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Clean Firm Power

EDF, in partnership with Clean Air Task Force, engaged modeling
groups from Stanford, Princeton and E3 to see if SB 100 is realistic

« These are reliability models that build out things at least cost when
possible

« We electrified large portions of the economy — so convert the existing
electric grid AND increased demand by 2-3x

Study available online at https://issues.org/california-decarbonizing-power-wind-solar-nuclear-gas/

Growing the Grid available online at https://www.catf.us/resource/growing-grid-plan-accelerate-
californias-clean-energy-transition/



https://issues.org/california-decarbonizing-power-wind-solar-nuclear-gas/
https://www.catf.us/resource/growing-grid-plan-accelerate-californias-clean-energy-transition/
https://www.catf.us/resource/growing-grid-plan-accelerate-californias-clean-energy-transition/

Why do we need Clean Firm Power?

 Renewables are cheap — cost
IS NoO Ionger a I|m|t|ng factor. Californiamonthly wind and solar output (2016)
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 We need something else other
than solar and wind to help
dispatch the grid
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Figure 2. California monthly average wind and solar output in 2016. Reproduced from data in
CAISO (2017a, Figure 1.8).



We need to build — a lot

Examined a variety of different clean firm power technologies

« Imported nuclear from out of state, clean fuels in existing turbines, abated
fuels through carbon capture

«  Will build 25-250 GW of new renewable capacity

 How much we build depends on what we supplement the grid with

« Generation resources considered include a generic clean fuel, modular
nuclear, gas + CCS, a renewables only build out and combinations

« Costs are less when you mix and match — the more diverse the
resource, the better
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PV CAPACITY [GW]
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Solar PV procurement in CA

(Assumes no additional utility-scale PV beyond that listed in the CPUC procurement schedule until 2032)
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The clean energy transition will require an
astonishing amount of land

Lake Tahoe

CATF-commissioned visual simulation of a 6-Gigawatt solar farm
EDF£ CA
DR



So what did we learn?

The grid can be decarbonized in an affordable, reliable manner!

California needs to make different procurement choices than the
pathway we are on



How much flexibility does the state have?

« Procurement needs to be just and reasonable — not just least cost.
Need to consider total system cost and not just least cost resource

« The “40%" other category gives us a lot of flexibility, and that helps
contain cost

« Costis no longer the limiting constraint — we have three other
concerns

« Land Use, Permitting, Community engagement




Total Land Mass

v —
Developed Areas
Logal and
Conserved Areas, Easements, Etc. Geographic
Considerations
Physically Unsuitable
v

Potentially Suitable Land

. v
Herel Lo el
suitable land for clean
energy Is practicably rolee!
evelopment
dEVGIODable land Considerations
v

Practicably Developable Land

[l == CA
EDP | i



Total Renewable Energy Deployment (MW)

The real-world obstacles to clean energy deployment will
likely grow if left unaddressed

e Falling hardware costs
e Good project sites

e Access to transmission (low in
e Public support T

e Etc. TTTT

rconnection costs)

Derived from: Cherp et.
al, "National growth
dynamics of wind and
solar power compared
to the growth required
for global climate
targets," Nature Energy,
Vol 6, July 2021.
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Total Renewable Energy Deployment (MW)

The real-world obstacles to clean energy deployment will
likely grow if left unaddressed

e Etc.

e Public support

pttl

INERR

rconnection costs)

Time

WV

e Increasing land costs & competing needs

e Fewer amendable landowners

e Further from transmission

e Lower capacity factors/poorer resource

e Public opposition

e Diminishing available transmission capacity
e Etc.

Derived from: Cherp et.
al, "National growth
dynamics of wind and
solar power compared
to the growth required
for global climate
targets," Nature Energy,
Vol 6, July 2021.
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~2-3X Increase In transmission capacity L
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Existing Transmission, Rail, and
Highway Infrastructure in CA

1:6,725,610
N
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E+ Scenario:
34,725,097 MW-miles Required

Tranmission Voltage (kV)
220 & 230 (~8,400 miles)

g 287; 345 (~426 miles)
500 (~4,800 miles)
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How much capacity
can we add by building
in existing Right-of-
Ways?

~18,250,000 MW miles « ~53% of total need

CA Rail Network
Miles of Track: 6,124

~18.370,000 MW miles ‘— ~53% of total need

CA Highway System
——— Limited Access (~4520 miles)

====: Highway (~6110 miles)

~31,899,900 MW miles <gffmmm  ~929% of total need

® LucidCatalyst
March 2021
Map Projection: Mercator Auxiliary Sphere
Geodetic Reference System: WGS 1984
Sources
ESRI
CA State Geoportal




Inclusive Transmission Planning and Use of [:'

Existing Corridors Will Be Key

Cacophony of Voices

Timing of Projects

Building New Lines

Using Existing Corridors

i

Developing transmission requires approval from dozens of
disparate stakeholders, and multiple agency reviews, and can be
very risky and time-consuming.

The past five 500 kV transmission projects in California over 100
miles have taken, on average, a decade to build.

This will require a never-before-seen build rate for transmission
upgrades and importantly, new lines.

Use of existing corridors is possible, but this is not a complete
solution: there are many corridors that do not overlap; required
incremental transmission paths and co-location along highway
and rail corridors can create use conflicts.
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Equity considerations are critical

. Regardless of the resource mix, the communities most
impacted by the required infrastructure build-out in
California are the communities that are already
disproportionately burdened by multiple sources of

Areas Considered Most
Suitable for Utiliy-scale

pollution and other vulnerabilities.

" EJ considerations will be present in nearly every
infrastructure project and/or decision.

Pollution x Population - CalEnviroScreen
Burden Characteristics - Score

Exposures Sensitive Populations Draft CalEnviroScreen
« Ozone Concentrations « Asthma Emergency 4.0 Results
* PM2.5 Concentrations Department Visits
» Diesel PM Emissions « Cardiovascular Disease f 0-10  Less vulnerable
» Drinking Water Contaminants (Emergency Department Visit 10 - 20
« Children’s Lead Risk from for Heart Attacks 20-30
Housing « Low Birth-Weight Infants
* Pesticide Use 30-40
+ Toxic Releases Socioeconomic Factors 40-50

« Traffic Impacts

Environmental Effects
Cleanup Sites
Groundwater Threats
Hazardous Waste
Impaired Water Bodies
Solid Waste Sites and
Facilities

« Educational Attainment

* Housing-Burdened Low-
Income Households

« Linguistic Isolation

« Poverty

*  Unemployment

- 100 More vulnerable

Solar in TNC Power of
Place Study (2019)

TheNature @
Conservancy 2




Transmission development often takes longer than anticipated

South of Palermo 115 kV Reinforcement Project* I 4 Latest Transmission Plan
Artesian 230 kV Sub & loop-in TL23051
Mesa 500 kV Substation Loop-in

Southern Orange County Reliability Upgrade Project* Approval .O"gma.l
" Moh . it 4 year In-service
ugo-Mohave series capacitor upgrade date
Lugo-Eldorado series cap and terminal equip upgrade
Delaney-Colorado River 500 kV line _
Midway — Kern PP #2 230 kV Line T
Martin 230 kV Bus Extension
Round Mountain 500 kV Dynamic Voltage Support Anticipated
Gates 500 kV Dynamic Voltage Support in-service date
as of 2022

Alberhill 500 kV Method of Service*

Red Bluff-Coleman 60 kV Reinforcement

Vaca Dixon Area Reinforcement

Antelope 66 kV Short Circuit Duty Mitigation Project
Kern PP 115 kV Area Reinforcement*
Lockeford-Lodi Area 230 kV Development
Table Mountain second 500/230 kV transformer
New Manning 500 kV substation

New Collinsville 500 kV substation

San Jose Area HVDC Line (Metcalf — San Jose)
San Jose Area HVDC Line (Newark — NRS)
North of Mesa Upgrade**

Wheeler Ridge Junction Substation**

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

* Approval years and Original in-service date for projects approved prior to 2012 were taken from the 2011-2012 Transmission Plan, the oldest available on the California ISO's websi E D F% C?F
** As of the 2021-2022 Transmission Plan, these projects were listed as "on hold" with no definite completion date. B MENTA



There is no designated authority on clean energy deployment

CPUC

/Lead on Integrated

Resource Plan and
CARB Procurement CEC

Lead on Public Lead on SB 100 report,
Federal Scoping, Emissions Workshops, land use,
Equity Maps
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FERC, DOlI,

Responsibility?
EPA CAISO

Lead on Grid Lead on 30x30,
Reliability, / Commissions

Dept. of

Natural
Resources

Transmission Planning

Lead on Climate a\/mad on

Action, Equity Planning
Screens, report cards
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The following RECOMMENDATIONS offer a path to
accelerate California’s clean energy transition

Q Develop a Clean Energy Deployment Plan with specific quantities, locations, and
timing of new resource development and infrastructure expansion.

Develop a dashboard to publicly track progress.

Advance supportive policy for planning, permitting, financing, and building clean
energy infrastructure.

Engage the public by continuing and strengthening California’s current public
engagement efforts.

ENVIRONMEN
DEFENSE FUND'

Assign a lead agency the responsibility for achieving the state’s clean energy goals.



Thank youl!

Michael Colvin
Environmental Defense Fund

(415) 293-6122
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