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Project Team & Roles

ENERGY /.
INNOVATION ™

POLICY & TECHNOLOGY LLC

GridLEB

@TELOS ENERGY

Public policy report, result dissemination & communications.
Overallmanagement and organization of technical review committee.

Technical project management, modeling report lead.
Scenario development and RESOLVE portfolio development.

Technical and engineering analysis.
PLEXOS production cost analysis, weather modeling, and results
visualizations.

Project advisor and member of the Technical Review Committee.
Source of original PLEXOS model and participated in regular updates.


https://energyinnovation.org/

Project context

* In 2018, California signed SB 100, which set targets of 60%
renewable energy by 2030 and 100% carbon-free power by 2045.

* In December 2020, the Joint Agencies SB 100 report showed that
accelerating this timeline to 100% carbon-free power by 2030 or
2035 could be cost-effective.

* Policymakers need further analysis on these accelerated
timeline proposals fo better understand impacts- especially
on reliability

» August 2020 event highlighted the shifting resource
adequacy challenges for California and the increasing
importance of weather analysis in long-term planning.

* This study aims to help fill that analysis gap, and complement
rather than preempt, longer term efforts such as the CEC
commissioned long duration energy storage projects and
the CEC’s own modeling




Objectives

* [dentify interim targets for California on the path
to 100% clean electricity by 2035 (85% clean by 2030)

* Supplement SB100 analysis conducted in RESOLVE
Approach

* Develop accelerated clean portfolios for 2030
(in RESOLVE) and evaluate these using production cost
modeling (PLEXQOS) for the WECC using multiple weather years

» Test the 2030 portfolios in PLEXOS against stress conditions —
such as retiring thermal generation, weather variability,
electrification, import dependency — to answer various
“what if” questions

Study aims to
identify interim
targets (e.g., 80-90%
clean electricity by
2030) for California
on the path to 100%
clean electricity by
2035




Portfolio Development

Porifolio analysis: large changes
to the resource mix which alters

BASE CASE PORTFOLIO

* What does an accelerated RPS mean for system

the RPS target or portfolio of reliability?
+ What is the role of Callfornia’s gas?
C|eOﬂ energy resources + What if imports from neighboring regions are
° unavailable?
« Portfolio 1: Base Case, 75% RPS
Today's
- Porffolio 2: Diverse Clean gieeland

Resources (OSW*, Geothermal) ;g’lf_r“:;iféﬂ" RESOURCES

« What if state policy pursues more offshore wind?

» Portfolio 3: High Electrification

+ How usaful are firm clean resources at this level of

(includes osw, Geofhermal) decarbonization?

* What if in-state solar resources see developmant
challenges?

* 800 MW Humboldt Bay, 1200 MW Morro Bay, 2000 MW
Diablo Canyon

This analysis — including choices on OSW and GT — were made
to support SB 100

HIGH
ELECTRIFICATION
PORTFOLIO

* What are the Implications
of meeting highear
levals of bullding

and transportation
alectrification?

+ How doas state
procurement changea with
higher demand, and thus
higher renewable targets?

+ I accelarated
procurement required
now to prepare for
uncertain futura
condltions?




Portfolios
evaluated
to reach an
85% Clean
Electricity
Target by
2030

Installed Capacity, GW
(left) and Annual Energy,
TWh (right) by Resource
Type and Portfolio

INSTALLED CAPACITY
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Sensitivity Analysis Overview

 Sensitivity analysis: Single change to A.
an individual input or assumption to B.
test its impact on each of the 3
portfolios C.

« All but the demand flexibility
sensitivity stress system reliability D.

. E.

3 Porifolios
X 8 Sensitivities
X F
= 192+ years of simulation*
G.

*The 20-year multi-year load variability
and combined stressor sensiﬁvify.we(e H
evaluated across 20-years, resulting in ’

over 264 total years of simulation.

Baseline Assumptions

California gas retirements: retired 11.5 GW of mostly CC-gas
generation due to decreased utilization

Low Hydro Availability: used a low hydro year from 2001-2020
based on the 10th percentile of annual hydro availability

WECC Coal Retirements: retired all coal capacity in WECC,
replaced with a portfolio of wind, solar, and storage resources
to test import availability for California

California Import Assumptions: limited California economic
imports (non-RPS, non-dedicated) to 13,100 MW during
summer peak load hours

Multi-year load variability: evaluated 20 years of hourly load
variability and assessed reliability under August 2020 conditions

Combined-stressor sensitivity: assessed impact of all the above
stressors in combination

Demand flexibility: included load flexibility for Industrial
processes, pumping, HVAC, and EV charging loads



Metrics Tracked
Across the Simulations

Primary metrics

* RPS and clean electricity attainment
« Natural gas margin

* WECC hourly reserve margin

Also important

* Net generation by resource type
* Net interchange by import/export type
* Inverter based resource fraction

« Multi day low wind and solar events

MW

MW

How would the future grid operate during
a multi-day low renewable evente

30k
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Dotted box represents a low wind and solar event



Key FIndings

Main finding: California can reliably meet an 85% clean standard by 2030 through
multiple resource pathways, which rely primarily on wind, solar and storage.

Key findings...

1

. California can reliably meet an 85% clean standard by 2030 through multiple

resource pathways, which rely primarily on wind, solar and storage.

. Diverse clean energy resources (e.g., offshore wind, geothermal) help offset the

high levels of solar and storage needed to hit clean energy goals, which will be
particularly helpful under higher levels of electrification; and reduce dependence
on gas and inverter-based resources.

. California will need to retain much of its existing gas fleet even though it will be

used sparingly; however, it can possibly refire the environmental-justice sensitive
units and serve load.

. The California system is reliable even if all the coal across the west is retired and

replaced with a clean energy portfolio, but economic imports will remain
important.




Key Fl ﬂ d | ﬂ gS (continued)

5. The California system can meet load when assessed against multiple weather years,
including multi-day low wind and solar events and heat events which occurred during the
August 2020 rolling blackouts.

6. The system can reliably serve load when tested against the multiple stressors simultaneously
(i.e., retired EJ sensitive gas, no coal across the west, import constraints, low hydro
availability, multiple weather years).

/. Load flexibility/shifting can help offset battery needs and provide a hedge against resource
and demand uncertainty, particularly in the winter when newly electrified loads are
expected to conftribute to winter reliability risk.

8. Modeling tools and planning processes could evolve to better capture the effects of
geographically diverse resource data, technology cost uncertainties, and inter-regional
coordination.

9. This analysis is not the end-point to understanding reliability impacts of hitting an 85% clean
target; assessing clean portfolios against additional sets of weather data, generator
outages, and assessing grid stability are next steps.

11



Links

*Report documents are at
gridlab.org/california-2030-study and
energyinnovation.org/publication/85-
percent-clean-electricity-by-2030-in-
california/

*Report, fact sheet, data visualization
are posted

*In addition, a meteorological deep
dive is posted on the GridLab website

*The meteorological deep dive
analyzes the conditions across the
WECC driving low renewable output
in the wintertime

METEOROLOGICAL DEEP DIVE
OF LOW RENEWABLE ENERGY
PERIODS IN ACCELERATED
2030 CALIFORNIA CLEAN
ELECTRICITY PORTFOLIOS

MAY 2022

AUTHOR
Justi
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Probabillistic Analysis vs. Stress Testing Approaches
for Resource Adequacy Analysis

PORTFOLIO SELECTION

IS THE
PORTFOLIO
RESOURCE
ADEQUATE?

CAPACITY BY TYPE

2020 2024 2028 2032 2038 2040

Probabilistic Analysis vs. Stress
Testing Approaches for Resource
Adequacy Analysis

PROBABLISTIC RESOURCE ADEQUACY ANALYSIS

RANDOM @ 10005 OF gooog
t 8l OUTAGE @ —8 MONTE CARLO 28388
DRAWS SAMPLES dacag

oooooo

+ Probabilistic assessment of weather KEY OUTPUTS
and random outage draws Probability &

« Simplified model for hundreds or expected value
thousands of samples metrics (LOLE,

« Aggregated results for probabilities, LOLP, EUE)

but limited specific insights

STRESS TESTING SPECIFIC CONDITIONS KEY OUTPUTS

Unserved energy
-7 | . : ] Margin (close calls)
- ' : ymE Reliance on imports
Key stressors

=%

Waathar “Weather
aar 2 Waikr 3 Veard Fuss & Vs 6 Vaar 7 Yaar

» Detailed stress tests of specific conditions

+ Deeper insights into specific weather events

+ Additional information in availability of
imports and region-wide analysis

Approach
taken in this
study

14



What's In-Scope, What's Out?

In-Scope Out of Scope

v" Multiple scenarios of varying renewables, X Full resource adequacy simulations across
imports, changing thermal fleet hundreds of samples*

V' Multi-year weather analysis X Resource adequacy metrics (e.g., LOLE,

v" Site specific wind and solar profiles EUE)”

v" Evaluation of specific weather events X Nodal fransmission analysis

v Translation of RESOLVE outputs to PLEXOS X Stability or weak grid analysis

/' BV charging, building electrification, load X Linking to specific CEC or CAISO scenarios
flexibility X Rate orjobs impacts

*Ongoing CEC and CPUC modeling
include these

15



Summary of results across
portfolios and sensitivities

BASE RESOURCE PORTFOLIO

DIVERSE RESOURCE PORTFOLIO

HIGH ELECTRIFICATION PORTFOLIO

Multiple Multiple Multiple
WECC Coal Gas Low Load Joint WECC Coal Gas Low Load Joint WECC Coal Gas Low Load Joint
Basellne Retirement Retirement Hydre Years Sensitivity Basellne Retirement Retirement Hydro  Years Sensitivity Basellne Retirement Retirement Hydro Years Sensitivity
RPS (% of Sales) MEDIAN 76 76 76 76 76 76 76 76 76 76 77 76 75 75 75 75 75 75
SPREAD 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2

Clean Electricity MEDIAN 87 86 87 84 87 86 87 86 a7 84 87 86 84 a3 84 82 84 83
Lorsales SPREAD 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 z 7
Minimum Gas MEDIAN 7.9 2.1 1.4) 71 4.5 (6.1) 9.2 9.3 (0.5) W 5.1 (5.3) 5.0 4.8 (3.9) 4.0 2 (6.7)
Margin (GW) LOWEST 7.5 7.7 a.m 6.3 1.9 (8.5) 8.6 8.8 (0.8) 7.8 3.2 (7.5) 3.8 4.0 (4.8) 2.7 0.9 (9.5)
Minirmum WECC MEDIAN 25% 17% 24% 24% 23% 16% 25% 18% 25% 25% 23% 16% 25% 18% 25% 25% 23% 17%
Hourly Reserve
Margin (% of Load) LOWEST 23% 16% 23% 23% 21% 14% 23% 16% 23% 23% 22% 14% 249% 16% 24% 24% 22% 14%
WECC Hourly MEDIAN 53% 38% 48% 62% 62% 47% 49% 31% 41% 47% 52% 42% 50% 36% 45% 42% 56% 42%
Reserve Margin
during periods of LOWEST 36% 29% 0% 58% B62% 56% 56% 30% 36% 42% 44% 53% 37% 33% 37% 40% 59% 48%
Minimum Gas Margin
“Gas Margin during  MEDIAN 23 21 8 21 22 9 21 20 12 22 22 9 20 18 10 19 20 9
pericds of Minimum
WECC Hourly LOWEST 21 20 12 21 15 3 13 20 7 17 24 2 21 22 5 18 23 9
Reserve Margin
(Gwy”
Number of Low Wind \ep 10 10 10 10 13 13 13 16 16 16 16
and Solar Events
(Consecutive 3-days | owEgsT 4 4 4 4 7 7 7 5 5 5 5

Below 30% of Load)

16



Appendix Il

Base Case
Portfolio Results




2030 Annual Generation by
Resource Type, by Month

MONTHLY ENERGY (GWH)
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B storage

BTM PV
W solar
B wind
. Hydro
I Firm Renewable
. Economic Imports
. Dedicated Imports
B Natural Gas

Wind, Solar, and BTM
Solar contribute the
majority of the
system’s energy needs
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California System
Dispatch During
Peak Load Week

WEATHER YEAR 1

MW

70k

60k
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a0k e
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60k
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30k §
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SEP 3

SEP 4

SEP S
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---Net Load
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= Load

. Storage

M solar

B wind
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. Dedicated Imports

. Gas
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California

System

Dispatch
During Winter
_.oad Days

WEATHER YEAR 3

G0k

100% Power Electronic Generation

Sﬂk e e S S SR i e Ly e e e X e S B £ el S TR e P T e e o8 e LT TR e e eSS S W e e T oL e G S e o TP e o e B el 2R

410k
30k
20k

0k R

DEC 18/2030

--- Net Load
{Load minus BTM solar)

— Load
. Storage
. Solar
B wind
. Hydro

l Firm Renewable

. Economic Imports

B Dedicated Imports

. Gas

Net exports (limited to 4000 MW)
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ldentifying Multi-Day Low Wind & Solar Events

L """"""""'""";/"?f'l'rifdiifl'tiiii\'i'bl&‘? """"""""""""""""""""""""""""""""""""""""""""""""" Multi-day Low Wind and

3-DAY ROLLING AVERAGE

o N T e s AR S Solar Events in California
) bl 2a : g
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How would the
future grid
operate during
a multi-day low
renewable
situatione

While multi-day low renewable events
can occur, they tend to be in the
winter when load is lower. True even
with aggressive electrification.

— AVAILABLE CA GAS

B ECONOMIC IMPORTS

I— CA GAS

1
1
1
1
1
‘ CA GAS MARGIN

5k

0o o o
JAN 2030 MAR2030 MAY 2030 JUL2030 SEP 2030  NOV 2030

In-state Gas Dispatch and Economic Imports, Weather Year
2010; dotted box represents a low wind and solar event
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Risk Heatmaps: When is California dependent
on gas and imports for reliabilitye

HOUR OF THE DAY

IN-STATE GAS +

IN-STATE GAS ECONOMIC IMPORTS ECONOMIC IMPORTS AVERAGE OUTPUT
(MW)
20 12k

o 10k

10

d ]

J FM A M I J A S OND J FM AMJ J A S OND J FM A M I J A S OND

MONTH

Heatmap of Average In-State Gas Dispatch and Economic Imports by Month
and Hour (Base Case portfolio with Baseline sensitivity assumptions)
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Appendix Il

Diverse Clean
Resource Portfolio
Results




Clean Diverse Resources Portfolio

« Objective: Quantify the reliability and operational
benefits of a diverse resource mix to evaluate an
alternative renewable pathway for California and
guide policy discussions on alternative resource types.

 Method & Assumptions:

« 75% RPS target (same as Base Case to allow for
direct comparison)

» Fix build 4,000 MW of OSW* and 2,000 MW of
geothermal

« RESOLVE was run for 75% RPS/4 GW OSW/ 2 GW
geothermal

« RESOLVE mainly reduced solar and storage
new build MW

 We lowered the solar & battery MW slightly to
match the PLEXOS resulting RPS

* 800 MW Humboldt Bay, 1200 MW Morro Bay, 2000 MW Diablo Canyon




Comparison of CA Energy by Resource Type

B D00 Diverse clean resources
aZ leads to a 30% decrease
w = . oo
7k 2 in utility scale solar, but
o & also a 22% decrease in
Uz ~ - Storage ..
zu > T economic imports (proxy

& W s for reliability risk) and
- olar .
m B wind ~50% decrease in storage
=z .
Eg E M Hydro round trip losses.
3 g E . Firm Renewable
g % g . Economic Imports
Ly
Oy B Dedicated Imports

-4,000 —o——o © o o = o o o o o o M Natural Gas
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Change in Monthly Generation between the Base Case and Diverse Clean Resources portfolios;
storage represents change in round-trip energy losses. Positive values represent fewer losses.
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Presenter Notes
Presentation Notes
1 MW = 8 acres
15 GW of solar = 120,000 acres

120,000 acres = appx 0.5% of unused pasture land in CA (source?)


Tracking instantaneous inverter-based generation

Annual metrics are useful for RPS policy, but instantaneous generation is important for stability & operations

* |Instantaneous IBR includes

-8
=}

Opportunity for grid
- forming-inverters-—---—--
(research & standards)

== Base Case

IBR NET GENERATION (GW)

Clean Energy

=
i
=]

HOURS OF YEAR

HOURS OF YEAR

wind, solar, and storage
net generation for each
hour

Important for monitoring
grid stability, grid strength
and other transmission
security considerations
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Comparing Gas Margin between the Base Case
and Diverse Clean Resource porttolios

« Peakrisk no longer
occurs during
summer peak load
months

—" 1.51GR
75™ PERCENTILE

MEDIAN
25™ PERCEMTILE

J~ 1.5 QR

« OUTLIERS

« High solar availability
shifts peak risk to fall
and winter periods

CASE

« Offshore wind has
favorable availability

durlﬂg These peI’IOdS 0 o o o o . Diverse Clean Energy Resources
WINTER SPRING SUMMER FALL

NATURAL GAS MARGIN (GW)

. Base Portfolio

« Somewhat fewer min
margins with diverse
resource mix
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