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e Callto Order

* Introductions

 LA100 Updates and Discussion Topics **
e Distributed PV and Storage **

* Lunch

e Jobs and Economic Analysis **

e Air Quality and Public Health **

* Environmental Justice **

 Wrap-up and Next Steps

**Q&A and Discussion
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Tips for

Productive
Discussions

o000
Let one person speak
at a time

A

Actively listen to
others, seek to
understand
perspectives

&>
< &

Help to make sure Keep input concise so
everyone gets equal others have time to
time to give input participate

2 T

A4 h

Offer ideas to address Hold questions until
questions and after presentations
concerns raised by
others
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* Climate Change

* Reorganized Scenarios
* LA100 Assumptions
 Modeling Progress

Agenda for

This Session
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Climate Change




In June, AG members requested that LA100
consider impacts of climate change on the power
system; in particular, the impact of projected
higher temperatures on space cooling loads

Incorporation

of Climate
Change

Response

The LA100 load projections will reflect the impact of
projected temperature changes on space cooling loads
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Global
Climate
Models:

Maximum

Temperature
(Celsius) for
the Three
LA100
Climate
/ones
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Change in the 20-year rolling average of daily maximum

September temperatures (°C) (from 2012-2050)

Change from 2012 Monthly Average Daily tasmax - Month 9 and Zone LAX
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Linear trend of change in a rolling 20-yr monthly

(September) average maximum daily temperature (°C)

Change from 2012 Monthly Average Daily tasmax Linear Fit - Month 9 and Zone LAX
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Methodology—Data Source

Data Source:
— UCSD (Scripps Institute of

Oceanography) spatially
downscaled climate
projections from global
climate models

Four models prioritized by
the CA Climate Action Team
Research Working Group:

* HadGEM2-ES, CNRM-
CM5, CanESM2, MIROCS

Data can be downloaded
from https://cal-adapt.org/

Data Type:
— Daily max and min temperature

and humidity projections through

2045 (6km resolution)

— Averaged to the 3 climate zones

used in LA100

— RCP 8.5 scenario™*: Emissions
continue to rise strongly throug
2050 and plateau around 2100)

*RCP = Representative
Concentration Pathway

h
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https://cal-adapt.org/

Methodology — Data Processing

 For each global climate model:

— Calculate monthly means of daily maximum temperatures for all
months and years

— Calculate a 20-year rolling mean of monthly means; for example,
the 2035 August value is the average of the August daily max
temps from 2026-2045

— Fit a linear trend to the rolling mean of monthly means

— Using the linear trend, calculate the deltas between each future
year-month, and the 20 year monthly mean from 2012.

— Calculate the ensemble mean (the average year-month 20-yr delta
across the models)

 Apply the month-year ensemble mean delta to the 2012 weather data
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Climate Impacts in LA100

What’s Changing in the Study
Hotter temperatures reflected in
electricity demand (buildings)
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Climate Impacts in LA100

What’s Not Changing in the Study
RE generation profiles
RE plant efficiencies
Line losses
Air quality modeling
Precipitation (hydro availability)
Cloud coverage
Temperatures of cooling waters
Frequency of storms
Same projected increase in air
conditioner adoption

What’s Not Considered
Fire risks
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Climate Impacts in LA100

What'’s Changing in the Study . Temp.)eratu!re is the
Hotter temperatures reflected in dominant impact to the

electricity demand (buildings) study
Other impacts are either

difficult to capture or have
a small impact relative to
other sources of
uncertainty
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Impact to
Timeline

Minimum 6
weeks delay,
more
depending
on start of
buildings
modeling

RPM
(2030 c1 & 2045)

PRAS - 1 PRAS -1
2030-c1 2045

Demand
Respons
e-1

Plexos - 1 PSLF-1
2045 2045

Distribution - 1 .
2030
Dist
1
2045
Demand Response - 1
T&D
Economic and Jobs - 1

Environmen
tal Just
1

Initial Run

* = SME Review

Final Run

Residential Buildings - Final
Commercial
Commercial Buildings - Final Building: C Mod
Fi
Industrial & Misc Commercial - Final KBUMECoNed
Final
Gap - Final o
Transportation (EV) - Final
Transportation (Buses) - Final

PSLF-Final c1

PSLF-Final c2

Distribution - Final

T&D - Final

Economic and Jobs - Final

Air Quality - Final

Environmental
Justice - Final

Viz - Final
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Questions on Climate
Impacts?
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Scenario Reorganization
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Scenario Matrix as of June 2019

2045 2045 2045 2045 2045 2045 2045
Biomass Y Y Y Y “ Y Y Y
Biogas Y Y Y Y Y Y Y
Electricity to Fuel (e.g. H2) Y Y Y Y Y Y Y Y
Fuel Cells Y Y Y Y Y Y Y Y
Technologies Eligible BLCREIL v M M M M M M M
in the C liance Hydro - New N N N N N N N N
T H0E(Eais Hydro - Upgrades v % % v v v v v
Year Natural Gas Yes N N N N Yes N N
Nuclear - Existing Y Y [ N | N | Y Y T T
Nuclear - New N N N N N N N N
Wind, Solar, Geo Y Y Y Y Y Y Y Y
Storage Y Y Y Y Y Y Y Y
Haynes, Scattergood, Harbor N N N N N N N N

Financial Mechanisms
RECS (RECS/Allowances) L N N N

Energy Efficiency Reference High Moderate High Moderate Reference Moderate
Load Demand Response Reference High Moderate High Moderate Reference Moderate
Electrification Reference High Moderate High Moderate High Moderate

N Yes N

Only Along New Only Along Only Along Only Along Only Along

T IO New or Upgraded Transmission Matches Existing or Corridors No New Existing or Existing or Existing or Existing or

QHSHIESIO Allowed? 2017 SLTRP Planned Transmission Planned Planned Planned Planned
. Allowed . . A A

Corridors Corridors Corridors Corridors Corridors

WECC WECC VRE Penetration Reference Reference Reference Reference Reference Reference Reference “

LA100 | 19




Load projections have changed

‘/l’ significantly since scenarios were

originally designed

Scientific

Challenge to Challenge: Scenarios are not easily

our Analysis e comparable with different load
levels

RE supply (types, locations) and electricity demand (extent
of electrification) change simultaneously across scenarios
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Transmission Renaissance High Distributed Energy Future
e VS. : e
Moderate load electrification High load electrification
- higher RE capacity = higher costs

Likely takeaway from casual observer?
Cheaper to build remotely than locally

Isolating effects due to location of RE (remote vs. local) vs. quantity of
RE (moderate vs. high electrification) will be challenging
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NREL's Proposed Solution

Reorganize the scenarios to have two common levels of load
electrification & efficiency across all scenarios

— Example: Transmission and High Distributed Energy would be
evaluated with both moderate and high electrification
projections

Map existing scenarios to reorganized set, each with two levels
of load electrification
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Reorganized Scenarios

Moderate Load Electrification High Load ification (Load Modernization) High Load

LA-Leads, Emissi T issil High Distril High Load Stress
Free (No Biomass) Renaissance Energy Future (SB100)

LA-Leads, Emissions
Free (No Biomass)

SB100 SB100

Biomass Y Y Y Y Y Y Y

Biogas Y Y Y Y Y Y Y

Electricity to Fuel (e.g. H2) Y Y Y Y Y Y Y Y Y

Fuel Cells Y Y Y Y Y Y Y Y Y

Technologies Eligible Hydro - Existing Y Y Y Y Y Y Y Y Y
. . Hydro - New N N N N N N N N N
in the Compliance [V RSRTES. v v Y % v v v Y v

YR Natural Gas Yes N N N Yes N N N Yes

Nuclear - Existing Y Y T TR Y Y T TR v

Nuclear - New N N N N N N N N N

Wind, Solar, Geo Y Y Y Y Y Y Y Y Y

Storage Y Y Y Y Y Y Y Y Y

Haynes, Scattergood, Harbor N N N N N N N N N

RECS Financial Mechanisms Yes N N N Yes N N N Yes
(RECS/Allowances)
Energy Efficiency Moderate Moderate Moderate Moderate High High High High Reference

Demand Response Moderate Moderate Moderate Moderate High High High High Reference
Electrification Moderate Moderate Moderate Moderate High High High High High

N N
New or Upgraded Transmission Only Along Existing  Only Along Existing c e;v No New Only Along Existing  Only Along Existing G E:’ No New Only Along Existing.
orridors orridors
Allowed? or Planned Corridors or Planned Corridors Allowed Transmission or Planned Corridors or Planned Corridors Al Transmission or Planned Corridors

Transmission

WECC WECC VRE Penetration Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate

LA100 | 23




Previous Scenario Matrix (as of June 2019

e
e Lo e Where did these

- - Load
Transmission  High Distributed Emissions Free Modern-

Renaissance Energy Future Stress Initiatives

ization
2030 RE Target 100% Net Renewable Energy

SB100 LA-Leads

scenarios go?

2045 2045 2045 2045 2045 2045 2045
Biomass Y Y Y Y “ Y Y Y
Biogas Y Y Y Y Y Y Y
Electricity to Fuel (e.g. H2) Y Y Y Y Y Y Y Y
Fuel Cells Y Y Y Y Y Y Y Y
Tech nologies Eligib 3} Hydro -Existing Y Y Y Y Y Y Y Y
in the C liance Hydro - New N N N N N N N N
1 G (il Hydro - Upgrades Y Y Y Y Y Y Y Y
Year Natural Gas Yes N N N N Yes N N
Nuclear - Existing Y Y [ no | N | Y Y [ N0 ] no |
Nuclear - New N N N N N N N N
Wind, Solar, Geo Y Y Y Y Y Y Y Y
Storage Y Y Y Y Y Y Y
Haynes, Scattergood, Harbor N N N N N N N N

Financial Mechanisms
RECS (RECS/Allowances) Yes N N N N Yes N

Energy Efficiency Reference High Moderate High Moderate Reference High Moderate
Load Demand Response Reference High Moderate High Moderate Reference High Moderate
Electrification Reference High Moderate High Moderate High High Moderate

Only Along New Only Along Only Along Only Along Only Along

Trnemiion New or Upgraded Transmission Matches Existing or Corridors No New Existing or Existing or Existing or Existing or
Allowed? 2017 SLTRP Planned Allowed Transmission Planned Planned Planned Planned

Corridors Corridors Corridors Corridors Corridors

WECC WECC VRE Penetration Reference Reference Reference Reference Reference Reference Reference m
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Previous Scenario Matrix (as of June 2019

-3-4- -6-7-8

e Lo s Where did these

2 5

Transmission  High Distributed ——

SB100 LA-Leads ) Emissions Free Modern- .
Renaissance Energy Future Stress ization Initiatives . ?
2030 RE Target 100Nt Renewabe Energy scenarios go:
Compliance Year for 100% 2045 2035/2040 2045 2045 2045 2045 2045 2045
Biomass Y Y Y Y Y Y Y
Biogas Y Y Y Y Y Y Y
Electricity to Fuel (e.g. H2) Y Y Y Y Y Y Y Y
Fuel Cells Y Y Y Y Y Y Y Y
Tech nologies Eligib 3} Hydro -Existing Y Y Y Y Y Y Y Y
in the Compliance Hydro - New N N N N N N N N
P Hydro - Upgrades Y Y Y Y Y Y Y Y
Year Natural Gas Yes N N N N Yes N N
Nuclear - Existing Y Y [ No ] N0 | Y Y [ No ] No |
Nuclear - New N N N N N N N N
Wind, Solar, Geo Y Y Y Y Y Y Y Y
Storage Y Y Y Y Y Y Y
Haynes, Scattergood, Harbor N N N N N N N N

Financial Mechanisms
RECS (RECS/Allowances) Yes N N N N Yes N

Energy Efficiency Reference High Moderate High Moderate Reference High Moderate
(IGEL] Demand Response Reference High Moderate High Moderate Reference High Moderate
Electrification Reference High Moderate High Moderate High High Moderate

Only Along New Only Along Only Along Only Along Only Along

Trnemiion New or Upgraded Transmission Matches Existing or Corridors No New Existing or Existing or Existing or Existing or
Allowed? 2017 SLTRP Planned Allowed Transmission Planned Planned Planned Planned

Corridors Corridors Corridors Corridors Corridors

WECC WECC VRE Penetration Reference Reference Reference Reference Reference Reference Reference m
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Reorganized Scenarios

High Load Electrification (Load Modernization)

SB100: (Ateads,

SB100 Emissions Free (No
Biomass)

100% Net RE 100% Net RE 100% Net RE

High Load

Transmission High Distributed High Load Stress

SE2C0 Renaissance Energy Future (sB100)

o e el \\/ith moderate

20 20 20
Biomass Y 8 Y Y Y Y
Biogas Y a n d h Ig h Y “ Y Y Y
Electricity to Fuel (e.g. H2) Y Y Y Y Y Y
Fuel Cells Y I f 1 H Y Y Y Y Y
Techn°|°gies Hydro - Existing Y e eCtrI I Catl O n Y Y Y Y Y
oef 5 Hydro - New N o N N N N N
Ehglb‘Ie in the Hydro - Upgrades Y & effl C I e n Cy Y Y Y Y Y
Compliance Year [Ty Yes Yes N N N Yes
Nuclear - Existing Y Y Y [N ] N | Y
Nuclear - New N rather than N N N N N
Wind, Solar, Geo Y Y Y Y Y Y
Storage Y f t Y Y Y Y Y
- reference to ) ) ) ) )

Haynes, Scattergood, Harbor
“ Distributed Adoption i m p r0ve a bi | ity

Financial Mechanisms
(RECS/Allowances)
Energy Efficiency Moderate to CO m p a re to ) High High High High Reference
Load Demand Response Moderate . > High High High High Reference
Electrification Moderate Ot h e r S Ce n a rl OS High High High High High

[ voseme | v | woerme | hin | woderae |

Yes N N N Yes

o New or Upgraded Transmission Only Along Existing Only Along Existing  Only Along Existing e:w No New Only Along Existing
Transmission Allowed? or Planned or Planned or Planned Corridors Transmission or Planned
: Corridors Corridors Allowed Corridors Corridors Allowed Corridors
WECC WECC VRE Penetration Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate
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Reorganized Scenarios

Moderate Load Electrification

LA-Leads,
SB100 Emissions Free (No
Biomass)
2030 RE Target 100% NetRE 100% Net RE 100%NetRE
Compliance Year for 100% 2045 2045 2045
Biomass Y Y Y
Biogas Y Y Y
Electricity to Fuel (e.g. H2) Y Y Y Y
Fuel Cells Y Y Y Y
Techno'ogies Hydro - Existing Y Y Y Y
oy q Hydro - New N N N N
Eligible in the
e ! Hydro - Upgrades Y Y Y Y
Compliance Year [verryces Yes N N N
Nuclear - Existing Y Y [N ] N |
Nuclear - New N N N N
Wind, Solar, Geo Y Y Y Y
Storage Y Y Y Y
GEAVEFA0) (8 Haynes, Scattergood, Harbor N N N N

Distributed Adoption

Financial Mechanisms

RECS (RECS/Allowances) M g by ]
Energy Efficiency Moderate Moderate Moderate Moderate
Demand Response Moderate Moderate Moderate Moderate
Electrification Moderate Moderate Moderate Moderate

- - N
o) New or Upgraded Transmission CrllATgEsT § Cly/AenEsis e:w No New
Transmission or Planned or Planned Corridors L
Allowed? . . Transmission
Corridors Corridors Allowed
WECC WECC VRE Penetration Moderate Moderate Moderate Moderate

SB100

2045
Y

<~Z<=<=<<=<

=z <<z<z<z<<<H

<
o
73

zZ <=<zZ<

Yes

High
High
High

Only Along Existing
or Planned
Corridors

Moderate

LA-Leads,
Emissions Free (No
Biomass)

100% Net RE

2035/2040

[ voserme | woseme || votrme TNl osewe | w ] wodewe

N

High
High
High
Only Along Existing
or Planned
Corridors

Moderate

LA-Leads:

Merged with
Emissions Free

Also with
moderate
electrification

N N

High High Reference

High High Reference

High High High

(I Only Along Existing

No N

Corridors Tran:mies:ivon or Planned
Allowed Corridors
Moderate Moderate Moderate
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Reorganized Scenarios

Compliance Year for 100%

Biomass

Biogas
Electricity to Fuel (e.g. H2)
Fuel Cells

Hydro - Existing
Hydro - New
Hydro - Upgrades
Natural Gas
Nuclear - Existing
Nuclear - New
Wind, Solar, Geo
Storage

Technologies
Eligible in the
Compliance Year

CESLIVE -0 (8 Haynes, Scattergood, Harbor
Distributed Adoption

Financial Mechanisms
(RECS/Allowances)

Energy Efficiency
Demand Response
Electrification

New or Upgraded Transmission
Allowed?

WECC WECC VRE Penetration

Transmission

SB100

2045
Y

<z =<=<=<<=<

<
1]
3

= -<-<z-<2-<2-<-<-<H

zZ <=<z<

[ voserme || Wedeme ||

Yes

Moderate
Moderate
Moderate

LA-Leads,
Emissions Free (No
Biomass)

100% Net RE

2035/2040

N

Moderate
Moderate
Moderate

Only Along Existing  Only Along Existing

or Planned

Corridors

Moderate

or Planned
Corridors

Moderate

Moderate Load Electrification

Transmission
Renaissance
100% Net RE
2045
Y

Z<zZ<<=<<=<

4 < < Z

N

Moderate
Moderate
Moderate

New

Corridors
Allowed

Moderate

Transmission
Renaissance:

Also with high
electrification
(Load
Modernization)

N

ds,
ree (No

N N
[ wodeme |

N Yes N
Moderate High High
Moderate High High
Moderate High High

No New Only Along Existing  Only Along Existing
Transmission or Planned or Planned
Corridors Corridors
Moderate Moderate Moderate

rification (Load Modernization)

Transmission
Renaissance
100% Net RE
2045
Y

Z<zZz=<=<=<<=<

=z < < Z2

[woseme | i | wodeme

Corridors
Allowed

Moderate

High Distributed
Energy Future
100% Net RE
2045
Y

Z<zZ2=<=<=<<=<

z < =<2z

N

High
High
High

No New
Transmission

Moderate

High Load

High Load Stress
(SB100)

2045
Y

< =z < < < <
@

zZ <=<z<

Yes

Reference
Reference
High

Only Along Existing
or Planned
Corridors

Moderate
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Reorganized Scenarios

Technologies
Eligible in the
Compliance Year

Repowering OT

Transmission

WECC

2030 RE Target
Compliance Year for 100%

Biomass

Biogas
Electricity to Fuel (e.g. H2)
Fuel Cells

Hydro - Existing
Hydro - New
Hydro - Upgrades
Natural Gas
Nuclear - Existing
Nuclear - New
Wind, Solar, Geo
Storage

Haynes, Scattergood, Harbor
Distributed Adoption

Financial Mechanisms
(RECS/Allowances)

Energy Efficiency
Demand Response
Electrification

New or Upgraded Transmission
Allowed?

WECC VRE Penetration

Moderate Load Electrification

LA-Leads,
SB100 Emissions Free (No
Biomass)
100% Net RE 100% Net RE 100% Net RE
2045 2045 2045
Y Y Y
Y Y Y Y
Y Y Y Y
Y Y Y Y
N N N N
Y Y Y Y
Yes N N N
¥ i T T
N N N N
Y Y Y Y
Y Y Y Y
N N N N

High Load Electrification (Load Modernization)

High Distributed:

Also with
moderate
electrification

Y Y
N N
Y Y
Y Y
N N

High Distributed
Energy Future
100% Net RE
2045
Y

Z<zZ2<<<=<<=<

4 < < Z2

High Load

High Load Stress
(SB100)

2045

<z <=<=<=<<=<

zZ <<z <

[ voserne | woseme || woserme | b | woserne | ] wodeme

Yes N N N
Moderate Moderate Moderate Moderate
Moderate Moderate Moderate Moderate
Moderate Moderate Moderate Moderate

o - -
nly Along Existing  Only Along Existing Ne-w No New
or Planned or Planned Corridors Transmission
Corridors Corridors Allowed
Moderate Moderate Moderate Moderate

N N
High High
High High
High High
Only Along Existing  Only Along Existing

or Planned or Planned Corridors

Corridors Corridors Allowed

Moderate Moderate Moderate

N
High
High
High

No New

Transmission

Moderate

Yes

Reference
Reference
High

Only Along Existing
or Planned
Corridors

Moderate
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Reorganized Scenarios

oderate Load Electrific:

High Loa

ctrification (Load Modernization)

High Load

LA-Leads, LA-Leads,
L ! - . L ! Transmission High Distributed High Load Stress
ensmiresvo [ Free: .
SB100 missions Free (No m I S S | O n S re e . Emlssu.ms Free (No e ——— Energy Future (sB100)
Biomass) Biomass)
2030 RE Target 60% 100% Net RE 100% Net RE 100% Net RE 100% Net RE 60%
8
Compliance Year for 100% 2045 2035/2040 M e r e d it h LA 2045 2045 2045
Biomass Y g VV Y Y Y
Biogas Y Y Y Y
Electricity to Fuel (e.g. H2) Y Y Le a d S Y Y Y Y
Fuel Cells Y Y Y Y Y Y
Technologies Hydro - Existing Y Y Y Y Y Y
Eligible in the Hydro - New N N N N N N
) Hydro - Upgrades Y Y A I = h L d Y Y Y Y
Compliance Year [yvsrpcs Yes N SO Wlt Oa N N N Yes
Nuclear - Existing Y Y Y Y [N ] N | Y
Nuclear - New N N M d H H N N N N N
Wind, Solar, Geo Y Y O e rn Izatlon Y Y Y Y Y
Storage Y Y Y Y Y Y Y
Haynes, Scattergood, Harbor N N N N N N N N N

Repowering OTC

RECS

Load

Transmission

WECC WECC VRE Penetration

Distributed Adoption

Financial Mechanisms

(RECS/Allowances) UE ]

Energy Efficiency Moderate Moderate
Demand Response Moderate Moderate
Electrification Moderate Moderate

New or Upgraded Transmission il Ao EAHRG

or Planned or Planned

?
aliowec: Corridors Corridors
Moderate Moderate

Only Along Existing

N N
Moderate Moderate
Moderate Moderate
Moderate Moderate

New
No New

Transmission

Corridors
Allowed

Moderate Moderate

Yes N

High High

High High

High High

Only Along Existing  Only Along Existing

or Planned or Planned
Corridors Corridors
Moderate Moderate

[ vosre | oseme || woserwe | b | woseme | o | vodee

N N
High High
High High
High High

No New
Transmission

Corridors
Allowed

Moderate Moderate

Yes

Reference
Reference
High

Only Along Existing
or Planned
Corridors

Moderate
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Reorganized Scenarios

Biomass

Biogas

Electricity to Fuel (e.g. H2)
Fuel Cells

Technologies Hydro - Existing
P YR ydro-New
. Hydro - Upgrades
Compliance Year [EYE sy

Nuclear - Existing
Nuclear - New
Wind, Solar, Geo
Storage

GE N0 (8 Haynes, Scattergood, Harbor

Distributed Adoption

Financial Mechanisms
(RECS/Allowances)

Energy Efficiency
Demand Response
Electrification

New or Upgraded Transmission
Allowed?

Transmission

WECC WECC VRE Penetration

Compliance Year for 100%

5 3

Vioderate Load Electrification

LA-Leads,
SB100 Emissions Free (No
Biomass)

100% Net RE 100% Net RE 100% Net RE

2045 2035/2040 2045 2045

Y Y Y

< 2Z < =<=<=<

=<
]
a

=z -<-<z-<z<z-<<-<H

Z<zZ2=<=<=<<=<
Z<zZ2=<=<=<<=<

zZ <=<zZ<
Z2 < =<2
Z2 < =<2

[ voderne | woseme ||

Yes N N N
Moderate Moderate Moderate Moderate
Moderate Moderate Moderate Moderate
Moderate Moderate Moderate Moderate

Onl isti isti N;

y Along Existing  Only Along Existing t?w No New
or Planned or Planned Corridors Transmission
Corridors Corridors Allowed
Moderate Moderate Moderate Moderate

2

igh | oad Flectrification (1 oad Maderni

High Load Stress:

With 60% 2030 target to
mirror SB100

This allows comparison
with SB100 (High) to show

impact of efficiency and
demand response

High High High High
High High High High
High High High High
Only Along Existing  Only Along Existing Ne_w No New
or Planned or Planned Corridors Transmission
Corridors Corridors Allowed
Moderate Moderate Moderate Moderate

6

High Load

High Load Stress
(sB100)

2045

Y

Yes

Reference

Reference
High

Only Along Existing
or Planned
Corridors

Moderate
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Reorganized Scenarios

Compliance Year for 100%

Biomass

Biogas

Electricity to Fuel (e.g. H2)
Fuel Cells

Technologies Hydro - Existing
Hydro - New

Eligible in the
g . Hydro - Upgrades
Compliance Year [EYErosyons
Nuclear - Existing
Nuclear - New

Wind, Solar, Geo
Storage

CESGIVE G-I (8 Haynes, Scattergood, Harbor
Distributed Adoption

Financial Mechanisms

RECS (RECS/Allowances)

Energy Efficiency
Demand Response
Electrification

New or Upgraded Transmission
Allowed?

WECC WECC VRE Penetration

Transmission

oderate Load Electrifica High Load Electrification (Load Modernization) High Load
LA-Leads, e Transmission High Distributed ~ High Load Stress
SB100 Emissions Free (No SB100 Emissions Free (No .
N . Renaissance Energy Future (sB100)
Biomass) Biomass)
100% Net RE 100% Net RE 100% Net RE 100% Net RE 100% Net RE 100% Net RE
2045 2035/2040 2045 2045 2035/2040 2045 2045 2045
Y Y Y Y Y Y Y
Y Y Y Y
Y Y Y Y Y
Y Y Y Y Y H H .
y y ¥ ¥ ¥ Load Modernization:
N N N N N
Y Y Y Y Y
Yes N N N Yes .
v v T BT v \ lied to f
OW a led to Tour
N N N N N
Y Y Y Y Y 5
¥ ¥ Y v Y scenarios
N N N N N

[ voserme || woseme | v | votrme | b | woseme | g | wodewe

Yes N N N Yes N N N
Moderate Moderate Moderate Moderate High High High High Reference
Moderate Moderate Moderate Moderate High High High High Reference
Moderate Moderate Moderate Moderate High High High High High

Only Along Existing  Only Along Existing New Only Along Existing  Only Along Existing (I Only Along Existing
) No New . No New
or Planned or Planned Corridors Transmission or Planned or Planned Corridors Transmission or Planned
Corridors Corridors Allowed Corridors Corridors Allowed Corridors

Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate
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Reorganized Scenarios

Moderate Load Electrification High Load Electrification (Load Modernization) High Load

-L -Li
. LA eads, . LA eads, Transmission High Distributed High Load Stress
SB100 Emissions Free (No SB100 Emissions Free (No .
N Renaissance Energy Future (SB100)
Biomass) Biomass)

2030 RE Target 100% Net RE 100% NetRE 100% NetRE 100% Net RE 100% Net RE 100% Net RE

Compliance Year for 100% 2045 2045 2045 2045 2045 2045 2045

Biogas Y Y Y Y Y Y Y

Electricity to Fuel (e.g. H2) Y Y Y Y Y Y Y Y Y

Fuel Cells Y Y Y Y Y Y Y Y Y

Technologies Hydro - Existing Y Y Y Y Y Y Y Y Y
- - Hydro - New N N N N N N N N N
Ehgllfle L0 Hydro - Upgrades Y Y Y Y Y Y Y Y Y

Compliance Year I N N N N N N

Nuclear - Existing Y M [N J  No | Y Y [ N J  No | Y

Nuclear - New N N N N N N N N N

Wind, Solar, Geo Y Y Y Y Y Y Y Y Y

Storage Y Y Y Y Y Y Y Y Y

CENGVET RO (8 Haynes, Scattergood, Harbo . .
Western Initiatives:

Distributed Adoption

Financial Mechanisms
(RECS/Allowances)

e e We are increasing WECC RE penetration across all scenarios to NREL’s
e mid-level projections (~50% Variable Renewable Energy in 2045)

RECS

New or Upgraded Transmission

Transmission Allowed?

O ao O 0 AllOwea Allowea d

WECC WECC VRE Penetration Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate
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Level of Ambition

Natural gas, No natural gas; 2045 compliance; Earlier compliance, no
RECs allowed biomass OK local emissions

hat We
ain:

Moderate Load Electrification High Load Electrification (Load Modernization) High Load

.
C e | I a rl O S LA-Leads, LA-Leads,
o T - - e T e i
Renaissance Energy Future (sB8100)
Biomass) Biomass)

2030 RE Target 60% 100% Net RE 100% Net RE 100% Net RE 100% Net RE 100% Net RE 100% Net RE
a | | ‘ Compliance Year for 100% 2045 2035/2040 2045 2045 2045 2035/2040 2045 2045 2045

Biogas Y Y Y Y Y Y Y

Electricity to Fuel (e.g. H2) Y Y Y Y Y A Y A Y

Fuel Cells Y Y Y Y Y Y Y Y Y

Technologies Hydro - Existing Y Y Y Y Y Y Y Y Y

- . Hydro - New N N N N N N N N N

Eligible in the Hydro - Upgrades Y Y Y A Y A Y A \
Compliance Year Qe Yes N N N Yes N N N Yes

Nuclear - Existing Y M [ no ] N | Y M o ] N0 ] Y

Nuclear -New N N N N N N N N N

Wind, Solar, Geo Y Y Y Y Y Y Y Y Y

Storage Y Y Y Y Y Y Y Y Y

Haynes, Scattergood, Harbor N N N N N N N N N

Ambition

N

Financial Mechanisms
RECS (RECS/Allowances) Yes N N N Yes N N Yes

Energy Efficiency Moderate Moderate Moderate Moderate High High High High Reference
Demand Response Moderate Moderate Moderate Moderate High High High High Reference
Electrification Moderate Moderate Moderate Moderate High High High High High
o - 0 o - m -
o T — Only Along Existing  Only Along Existing ew NoNew Only Along Existing  Only Along Existing ew Only Along Existing
Transmission Allowed? or Planned or Planned Corridors TeT or Planned or Planned Corridors Transmission or Planned
Corridors Corridors Allowed Corridors. Corridors Allowed Corridors
WECC WECC VRE Penetration Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate
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What We
ain:

cenarios

an Be

ompared

v Location
of New RE

Transmission Renaissance
Transmission-oriented
growth

VS.

High Distributed Energy

Future
Distribution-oriented growth

Moderate Load Electrification

High Load Electrification (Load Modernization) High Load

LA-Leads, LA-Leads, et NP N
SB100 Emissions Free (No SB100 Eoiare(e | =D High Distributed  High Load Stress
Renaissance Energy Future (sB100)
Biomass) Biomass)
2030 RE Target 100% Net RE 100% Net RE 100% Net RE 100% Net RE 100% Net RE 100% Net RE
Compliance Year for 100% 2045 2035/2040 2085 2045 2045 2035/2040 2045 2045 2045
Biomass Y Y Y Y Y Y Y
Biogas Y Y Y Y Y Y Y
Electricity to Fuel (e.g. H2) Y Y Y Y Y Y Y Y Y
Fuel Cells Y Y Y Y Y Y Y Y Y
LA Hydro- Existing Y Y ¥ Y v Y v Y v
. Hydro -New N N N N N N N N N
El 'tfle LRI iyciro - Upgrades Y Y Y Y Y Y Y Y Y
Compliance Year ey Yes N N N Yes N N N
Nuclear - Existing Y v T BT Y Y T T Y
Nuclear - New N N N N N N N N N
Wind, Solar, Geo Y Y Y Y Y Y Y Y Y
Storage Y Y Y Y Y Y Y Y Y
GECLTETRe (8 Haynes, Scattergood, Harbor N N N N N N N N N

Distributed Adoption

Financial Mechanisms

e (RECS/Allowances) L N N
Energy Efficiency Moderate Moderate Moderate

Load Demand Response Moderate Moderate Moderate
Electrification Moderate Moderate Moderate

o e~ Only Along Existing  Only Along Existing New
Transmission Allowed? or Planned or Planned Corridors
) Corridors Corridors Allowed

WECC WECC VRE Penetration Moderate Moderate Moderate

Transmission

4
N

N

h
\CH N N Yes

Moderate High High High High Reference
Moderate High High High High Reference
Moderate High High If High

No New

Only AlongExisting  Only Along Existing New Only Along Existing
or Planned or Planned Corridors et or Planned
Corridors Corridors Allowed Corridors

Moderate Moderate Moderate Moderate Moderate Moderate
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What We
ain:

cenarios Can
e Compared

S

B

by Extent of
Electrification
& Efficiency

Moderate Electrification
Moderate growth, efficiency,
and demand response
potential

VS.

High Electrification
Strong growth, efficiency, and
demand response potential

Moderate Load Electrification High Load Electrification (Load Modernization) High Load
LA-Leads, LA-Leads, gy A (F e 0
$B100 Emissions Free (No SB100 EmissionsFree (No 1 ansmission pishDis uted [RishitoadStes
Renaissance Energy Future (sB100)
Biomass) Biomass)
2030 RE Target 100% NetRE 100% NetRE 100% NetRE 100% NetRE 100% NetRE 100% NetRE
Compliance Year for 100% 2045 2035/2040 2045 2045 2045 2035/2040 2045 2045 2045
Biomass Y Y Y Y Y Y Y
Biogas Y Y Y Y Y Y Y
Electricity to Fuel (e.g. H2) Y A Y Y Y Y Y Y A
Fuel Cells Y Y Y Y Y Y Y Y Y
Technologies Hydro - Existing Y Y Y Y Y Y Y Y Y
T Hydro - New N N N N N N N N N
Ehgnb_le LR /o - Upgrades Y Y Y Y Y Y Y Y Y
Compliance Year [HHPNy Yes N N N Yes N N N Yes
Nuclear -Existing Y M [ no ] N0 | Y M | no ] N0 | Y
Nuclear -New N N N N N N N N N
Wind, Solar, Geo Y Y Y Y Y Y Y Y Y
Storage Y Y Y Y Y Y Y Y Y
GEAVETERe) o Haynes, Scattergood, Harbor N N N N N N N N N

Distributed Adoption

inancial Mechanisms

[ vosrae || wosrwe | v | wosrme | | wosrwe | v | wowme |

RECS (RECS/Allowances) Yes N N N Yes N N N Yes
Energy Efficiency Moderate Moderate Moderate Moderate High High High Reference
Demand Response Moderate Moderate Moderate Moderate High High High Reference

Electrification Moderate Moderate Moderate Moderate High High High High

. New or Upgraded Transmission Only Along Existing ~ Only Along Existing Ne.w No New Only Along Existing ~ Only Along Existing : o Only Along Existing

Transmission Allowed? or Planned or Planned Corridors T or Planned or Planned Corridors i or Planned
Corridors. Corridors Allowed Corridors Corridors Allowed Corridors
WECC 'WECC VRE Penetration Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate

|
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High Load Stress

ldentical to SB100 (High
SB100, High Electrification | vs.| Load) but with reference

What We efficiency and demand

. response
daln:

Moderate Load Electrification High Load Electrification (Load Modernization) High Load

LA-Leads, LA-Leads, et NP N
SB100 Emissions Free (No SB100 EmissionsFree (No 1 ansmission Uil itedl) [t oad Stre=s
Renaissance Energy Future (sB100)
Biomass) Biomass)

2030 RE Target 100% Net RE 100% Net RE 100% Net RE 100% Net RE 100% Net RE 100% Net RE

cenarios

Compliance Year for 100% 2085 2085 2085 2045 2005 2085 2005

Biomass Y Y Y Y Y Y Y

Biogas Y Y Y Y Y Y Y

Electricity to Fuel (e.g. H2) Y Y Y Y Y Y Y Y Y

Fuel Cells Y Y Y Y Y Y Y Y Y

LT Hydro - Existing Y Y Y Y Y Y Y Y Y

. Hydro-New N N N N N N N N N

El 'tfle LRI iyciro - Upgrades Y Y Y Y Y Y Y Y Y
Compliance Year ey Yes N N N Yes N N N

Nuclear - Existing Y v T BT Y Y T T Y

Nuclear -New N N N N N N N N N

Wind, Solar, Geo Y Y Y Y Y Y Y Y Y

Storage Y Y Y Y Y Y Y Y Y

GECLTETRe (8 Haynes, Scattergood, Harbor N N N N N N N N N

v Impact of
fficiency

Financial Mechanisms
(RECS/Allowances)

N N

h
RECS Yes N N Yes N N Yes

Energy Efficiency Moderate Moderate Moderate Moderate High High High High Reference
Load Demand Response Moderate Moderate Moderate Moderate High High High High Reference
Electrification Moderate Moderate Moderate Moderate High High If High

o e~ Only Along Existing  Only Along Existing New o Only Along Existing  Only Along Existing New Only Along Existing
Transmission Allowed? or Planned or Planned Corridors T or Planned or Planned Corridors et or Planned
) Corridors Corridors Allowed Corridors Corridors Allowed Corridors
WECC WECC VRE Penetration Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate

|\ J
Y
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What We Lose

e Lowest projections for electrification and distributed generation
(rooftop PV)

e Variations in WECC renewable energy penetration
e Separate scenarios for LA Leads and Emissions Free

But core scenario distinctions remain.

Reorganized scenarios will be easier to interpret,
communicate, and compare

And the transparency of study increases because impacts
are easier to isolate
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Reorganized Scenarios—Questions?

Moderate Load Electrification High Load ification (Load Modernization) High Load

$B100 LA-Leads, E,msslons $B100 LA-Leads, L T L High High Load Stress
Free (No Biomass) Free (No Biomass) Renaissance Energy Future (SB100)

Biomass Y Y Y Y Y Y Y

Biogas Y Y Y Y Y Y Y

Electricity to Fuel (e.g. H2) Y Y Y Y Y Y Y Y Y

Fuel Cells Y Y Y Y Y Y Y Y Y

Technologies Eligible Hydro - Existing Y Y Y Y Y Y Y Y Y
. . Hydro - New N N N N N N N N N
in the Compliance [V RSRTES. v v Y % v v v Y v

YR Natural Gas Yes N N N Yes N N N Yes

Nuclear - Existing Y Y T TR Y Y T TR v

Nuclear - New N N N N N N N N N

Wind, Solar, Geo Y Y Y Y Y Y Y Y Y

Storage Y Y Y Y Y Y Y Y Y

Haynes, Scattergood, Harbor N N N N N N N N N

RECS Financial Mechanisms Yes N N N Yes N N N Yes
(RECS/Allowances)
Energy Efficiency Moderate Moderate Moderate Moderate High High High High Reference

Demand Response Moderate Moderate Moderate Moderate High High High High Reference
Electrification Moderate Moderate Moderate Moderate High High High High High

N N
New or Upgraded Transmission Only Along Existing  Only Along Existing c e;v No New Only Along Existing  Only Along Existing G E:’ No New Only Along Existing.
orridors orridors
Allowed? or Planned Corridors or Planned Corridors Allowed Transmission or Planned Corridors or Planned Corridors Al Transmission or Planned Corridors

Transmission

WECC WECC VRE Penetration Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate
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LA100 Assumptions




LA100 Assumptions

Assumptions summary and detailed booklet circulated to AG last
month

Follow-up call held September 12
Summary of call shared at this AG

This document remains a working draft. We will share updated
drafts before each AG, highlighting what has changed.
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Questions on
Assumptions?
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Modeling Progress
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Modeling Framework

.

Economic
Impact and
Main Jobs Analysis

Scenario

Model Environmental
Analysis

Input Models Output Models

Loads and DR

RE Resource
Analysis

Distribution

Capacity
Expansion

4

Load
Balancing and
Resource

Power Flow
and Stability
Analysis

Output/
Validation
Models

Adequac
Cost Analysis q y

Distribution
and Integrated
T&D Analysis

Iteration

Non-Modeling Stages

Scenario Visualization
Development
Data
Generation

and
Acquisition

and Reporting

To all stages

Stakeholder Engagement
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;‘ We are here
* = SME Review
2020

RPM
(2030 c1 & 2045)

PRAS - 1 PRAS -1
2030-c1 2045

Demand
Respons
e-1

Plexos - 1 PSLF-1
2045 2045

e, .
Distribution - 1 l l
Dist
1 B
2045
_
T&D

Tracks of
Modeling

L] L]
‘ l I V I l Residential Buildings - Final
Commercial
C

Commercial Buildings - Final Building Mod
Fi

2019

Industrial & Misc Commercial - Final dsgrid dsgrid - CC Mod -

Final PSLF-Final c1 PSLF-Final c2
I I ( I W a Gap - Final
Distribution - Final

Transportation (EV) - Final T&D - Final

Transportation (Buses) Economic and Jobs - Final

Air Quality - Final

Environmental
el c2 Justice - Final
Viz - Final
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;‘ We are here
* = SME Review
2020

RPM -1 Plexos

Initial Run Uses
Draft Load Results =

Plexos - 1 PSLF-1
2045 2045

e 2045 projections M-
are being validated
through bulk power :

models

Initial Run

.
T T T T T T T 1
JAN ‘ FEB AR APR F MAY P JUN P JuL ‘ AUG SE CT oV DEC

T
P Tl 1 el | Toar! T T
- - - - RPM - Pl
Residential Buildings ©X° | dGen
Distribution g ri e o " Gens
Commercial
| o Commercial Buildings - Final Buildings - CC Mod
models are bein F
g Industrial & Misc Commercial - Final dsgrid
o .
Inalize
10 Fnal
Transportation (Buses) - Final T

2019

dsgrid - CC Mod -
Final PSLF-Final c2

We have started -

bridging bulk and C :
distribution systems

in September
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are here

#

Final Run Uses
Final Load Results

RPM -1 Plexos
(2030 c1 & 2045) 2030-c1

PRAS - 1 PRAS -1
2030-c1 2045

Demand
Respons

Plexos - 1 PSLF-1
2045 2045

Buildings load
uildings loa

=
models ready to be

Environmen

rerun with higher
temperatures

Initial Run

T T T T T T T v T
! FEB‘ ‘ MAR‘ ‘ APR ‘ ‘MAV‘ ! ‘JUN‘ ! ‘JUL ‘ AUG SE CcT

T o T T,
Bus electrification is
almost complete

Industrial & Misc Commercial - Final dsgrid

Gap - Final
Transportation (EV) - Final

Large effort to
integrate bottom-up
loads data to
transfer to

downstream models

Final loads

Viz - Final




Modeling Framework

.

Economic
Impact and
Main Jobs Analysis

Scenario

Model Environmental
Analysis

Input Models Output Models

Loads and DR

RE Resource
Analysis

Distribution

Capacity
Expansion

4

Load
Balancing and
Resource

Power Flow
and Stability
Analysis

Output/
Validation
Models

Adequac
Cost Analysis q y

Distribution
and Integrated
T&D Analysis

Iteration

Non-Modeling Stages

Scenario Visualization
Development
Data
Generation

and
Acquisition

and Reporting

To all stages

Stakeholder Engagement
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Modeling Framework—Today’s Presentations

Economic

Specific to Jmﬁ;;:is
distributed

resources | e
; nalysis Output/

RE Resource Capacity -4 - . .
Analysis |' Expansion Load Validation
LJ alancingand [ OV TO¥ Models

R and Stability
sdelles Analysis
Distribution Adequacy y
Cost Analysis

Input Models -

Loads and DR

1\ Environmental

Distribution
and Integrated
T&D Analysis

Iteration

Scenario Non-Modeling Stages Visualization
Development and Reporting

Data
Generation
and
Acquisition

To all stages

Stakeholder Engagement
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Modeling Framework—Interim AG WebEx (November)

Input Models

November
Webex:

Methods &
assumptions

Loads and DR

RE Resource
Analysis

Distribution
Cost Analysis

Scenario
Development

Data
Generation
and
Acquisition

Main
Scenario
Model

Capacity
Expansion Load

P4 Balancing and
Resource
Adequacy

= e

Economic
Impact and
Jobs Analysis

Environmental
Analysis

Power Flow
and Stability
Analysis

Distribution
and Integrated
T&D Analysis

Iteration

Non-Modeling Stages

To all stages

Stakeholder Engagement

Visualization

and Reporting

Output Models

Output/
Validation
Models
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AG Timeline

® Phasel | 2017

QUARTER LAUNCH AND ORGANIZATION

[l COMPLETED MEETINGS/TASKS

Q1

[l PLANNED MEETINGS/TASKS

¢ Advisory Group Launch

 City Council Motion:
100% Renewable Energy Study

Q2

¢ Advisory Group Charge and
Operating Protocols
* Introduction to NREI
100% Renewable Er

Q3

¢ Defining Clean Energ
Renewable Energy

¢ Considerations for S

¢ Once-Through Cooli
Study Overview

¢ Public Outreach Overview

Q4

December meeting:

results presented for

® Phase2 | 2018
SCENARIOS

¢ Advisory Group Meeting Plan
 Preliminary Scenarios and Sensitivities
e Field Trip Itinerary
* Power Strategic Long-Term

Power Resources Plan
* Once-Through Cooling Study Update

FEBRUARY 15

FIELD TRIP
April 26

Draft 100% Papers:
Framing, Data, Methods
Final Scenarios and Sensitivities
Once-Through Cooling Study Update

JUNE 23
JUNE 7

100% Data
100% Methods

AUGUST 16

Initial (first run)

feedback
|

® Phase 3 | 2019
PRELIMINARY ANALYSIS AND MODELING

¢ LA 100 Recap and Updates
 Buildings Load Modeling

¢ Interpreting Scenario Modeling
Outputs
« LADWP Financial Office

LA 100 Assumptions & Status
Distribution Grid Analysis
Jobs & Economic Analysis Il
Environmental Analysis Il

¢ Results of Initial Run for LA100
Scenarios

JUNE 27

SEPTEMBER 19

® Phase 4 | 2020
FINAL MODELING AND ANALYSIS

¢ Results for SB100 Scenario - 2030
Buildouts to Replace OTC

» Progress of Final Run for LA100
Scenarios - Input Model Results

* Progress of Final Run for LA100
Scenarios - Output Model Results
e Visualizations

* Final Results for LA 100 Scenarios
« Review of Draft Report and

Visualizations

Updated Sept 2019

 Draft Results for LA 100 Scenarios

JUNE 25 MARCH 5

SEPTEMBER 10

DECEMBER 10
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Questions?

The Los Angeles 100% Renewable Energy Study



