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CHAPTER 2 - MARGINAL GENERATION CAPACITY COSTS
(Witness: Nathan Chau)

I. SUMMARY AND RECOMMENDATIONS

This chapter presents the Public Advocates Office at the California Public Utilities
Commission’s (Cal Advocates) recommendations pertaining to Pacific Gas & Electric
Company’s (PG&E) marginal generation capacity costs (MGCC). Marginal generation
capacity costs (MGCC) represent the cost of marginal generation resources required to
meet a one kilowatt (kW) increase in coincident peak demand and are expressed in
dollars per kilowatt-year ($/kW-year).l MGCC are important because they are used to
inform the allocation of class-level generation revenue requirements and electricity rates
for each customer class. PG&E multiplies its proposed MGCC by each customer class’s
coincident peak demand to allocate each class’s marginal generation capacity cost
revenue.?

PG&E calculates its proposed MGCC using a modified version of the Net Cost of
New Entry (NetCONE) method adopted by the Commission in PG&E’s prior General
Rate Case Phase II (GRC II) proceeding? and the 2021 Avoided Cost Calculator (ACC).2
From this methodology, PG&E assumes that the marginal resource is a standalone 4-hour
lithium-ion (Li-Ion) battery. PG&E then calculates annual generation capacity costs
(AGCCs) over 6 years (2024-2029)? as the going-forward fixed costs of the battery net of
energy arbitrage revenues, divided by an effective load carrying capacity (ELCC)®

1 Application (A.)24-09-014, Pacific Gas and Electric Company 2023 General Rate Case Phase Il Errata
to September 30, 2024 Prepared Testimony Exhibit (PG&E-2) Cost of Service Studies (PG&E-2), April
18, 2025, at “Chapter 1: Introduction to Cost of Service Analysis Proposals” (Chapter 1), at 1-10.

2 PG&E-2, “Chapter 3: Energy Generation and Capacity Cost of Service” (Chapter 3), at 3-5.
3 PG&E-2, “Chapter 2: Marginal Generation Coats” (Chapter 2), at 2-3 to 2-5.

4 PG&E-2, Chapter 2, at 2-3.

3 PG&E-2, Chapter 2, at 2-30.

¢ PG&E-2, Chapter 2, at 2-8, 2-3, (PG&E states that ELCC “quantifies the amount of “perfect” capacity
that an intermittent resource can provide, effectively translating the variable output of these resources into
a more stable and reliable capacity value. This helps in assessing how much these resources can
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1  percentage. PG&E then levelizes those AGCCs into a single MGCC value? with
2 adjustments for line losses for transmission, primary distribution, and secondary
3 distribution voltage levels.
4 PG&E’s AGCC calculations produce overstated MGCC values in two ways. First,
5 PG&E incorrectly applies a solar capacity factor ratio which artificially deflates its
6 annual ELCC values and inflates its proposed MGCC values. Second, PG&E calculates
7  battery revenues using its proposed marginal energy costs (MECs), which PG&E
8 calculates using an inflated renewable curtailment price floor. Consequently, PG&E
9  underestimates battery revenues which increases AGCC and MGCC values.
10 The Commission should therefore adopt Cal Advocate’s proposed MGCC of
11 $43.12/kW-year, which applies the following adjustments to PG&E’s method:
12 e A higher ELCC value resulting from removing PG&E’s solar
13 capacity factor ratio and;
14 e Higher battery revenues resulting from using Cal Advocates’
15 proposed MEC values.2
16 Table 2-1 compares PG&E’s and Cal Advocates’ proposals:

17 Table 2-1: Comparison of Cal Advocates’ and PG&E’s Proposed Capacity Factor,

18 Renewable Curtailment Floor, and MGCC Values
Proposed Value PG&E | Cal Advocates
Behmd the Meter Solar Capacity Factor 65% 100%
Adjustment
ELCC Range from 2024-2029 81-51% 84-65%

Renewable Curtailment Floor for MECs ($) | ($31.37) ($54.56)

2024-2029 Battery Revenue Total ($ million) | $1.08 $1.26

MGCC ($/kW-yr) $79.50 $43.23

contribute to meeting peak demand and ensuring grid reliability.”).
IPG&E-2, Chapter 2, at 2-30.
8 See Cal Advocates Prepared Opening Testimony, Chapter 1.
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II.  DISCUSSION OF RECOMMENDATIONS

A. The Commission Should Continue to Use a Standalone 4-
Hour Lithium-Ion Battery as the Proxy Resource for
Estimating MGCC.

PG&E’s use of a 4-hour standalone Li-Ion battery as the proxy resource is
appropriate because it is the most readily available and economically viable generation
resource in line with California’s clean energy goals. PG&E asserts that based on the
Commission’s recent decisions and the results from the 2022-2023 Integrated Resource
Plan (IRP) cycle, “it is unlikely that new natural gas generation would be built in
California in the future.”® Standalone batteries also comprise 66% of the expected
cumulative procurement under contract to Commission-jurisdictional load-serving
entities (LSEs) through the end of 2026.1® Standalone 4-hour batteries represent the
majority of currently operating grid-scale battery resources! due to their cost-
effectiveness compared to other battery resources.12 The timing of when long-duration
storage resources become lower-cost compared to 4-hour batteries is “highly uncertain
and sensitive to ELCC or capacity credit modeling assumptions.” Until long-duration
storage becomes financially viable at scale, 4-hour batteries can help meet the need for
longer-duration. They can be configured to discharge for longer than 4 hours at a portion

of their total capacity.l? Therefore, the Commission should adopt PG&E’s use of a 4-

2 PG&E-2, Chapter 2, at 2-24 — 2-25.

10 See Appendix B, Attachment 2-B (California Public Utilities Commission (CPUC) and California
Energy Commission (CEC), Joint Agency Reliability Planning Assessment: Senate Bill (SB) 846 Fourth
Quarterly Report, December 2023, at 7-8 (excerpt), available at https://www.cpuc.ca.gov/-/media/cpuc-
website/divisions/energy-division/documents/summer-202 1 -reliability/tracking-energy-
development/joint-reliability-planning-assessment-sb-846-fourth-quarterly-report.pdf).

I See Appendix B, Attachment 2-C (Lumen Energy Strategy, California Public Utilities Commission
Energy Storage Procurement Study (CPUC 2023 Storage Procurement Study), May 31, 2023, at 24, 72
(excerpt), available at https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-
division/documents/energy-storage/2023-05-31 lumen_energy-storage-procurement-study-report.pdf).

12 See Appendix B, Attachment 2-C (CPUC 2023 Storage Procurement Study, at 24).
13 See Appendix B, Attachment 2-C (CPUC 2023 Storage Procurement Study, at 74-76).
14 See Appendix B, Attachment 2-C (CPUC 2023 Storage Procurement Study, at 75-76).
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hour standalone Li-Ion battery as the proxy marginal resource for estimating MGCC

because it represents the lowest-cost, most readily available generation resource.

B. The Commission Should Reject PG&E’s Behind-the-
Meter (BTM) Solar Capacity Factor.

1. PG&E’s ELCC Method and Solar Capacity Factor

A resource’s ELCC captures its reliability contribution relative to a hypothetical
“perfect capacity” resource, and is expressed in percentage terms (with 100%
representing perfect capacity).l3 PG&E applies an ELCC within its NetCONE
calculation with the stated goal “to account for the fact that batteries will not contribute
100% to the reliability of capacity resources.”’® PG&E divides each annual AGCC value
by a corresponding annual ELCC percentage derived from the IRP.LZ This approach is
similar to how ELCC is applied in MGCC calculations of the 2022 and 2024 Avoided
Cost Calculator (ACC) methodologies.®® PG&E applies an ELCC percentage, which
spreads the net costs of a four-hour Li-lon battery over a subset of the battery’s capacity,
rather than its total nameplate capacity. Thereby, PG&E increases its proposed MGCCs,
which it presents in $/kW-year terms. Mathematically, the AGCCs are increased by
dividing a percentage value less than 100%.

PG&E derives annual ELCC values for 2024-2029 using inputs from the 2022-
2023 IRP.2 The IRP projects marginal ELCC for various 4-hour storage capacity levels
as a function of installed solar capacity. According to the IRP Inputs and Assumptions,

the reliability contribution of batteries at increasing capacity levels is contingent upon

15 See Appendix B, Attachment 2-D (Energy Division, Final Inputs & Assumptions: 2022-2023
Integrated Resource Plan (IRP Inputs & Assumptions), CPUC, October 2023, at 142-144 (excerpt),
available at https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-
division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2023-irp-cycle-
events-and-materials/inputs-assumptions-2022-2023 final document 10052023.pdf).

16 See Appendix B, Attachment 2-E (PG&E Response to Cal Advocates Data Request No. 004, Question
17, at 1).

7 PG&E-2, Chapter 2, at 2-28 and 2-29.
18 PG&E-2, Chapter 2, at 2-8, fn. 9.
D PG&E-2, Chapter 2, at 2-28 and 2-29.
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commensurate increases in solar capacity.22 The reliability contribution of battery
increases when there is more solar resources available for them to charge from during the
lowest-cost midday hours.2l To capture these interactive effects between battery and
solar capacity levels, the IRP uses ELCC studies from the Strategic Energy Risk
Valuation Model (SERVM) to produce a solar-plus-storage ELCC “surface.”? The
surface maps of the combined solar-plus-storage portfolio ELCC percentages across
various levels of solar and battery storage additions beyond the 2030 updated Preferred
System Plan (PSP) portfolio.2 Figure 2-1 presents the marginal battery ELCC values
from the solar-plus-storage surface.

Figure 2-1: Incremental Battery Storage ELCC Across the IRP ELCC Surface?

Calculated Incremental Storage ELCC %
Solar Nameplate Capacity (GW)

30(35|40 45|50 | 55|60 65|70 |75 80|85|90|95|100

10
15

20 | 33% | 33% | 33%

25 | 33% | 33% | 33% | 33% | 37% | 44% | 45%

30 | 27% | 27% | 27% | 27% | 27% | 27% | 28% | 30% | 32% | 36% | 36% | 36% | 36%

35| 17% | 17% | 17% | 17% | 17% | 17% | 17% | 17% | 28% | 32% | 36% | 36% | 36%

40| 9% | 9% | 9% | 9% | 9% | 9% | 9% |11% | 11% |12% | 12% | 32% | 36%

45

50| 9% | 9% | 9% | 9% | 9% | 9% | 9% | 9% | 9% |11% | 11% | 11% | 11% | 11% | 12%

888 8
888 8

2
#

9% | 9% | 9% | 9% | 9% | 9% | 11% | 11% | 11% | 11% | 12%

4-Hour Battery Namplate Capacity (GW)

20 See Appendix B, Attachment 2-D (IRP Inputs & Assumptions, at 154, 156 — 157).
2 See Appendix B, Attachment 2-D (IRP Inputs & Assumptions, at 154, 156 — 157).
22 See Appendix B, Attachment 2-D (IRP Inputs & Assumptions, at 154 — 155).

2 See Appendix B, Attachment 2-D (IRP Inputs & Assumptions, at 154 — 155).

2 See Appendix B, Attachment 2-D (IRP Inputs & Assumptions, at 157).
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PG&E uses the IRP’s forecasted solar and battery capacity levels for 2024-2029% (under
the IRP’s 25 million metric tons (MMT) emissions scenario)? to extract ELCCs for each
year from the table above 2

PG&E includes both capacity types in its forecasted total solar capacity levels
because the solar axis of the ELCC surface includes both behind-the-meter (BTM) and
grid-scale solar2® However, PG&E reduces the capacity of BTM solar by applying a
capacity factor ratio, while it inputs the nameplate capacity of grid-scale solar. PG&E
calculates the ratio by dividing the capacity factor?2 of BTM solar by that of grid-scale
solar (both derived from the IRP), producing a value of 65%. It then multiplies the
forecasted nameplate capacity of BTM solar for each year by this percentage, and inputs
the resulting values into its total solar capacity forecasts that it uses to derive annual
ELCC values.2® PG&E contends that it is necessary to apply this capacity factor ratio “to

account for the lower capacity factor associated with BTM solar as opposed to grid-scale

25 See workpaper titled “GRC_2023 PhIl_ WP_PGE 20241018 Ex02Ch02 MEC _MGCC PUB,”
October 23, 2024 (2023 GRC II MEC & MGCC Workpaper), “IRP Inputs” tab.

26 The IRP’s 25 MMT case represents a scenario achieving 25 million metric tons (MMT) of carbon
dioxide equivalent emissions by 2035.

27 See Appendix B, Attachment 2-E (PG&E Response to Cal Advocates Data Request No. 004, Question

18, at 1 (PG&E interpolates or estimates ELCC values between the percentages listed in the IRP Inputs &
Assumptions table, based upon the forecasted solar and storage capacity levels under the IRP’s 25 MMT

scenario for 2024-2029)).

28 See Appendix B, Attachment 2-D (IRP Inputs & Assumptions, at 150).

2 See Appendix B, Attachment 2-F (National Renewable Energy Laboratory (NREL), 2020 Annual
Technology Baseline: “Utility Scale PV: Methodology - Capacity Factor Definition” (NREL ATB PV
Capacity Factor Definition), 2020, available at https://atb-
archive.nrel.gov/electricity/2020/index.php?t=su, (“A capacity factor represents the expected annual
average energy production divided by the annual energy production, assuming the plant operates at rated
capacity for every hour of the year. It is intended to represent a long-term average over the lifetime of the
plant; it does not represent interannual variation in energy production. Future year estimates represent the
estimated annual average capacity factor over the technical lifetime of a new plant installed in a given

year.”)).

32023 GRC Il MEC & MGCC Workpaper, Tab “IRP Inputs”, cells E19:M:19; See Appendix B,
Attachment 2-7 (PG&E Response to Cal Advocates’ Data Request 007, Question 8, at 1 (PG&E “[scales]
the BTM solar by a factor (< 1), equal to the ratio of their capacity factors, and add the resulting capacity
to the grid scale solar to calculate the total solar capacity. This is then used to find the ELCC from the
ELCC surface derived from Inputs and Assumptions of CAISO Integrated Resource Plan (IRP) 2022-
2023.7)).
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solar... Assuming that grid-scale solar and BTM solar are equal when they have different

capacity factors would be an incorrect assumption.”3!

2. PG&E’s BTM Solar Capacity Factor Runs Counter
to IRP Methodology and Results in Artificially Low
ELCC and High MGCC Values.

PG&E’s application of a capacity factor ratio runs counter to how IRP
methodology considers capacity factors. The IRP Inputs & Assumptions clearly states
that users of the ELCC surface should look up ELCC values using the forecasted
nameplate capacity of solar resources, including BTM solar.22 The IRP solar-plus-
storage surface already accounts for the relatively lower capacity factors of the future
California Independent System Operator (CAISO) -wide portfolio of solar resources in
the multivariate equation used to produce the ELCC surface. As stated in the IRP Inputs
& Assumptions:

To reflect the dynamic that a solar resource's reliability
contribution will typically scale with capacity factor, the capacity
(in MW) of individual solar resources used in the multivariate
linear equations is scaled by the ratio of each solar resource's
capacity factor to that of the solar resource capacity factor used
in the SERVM ELCC simulations.®

Thus, the IRP already embeds a capacity factor ratio into the solar axis of the
solar-storage ELCC surface. Due to this, PG&E’s application of a similar ratio to BTM
solar is duplicative and inappropriate.

PG&E’s application of a solar capacity factor leads to artificially low ELCCs.
PG&E unnecessarily applies a solar capacity factor ratio with a value less than 1 to BTM
solar. PG&E is therefore undercounting the annual projected BTM solar capacity levels
that it uses to calculate annual ELCC values. PG&E undercounting BTM solar reduces

its ELCC values, because it results in lower forecasted solar capacity growth relative to

3 See Appendix B, Attachment 2-G (PG&E Response to Cal Advocates Data Request No. 007, Question
8, atl).

3 See Appendix B, Attachment 2-D (IRP Inputs & Assumptions, at 156-157).
3 See Appendix B, Attachment 2-D (IRP Inputs & Assumptions, at 156-157).
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the forecasted growth of battery storage capacity. Table 2-2 provides a comparison of the
BTM solar capacity forecasts and ELCC values with and without PG&E’s capacity factor
ratio applied. ELCCs values for each year are raised by removing PG&E’s solar capacity
factor ratio and results in a more gradual decline of ELCCs from 2024-2029.

Table 2-2: Forecasted Solar Capacity & ELCC Values with and without PG&E’s
Solar Capacity Factor (SCF) Ratio, 2024-20293

2024 | 2025 | 2026 | 2027 | 2028 | 2029
L}
Solar | PG&E's Proposed | 1) oo | 30 c0 {3834 | — |4204| -
Capacity | Values
(GW) | Without SCF Ratio | 38.76 | 42.94 | 45.04 | — |50.63| --
L}
PG&E's Proposed | 10/ | 790, | 5104 | 520 | 51% | 51%

ELCC | Values
Without SCF Ratio 84% | 84% | 74% | 72% | 71% | 65%

PG&E’s application of a solar capacity factor ratio also results in an artificially
inflated MGCC. Under the NetCONE method, PG&E calculates AGCCs by dividing the
cost of batteries net of revenues by the ELCC.22 As shown in Table 2-3, the resulting

impact of removing PG&E’s solar capacity factor ratio is a decrease of the MGCC from

$79.50/KW-year to $63.26/kW-year.36

3 The IRP does not forecast resource capacity levels for the years 2027 and 2029. PG&E interpolates
ELCC values for those years (averaging between the 2026 and 2028 ELCC values for 2027, and between
the 2028 and 2030 levels for 2029). Cal Advocates applies the same method in determining its ELCC
values.

35 ELCCs range between values of 0 and 1. Therefore the closer such values are to 0, the higher the
resulting AGCC will be.

36 Holding all other variables constant. This value is provided for illustrative purposes only and does not
represent Cal Advocates’ proposed AGCC or MGCC values. The workpaper in which Cal Advocates
calculated this illustrative value is available upon request. See Appendix B, Attachment 2-I.
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Table 2-3: AGCCs and MGCC with and without
PG&E Solar Capacity Factor Ratio’

2024 2025 2026 2027 2028 2029
With SCF
AGCC | Ratio $61.35 |$62.62|$97.89 | $100.06 | $86.44 | $73.78
($/kW-yr) | Without SCF
Ratio $59.31 |$59.03 | $68.17 | $71.59 | $63.55 | $58.48
With SCF
MGCC | Ratio $79.50
($/kW-yr) | Without SCF
Ratio $63.26

C. Cal Advocates’ Proposed MECs Are More Accurate for
Computing Battery Revenue Values And MGCC.

In PG&E’s previous GRC II, PG&E used an internal avoided cost model to
calculate battery revenues as a function of arbitrage and ancillary services.2 In this GRC
II, PG&E uses an “internal storage perfect foresight model” that calculates battery
revenue solely as a function of arbitrage revenues.®2 The model uses PG&E’s proposed
MEC:s as hourly price forecasts and models revenues assuming that a 4-hour Li-lon
battery will charge during the four hours with the lowest MECs of the day and discharge
during the four hours with the highest MECs.2 In its MEC calculations, PG&E accounts

for renewable curtailment by using the negative 2024 Forecasted Renewable Portfolio

¥ The workpaper in which Cal Advocates calculated this illustrative value is available upon request. See
Appendix B, Attachment 2-1.

8 See Appendix B, Attachment 2-J (A.19-11-019, Pacific Gas and Electric Company 2020 General Rate
Case Phase Il Prepared Testimony Cost of Service PG&E-2 (2020 GRC II Testimony), November 22,
2019, at “Chapter 2: Marginal Generation Costs” (Chapter 2), at 2-42 — 2-47).

¥ PG&E-2, Chapter 2, at 2-26 and 2-27.
2 pPG&E-2, Chapter 2, at 2-26 and 2-27.
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1  Standard (RPS) Adder value (-$31.73)% as a renewable curtailment price floor.22 As Cal

2 Advocates argues in Chapter 1, the 2024 Final RPS Adder value (-$54.56)% provides a

3 more accurate price floor. The Final RPS Adder aligns better with observed curtailment

4  prices for 2024 and is calculated using transaction data that is more recent and temporally

5  aligned with the 2024 test year.

6 The 2024 Final RPS Adder produces lower off-peak and super-off-peak MEC

7  estimates. These resulting MECs increase battery revenues (by lowering the costs of

8  charging during the off-peak hours)® which in turn reduces AGCCs as illustrated in

9  Table 2-4.48

10 Table 2-4: Comparison of Battery Revenues and AGCCs calculated using the 2024
11 Forecast and Final RPS Adder Values as a Renewable Curtailment Price Floor
Output MEC Type 2024 | 2025 | 2026 | 2027 | 2028 | 2029
Battery | 2024 Forecast RPS Adder 172 180 187 192 198 202
Revenues
(in
thousands
(&) 2024 Final RPS Adder 190 199 207 214 220 226
AGCCs | 2024 Forecast RPS Adder 61 63 98 100 68 74
($/kW-
year) 2024 Final RPS Adder 46 45 69 70 55 40

12

4 See Appendix B, Attachment 2-J (Energy Division, Market Price Benchmark Calculations 2024
REVISED (Revised 2024 Market Price Benchmark Calculations), CPUC, November 5, 2024, at 1,
available from https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-

division/documents/community-choice-aggregation-and-direct-access/2024-market-price-benchmarks-
revised-20241105.pdf).

2 pG&E-2, Chapter 2, at 2-14.
$ See Appendix B, Attachment 2-J (Revised 2024 Market Price Benchmark Calculations, at 1).

44 See Cal Advocates Prepared Opening Testimony, Chapter 1.

5 See Appendix B, Attachment 2-E (PG&E Response to Cal Advocates Data Request No. 004, Question

3(c), at 2).

46 PG&E recalculated battery revenues under various RPS adder values in its response to data request Cal

Advocates-007, Question 5. See Appendix B, Attachment 2-A.
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1 D. The Commission Should Adopt Cal Advocates’ MGCC
2 Modifications.
3 Cal Advocates calculates MGCC using PG&E’s NetCONE methodology with two
4  changes: the calculation does not apply a solar capacity factor ratio and also uses battery
5  revenues calculated based on Cal Advocates’ proposed MECs. These MEC values are
6  produced using PG&E’s MEC model, but with a renewable curtailment price floor equal
7  to the negative value of the 2024 Final RPS Adder Value. These modifications produce a
8 lower and more accurate MGCC value of $43.23. Table 2-5 compares Cal Advocates’
9 and PG&E’s proposed AGCC and MGCC values.
10 Table 2-5: Cal Advocates’ and PG&E’s Proposed AGCC
11 and MGCC Values ($/kW-yr)
Output | Proposed By 2024 2025 2026 2027 2028 2029
PG&E $61.35 $62.62 $97.89 $100.06 | $86.44 $73.78
AGCC | Cal Advocates $44.13 $42.60 $48.22 $49.98 $40.36 $31.95
% Difference -28% -32% -51% -50% -53% -57%
MGCC PG&E $79.50
Cal Advocates $43.23
% Difference -46%
12
13 Cal Advocates’ proposed MGCC value corrects for the deficiencies in PG&E’s
14  MGCC calculations. Specifically, PG&E’s proposed MGCC value is inaccurate and
15 inflated due to PG&E’s application of a solar capacity factor ratio in its ELCC
16  calculation, and underestimated battery revenues. Cal Advocates produces a more
17  accurate MGCC compared to PG&E by recalculation of MGCC without a solar capacity
18  factor and battery revenues based on more accurate MECs. Therefore, the Commission
19  should reject PG&E’s proposed MGCC value and adopt Cal Advocates’ proposal.
20 MI. CONCLUSION
21 The Commission should adopt PG&E’s use of a standalone 4-hour Li-lon battery
22 as the most cost-effective marginal resource, and Cal Advocates’ proposed MGCC value,
23 which corrects for deficiencies in PG&E’s approach. Cal Advocates’ removed PG&E’s
24 solar capacity factor from its ELCC calculations. This method produces an ELCC that

2-11
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better reflects how IRP methodology already considers capacity factors and in turn
provides a more accurate MGCC value. The use of MECs that are better aligned with
observed 2024 curtailment prices and REC transactions to calculate battery revenues also
produces a more accurate MGCC. For these reasons, the Commission should adopt Cal

Advocates’ recommendations.
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(See Appendix B)

Attachment

Description

2-A

PG&E Response to Cal Advocates Data Request 7, Question
5 with Screen Shot of Attachment

2-B

California Public Utilities Commission (CPUC) and
California Energy Commission (CEC) Senate Bill (SB) 846
Fourth Quarterly Report: Joint Agency Reliability Planning
Assessment, pages 7-8.

2-C

California Public Utilities Commission 2023 Energy Storage
Procurement Study, pages 24, 72, 74-76.

2-D

CPUC Energy Division, Final Inputs & Assumptions: 2022-
2023 Integrated Resource Plan, pages 142-144, 150, 154-157

2-E

A.24-09-014 General Rate Case Phase II Application PG&E
Response to Cal Advocates’ Data Request 004, Questions
3(c), 17, and 18.

2-F

National Renewable Energy Laboratory 2020 Annual
Technology Baseline, “Utility Scale PV: Methodology
Capacity Factor Definition.”

A.24-09-014 General Rate Case Phase II Application PG&E
Response to Cal Advocates’ Data Request 007, Question 8.

Cal Advocates Workpaper to Demonstrate Impact of Solar
Capacity Factor on MGCC using Illustrative Values.
Available by email upon request.

A.19-11-019 Pacific Gas and Electric Company 2020
General Rate Case Phase II Prepared Testimony Cost of
Service PG&E-2, “Chapter 2: Marginal Generation Costs”
pages 2-42 —2-47.

10

CPUC Energy Division Market Price Benchmark
Calculations 2024 REVISED.
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QUALIFICATIONS AND PREPARED TESTIMONY
OF
NATHAN CHAU

Please state your name and address.

My name is Nathan Chau and my business address is 505 Van Ness Avenue, San
Francisco, California.

By whom are you employed and what is your job title?

I work in the Electricity Pricing and Customer Programs Branch of Cal Advocates
as a Regulatory Analyst.

Please describe your educational and professional experience.

I hold a Bachelor of Science degree in Applied Economics from the University of
the Pacific. My degree included coursework in finance, economics, and
econometrics that I find relevant to this case. Since joining the Commission in
April 2015, I have actively participated in a number of rate cases such as
SDG&E’s General Rate Case Phase 11 (A.23-01-008), PG&E’s General Rate Case
Phase I1 (A.16-06-013), the Time-of-Use Order Instituting Rulemaking (R.15-12-
012), the Application on SB 350 Transportation Electrification Proposals (A.17-
01-021) and the Order Instituting Rulemaking to Revisit Net Energy Metering
Tariffs (R.20-08-020). I also worked as project coordinator and witness in
PG&E’s General Rate Case Phase IT (A.19-11-019).

What is your area of responsibility in this proceeding?

I am project coordinator and author for Chapters 2 and 5 on MGCC and Revenue
Allocation in Cal Advocates’ Prepared Testimony in this proceeding.

Does that complete your prepared testimony?

Yes, it does.
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LIST OF ATTACHMENTS FOR CHAPTER 2

Attachment

Description

2-A

PG&E Response to Cal Advocates Data Request 7, Question
5 with Screen Shot of Attachment

2-B

California Public Utilities Commission (CPUC) and
California Energy Commission (CEC) Senate Bill (SB) 846
Fourth Quarterly Report: Joint Agency Reliability Planning
Assessment, pages 7-8.

2-C

California Public Utilities Commission 2023 Energy Storage
Procurement Study, pages 24, 72, 74-76.

CPUC Energy Division, Final Inputs & Assumptions: 2022-
2023 Integrated Resource Plan, pages 142-144, 150, 154-157

A.24-09-014 General Rate Case Phase II Application PG&E
Response to Cal Advocates’ Data Request 004, Questions
3(c), 17, and 18.

National Renewable Energy Laboratory 2020 Annual
Technology Baseline, “Utility Scale PV: Methodology
Capacity Factor Definition.”

A.24-09-014 General Rate Case Phase II Application PG&E
Response to Cal Advocates’ Data Request 007, Question 8.

Cal Advocates Workpaper to Demonstrate Impact of Solar
Capacity Factor on MGCC using Illustrative Values.
Available by email upon request.

2-1

A.19-11-019 Pacific Gas and Electric Company 2020
General Rate Case Phase II Prepared Testimony Cost of
Service PG&E-2, “Chapter 2: Marginal Generation Costs”
pages 2-42 —2-47.
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CPUC Energy Division Market Price Benchmark
Calculations 2024 REVISED.




Attachment 2-A
PG&E Response to Cal Advocates Data Request 7, Question 5 with Screen Shot of

Attachment

PACIFIC GAS AND ELECTRIC COMPAMNY
2023 General Rate Case Phase ll
Application 24-09-014

Data Response
PGAE Data Request Mo | CalAdvocabes 007-Q00S
PG&E Flla Hame: GRC-2023-P_DR_CalAdvocaies 007-Q005
Raqueat Date: Decemioer 30, 2024
Requester DR No.: CAL ADNVOCATES-DOT
Requesting Party: Publiz Advocales Office
Raquesater: Kimiko Aklya'NMathan Chau'Jameas Laursarah MeyerhofT
Diate Sent Aprl 18, 2025
PGAE Witnssajes): Eshan Singh — Enginesring, Planning and Strategy

SUBJECT: MARGINAL EMERGY COSTS AND MARGINAL (GEMERATION CAPACITY COSTS

GUESTION D05

Flease provide annual battery revenues for northemn and southem Califormia (presented
as "MPRevenue” and “SPRevenus” in PGEE's workpapars)1 for 2024, 2025, 2028,
2027, 2028, 2029 and 2030 calculated wsing MECs that assume:

a. A curtailment price floor of -354.58, equal o the negative value of the 2024 RPS
final value 2

b. A curtailment price floor of -371.24, equal io the negative value of the 2025
Forecast RPS value 2

c. A curtailment price floor that starts at -554.56 for 2024.4 then decreases to the
following lewvels: -375.08 in 2025, -5103.32 in 2026, 514217 in 2027, -$185.85 in
2028, -5260.23 in 2020, and -3370.48 in 2020.

ANSWER D05

See attachment "GRG_2023 Phll DR CalAdvocates 007-GQ005ATCHO xizx” for the
results asked in this data request. The Tab: EnergyRevenue has the revenue for each
of the abowe cases. The iotal revenue is calculated based on B0% of 3P and 20% of
FPGE DLAP revenue.

1 Ses workpaper fitled
"GRC_20Z3 Phll_WP_PGE_X241018_ExD2Chi?_MEC_MGCC_COMF_2 7 (TY2023
GRC2 MEC & MGCC Workpaper W2), Tab "MGCC Calculation”, cells V3:AGS.

2  Peyised 2024 Market Price Benchrmark Calculations.

3 Rewvised 2024 Market Price Benchmark Calculations.

4  Reyised 2024 Market Price Benchmark Calculations.
GRC-2023-Phll_DR_CalAdeocates_007-0005 Page 1
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REC
NP
REC $31.73 SP
Total
MGCC
REC
NP
REC $54.56 SP
Total
MGCC
REC
NP
REC $71.24 SP
Total
MGCC

REC REC

Varyin NP
YINg op
370.48 Total

fter 2030
after MGCC

REC REC

NP
Varying
SP
31.73 after

2030 Total
MGCC

2024
$ 31.73
$ 156,570.15
$ 176,335.85
$172,382.71
$ 79.50
$ 54.56
$ 164,160.39
$ 196,574.04
$ 190,091.31
$ 54.11
$ 71.24
$ 169,718.40
$211,416.06
$ 203,076.53
$ 35.48
$ 54.56
$ 254,803.93
$ 436,165.84
$ 399,893.46
$ -

$ 54.56
$ 176,073.42
$ 227,199.85
$ 216,974.56
$ 21.80

2025
$ 31.73
$ 163,739.80
$ 184,361.65
$ 180,237.28
$ 77.27
$ 54.56
$ 171,937.04
$ 206,217.19
$199,361.16
$ 48.52
$ 71.24
$ 177,936.76
$222,247.95
$213,385.71
$ 30.83
$ 75.08
$ 272,440.77
$ 471,922.67
$ 432,026.29
$ -

$ 75.08
$ 184,433.28
$ 238,329.33
$ 227,550.12
$ 18.76

2026
$ 31.73
$ 169,650.11
$ 190,855.72
$ 186,614.60
$ 74.18
$ 54.56
$ 178,406.22
$ 214,228.99
$ 207,064.43
$ 42.47
$ 71.24
$ 184,816.25
$ 231,378.48
$ 222,066.04
$ 26.21
$  103.32
$ 289,257.21
$ 507,414.51
$ 463,783.05
$ -

$  103.32
$ 191,296.24
$ 247,314.94
$ 236,111.20
$ 20.58

2027
$ 31.73
$ 174,678.27
$ 196,637.76
$ 192,245.86
$ 63.10
$ 54.56
$ 183,977.27
$ 221,467.50
$ 213,969.45
$ 30.92
$ 71.24
$ 190,781.44
$ 239,690.30
$ 229,908.53
$ 17.92
$ 14217
$ 305,476.91
$ 542,626.55
$ 495,196.63
$ -

$ 14217
$ 196,833.57
$ 254,463.52
$ 242,937.53
$ 20.28

2028
$ 31.73
$ 179,654.83
$ 202,068.99
$ 197,586.16
$ 50.50
$ 54.56
$ 189,441.08
$ 228,199.59
$ 220,447.89
$ 18.40
$ 71.24
$ 196,598.70
$ 247,381.67
$ 237,225.08
$ 9.14
$ 19565
$ 321,402.46
$ 576,908.62
$ 525,807.39
$ -

$ 19565
$ 201,339.57
$ 258,691.61
$ 247,221.20
$ 19.46

2029
$ 31.73
$ 184,024.09
$ 206,694.60
$ 202,160.50
$ 39.51
$ 54.56
$ 194,196.66
$ 233,892.91
$ 225,953.66
$ 8.14
$ 71.24
$201,636.23
$ 253,864.13
$ 243,418.55
$ 3.10
$  269.23
$ 335,469.17
$607,593.76
$ 553,168.84
$ -

$  269.23
$203,291.93
$ 257,033.31
$ 246,285.04
$ 20.70

2030
$ 31.73
$ 187,855.38
$ 210,508.26
$ 205,977.68
$ 29.75
$ 54.56
$ 198,227.58
$ 238,254.93
$ 230,249.46
$ 0.22
$ 71.24
$ 205,811.46
$ 258,638.19
$ 248,072.85
$ -

$  370.48
$ 345,667.92
$ 628,495.49
$ 571,929.98
$ -

$ 37048
$ 200,508.61
$ 243,595.85
$ 234,978.40
$ 22.68



Attachment 2-B

California Public Utilities Commission (CPUC) and California Energy Commission
(CEC) Senate Bill (SB) 846 Fourth Quarterly Report: Joint Agency Reliability
Planning Assessment, pages 7-8.

These projects represent close to 15,000 MW of new nameplate capacity. The CPUC posts this
information on its Tracking Energy Development (TED) Task Force website,

The volume of new projects that LSEs are reporting as under contract continues to increase
through 2026 as LSEs sign new contracts, LSEs and counterparties frequently adjust the on-
line date for projects due to continual contracting refinements. The CPUC receives updates
about new resources under development across the 40+ CPUC jurisdictional LSEs and for the
dozens of counterparties. There are over 300 contracts represented within this data for
hundreds of resources under development by over 80 counterparties, As such, the data in
Tables 3 and 4 are subject to change frequently. Changes reported in Tables 3 and 4, relative
to prior versions, reflect best available information on when projects will reach on-line status,
which will change regularly until projects are confirmed to be on-line, at which point they are
tracked via Table 1. Most projects facing changes in on-line dates have simply been delayed to
future quarters but are expected to come on-line in the future,

Table 3: Expected Cumulative New September NQC (MW) by Resource Type, Based
on LSE-Contract Data for 2023 and 2024

2023 2023 2023 2023 2024 2024 2024 2024

Resource T¥Pe | o1 | o2 | 03 | 04 | 01 | 02 | @3 | qs

Solar 7 26 101 150 182 318 321 331
Battery 554 810 1,302 1,825 2,504 L 5,528 L5388
Paired /Hybrid 395 473 638 1,280 1,446 1,847 1,856 2,324
Wind - 14 14 14 14 14 14 14
Geothermal 21 21 21 21 21 74 74 9z
Biomass [Biogas - i i 3 22 22 22 25
Total 1,076 1,344 2,076 3,293 4,188 7474 7814 8,324

Source: CPUC st=ff, data as of August 2023
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Table 4: Expected Cumulative New September NQC (MW) by Resource Type, Based

on LSE-Contract Data for 2025 and 2026

2023 2025 2025 2025 2026 2026 2026 2026

ResourcevPe | o1 | o2 | 03 | 04 | 01 | 92 | 03 | o4

Solar 441 459 455 455 482 452 452 452
Battery 5,972 o, 743 5,743 6,743 5,865 7.221 7221 7.221
Paired j'H\rbrid 2,498 2,815 2,929 2,993 3,001 3,061 3,061 3,061
Wind 14 3 31 31 31 &0 &0 &0
Geothermal 93 122 143 144 160 195 195 200
Biomass ,I'Biﬂgai 25 28 28 28 28 28 28 28
Total 9,043 | 10,198 | 10,3323 | 10,398 | 10546 | 11,026 ( 11,026 | 11,030

Source: CPUC staff, data as of August 2023

The project development volume in Tables 3 and 4 will cccur througheout the State of California
in 2023 to 2026, The data show that 34 different counties will have some amount of new clean
energy projects, including 12 counties that were not included in Table 2 as they did not have
any development in the past four years.

Some of the counties that have seen substantial development, such as Kem, Riverside, and
San Bemardino counties, are expected to continue to have large amounts of clean energy
development {over 1,000 MW Nameplate per county) in the years ahead. In addition, there is
projected to be over 1,000 MW nameplate capacity development in Fresmo, Tulare, and San
Diego counties, Additionally, there is projected to be over 200 MW of new nameplate capacity
being developed in Imperial, Los Angeles, Monkerey, San Joaquin, Solano, and Stanislaus
counties.

Tracking Project Development

Trends in Resource Development

Since the August 2023 third quarterly report was released, the CPUC continues to see the
same major themes in new resource development: high levels of LSE contracting for new
resources and challenges to bringing resources on-line in the immediate term. Broadly, CPUC-
jurisdictional LSEs continue to report new contracts for their compliance with IRP orders,
leading to an overall increase in new megawatts expected to come on-line in the midterm
horizon of 2023-2028. Information on the IRP's procurement track is available at the CPUC's
website: IRP Procurement Track,

The CPUC has received bwo Petitions for Modification (PFMs) to D.21-06-035 (the “Mid-Term
Reliability” Decision). Both these PFMs assert a difficult procurement environment LSEs are

]




Attachment 2-C

California Public Utilities Commission 2023 Energy Storage Procurement Study,
pages 24, 72, 74-76.

CPUC Energy Storage Procurement Study: Market Evolution

Chapter 1

Most grid-scale battery energy storage systems
historically procured in California are configured
for 4-hour duration, which means they @n
continuously discharge up to 4 hours at full
capacity. This is a result of the high initial value of
4-hour storage in addressing ocwrent  system
reliability needs. Lithium-ion batteries ourrenthy
dominate the market due to their favorable
economics for providing short-duration capacity.

Going forward, as california continees to
decarbonize its electric system by deploying mare
dean energy resources, system flesibility neads
and the role of storage will evolve and longer
duration storage systems will be needed. Batteries
are highly modular and there are no technical
barriers to configuring them with longer durations
abowve 4 hours. But a very large share of batteries’
installed cost is from energy-related costs [eg,
battery pack], which increases with duration. For
example, 3 4-hour transmission-connected battery
cumently costs around 51,500/kW (Figure 17). &
battery with 8-hour duration is estimated to cost

around 52, 700/kW, which is 1.8 times the cost of a
4-hour battery with the same nameplate MW,

The cost-effectivensss of long-duration energy
storage depends partly on how fast the future
storage needs and value will evolee over time [see
attachment B) and partly on cost trajectory of
fithium-ion batteres and emerging long-duration
storage technologies. For the near-term, when
system needs can =till be met by intraday energy
time shift [up to 10 hours), lithium-ion batterses will
fikaly stay cost competitive and sat the price to
beat. For example, in early 2022, two separate
lomg-duration storage procursment efforts by a
group of California CCAs both resulted in contracts
with &-hour lthium-ion battery projects. When
muitiday, multiweek, or seasonal storage is neaded
in the future as the state approaches to 100% dean
energy goal, storage technologies with high power-
related costs and low energy-related costs such as
compressed air or hydrogen storage can become
more competitive as they can scale up their
durations with little incremental cost.

p— ,"' # Batteries are highly modular;
o thiere are no technical
- barriers to configuring them
E,000 3 }
» o with longer durations
»° *Costs ba
$5,000 - - 1o bayond % But lithium-ion batteries have
= 2021 Cost Estmate o ‘odded for relatively high energy-related
2 54000 fannd—Sﬁlen reri Li-ion ot Mustratisn capex, which increases
o ‘ linearly with duration
53,000 J= Thits cost structure makes it
$2,000 difficult to deploy lithium-ion
2032 Cost Projedtion batteries cost effectively at
based on NREL Annual longer durations above a
51,000 Technology Baseline l!ermin leved /
{Moderate Scenaric)
%0

2 4 & E 10 12 14 16

1E 20 22 24

Storage Duration (hours)

Figure 17: impoct of edding duwation on instaiied cost of grid-scoie battery projects.

Lumen 555
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CPUC Energy Storage Procurement Study: Moving Fonsard Chapter 3

As the California’s grid transformation continues, new
challenges are emerging to create fair and efficient RA
] market si to the

— maPY

—_—
of resources in the system.

These challenges indude how to characterize the
inevitable {but highly uncertain) dedine in storage
capacity credits due to saturation effects and how to R
differentizte signals for resources with longer duration. o, 1 1 1 1

Mew and existing energy storage face decreasing and ’ ' Hm!n'fm:r ' .

uncertain marginal capacity credits. In 2004, the CPUC = = o e odar o mat dantion
established Ra program eligibility requirements for th.m“ﬁl"?“f peak

energy storage and supply-side demand response [D. 14-
05-050). The requirernents include “the ability to operate
for at least four consecutive howrs at maximum power output (PrmacRA), and to do so over three
consecutive days,” also known as the “3-hour rule.” As such, most of the grid-scle battery storage
operating on the system is 4-hour duration storage. Customer installations tend to be shorter duration:
about 2 hours on average, mainly because most of the initial 5GP funds dedined after the first 2 hours of
duration.

While this simple approach can be considered sufficiently diose in capturing the cpadty value of the first
wiave of energy storage resources towards systern reliability, longstanding concerns about axpectad
dedine in capacity contributions of energy-limited resources at hish penetration rates and portfolio
interactions among load, renewables, and storage led to implementation of stochastic approaches to
estimate effective load carmying capability (ELCC) of resources. There are two complex interactions that
neads to be considered: (1) increased solar buildout shifts net peak to evening periods and comprassas
thie need to fewer howrs, and (2) increased storage penetration flattens net load extending the need to
longzer durations.

Recognizing these complex dynamic interactions in the system, CPUC's IRP studies are currently updated
wiith a multivariable “ELCC surface”™ developed based on ELCC studies to characterize portfolio ELCC levels
as a function of solar PV and battery storage [see IRP's Modeling Advisory Group webinar in April 2022).
Uilizing a similar ELCC study, in October 2021, CPUC published inoremental ELCC values to be used for
compliance with the Mid-Term Reliability Procurement order, which required LSEs to procure 11, 500 BW
of net qualifying capacity by 2026. ELCCs for the first 8,000 MW of this requirement by 2023-2024 are
finalized. ELCC values for the remaining 3,500 MW in 20252026 are also finalized for contracts executed
by Movember 30, 2022. Contracts executed after then will use updated ELCCs for 20252026

To adapt to the rapidly changing energy landscape in Califomnia, CPUC's Resource Adequacy [RA) program,
which focuses on near-term needs, is also refining its A accounting and compliance framework. After an
extended stakeholder process and several proposals, the CPUC selected a stakeholder proposal (called
“slice-of-day”) to refine the ourrent F& frmework. The proposed approach divides the days into 24 hourhy
slices and creates RA requirements varying by month. This is intended to account for the fact that
California’s system reliability needs are no longer confined to “gross peak” while also attempting to
balance complexity, administrative burden, and transactability. Counting for storage resources will
consider daily resource capabilities and EfFDEI'H'.‘gI'hS&E and L5Es will need to show capacity to meet
storage charging needs. Many implementation details still need to be figured out and fnal
implementation is expacted in 2025 under the schedule adopted in CPUC's decision [,_22-06-050 isswad
in June 2022

— I F®

1% e

=
resource neatmthnam changing mix E
]
by

Lumen 555 72
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CPUC Energy Storage Procurement Study. Moving Fonsard Chapter 3

Storage -

Energy [I:-Ilﬂl + OBM I:m.lj [:r\-lrnwl.ll-+ APE Hrﬂﬂ]

COME ELEE or Capacity Cradit
o Erarpy Mnrags

Example for marginal storage at 13.6 GW:
= Lewelized Cost (Capex + O&M) = S8kW-month
= hMarginal Energy Value = 527/ -maonth
= Marginal RPS Benefit = $0.3/kw-manth
= Marginal Capacity Credit = 67%

0 T 4 & B 1012 14 15 18 20 22 24 26 2B 30
Storage GW

Figure 51: Colculotion of marginal net cost of new antry fnet CONE] for anargy storoge.

Meads for long[er] duration energy storage are uncertain and sensitive to the characteristics of
the grid's rezource portfolic. When will the California system need energy time shift ower longer
durations? The guestion of when the state will need energy storage to charge and discharge over longer
timeframes is an important one because: (a) the transition will likely happen very scon, and (b) under-
procurament of longer duration storage can have system reliability implications, or it may inadvertenthy
require over-procurement of shorter duration storage at higher cost.

Far darification, i this sadion, we discuss longer timeframes that still fall within the “short duration”
category: up to 10-howr duration energy storage used primarily for intraday energy time shift. Long
durations with multi-day, weekly, monthly, or even seasonal energy storage will ineviably be nesded
when the state approaches its 100% clean energy goal by 2045,

As the recent IRP procurements show, energy storage in California will play an increasingly important role
to help the state maintain reliability while transitioning to a dean energy future. Howewver, meeting the
state's goals with 4-hour storage alone is not economically plausible as dedining marginal capacity credits
and other value streams will raise capacity payments needed to support further development. At a certain
point, storage systems with longer duration will likely offer lower cost solutions to address incremental
R capacity. Exact timing of this transition is uncertain and highly sensitive to relative ELCC or manginal
capacity credit curves for storage at different duration levels.

Lumen
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CPUC Emergy Storage Procurement Study. Moving Forward

Chapter 3

Figure 52 shows our estimated net COME of
stOrage resources ina 2032 system with high
renewables. We assumed 4-hour energy
storage development drives owerall storage
penstration and caloulated net COME basad on
marginal resources added with durations

L ]

Er
i ]

|1

FE

&-hour
&-hour
EB-hour
10-hour

ranging from 4 hours to 10 howrs.

Met COME is zer for the initial deployment
because energy and RPS value in 2032 would
have been suificient to recover costs if
owerall, 4-hour storage i more cost effective
initially [as expected) but the gap with longer
duration storage configurations coses a5 more £
storage i installed. We see crossover points

after capacity credit of 4-hour storage drops 4-hour Storage GW

=

E

5 per NOC KW-month

®

O 4 & B IO LY B4 16 18 30 12 24 26 I8 30

significantly at around 12 GW. But the Figung 52 Extimated 2032 net CONE of storage by duration (in 2022 5)
difference remains relatively low until StOEE2  «ym cong values estimated for marginal sdditions with citfersnt curations in

penatration levels reach 25 W or more. ® systam where bulk of the storage portflio has 4-hour duration.

Thess results sugzest the path for cost-effective longer-duration storage (up to 810 hours) is in sight, but
exact timing and magnitude of the need is highly uncertain and sensitive to ELCC or capacity aredit
modeling assumptions. 4s described earlier, the IRP and RA program is going through several reforms to
adapt to the rapidly changing energy landscape in California. But implernentation is not yet fully tested,
and more stakeholder input and transparency are needed to understand key differences in modeling
assumptions and results across durations to make sure they signal the need for long-duration storage
when the need anses.

The differences were less important in the beginning as 4+ hour storage got high ELCC regardless, but this
will change quickly as we approach the tipping point discussed previously. Both absolute and relative ELCC
lewels matter:
* Owerestimating marginal ELCC leads to under-procurement, with increased exposure to reliability
SVENLs
& Underestimating marginal ELCC leads to over-procuremeant, with cost implications
*  Not suffickenty capturing delta across duration levels may fail to signal need for long duration

incrermental ELCC values for the CPUC's mid-term reliability proourement show little difference betwean
the ELCC estimates of 4- and B-hour batteries: 74.2% vs. 82.2% in 2025 and 69.0% vs. 7E.2% in 2026.
Future updates to ELCC values deserve extra attention and stakeholder input before getting finalized. 1f
the difference is indeed small, it needs to be sufficiently explained and illustrated why that is. With less
than 10% delta in ELCC val it is i unli 8-hour sto will be economical
beyond the 1 000 YW Erve-out.

Lumen -5
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B-8



CPULC Energy Storage Procurement Study: Moving Fonsard Chapter 3

This is important because if capacity contribution of long-duration storage is madvertently understated in
ELCC estimates, it may lead to higher costs for ratepayers. For example, Figure 52 above shows lomger
duration storage can enter the market at 33-55 per kvw-month below the price point for 2-hour storage
at higher penetration if ELCC of 4-hour storage drops rapidly but ELCC of longer duration storage remains
high. In that scenario, procurement of eacdh 1,000 kW of NOC from 4-hour storage costs 536560 million
per year maore, relative to procwring the same NOC from storage with higher duration. Understating ELCC
of long-duration storage also results in over-procurement of resources to meet the 1 000 MW crse-out.
Figure 52 above shows estimated net CONE of B-hour storage at around 5510/kwW-month if its ELCC stays
high [abonwve 95%) when installed storage approaches 15 GW in the system. An ELCC of B0% instead of 95%
wiould require approximately 200 MW more storage @padity at an incremental cost of over 520 million
per year.

Energy storage modularity can provide real option value for adding duration when needed. There
are mharent uncertaintizs with future RA capacity needs and resource contributions, even with “perfect”
analysis. Procurement efforts may have to pivot quickly and adjuest target portfolios based on unexpected
changes and new information. Battery storage systems and site designs are hizhly modular and adding
duration at existing sites can have a streamlined interconnection process that can be completed more
quickly and at a lower cost. In our review of the actual grid-scale installations, we see that some of the
developers are already taking advantage of this modularity in their market participation and development
mategﬁb'grhukirgmemv@anwﬁr:;tam Imamrgduatmlatuﬂmﬂlenaadm

Mmldmg&lt Eﬁuﬂnﬁt—d’fmmmnﬁrm Mﬂmmm
associated with such an option because when to economically transition from current 4-hour systems to
longer configurations is highly uncertain. I utility and other LSE's energy storage system designs or
contracts with third parties, for example, included options to expand duration in an expedited manner, it
wiould give them the right, but not the obligation, to deploy longer-duration storage capabilities quickhy
and hedge against potentizl price sunges and/or lead-time constraints.

Reflection of future climate trends and extremes in the state’s resource planning and ELCC models
iz becoming essentizl. As previously described in Chapter 1 [Market Bvolution), CaIS0, CPUC, and CEC's
joint investigation of the mid-August 2020 systemn emergency events and power outages in California
confirrmed that one of top contributing factors was the dimate change-induced extreme heat wave across
the western U.5. and recommended an updated, broader range of climate scenarios to be considered in
future planning studies, along with increased coordination among the agences to prepare for
Contingences.

Understanding and incorporating the effects of climate change on frequency and magnitude of extrems
events, and electric supply and demand is an area of active research and developmenit. For example, even
though the state agencies” Fingl Boot Cause Anglysis showed that mid-sugust 2020 events were driven by
a 1-in-30year weather event, based on 35 years of historical data, it is not dear how frequenthy the system
willl experience similar events going forward. Demand forecasts and supply availability assumptions usad
in resource planning rely on historical weather variants and do not yet fully consider that the normal levels
and variability of weather events have been changing historically and will continue to change in the future,
potentizlly at a faster pace.

Through the EPIC program, the CEC has launched several studies designed to break down institutional
barriers and accelerate nnovations and uptake of new dlimate projection data and weather extremsas
throughout the state’s resource planning activities. One effort in particular, awarded under the
splicitation GFO-21-302 and launched in 2022, aims to build a resilience planning framework and re-
parameterize the state’s planning model mputs and assumptions in order to capture key dimate-related
uncertainties and risks to future electricity supply and delivery.
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Attachment 2-D

CPUC Energy Division, Final Inputs & Assumptions: 2022-2023 Integrated
Resource Plan, pages 142-144, 150, 154-157

7. Resource Adequacy Requirements

7.1 System Resource Adeguacy

To ensure that the optimized resource portfolio is sufficient to meet resource adequacy™
needs throughout the year, IRP planning models (both RESOLVE and SERWVR) perform
assessments to ensure that total available generation capacity (measured in effective load
carrying capability, iLe., ELCC) plus available imports in each year meets or exceeds a reserve
margin above the annual 1-in-2 gross peak demand. IRP modeling is designed to ensure that the
CAISD system would not be expected to endure more than one loss of load event in ten years,
satisfying the Commission's 1-day-in-10-year loss of load expectation [LOLE) reliability standard
used in the IRP proceading.

SERVM is utilized for resource adequacy and reliability studies. & study is performed to measurs
the amount of perfect capacity required to meet the 0.1 LOLE reliability standard in the CalsD
system. The reguired level of perfect capacity (or perfect capacity equivalent) is a measure of
the system's Total Reliability Need [TRN). Portfolics selected in RESOLVE's capacity expansion
maodule are constrained to meet or exceed the TRMN caloulated in SERVM. RESOLVE caloulates

TRM endogenously via a comparison of median gross peak demand and an input PRM
percentage based on the SERVM study.

7.1.1 setting the Total Reliability Meed and the Associated Planning Reserve Margins

The TRM is the total effective capacity needed to reach a system's probabilistic reliability
standard. Historically, via the Resource Adequacy program and prior IRP cycles, the CPUC has
used installed capacity [ICAP] based accreditation methods, which count firm capacity
resources (gas, nuclear, etc.) at their installed capacity and count non-firm resources (hydro,
solar, wind, etc.) using either heuwristics or their ELCC. This method does not explicitly quantify
the impact of firm plant forced ocutages in the reliability need determination, indirectly
imcreasing the reserve margin reguired to account for the risk of those outages. However, this
can create an un-level playing field between resources, whereby thermal resources are
accredited at a value higher than their actual reliability contribution (i.e., their ELCC), while non-
firm resources — including new carbon-reducing resources — are accredited at their ELCC.

Two key improvements were made for this IRP cycle:

17 Baspurce sdequacy is refermed to here in @ broad sense, rather than with spedfic reference o the CPUCRA
Program.
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First, the planning reserve margin is now caloulated from the total reliability need, as derived
from SERVM model simulations using the most recent data. 1™ Staff believes this is an
improvement owver the PRM values used in past IRP cycles because it is tied to the fundamental
wieather, load, and operating reserve drivers that create reliability risk in SERVM’s loss of load
probability modeling, using the most recent data available on past historical weathar
conditions. While past cycles have used a PEM higher than 15%, this is the first cycle to directly
use 3 "target PRI derived from SERVES analysis consistent with the 1-day-in-10-year LOLE
standard.

second, the reliability need definition is now defined in total ELCC MW, 1.8, total perfect
capacity equivalent MW, using "PCAP" accounting instead of the ICAP accounting used in
previous cycles. This puts all resources on a level playing field within RESOLVE's economic
optimization as it requires that all resources are counted at their ELCC. It also provides a mare
durable reliability need determination across the planning horizon, because the PCAP total
reliability need (and therefore the PCAP PRM) is not dependent on the resource portfolio, but
instead on load shapes, load variability, and operating reserve requirements. This PCAP PEM is
loweer than the ICAP PRM used in previous IRP cycles, because no resources are accredited
higher than their PCAP equivalent. The PCAP PRM is measured above the gross system peak,
i.e., the IEPR managed peak before BTM PV peak reduction. A PRM measured at the gross
(higher] peak is a lower percentage than a PRM measured at the managed (lower] peak
because the same total reliability need MW can be obtained with a lower percentage margin
when multiplied by a higher (gross) peak.

15 BESOLVE originally used a 15% ICAP PRM, based on modefing in the earty-mid 2000°'s that led to the 15% PRM
sssumption used for many yesrs in LTPP and the RA program. Inthe 2019-2021 IRP opcle, RESOLVE wsed an adder
abowve 15% to scoount for cilibration with SERVIM results and then used a 22.5% ICAP PRM to reflect the
sssumptions wsed in the MTR procurement order. The most recent RESOUVE runs (Le., the 23-24 TPP) used 2 PCAP
PR consistent with the current methodology, albeit an earier PCAP PRM caloulations based on the 2021 1EPR.
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Figure 27. Gross vs. Managed vs. Net Peak and the impoact on PAM %

Tt Bty Mawd MA by = s 1 e WG O W Aol e o
-.bid i mediused agaltil o fower food, [he guired FRM T will incsease

] T e
Pt iream Peak & (5 =

T8 W fE BT E WA

Maragied Faol « |55 =
£.9 W renavvE maege

s

Iopeach e oms 79 GW

T, @ 177 B i
reEgUired over managed
i o
1 = » F W uL ar W I J4 - 1 W Ir H E
D FAM o UOELCCNSWTRON Dasak avorch A [spse
FTdd P Darvhiard svi @ ek i o wbe FLCE [l Sionail P molbveh] s o gaaeth s anl sdewvigs e Pl T o

& “perfect capacity™ generator is a theoretical concept, representing a firm generator that has
no outages, fuel constraints, or other availability limitations. Since no resource provides perfect
capacity, as shown in Figure 28, the perfect capacity concept is simply a useful metric for which
to measure all resources on a level playing field. ELCC studies are performed to calculate the
perfect capacity equivalent MW, i.e., the ELCC for each resource.

Figure 28 Comparing Wariable, Lse-limited, and Firm Copacity to “Perfect™ Capacity
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The TRM measuras the necessany accredited capacity to meet a target reliability standard.
when all resources are counted at their ELCC, the total reliability need for the CAISD system
can be expressed as the total ELCC MW required to maintain a 0.1 days/year loss of load
expectation reliability standard. For example, the results of the most recent SERVR simulations
on the 2026 CAISO system are shown in Figure 29 below; these were updated in 2023 to use
the 2022 IEPR load forecast.* They indicate that, in 2026, 61.7 ELCC GW are necessary to

"‘l"llli'
1
1
[

15 Gep the July 2022 IRP MAG webinar for detsils of the PRM study design and prior results. Results shown here
wre upcated using the 2027 IEPR. https:)//www. cowe ca.mow)imediz,cowc-website /divisions fenensy-
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7.1.2 adjusting Total Reliability Need to Reflect CPUC Procurement Orders

To ensure the RESOLVE portfolio reflects the procurement ordered by recent Commission IRP
Kid-Term Rel@bility (MTR) procurement orders [D_21-06-035 and 0.23-02-040]), 3 modification
it made to RESOLVE's reliability need. An adjustment to reliability constraints is necessary to
ensure RESOLVE builds enough new capacity to meet the cumulative 15.5 GW NGC from the
MTR orders.

The total ELCC MW from the cumulative MTR order amounts is calculated as a minimum total
ELCC MW of new zero-emission resources RESOLYVE must cumulatively build in each respective
year. Additionally, RESOLVE must comply with the 2028 MTE reguirement for Long Lead-Time
resources for 1 GW of firm zero-carbon resources and 1 GW of long duration storage (8-hour
duration or greater). Resources are counted toward this requirement based on ELCCs calculated
by the MTR Incremental ELCC Study.*® For respurce types not addressed by the study, RA
program MOCs are used. For years in which the total MTR ELCC MW reguirement is higher than
tha PCAP PRM requirement, RESOLVE will build additional capacity to comply with the MTR
procurement arder.

7.1.3 Approach to Calculating Resource ELCCs

with all resources counted at their ELCC, an approach was necessary to account for interactive
effects amongst resouwrces. This requires calculating each resource type's ELCCs in 2 sequence
so that the interactive effects between different resource types present on the system are
properly accouwnted for and not over-counted. For instance, if all resources were studied via
their "last-in* ELCE, ie., wherein each resource’s ELCC is caloulated in the presence of all other
resources in the portfolio, then the interactive effects of the portfolio would be counted in each
resource’s ELCC, and hence the true interactive effects of the portfolio would be over-counted
when summing the ELCCs of all resources in RESOLVE. Instead of treating all resources as “first-
in™ or “last-in", resource ELCCs were calculated in sequence [first-in, second-in, third-in, etc.)
starting with existing resources and then moving on to candidate resource options. The
following approach was taken:

+ Existing firm™* resource ELCCs were developed as “first-in" ELCCs for the firm resource flest

18 0730210 irp =3 zstrape updated incremental sloc study.pdf (cauEmow)

12 *Firm" resources sre those that can generally operate on demand without any significant use limitations,
though they zne otill subject to unplanned forced outages.
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+ cCandidate biomass and geothermal resources receive the “first-in® ELCCs derived from the
existing firm resource flaet

Existing hiydra ELCCs were @loulated as “sscond-in®™ ELCCs
Existing pumped hydro storage ELCCs were caloulated as “third-in® ELCCs

Existing demand response resources were caloulated as “fourth-in" ELCCs

+ + + +

Solar, battery storage, and wind resources, as well as other candidate resource options, were then
caloulated on top of the existing resource fleet

o Wind ELCCs were calculated as three stand-alone curves for in-state, out-of-state, and
offshore wind using the 2030 portfolic from the 38 MRMT 2021 PSP portfolio (updated
with the 2021 IEPR), induding the level of solar and storage selected

o Solar and 4-howr duration battery storage ELCCs were caloulated as a two-dimensional
ELCC “surface” to capture interactive effects between the two resources, using the 2030
portfolio from the 38 MMT 2021 PSP portfolio (updated with the 2021 IEPR], including
the level of wind selected

o Candidate demand response resources are acoounted for on the storage dimension of the
solar + storage surface; the nameplate capacities of demand response resowrces are
derated when being counted on the surface to reflect their reliability value relative to 4-
hour battery storage

o Candidate purnped hydro storage and long-duration storage resources are accounted for
on the storage dimension of the solar + storage surface; the nameplate capacities of thess
resources are increased by a scalar multiplier when counted on the surface to reflect the
increased reliability value of longer duration storage resources relative to 4-hour storage

By sequencing the ELCC calculations in this way, interactive effects between the existing
resources and new resources |e.z. between existing DR and new battery storage) are allocated
to the new candidate resources. This is appropriate for RESOLVE, since nearly all the existing
resources remain throughout the planning horizon, while RESOLVE makes economically optimal
decisions for adding candidate resources using their marginal incremental capacity value on top
of the existing resource fleet.

Figure 32 below summarizes the new methods for capacity contributions compared to those
used in the last IRP oycle.
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Figure 32. Relighility Plonning Chonges for the 2022-2023 IRP Cycle
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Mote that all resouwrces are now counted at ELCC except for BTM storage. This resource is
modeled as a load modifier based on the IEPR’s hourly charging and discharging shapes. This is
because the IEPR's shapes generally show low capacity value for the BTM storage discharge,
hence modeling it as a supply side battery resource would overstate its value relative to the
IEPR. Future IRP oycles will continue to review |EPR BTM storage shapes and consider whether
and how to incorporate BTM storage value as a resource counted at ELCC (such as using a de-
rate factor relative to other battery storage). The ELCC values of all modeled resources can be
found in the "PRA and MTR" tab of the RESOLVE Scenario Tool

7.1.4 Firm Resource Contributions |Gas, CHP, Coal, Nuclear, Biomass/gas, Geothermal)

The contribution of firm capacity resources was developed by calculating in SERVM the “first-
in™ ELCC of the entire firm resource fleet: gas, CHP, coal, nuclear, biomass/gas, and geothermal
resources. This was done using 2030 CAISD loads and resources. This firm fleet ELCC MW was
then allocated across each firm fleet resource category based on the relative EFORdYS outage
rates. In unforced capacity (UCAP) accounting used in some eastern RTO resource adequacy
programs, UCAP MW is based on nameplate capacity * (1 — EFORd). However, the ELCC de-rate
is higher than the EFORd value, because the EFOR value is an average outage rate value
whereas in LOLP modeling a distribution of outages for the firm fleet are considered in a Monte

12 Eguivslent Forced Outage Rate demand (EFOR) is a SERVIM output charscterizing class awersge forced outage
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Figure 35. Wind ELOC Curves
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7.1.9 sSolar and Battery Storage

For this IRP cycle, the wind and solar tewo-dimensional ELCC surface is replaced by a solar and 4-
hr battery storage ELCC surface. This change recognizes that, going forward for the CAISO, solar
and battery storage resources have the most important interactive effects that should be
captured in long-term capacity expansion studies. This synergistic interactive effect is illustrated
in Figure 36 below. Solar and battery storage additions to the CAISO are very large in past
RESOLVE studies. Solar shifts and narrows the net peak into the evening hours and provides
mid-day charging energy for new batteries. Batteries shift and extend the net peak back into
the mid-day solar howrs.



Figure 3. Solar ond Storage interactive Effects (ilustrotive)
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To capture these interactive effects, an ELCC surface was generated using SERVE ELCC studies
that analyzed the portfolic ELCC of various levels of solar and battery storage additions on top
of the 2030 updated PSP portfolio. & schematic of the surface is shown in Figure 37 below.
Solar penetration is one dimension, 4-hr battery storage penetration is another dimension, and
the combined portfolic ELCC is the third dimension of the surface. Since the entire surface
cannot practically be mapped, specific points are sampled and the marginal ELCC between the
points is calculated, as shown on the right side of the figure.

Figure 37. Solor and Storoge ELCC Swifpoe Schematic
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Each facet i on the surface is a multivariate linear eguation of the form filPv,5TR) = aiPV + biSTR
+ g, where fi{ PV, 5TR) is the total ELCC MW provided by solar and battery storage and PV and
5TR represent the MW capacity of solar and battery storage, respectively. Because of the
declining marginal ELCEC of solar and battery storage (and the corresponding convexity of this
surface], the cumulative ELCC for any penetration of solar and battery storage can be evaluated
as the minimum of all linear equations: F{FVY, 5TR) = min[fi{PVv,5TR]].
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Figure 3E and Figure 3% below shows the marginal ELCCs of solar and storage on the ELCC
surface at various penetrations of solar and storage MW in 2030155 At ~30 oW of solar
penetration (combined utility scale and BTM PV, solar has low incremental value when battery
storage is low |e.g. ~3-8% ELCC going from 30 to 40 6W of solar). However, when battery
storage is added, the incremental solar ELCC rises as mid-day solar energy becomes increasingly
important for ensuring batteries remain sufficiently charged to address the evening net peak.

Figure 38. incremental Solar ELCC % ooross the ELCC Surfoce
Calculatad Incr amental Solar ELCC %
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At low penatration, incremental battery storage ELCCs remain high and are not sensitive to the
level of solar on the system. However, after adding ~10-20 GW of battery storage to the
system, the net peak extends its duration such that 4-hr battery resources have insufficient
energy to discharge, reducing their incremental value. Incremental batteries may also struggle
to charge as the net load during the charging hours has increased such that there may be
imsufficient charging energy. At this point, the ability for battery storage to provide significant
additional ELCC depends on adding solar together with batteries. RESOLVE will now consider
these dynamics endogenously in its portfiolio optimization.

% The surface is scled with the peak load of the system to account for the impact of load growth on capadty
walue saturation.
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Figure 39. incrementol Battery Storoge ELCC % across the ELCC Swifoce
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To reflect the dynamic that a solar resource’s reliability contribution will typically scale with
capacity factor, the capacity (in MW) of individual solar resouwrces used in the multivariate linear
equations is scaled by the ratio of each solar resource's capacity factor to that of the solar
resource capacity factor used in the SERVM ELCC simulations. The capacity (in MW of storage
resources used in the multivariate linear equation is the 4-hour duration equivalent, calculated
for each individual storage resource as storage resource capacity [MW] * MIN| 1, duraticn [h] /
4 hj.

7.1.10 candidate Long-Duration Storage

Candidate long-duration energy storage (LDES) resources are accounted for on the storage
dimension of the solar + storage ELCC surface. The nameplate capacities of candidate long |8+
hour) duration storage resources counted on the surface are multiplied by scalar factors (> 1) to
reflect the greater reliability contribution of longer duration storage resources relative to the 4-
hour duration battery storage resource represanted by the ELCC surface. The multipliers were
calculated by estimating the ratio of LDES marginal ELCC to 4-hour storage marginal ELCC at
various penetrations of solar and 4-howr storage on the solar + storage surface. This ratio
provides an “exchange rate” of reliability value between storage resources of differant
durations. The key assumption underlying this methodology was that the solar + storage
surface would have approzimately the same shape or form regardless of the duration of the
storage resource represented by the surface, with the main difference being that longer
duration storage resources’ ELCCs decline more slowly with increasing storage penetration. The
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Attachment 2-E

A.24-09-014 General Rate Case Phase II Application PG&E Response to Cal
Advocates’ Data Request 004, Questions 3(c), 17, and 18.

PACIFIC GAS AND ELECTRIC COMPANY

2023 General Rate Case Phase I
Application 24-09-014
Data Response

PGEE Data Request Mo | CalAdvocates_004-2003

PGEE Flla Mamg: GRC-2023-Phll_DR_Calkgvocates D0S-Q003
Request Date: Decembsr 2, 2024

Requasier DR No.: CAL ADVOCATES-ID4

Requesting Party: Publiz Advocales Office

Requestar: Kimiko Allya/Mathan Chaullames Lawsarah Meyerhiol
Date Sent: Decembar 13, 2024

PEAE Witnsas(es): Eshan Singh

SuBJECT: MARGINAL ENERGY COSTS AND MARGIMAL GEMERATION CAPACITY

COSTS

Marginal Energy Costs (MEC) Calculations

Renewable Curtailment

GUESTION 003

Flease provide a narrative deseription of how PG&E's modeling of renewable
curtailment in this General Rate Case Phase 2 (GRC2) proceeding (A.24-00-014) differs
from that of its Test Year (TY) 2020 GRC2 (A 18-11-018).

a. Please describe why PGEE does not include soft and hard price floors as it did inits
modeling of renewable curtailment within its TY2020 GRC2 MEC calculations. 1

b. Please identify the metrics demonstrating why PG&E's new method for modeling
remewable curtailment is an improvement on the method employed in the last its TY

2020 GRCZ.

¢ Please describe the impact of PFGRE's renewable curtailment methodology on its

fimal MEC values.

i. Howwould PG&E's MEC walues differ if PG&E did not include renewable

curtailment?

ii. Howwould PGE&E's MEC values differ if PG&E applied its TY2020 GRC2
methedology for accounting for renewable curtailment?

1 A 19-11-018, Pacific Gas and Eleciric Company 2020 General Rate Case Phase Il
Prepared Testimony Gosf of Service PGEE-2 (TY2020 Testimony), November 22, 2018,
“Chapter 2: Marginal Generation Costs”™ (Chapter 2). atp. 2- 27.

BRC-2023-Phil_DR_CalAdvocates_D04-Q003 Page 1
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ANSWER 003

a. PGE has improved upon the modeling methodolegy used in previous 2020 GRC
Il, by empleying a linearly decreasing power price. This means that PGLE does
not meed to have soft and hard floor prices for its renewable curtailment. The
current methodology better reflect the market operations, as seen in the answer
o G 001 Section b.

b. A simple metric showeasing the improvements made is the coefficient of
cormrelation, over the historc day-ahead prices. Even with increased dynamics in
thie market, such as deeper duck belly with increased solar generation mid-day,
significant battery introduction that is starting to impact day-ahead prices,
frequent congestion alomg major fransmission pathways, and negative prices
occuming often in mid-day, not only in southem, but northem Califomia, the
maodel has improved the R from previous GRC |1, from 75% to 80%. This
represents a significant improvement. Moregver, PGEE also validated the model
this time over 2024 day-ahead prices and found an impressive 2 of 75% over
thie un-trained period. Only recently, negative prices have been ocbserved in
northern California, an cecurrence that might have broken the previous model.
The current methodology not only models negative prices, it also shows
significantly high specificity in negative prices. PG&E tracked the specificity (a
mefric designed o evaluate how well a model is handling negative prices =

True Negatis e - .
Trus Negatives False mmn:" Specificity using 2020 GRC Il maodel ower the same

historical period of 2018-2023 would have been 18%, as opposed to 34% with
thie mew model.

i. How would PG&E's MEC values differ f PG&E did mot include
renewable curiailment?
If PG&E had mot included renewable curtailment, it would be less reflective of the
reality, and the resulting MECs would be == 0 at all times. This would essentialky
result in a higher average MEC for all time-pericds.

ii. How would PGAE's MEC values differ if PGAE applied its TY2020
GRC2 methodology for accounting for renewable curtailment?

PG&E did not have a remewable curtailment methodology per se in TY 2020
GREC2Z, instead it relied on the value of ANL to predict the MEC directly (as
opposed to AML informing the PRC as stated abowe). This meant that for some
hiours, one could hawve AML that is negative, but the MEC not negative,
depending on the fitted coefficient of the 3-degree polynomial used bebaeen ANL
and MEC. The current method works similar to how markets operate. Onoe the
AML reaches zero, and the export limits are reached, it curtails the excess
generation, forcing negative prices. Hence, instead of a mathematical forcing,
PG&E is relying on market fundamentals to inform curtailment sccurmences in
each region.

GRC-2023-Phil_DR_CalAdvocates_004-0003 Page 2
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PACIFIC GAS AND ELECTRIC COMPANY
2023 General Rate Case Phase Il
Application 24-09-014
Data Response

PEAE Data Request Mo.: | Calddvocates D04-2017

PGE&E Flle Hameg: GRC-2023-Phll_DR_Calddvocates D0£-Q017
Request Date; December 2, 2024

Requasier DR Mo.- CAL ADVOCATES-004

Requasting Party: Publle Advpcates OfMfce

Requasisr: Kimiks Allya/Mathan Chaullamss Law'Sarah Meyarhod
Date Sant: Decambar 13, 2024

PG&E Wiiness{ss): Eshan Singh

SUBJECT: MARGINAL ENERGY COSTS AND MARGIMNAL GENERATION CAPACITY
COSTS

ELCC

GUESTION 1T

Pleass clarify whether PG&E incorporated ELCC into its TY2020 GRC2 calculations. If
so, please describe how PGEE's use of ELCC in its current GRC2 calculations differs
from that of its TY 2020 GRC2 calculations. If not, please deseribe PGEE's reasoning
for incorporating ELCC in this proceading.

ANSWER 01T

ELCC was not used in TY2020 GRC2 calculations. PG&E is using ELCC in the cument
GRC I, to account for the fact that batteries will nof\ contribute 100% to the reliability of
capacity resources, more 5o as there are more batteres discharging in future. The
relaticnship betwesn the ELCC values shown in the workpaper (and IRF chart refermed
im to im Exhibit (PGE&E-2), Ch. 2. Figure 2-14) can be undersiood as follows: In small
capacity, each new battery installed contributes fully to the grid reliability and provides
capacity during peak hours. As the battery installation increases beyond a certain value,
not all batteries can contribute fully fo capacity reguirements. This could be driven by
the limited charging availability, or simply the peak capacity requirements. If, however,
solar installations are also increased in tandem, it results in more charge (batteres
usually charge during low-cost hours which coincides with high solar generation) and
hence, greater availability for discharging during peak hours. This results ina
decreasing ELCC with increasing Battery Mameplate Capacity and increasing ELCC
with increasing solar installation, as cbserved in tab ‘IRP Inpuis'.

GRC-2023-Phil_DR_CalAdvocates D04-Q017 Page 1
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PACIFIC GAS AND ELECTRIC COMPANY
2023 General Rate Case Phase |l
Application 24-03-014

Data Response
PGEE Data Request Mo | CalAdvocates 004-Q013 _
PGEE File Name: GRC-2023-Phil_DR_CalAdvocates D04-0018
Request Date: Decemiber 2, 2024
Requester DR Mo.: CAL ADNOCATES-D04
Requesting Party: Public Advocates Ofice
Requester: Kimike AkiyaMathan Chaw'lames LawSarah Meyerhoff
Date Sent: Decemiber 13, 2024
PGEE Witness|es): Eshan Singh
SuBJECT: MARGIMAL EMERGY COSTS AND MARGIMAL GEMERATION CAPACITY
COSTS
ELCC
GQUESTION 018

FG&E projects that ELCC will decrease from 78% to 51% between 2025-2026, based
on |IRP projections of solar and battery adoption over those years. 1 Please describe
why the ELCC drops sharply ower these years, particularly relative io other years in the
forecast period.2

ANSWER 018

The ELCC projections (imcluding the decrease from 78% to 51% between 2025 — 202G6)
are a direct result of the IRF's indication on how ELCC varies with both the battery
capacity and sclar installation, along with what the forecasted installation. Considerimg
that PG&E relies on IRP for deciding the ELCC value, PGAE increased the resclution of
the Figure 30 from IRP PSP to extract accurate ELCC values.2 The ELCC value comes
from the lookup table in tab 'IRP Inputs’. For the solar generation, PG&E calculates the
total solar installation at grid scale capacity factor (row 18 on tab 'IRP Inputs’). For
battery installation, PGE&E calculates the total storage (short and long term ). With both
values caleulated, PGEE extracts the ELCC from the table. The forecasted solar,

1 T¥2023 GRC2 MEC & MGCC Workpaper, "MGCC Caleulation” tab, cells F23:G23.
Across the other years in the G-year forecast period, the ELCC changes 1-2% year-over-
Wear.

3  CPUC. Inputs & Assumptions, 2022-2022 Integrated Resources Planning (IRP). October
2023, =hitps:hwnarw.cpuc ca.gow/-mediaicpuc-website/divisions/energy-
divisipn/documents/integrated-resource-plan-and-long- sorocurement-plan-irp-

- —— -

Itppi2023-yp-cycle-events-and-materalsinputs-gssumptions-2022-
2023 final document 10052023 pdf> (as of December 12, 2024).

GRC-2023-Phil_DR_CalAdvocates_004-Q018 Page 1
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battery values from RESOLVE are available for few years, so PGLE interpolates the
years in betwesn.

GRC-2023-Phil_DR_CalAdvocates_004-Q018 Page 2
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Attachment 2-F

National Renewable Energy Laboratory 2020 Annual Technology Baseline, “Utility
Scale PV: Methodology Capacity Factor Definition.”

Capacity Factor

Definition: The capacity factor represents the expected annual average energy production divided by the
annual energy production, assuming the plant operates at rated capacity for every hour of the year. It is
intended to represent a long-term average over the lifetime of the plant; it does not represent interannual
variation in energy production. Future year estimates represent the estimated annual average capacity factor
over the technical lifetime of a new plant installed in a given year,

PV system inverters, which convert DC energy/power to AC energy/power, have AC capacity ratings; therefore,
the capacity of a PV system is rated in MW ., or the aggregation of all inverters’ rated capacities, or MW, or
the aggregation of all modules’ rated capacities. Other technologies’ capacity factors are represented
exclusively in AC units; however, in previous years of the ATB, PV pricing is represented in $/kWp,.. In the 2020
ATB, we represent utility-scale PV (though not commercial PV or residential PV) in $/KW ac for this reason,
values in this year's report are not directly comparable to previous years of the ATBE without adjusting previous
versions from Wpeto W,

The capacity factor is influenced by the hourly solar profile, technology (e.g., thin-film or crystalline silicon),
the bifaciality of the module, axis type (i.e., none, one, or two), shading, expected downtime, and inverter
losses to transform from DC to AC power. The DC-to-AC ratio is a design choice that influences the capacity
factor. PV plant capacity factor incorporates an assumed degradation rate of 0.7%/yr (Feldman et al.
Forthcoming) in the annual average calculation. R&D could increase energy yield through bifaciality, better soil
removal, improved cell temperature, lower system losses, O&M practices that improve uptime, and lower
degradation rates of PV plant capacity factor; future projections assume energy yield gains of 0% to 27%
depending on the location and scenario.
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Attachment 2-G

A.24-09-014 General Rate Case Phase II Application PG&E Response to Cal
Advocates’ Data Request 007, Question 8.

FACIFIC GAS AND ELECTRIC COMFPANY
2023 General Rate Case Phase Il
Application 24-05-014

Data Response
PGEE Data Request No.: | CalAdvoeates D07-G009
PGEE File Name: GRC-2023-Phll_DR_CalAdvocates (7-(008
Request Date: Decerniber 30, 2024
Requester DR Mo CAL ADNWOCATES-DOT
Requesting Party: Public Advocates Office
Requester: Kimiko AkiyaMathan Chaw'James Law"Sarah Meyerhoff
Diate Sent: January 30, 2025
PGEE Witness{es): Eshan Singh — Engmesring, Planning and Sirstegy

SuBJECT: MARGINAL EMERGY COSTS AND MARGIMAL GEMERATION CAPACITY COSTS

GQUESTION DDE

As part of its calculation of electric load camying capacity (ELCC), PGAE calculates
future grid-scale solar capacity (dencted as Total solan@Gridscale CF in its
workpapers) by multiplying forecasted behind-the-meter (BTM) sclar capacity by a ratio
of the respective capacity factors of grid-scale and BTM solar (before summing this
product with the total grid-scale solar capacity).] Please describe PG&E's rationale for
applying the abovementioned ratio to BTM sclar capacity within this calculation.

ANSWER 008

PZ&E used this ratic to BTM solar capacity within the above calculation because it
normalizes the grid and BTM solar capacity. Momalizing the grid and BTM solar
capacity is needed to account for the lower capacity factor associated with BTM saolar as
opposed to grid-scale solar. The calculation of ELCC requires total solar capacity: BTM
solar and grid-scale solar. Therefore, assuming that gnd-scale sclar and BTM salar are
equal when they have different capacity faciors would be an incorrect assumption. To
address this, we scale the BTM sclar by a factor (< 1), equal to the ratio of their capacity
factors, and add the resulting capacity to the grid scale solar to calculate the total solar
capacity. This is then used to find the ELCC from the ELCC surface derwved from Inputs

and Assumptions of CAISO Integrated Resource Flan (IRF) 2022-2023.2

1 TY2023 GRC2 MEC & MGCC Workpaper V2, Tab "IRP Inputs®, cells E19:M:18.
2 *Jnput and Assumptions: CAISO Integrated Resource Planning (IRP) 2022-2023°, p. 157,

Figure 39 (Oct. 2023). Avalable at: hitps:{fwaw.cpuc ca.gow/-medialcpuc-
website/dwisions/energy-division/documents/E rated-resource-plan-and-long-tem-

procurement-plan-irp-ktpp'2023-irp-cycle-events-and-materials/inputs-assumptions-20.22-
2023 fnal document 10052023 pdf (last accessed Jan. 29, 2025).

GRC-2023-Phll_DR_CalAdvocates_007-Q008 Page 1
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Attachment 2-H
Cal Advocates Workpaper to Demonstrate Impact of Solar Capacity Factor on
MGCC using Illustrative Values. Available by email upon request.

2024 | 2025 | 2026 | 2027 | 2028 | 2029

L
Solar | PG&E's Proposed | 1) oo 30 ¢ {3834 | — |4204]|
Capacity | Values
(GW) | Without CF Ratio | 38.76 | 42.94 | 45.04 | — |50.63| --

PG&E's Proposed o o o o o o
ELCC | Values 81% | 79% | 51% | 52% | 51% | 51%

Without CF Ratio 84% | 84% | T4% | 72% | T1% | 65%
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Attachment 2-1

A.19-11-019 Pacific Gas and Electric Company 2020 General Rate Case Phase 11
Prepared Testimony Cost of Service PG&E-2, “Chapter 2: Marginal Generation

L T O T ]

o

10
11
12
13
14
15

17

18

19

21

b)

Costs” pages 2-42 — 2-47.
(FGEE-2)

costs) only when the average electric energy price over a block
of hours is higher tham the total varable costs over those
hours.¥8 The EGM for each year was derived by taking the
expected values of net energy market revenues during the year.
Because themmal resources abtain a very small portion of their
revenues from providing ALS, the EGM for thermal resources

was based only on energy revenues.

Energy Storage

Im confrast, ES resources (Le., FTM batteries) cumently
obtain most of their revenue from providing ASS, with some
additicnal revenue from “energy arbitrage” (charging durning low
price peripds and dischanging during high price periods).57
Thus, estimating the EGM for ES rescurces must use different
meithodolegies and models than for thermal rescunces.

First, a forecast of A'S prces must be developed that aligns
hour-by-hour with the MEC forecasts. Then the ES operation is
medeled using two “operating regimes:" (1) assuming that the
ES operates only for energy arbitrage; and (2} assuming that
the ES can sell up to its entire capacity in the A5 market,
modeled as co-optmizing revenus from the Energy and ASS
markets (just as the CAISO co-optmizes Energy and AM'S costs

36

ar

In the 2017 GRC analysis, PGAE used two blocks: an on-peak block from 4 pom. to
Midnight and an off-peak block from Midnight to the following day's 4 pm. The cument
analysis uses three blocks, with an on-peak Block from 5 p.m. to 11 pom; an owemight
block frem 11 pom. o 7 a.m.; and a mid-day block from 7 am. to 5 pom. PGEE
assumes that a COGT would only incur a startup in a day if net revenues excesded
costs (including starfup costs) in the en-peak block; and would then stay on during the
overmnight block if energy revenues in that block excesded costs (this time without a
startup cost). Likewise, the wnits could also stay on during the mid-day block if energy
revenues excesded costs; the latter situabion occurred very rarehy.

Ihils can be seen from the pattem of bettery charpeidischarge in the CAIS0's Dally

Outlook page at hitposow. caiso.comTodaysOutlook/Pages/supply.aspe. While they
sometimes follow price trends. batteres are mostly responding to a regulation signal_
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(PGAE-2)

in the DA and RTMs). 28 Finally, PGAE estimates the EGM as a
WaWG of the abowe scenanos, with the weight on the full ASS
regime declining over time as more ES is deployed in the
CAIS0. These steps are descrbed i tumn below.

i) Ancillary Services Price Forecasts

[T I N = [ ]

The A/S price forecast was developead using a new
PGAE model calibrated from CAISO Day-Ahead Energy
and Ancillary Service prices from 2010 through June 2018,
The model for Reg Up derives from the cbservation that
Reg Up prices tend to follow energy prices at high heat
rates (because the cpportunity cost for providing Reg Up is
essentially the amount that a generator cam eam in the
energy market by increasing its output, which is zero at low
heat rates but tracks energy prices above a thermal
generator's marginal heat rate). Specfically, for Reg Up,
the ASS prices are modeled as:

Pruf = Max(0, RU_Adder +

RU_Muiti"MEC! It EMHR = RU_Thresh

RU_Muti*{MEC{R_Thresh) + Oherwise

RU_Mut>{MEC! —MEC@RL_Thresh))
ahere

R R R BB

Pru! equals the Reg Up price In howr §,

MEC! equals the v Enengy Price In hour t,

EMHF Is the Effeciive Marke! Heat Rate comesponding to MEC,
RU_Adder s the modeled Reg Up price when Pr equals zero,
RU_Muiti < RU_Mult? are slopes of a plecewise linear curve of
Py W5, MEC,

8 CAISO has five types of A’S: Regulation Up, (Reg Up); Regulaton Diowm (Reg Down;
Spin; Mon-Spin; and Regulation Energy Management (REM). Howewer, only the first
three types of A'S were modeled —revenues from Mon-5pin are negligble for batienses
m the CAISD, since Mon-5pin prices are always less than Spin prices while battenes
can always provide as much Spin as Mon-Spin (having zem stat-up times); and the
CAISD has limited need for REM so batteries already online or projected to be online by
2021 wall likely saturate the REM market, lzaving the other A5 products as mangnal.
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(PGAE-2)

RU_Thresh ks the EMHR threshald above which the slops

Increases, and

MEC{@RLU_Thresh |s e DA Enargy Price corresponding to EMHR

= RU_Thresh.

The coefficients for this model were calibrated
separately for the years: (1) 2010 and 2012-2015, and
(2} 2011 and 2018 — June 2018, with an cbjective function
that minimized the weighted MAEY? while matching average
prices during each set of years. The first set of years
represent penads im which AS prices were low relative to
ensrgy prices (due to dry or average hydmo conditions, and
relatively low renswsble gensration), while the second set of
prices represent penods of high A/S prices relative to
ensrgy prices (due to wet hydro conditions andlor high
renewable generation).50

This model capiures 68 percent of the vanability in
Feg Up prices, i.e., its R-sguared coefficient is 0.68.

For Reg Down, prices are highest when ensrgy prices
are low, because the opporiunity cost for providing Reg
Cicram is thie amownt a3 generator can eam by reducing its
oulput. This leads to the following model for Reg Down
prices (where coeflicients were again calibrated separately
for the years 2010 and 2012-2015, and 2011 and 2018 —
June 2018}

Pecf=  Max(l, RD_Adder +
RD_Muti-GasGHG{RD_Thresh-EMHRY  If EMHR! = RD_Thresh

RD_Mut?-GasGHGERD_Thresh-EMHR') Otherwise

¥ The weighted MAE used the same weighis as the MEC model (.2, greater for

G0

later years).
Large hydro is an excellent scurce of A% (which is why the coefficient b in the MEC
mode| is greater than ane, rellecling hydra's large “tang Tar the buck™), Howeves,

during wet years, hydro generators often nen dose o maximem capacty to awoid
spilling, reducing their abdity to provide both wpward and downward &5, The need for
ASE generally increases with (non-dspatchable) renewabde penetration, as the CAISO
must then balance a system with greater uncontrolled variability.
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whers
Pao! equals the Req Down pce in hourt,
GasEHGT equals the combined gas and GHEG Price In hour £,
EMHRL s the EfMective Marke Heat Rate in hour t,

RD_Adder Is the modeled Rieg Down price when EMHRL equals
RD_Thresh,
RD_Multi < RD_Muit2 are siopes of 3 plecewise Iingar curve of PRD
w5 EMHR, arnd
RO_Thresh ks the EMHR threshold albbowe which the slope BeCre36es.
This model capiures 28 percent of the vanability in Reg
Ciram prices, i.e., s R-squared cosfiicient is 0290
Fimally, the model for Spin prices considers that the
comelation betewsen Spin and Reg Up prices is exiremely
high (0.857 over the penicd May 2010 throwugh Juns 20180
Thius, the Spin mod= is defined in terms of the Reg Up
price, as follows:

Pef=  Maxjl, SP_Mult1® Pet i Pt < SP_Thresh
SP_Muit1"[3P_Thresh) + Oitherwise
SP_MWL2"| Pee! — SP_Theesh})

where

Px+ aquals the Spin price In hour t,

SP_Multl < SP_Muit? are siopes of 3 plecewise linear curve of

Pre vE. Pau, and
SP_Thresh Is the EMHR threshoid above which the slope
Increages, and
This model captres 75% of the vanability In Spin prices, Le., Iis
R-gquarad coefclent s 0.7E.

To develop forecast scenarios of Req Up, Reg Down
and Spin prices, the formulas specified above were
evaluated using as inputs the energy prices (MEC) and
EMHR from each weather scenario, developing Reg Up
forecasts first so that they could be used for the Spin
price forecast
Modeling Energy Storage Operations and EGM

To estimate annual EGM for a fowr-howr battery, MECs
and A5 price forecasts were inpul ta EPED's public domain
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StorageVET tool (Version 1.0).81 This Valuation Estimating
Tool (WET) co~optimizes energy and A'S revenues from DA
and opticnally RT energy markets given prices in those
markets and input characteristics of the ES device. While
the tool can caleulate overall financial resulis based on tax
stnucture, debt'equity and other parameters, in this case
StorageVET provided annual revenues and vanable costs,
and those data wers input to PGEE's MGCC mode| fo
maintain consistency with prior GRC practice. Due to
run-tinne constraints, the EGM could only be calculated for
ane of the 2005-2014 weather year scenarios. PGEE chose
2013 as the most representative weather year based on a
combination of maiching the average annual peak and
miatching the forecasted average hourdy EMHR.

Three operating regimes were modeled: (1) Full AS
aperations (offering Reg Up and Down, and Spin as well as
Energy Arbitrage) with upper and lower State of Charge
[SOC) bounds of TS percent and 25 percent; (2} Spin and
Energy Arbitrage, with upper and lower S0C bounds of
85 percent and 5 percent; and (3) Energy Arbitrage only,
with upper and lower SO0 bounds of 95 percent and
5 percent. The reason that modeled SOC bounds are
tighter wihen maodeling regulation is that the actual smmowrt
of charge/discharge im each hour is unknown when
providing regulation, sa the forecasted or "expected” S0OC
for the ES device must be kept cdose o its mid-range to
avoid gelting oulside the 0 to 100 percent operational limits
in practice. Operations are much more predictable when
the ES is anby offering spin and'or energy arbitrage, so the
madeled SOC limits can be wider for those operating
modes. Estimated annuwal EGM turned out to be higher in
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Full A5 made than Spin plus Energy and Ensngy-only
miades for all forecast years; while battery degradation,
though greater in Full A%S mode, was still =mall encugh in
either mode not to require battery augmentation during the
assumed ten-year [ife.

While A/S price model coefficients were estimated from
both “Low A5 years (2010 and 2012-2015) and "High A"
years (2011 and 2018 — Juna 2018), only the "Low ASS"
mizdel was used in the EGM calculations. The reason is
that by 2021, apprecdmately 1,550 MW of four-howr FTM ES
is expected to be installed within CAISD, nsing toower
1,800 MW by 2023 {s=e Figure 2-13, from the Juns 17,
2018 CPUC Presentation to the IRF Modeling Advisory
Group on 2018-2020 IRF Modeling .-f'.:ia'.ur11|:|1:i|::|"r5:|.‘5'2 Thiis
Figure shows the "bass|ine” assumplions {i,e,, the amount
that is expecied to be built imespective of model outputs);
PZEE believes that ES build will continue after 2024, so the
baseline quantities (blus bars) represent a minimurm that is
likaly to be exceedad significanthy by 2030,

Shide 20 of the Webinar Presentation, avaiable at
wu&de-:lFlleﬂZPmWehﬂta"CmthtlmEEIrdmmes.'Enem

Eﬂr&ln@ti@ Note that the 2020 value |n|:i|.1u:|n=_l5am:u‘u:m:rn.a‘tna-lgI 570 MW of EE
procured by PGEE in response o Resclution E-24845; the magonty of that ES has
expecied online date of December 2020, so its first full year of cperation would be 2021.

2-4F
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Attachment 2-J
CPUC Energy Division Market Price Benchmark Calculations 2024 REVISED.

Market Proce Benchmark Calculadions 2024 EEVISED
Movember 5 2024
This document Ft:r'r.i.d.e: revized Market Price Benchemarks |1-!EE"E:: for the Power C]n.rg:
Indifference Admsonent Forecast and True Up Bsued oo Cetober 4, 2024, to comxeer exors and
omizsions, which are boefy explained belowr.
For mformational purposes, ED inchaded the 2024 MFE for comparison.

Table 1. 2024 Fimal Market FPrice Benchmarks Used in FCLA Calculations

2023 Final Markes Prics 2024 Final Xarkes Price
EBenchrarks Eenchmarks
FPEAE SCE SDMZE:E PEE&E SCE SDGEEE
System FLA $14.37 %B-?&
- $26. 26
FA . - _— - S S
Adder Loeal B $8.38 §7.79 5. MIZ | 51024 | $16.4

Flexible FA $782 ‘S-lt.""

BFE Adder §£30.30 L5 83454 55

Table 2. 2025 Forecast Market Poce Benchmarks

2024 Forecast LMarkst Price 2025 Foreeast Market Prics
Benchmarks EBepchmarks
PEALE SCE EDMGEAE | PGEE SCE SOMZE:E
Enesgy Cin-Feak §7288 S6E.30 $68.30 5502 #4154 #4154
Index COff-Faak §65.77 $62.58 $62.5% $33.18 47E4 4754
Systemn RA $15.23 3 - )
Fa Hii0
Loeal BA -t 881 550 1320 2,99
Adder - ¥ * * : s1123 | 3
Flexible BLA §0.12 51 _‘:':_
EFs Adder §31.73 Le7os 7124

The differanees are explained boefy belowr:

# ED staff identfied one submission that was omitted due t0 namine convention issues. This
resulied in changes o some of the local values for SDMGEE and SCE.

¢ ED staff identfied some tanzactions that were mizidentfed as resource speciSic imports
when they were unspecified impocts and viza versa. ED staff excludes mnspecified impor:
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transaeticos from the system MER becanse CFUC mbes caquics noespepified BA resourses oo
be specified in §/EWh Thess corrections resulted in changes to the system MPBs

ED staff migally calealated the Sexble A MFPE wiing the price mualtphed by the Se=xible
BA capacity, rather than the system BA capacity, bat here caleulated the Sexible BA LMTE as
the poce multiplied by the system EA capacity. This lowersd the price for the 2024 Sexible
MFPE becanse of lower P.I:I.IEE'd contract: with more system nap.:.ﬂl:'r'rhan flexihle= cap.:.ﬂl:'r amndd
thiz mized the forseast price becanse of highar priced contraets with fAaxible capacity graater

than sy=tem EHFH.II'LI.I.'.:I.'.
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