt Endowment

UCDAVIS



California Offshore Wind Power
Forum - Program

Wednesdy,12 June 2013

8:00 a.m. Contine ntal Br eakfast

8:30 a.m. KEYN OTE

Huub d en Rooijen, The Crown Estate (via video conference)

9:30 a.m. Offs hore Win d Ener gy Tech nol ogies for the Califor nia Coast
MODERATOR: John H ingtgen , Calif ornia Energy Comm issio n

Leslie Rosenfeld, Centr al and North ern California Ocean O bserving
Syste m

Walt Musial, Natio nal Renewable Energy Laboratory
Kevin Banist er, Principle Power, Inc.
Jay Edgar, PelaStar, The Gloste n Associate s

Mirk o Prev isic, Re Vision Consulting, LLC

12:30 p.m. Lunch

1:30 p.m. Econo mic Outlo ok and Infrast ructu re Need s
MODERATOR: Michael Sokol, Calif ornia Energy Comm issio n

Andy Wickless, Navigant Consultin g
Chris Elkinton, GL Garra d Hassan
Christo pher Morris, Massachusett s Clean Energy Center

Jim Lanard, Offshore Wind Dev elopm ent Coalitio n

UCDAVIS



California Offshore Wind Power
Forum Takeaways - General

¥ Internationally, offshore wingoweris growingfastwith
roughly 5 GW capacity installed, almost all in shallow
water.

¥ The Department of Enerd§{pOE) and Bepartment of
Interior@ National Offshore Wind Strategy includes
following goals:
b 10 GW deployed by 2020 at $0.10 per kWh

b 54 GW deployed by 2030 &0.07 per kWh

¥ First commercial projecis the United Stateare moving
forward on the East Coast. Cape Windpgroaching
construction.

¥ California contains a sizabtdfshore windresourcewnhich
could provide 66ITWh annually.

UCDAVIS
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California Offshore Wind Power Forum
Takeaways - Regulatory Issues

¥ California@ regulatory process is complex dedgthy, involving numerous
federal, stateand localagencies and a wide arraystékeholdes.

¥ TheBureau of Ocean Energy Management (BOEMfederal agencys the lead
for offshore leasing in federal waters (in general, more than timebeyond
shore).

¥ At the state legl, a number of agencies would be involved includingStage
Lands Commission the Ocean Protection Council, and Fish and Wildlife.

¥ As part of the GBmart from the Stafinitiative, BOEMfacilitates working with
stateand localagencies by establishing interagency dias& forces.
b Twelvestate task forcelsavebeen established so fancluding Oregorand Hawaiii,
but not California
P To establish a task force, the state goveBnoffice must initiate contact with BOEM.

b Experiencdrom pastefforts with maringrotected areas California can be applied
to marinespatial planning today.

¥ Regulatory and permitting lessons and best practiaade gleaned from Europe
and theEast Coast.

UCDAVIS 16



California Offshore Wind Power Forum
Takeaways - Technology Issues

¥ California3 deep watarwill require floating
platforns for wind turbines. This technology is still
In the prototype stage.

¥ Floating platforms have converged upon three
primary configurations.

y -
f
f

'wo full-scale wind turbines have been deployed o
oating platforms. A number of reduced-scale

oating turbines have also been demonstrated.

¥ Principle Power has received DOE funding toward
development of a floating wind power demonstratio
project off the Oregon coast.

UCDAVIS 17



California Offshore Wind Power Forum
Takeaways - Environmental Issues

¥ Environmental baseline data is nedfbr potential
offshore wind energy developmemeas, including
iInformation on coastal processes, birds, fish, marin
mammals, noise, andeetromagnetidields.

¥ Pacific Northwest National Laboratory maintains
TETHYS, a database of potential environmental
Impacts from offshore wind development.

¥ Studies are ongoing to address information gaps;
many opportunities for collaboration.

¥ California can leverage experience frtm stat&
earlier efforts with assessing wave energy.

UCDAVIS 18



Environmental Impacts: Construction

Van der Wal et al., WindSpeed , 2009

Construction

Activities

Environmental factors Affected ecological components

«Pile driving
*Foundation installation
=Scour protection

Construction vessels ; Visual presence . Marine mammals, ¢
: " especially breeding areas and migration routes
Foundation construction ———— * Noise , Seabirds,

: feeding and breeding sites and migration routes

JAWAN

=

. Fish,
; especially spawning and nursery areas
; A

Physical disturbance
and displacement

Chemical contaminants

Emergence
Smothering \

Spoil disposal |

Cable laying
*Trenching and digging

UCDAVIS
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Environmental Impacts: Operation

Van der Wal et al., WindSpeed , 2009

Operation

Activities Environmental factors Affected ecological components

- Marine mammals, «
§ especially breeding areas and migration routes

. Seabirds,

. feeding and breeding sites and migration routes

T

Service vessels \ > \isual presence

Turbine towers **Noise, vibration, lights

Physical disturbance

v =
Bird strike 5 fs:oség'awspawmng ST —
Waterflow ' T
Turbine foundations Sedimeni dynamics Coastal processes
Scour l
Wave action Benthos

Artificial habitats 7’
Accidental collisions » Contaminants

UCDAVIS
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Marine Development Parties in CA

Selected agencies

KK

K K K

Bureau of Ocean Energy
Management

California Governor® Office

California Energy
Commission

California Public Utilities
Commission

California Fish and Wildlife
U.S. Fish and Wildlife
National Oceanic and
Atmospheric Administration

P National Marine Fisheries
Services

P National Marine Sanctuaries

b Office of Ocean and Coastal
Resource Management

UCDAVIS

Vi

VA
VA

K

KK

California State Lands
Commission

California State Parks
National Park Service

U.S. Defense Department
b Army

b Navy

b Air Force

b Coast Guard

Ocean Protection Council

California Coastal
Commission

Federal Energy Regulatory
Commission

County agencies

21



Final Observations -
California Offshore Wind Power

¥ Great Opportunity ¥ Great Challenge
P Bountiful energy b Young industry
resource b Costs are currently high
P Near load centers P Lack of established
b Benefits from extensive m:;?;;ﬁf;:aecmﬂes
onshore technical and .
¥ Ships

regulatory experience
2 ]Ic_evera%e e_xzerlerlce ¥ Larger turbines
rom other industries ¥ Deep water /floating
¥ Oil and gas industry platforms
¥ Maintenance

P New environmental
considerations

b Complex regulatory
process with limited

- experience
UCDAVIS 22
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Final Observations -
California Offshore Wind Power

¥ Future of California offshore wind power
depends on:

P California® Renewables Portfolio Standard > 2020
- 50%7?
b Willingness of industry to deal with many

regulatory hurdles facing offshore renewable
power development in California

b Cost of offshore renewable energy compared to
land-based renewables; particularly solar PV
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Thank You!

Case van Dam

Department of Mechanical &
Aerospace Engineering

University of California - Davis

cpvandam@ucdavis.edu
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