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Logistics & Scope

« Webinar slides are available at the 2022 IRP Cycle Events and Materials web page
« The webinar will be recorded, with the recording posted to the same webpage

« The objectives of this webinar are to:
* Provide an update on the overall schedule for IRP inputs and assumptions development

 Discuss broad approaches for updating the 2020 IRP filing templates, including the
anficipated development schedule and rollout

« Familiarize stakeholders and gain feedback on the approach and inputs to developing LSE
plan reliability filing requirements, and the proposed fimeline and steps to update the
planning reserve margin for use in the IRP planning and procurement tracks

« Out of scope:
« GHG benchmarks and LSE load forecasts — will be addressed in an April 2022 ruling

« Development of procurement program required by D.22-02-004 — a workshop later in Q2
2022 initiate this
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Questions

« We invite clarifying questions at regular intervals throughout this webinar

« All atftendees have been muted. To ask questions:

* In Webex:
» Please "“raise your hand”
« Webex host will unmute your microphone and you can proceed to ask your question
* Please “lower your hand’ afterwards

« For those with phone access only:

* Dial *3 to "“raise your hand”. Once you have raised your hand, you'll hear the prompt,
"You have raised your hand to ask a question. Please wait to speak until the host calls
on you

« WebEx host will unmute your microphone and you can proceed to ask your question

* Dial *3 to “lower your hand”

* |If you are not able to use audio to ask a question, you may type into the “Chat
Room” feature of this Webex, though priority will be given to stakeholders who
have “raised their hand™ and use dudio

 Should time not permit attention 1o every question, or if you would like to
informally comment, please email your %ues’rlons or comments by April 21, 2022
(but earlier comments encouraged) to IRPDataRequest@cpuc.ca.gov

California Public Utilities Commission 3
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Background
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Integrated Resource Planning (IRP) in

Cadalifornia Today

« The objective of IRP is to reduce the cost of achieving greenhouse gas (GHG)
reductions and other policy goals by looking across individual LSE boundaries and

resource types to identify solutions to reliability, cost, or other concerns that might not
otherwise be found.

« Goal of the 2019-2021 IRP cycle was to ensure that the electric sector is on tfrack to
help California reduce economy-wide GHG emissions 40% from 1990 levels by 2030,
per SB 32, and to explore how achievement of SB 100 2045 goals could inform
IRP resource planning in the 2020 to 2032 timeframe.

* The IRP process has two parts:

« First, it identifies an optimal portfolio for meeting state policy objectives and encourages the
LSEs to procure towards that future.

« Second, it collects and aggregates the LSEs collective efforts for planned and contracted
resources to compare the expected system to the idenftified optimal system. The CPUC
considers a variety of interventions to ensure LSEs are progressing towards an optimal future.

California Public Utilities Commission 6




Overview of the 2019 - 2021 IRP Cycle

1%t half of IRP cycle

ﬂ. CPUC Creates \
Reference System Plan

1. GHG Planning Targets

e Use CARB Scoping Plan to
derive range of GHG emissions
levels for electric sector

» Reference System Portfolio that
meets SB 350 and the adopted
GHG target, is reliable, and is
least-cost

e Action Plan

e |SE Filing Requirements & IRP

=3

Y

¢

Planning Standards

Reference System Plan Decision (Decision #1)

(6. Procurement and Policy
Implementation

e LSEs conduct procurement

e CPUC monitors progress and
decides if additional action
needed

Portfolio(s) transmitted to CAISO
for Transmission Planning Process

California Public Utilities Commission
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5. CPUC Creates
Preferred System Plan
e CPUC validates GHG, cost,
and reliability

e CPUC provides procurement
nd policy guidance

Preferred System Plan Decision (Decision #2)

n

G. Procurement and Policy
Implementation

e CPUC provides procurement
and policy guidance to ensure SB

350 goals achieved

A

Portfolio(s) transmitted to CAISO
for Transmission Planning Process

ﬁ LSE Plans Development and \

Review

e LSE portfolio(s) reflects SB 350 goals
and Filing Requirements

e Stakeholders review LSE
procurement and implementation
plans

e CPUC checks aggregated LSE
portfolios for SB 350 GHG, reliability,

and cost goals /

2"d half of IRP cycle

Recently completed with CPUC’s adoption

of the 2021 Preferred System Plan



Inputs and Assumptions (1&A)
Overview
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Inputs and Assumptions (1&A)

* The Inputs and Assumptions (I&A) document describes the key data elements,
assumptions, and methodologies for CPUC IRP modeling within a given cycle

» This includes load forecast, baseline resources, candidate resources, resource costs
and potentials, operating assumptions, etc.

* The I&A document for the 2022-23 IRP cycle (2022 1&A) will be used for
developing the 2023 PSP and 2024-25 TPP portfolios for the CAISO electric
system that reflect different assumptions regarding load growth, technology
costs and potential, fuel costs, and policy constraints

* The filing requirement assumptions that LSEs need for developing their 2022 IRP
plans will be finalized by June 15, 2022 (see next section). CPUC staff will be making
imited 1&A updates now (e.qg., updates to the load forecast to align with the 2021
IEPR, inclusion of more recent weather years (2018-2020) in our solar, wind and
electric hourly shapes, tfransmission constraints) for the modeling needed to
develop filing requirements

« CPUC staff will make limited I&A updates for developing the 2023-24 TPP
portfolio(s) as well. An overview of these updates will be provided as part of the
2023-24 TPP portfolio(s) development process.

California Public Utilities Commission 9
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Process & Timing

« As stated in D.22-02-004, a revised scoping memo will provide detaqils
on the process for developing the complete |&A (2022 1&A) for the 2022-
23 IRP cycle

« The Commission anticipates issuing the revised scoping memo in Q2 2022

« CPUC staff expects to finalize the 2022 I&A document, including the
stakeholder process, by early/mid Q4 2022

* As part of this process, CPUC staff will hold MAG(s) to cover some
specific I&A topics (e.g., new candidate resources) in Q3 2022 and ask

for stakeholder input

California Public Utilities Commission



2022 LSE Plans: Non-Reliability
Planning Requirements



Fiing Requirements

 LSE IRP filings are the vehicle by which the CPUC and stakeholders gain
insight into individual LSEs' plans for meeting state goals, and how LSEs
show compliance with their requirements under PUC 454.52(a) (1)

« To facilitate the filing of useful, appropriate, and complete information
by LSEs, IRP staff provides LSEs with standardized tools, instructions, and

templates (aka, IRP "fiing requirements documents")

« LSEs are assigned load forecasts and GHG targets/benchmarks 1o use in
planning

* In accordance with D.22-02-004, LSE IRP filings for the 2022-23 IRP cycle
are required on or before November 1, 2022, and filing requirements will
be finalized by June 15, 2022

California Public Utilities Commission




Updates: Narrative Template (NT)

* Purpose:

« To describe how LSEs approach the process of developing its plan, present the result of
analytical work, demonstrate to the CPUC and the stakeholders the LSE's action plans, and
identify areas where LSEs are seeking Commission action to support their plan/procurement

« Evaluation:

« Commission staff utilizes a scorecard system to conduct a qualitative review of LSE NTs to
determine whether each LSE adequately saftisfied the NT requirements established by the

Commission

« NT sections can receive scores of “exemplary,” “adequate,” or "deficient.” LSEs receiving
deficient scores are required to re-submit those sections

« Updates Under Consideration:
« Revise questions so that they are more relevant to the 2022-23 IRP cycle

« Provide greater specificity around how answers will be evaluated to reduce the likelihood of LSEs
submitting deficient responses

« Provide more direction to LSEs in certain sections, particularly disadvantage communities
planning requirements

California Public Utilities Commission 13



Updates: Resource Data Template (RDT)

* Purpose:

« To collect LSE contracting data for existing, in-development and planned resources, including for
future resources which do not exist yet. Provides a snapshot of the LSE energy and capacity
forecast positions across the planning horizon

« RDT datais used for LSE plan aggregation and forms the basis of LSE planned resources upon which
the PSP portfolio is developed

 Evaluation:

« Staff uses the RDT Error Checking, Aggregation and Reallocation Tool (RECART), which uses python
code to aggregate, error check, and analyze LSE RDT filings

« RECART compiles energy and capacity under contract, contracted resources by technology type
and LSE, aggregates new resources in development or planned future purchases, and generates
LSE-specific error reports to determine if RDT re-submissions are needed

« Updates Under Consideration:

« Update fields based on RDTv2 submission experience and relevance to 2022-23 IRP cycle

« Improve error checking macro as part of RDT. LSEs will be required to trace the errors identified by
the macro, and correct them before submitting

« Improve interaction with Clean System Power Calculator

California Public Utilities Commission 14




Updates: Clean System Power (CSP) Calculator

e Purpose:

« To estimate the GHG and criteria pollutant emissions of LSE portfolios and verify that

LSE portfolios achieve assigned GHG planning benchmarks. Estimates emissions on
an hourly basis based on each LSE's reliance on system power in that

hour, facilitating a common emissions accounting methodology across LSEs
» Evaluation:
« Staff conducts a guantitative review of each LSE's CSP Calculator to determine
that they achieved their GHG benchmarks and followed all calculator instructions
« LSEs that do not meet their targets or did not follow instructions are contacted for
re-subbmission

» Updates Under Consideration:

* Include new study years, inclusive of 2035, with new SERVM-based load/resource
shapes

« Add in-template functionality to check that inputs were added correctly
* Improved interaction with Resource Data Template

California Public Utilities Commission
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Timing
* In accordance with D.22-02-004, CPUC staff will seek to finalize LSE filing
requirements, including filing templates, by June 15, 2022
* Final templates will be posted to the Commission's 2022-2023 IRP
cycle website: https.//www.cpuc.ca.gov/industries-and-topics/electrical-

energy/electric-power-procurement/long-term-procurement-
planning/2022-irp-cycle-events-and-materials

« Non-template filing requirements such as load forecasts and GHG
benchmarks will be finalized via ALJ Ruling by June 15, 2022, with an
initial Ruling seeking comment issued in April 2022.

 |RP staff is accepting informal stakeholder comments and suggestions
about fiing templates and potential updates by April 21, 2022 (but
earlier comments encouraged)

 |IRP staff will hold informal "office hours" after June 15, 2022 for each
group of LSEs by type, to answer questions and facilitate IRP
developmen’r

California Public Utilities Commis 16
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2022 LSE Plans: Reliability Planning
Requirements



Ovutline

Context of IRP Reliability Improvements
Reliability Modeling Across Proceedings
Need Determination

Resource Accreditation Considerations
LSE Plan Reliability Inputs

RESOLVE ELCC Update

Summary
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Context of IRP Reliability
Improvements
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Goals for an IRP Reliability Framework

« Overall goal: design a process that — when followed — can lead to an
appropriately reliable CAISO system

« Key design objectives
« Reliability: CAISO system should meet the established reliability standard
 Efficiency: properly incentivizes least-cost portfolio to meet reliability needs
» Fairness: fairly establishes LSE need and fairly credits resources
» Feasibility: administratively simple and straightforward to comply with
« Durability: reliability need determination is durable to portfolio changes

* The IRP process is an appropriate place to develop this framework, with its
systemwide holistic view and reliability mandate

« Coordination and collaboration with other CPUC processes and other state
agencies will be crifical

California Public Utilities Commission




How to approach the analytical design?

 Reliability planning is rapidly evolving across the world as jurisdictions are
addressing the new reliability planning challenges of a decarbonizing grid

» The following needs can help to inform an updated IRP reliability
framework:

1. Framework should be comprehensive and able to drive alignment between
planning and procurement

2. Ensure that IRP system portfolios (including aggregated LSE plans) meet @
specified reliability planning standard

3. Send efficient investment signals for new resource development

4. Allow existing and new resources to substitute for one another in future
reliability procurement

* IRP can develop the reliability framework to address the unique needs of
IRP planning and procurement

 E.g., how to trade off fairly accrediting existing resources while sfill sending the
rlgh’r investments signals for new resource procurement and retention

California Public Utilities Commission




Opportunities to Improve IRP Reliability Planning

« 2017-18 IRP Cycle

« Optimistic import assumptions
meant reliabllity planning was
secondary

« 2019-21 IRP Cycle

« Changing assumptions led to two
large procurement orders for new
resources

» Orders were not directly tied to loss

of load probability (LOLP) modeling
of reliability need

« RESOLVE planning reserve margin
(PRM) update to reflect Mid-Term
Reliability (MTR) High Need scenario

has led to an overly-reliable
portfolio

« 2022-23 IRP Cycle

« 1&A and LSE plan filing requirements
present opportunity to refresh
reliability planning inputs

California Public Utilities Commission

Topic Current IRP Method Potential Improvement
PRM Shifting PRMs not tied to  SERVM based PRM to
LOLP fundamentals > meet reliability
RESOLVE outputs are standard
not mafched to
reliability results from
production cost
modeling
Thermal NQC-based (installed Unforced capacity
resource capacity) = tips the (UCAP) or ELCC-based
accounting scales in favor of gas to create alevel
plants vs. clean energy  playing field
ELCCs for Solar + wind surface Solar + storage surface
RESOLVE (RECAP) (SERVM)
Storage ELCC curve Wind ELCC curve
(SERVM) (SERVM)
ELCCs for LSE Interpolation from SERVM-based ELCC
Plans RESOLVE outputs forecast




Use cases for reliability modeling in 2022-23 IRP
cycle

« This MAG webinar addresses the early stages of a broad set of reliability
updates to be conducted this IRP cycle

* Near-term use case: LSE plan filing requirements due for release June 15, 2022

« Reliability planning requirement, including the planning reserve margin
« Resource accreditation metrics, including effective load carrying capabilities
(ELCC), by resource type

« Later use cases: updates to RESOLVE and SERVM, and IRP planning track more
broadly; mid-to long-term procurement program

« Approach

» Where possible, use consistent methodologies and inpufs across all use cases; near-
term deadline requires deferral of some items to later this cycle

* Implement stakeholder feedback upfront where possible, otherwise addressing for
later use cases

California Public Utilities Commission 23




Energy Division's reliability modeling sirategy

Energy Division is using this LOLE framework in a variety of Commission
procéedings in addition to IRP.

« Energy Division completed a LOLE and ELCC study in the RA proceeding to
determine ELCC of wind, solar and storage resources as well as the correct PRM for

2023 and 2024 RA compliance year.

« Energy Division is using the LOLE framework with the NoNewDER portfolio for the
Avoided Cost Calculator in the Integrated Demand Energy Resource proceeding
to establish avoided cost.

IjheTse qriverse applications of LOLE modeling all rely on the same IRP baseline
araser.
- Baseline dataset includes electric demand, baseline resources, generation profiles
for non-firm resources
« |t is critical to maintain consistency and stability in datasets o enable consistency
between modeling done in all these proceedings.
« Allmodeling data is to be posted to CPUC website (Unified RA+IRP Dataset page)
for parties to review and comment
. Por’ri?s can review data development during I/A development and periodic MAG
meetings

California Public Utilities Commission 24




The Transition to a Deeply Decarbonized Eleciricity
System Will Change the Nature of Reliability Planning

Summer Peak Summer Net Peak Winter Renewable Drought
In the absence of renewables, At moderate penetrations of At high penetrations of renewables, periods
the periods of highest demand renewables, solar shifts “net of sustained low renewable production —
present the greatest challenge peak’ to evening, which most often in the winter — present the

g to reliability becomes the primary challenge greatest challenge to system reliability
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Reliability Challenged Periods are Already

Shifting

40,000

30,000

Megawatts (MW)

20,000

10,000

A durable reliability planning approach is needed as reliability challenged periods continue to evolve
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Reliability framework standard practice

Determine reliability standard
e.g. 1-day-in-10-years (or LOLE = 0.1 days/yr)

Calculate Total Reliability Need and
associated PRM

Calculate resource accreditation
metrics

Allow the market to provide the least-cost
solution

e.q. through a central auction or bilateral contracting

California Public Utilities Commission
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Key Steps for Reliability Planning using LOLP Modeling

Step 3: Resource Accreditation

Step 2: Need Determination

Step 1: Model + Data Development

Develop a robust dataset of the loads

Calculate resource capacity

contributions using effective load

Identify the Total Reliability Need to
carrying capability

and resources in a loss of load
probability (LOLP) model

achieve the desired level of reliability

ELCC measures a resource’s contribution to

LOLP modeling evaluates resource adequacy Factors that impact the amount of effective
across all hours of the year under a broad capacity needed include load & weather reliability needs relative to perfect capacity,
range of weather conditions variability, operating reserve needs accounting for performance across all hours
Loss of Load Expectation

Loss of Load Expectation
(days per year)

Load x1000 (days per year)
A A

1 year >

i Total Reliability
' Need

| (effective MW, but can
| be translated to PRM)

Reliability Standard ELCC

Wind
L (e.g. 0.1 days per year LOLE) o

(L okt ok \
QH'NU'HJ”“WWI\MMWW)‘IMWMM”W'l

Effective Capacity (MW) Effective Capacity (MW)

Effeclive or “perfect” capacily based

Robust probabilistic models + datasets are the LOLP modeling provides Total Reliability Need r AP oF EL is all
foundation of any resource adequacy in effective capacity MW to meet <0.1 days/yr accounting (UC or| CC) counis a
LOLE, can be converted to a PRM resources on a level playing field against that
total reliability need

analysis
California Public Utilities Commission




Need Determination



D —
Loss of Load Probability Modeling

 Loss of load proba bi|i’[?{ Q_OLP) Monte Carlo simulation of loads, System reliability measured relative to “one day in ten
modeling is a probabilistic method to renewable profiles, and generator year” standard; periods of high loss of load probability
consider system reliability across a outages used to simulate 1,000 ourof Doy identified
wide range of load and weather years of plausible system conditions 20 A 2l 5 [ s & o] 8 o sl ul @] ol a0 ] 16 ol w] ] o] a 2 5
condifions | Load <1000 =
« LOLP model inputs are tuned to Mmmmmwm £ ]
historical correlations between HE
weather, load, and renewable output . 1 . X% =] -
«  Monte-carlo simulations consider year R §

system operations across a range of
weather conditions

Firm Resources (with outages)

7 W e o VPN ° N ore .
+ The CPUC IRP uses Astiape's e || et load coming capablity (LCC) o 2 vice
stochastic reliability model : 60%
which considers the following: o Solar
- 20 years of historical weather g7 ® Wind
conditions (1998-2017) to inform load, S 40%
wind, and solar output o 300
« Economic-related load forecast £ 20% ¥,
uncertainty E re...,
= 10% ®:--lo

« Random unit-level forced outage

Win
draws 0%
« Regional market interactions MM ‘WW%WWMWWWWW 0 5000 10,000 15000 20,000 25,000 30,000
’ ‘ ‘ Installed Capacity (MW)

Example RECAP result from Long-Run Resource Adequacy under Deep Decarbonization
Pathways for California (Calpine, 2019)
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LOLP Analysis Produces a Range of Useful Metrics

 Statistical reliability metrics: measures of the size, duration, and frequency of reliability events

Result Units Definition

Expected Unserved Energy MWh/year Average total quantity of unserved energy (MWh) over a year due to system demand plus reserves

(EUE) exceeding available generating capacity

Loss of Load Probability % Probability of system demand plus reserves exceeding availability generating capacity during a

(LOLP) given time period

Loss of Load Hours hours/year Average number of hours per year with loss of load due to system demand plus reserves exceeding

(LOLH) available generating capacity

Loss of Load Expectation days/year Average number of days per year in which unserved energy occurs due to system demand plus

(LOLE) reserves exceeding available generating capacity

Loss of Load Events events/years Average number of loss of load events per year, of any duratfion or magnitude, due to system

(LOLEV) demand plus reserves exceeding available generating capacity

Total Reliability Need MW Total capacity MW necessary to maintain an adopted reliability standard (e.g. < 0.1 day/yr LOLE). Can

(TRN) be in effective MW (i.e. ELCC or perfect capacity equivalent) or defined relative to existing RA accounting
(e.g. ICAP).

« Derivative metrics: additional useful measurements that can be derived from LOLP analysis

Result Units Definition

Planning Reserve Margin Requirement % 1-in-2 peak load The planning reserve margin needed to achieve a given reliability metric (e.g., 1-day-in-10-years
(PRM) LOLE)

Effective Load-Carrying Capability MW Effective “perfect” capacity provided by energy-limited resources such as hydro, renewables,
(ELCC) storage, and demand response

Residual Capacity Need MwW Additional “perfect” capacity needed to achieve a given reliability metric

California Public Utilities Commission



Using the Total Reliability Need (TRN) to Derive
the PRM

Loss of Load Expectation

® Th e P | O n n i n R ese r\/e (days per year) MW required to reach reliability standard

Margin (PRM) is a |
derivative value from ' Fin
fhe Total Reliability Neod _ e
Need (TRN) e 2
« TRN is a MW value z | =
output from LOLP g =
modeling Reliabilty Standard S
o éhefTRg/PRM COnge' Capacity (MW)
OFe)FIDrl)gOI CUhSIenSg muTipie Total Reliability.Need = Planning Re§ewe Margin =
e E resource Total capacity MW necessary % margin above peak demand
dgc':redi’ro’rion to maintain an adopted necessary to reach the TRN
methods (e.g_ UCAP reliability standard (e.g. < 0.1
versus ICAP) day/yr LOLE). PRM U ( TRN ) .
*~ \Peak Demand
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Metrics for Defining Total Reliability Need

- Installed Capacity (ICAP)

» Measures resource MW using their installed capacity, accounting for forced
outages in the reserve margin

- Unforced Capacity (UCAP)

* Measures resource MW using their unforced (i.e. outage de-rated)
capacity, accounting for forced outages in resource accreditation

- Perfect Capacity (PCAP)

* Measures resource MW using their perfect capacity equivalent
(i.,e. ELCC) capacity, accounting for forced outages and additional portfolio
effects in resource accreditation
* Non-firm resource accreditation

« Variable (e.g. solar and wind) and use-limited resources (e.g. storage) are
typically counted at ELCC or ELCC-like heuristics across all methods

California Public Utilities Commission




All portfolio meet the same reliability target; diagrames,

L] L] are illustrative and not necessarily to scale
PRM Resource Accounting Options

L UCAP accounting de-rates resources for PCAP PRM counts all resources at
ICAP accounting includes reserves for forced outages, . 0 .
PRM decreases as firm resources replaced w/ non-firm forced outages, lowering the PRM % ELCC, may or may not meaningfully
required for the same reliability target differ from a UCAP PRM
MW required to reach reliability standard MW required to reach reliability standard MW required to reach reliability standard

|

Firm .
Firm
Unforced
Resource
Capacity
(De-Rated)

Installed
Resource

= Installed
Capaci —_—
pacity Resource

Capacity

Capacity (MW)
Capacity (MW)
Capacity (MW)

Firm

Firm Resources Non-firm Resources Contributing Factors

ELCC MW

Installed capacity MW Load/weather variability Simpler firm resource “Tips the scales” in favor
» Operating reserves accreditation of firm resources

» Forced outages

Unforced capacity MW ELCC MW * Load/weather variability + Level playing field « UCAP may noft perfectly
» Operating reserves + Reliability need not impact reflect ELCC*
o by portfolio changes )
ELCC MW ELCC MW » Load/weather variability (retirements, etc.) * More LOLP runs required

» Operating reserves

California Public Utilities Commission * For large systems like CAISO, UCAP of firm resource can approximate their ELCC. However, this will be dependent upon the UCAP
de-rate method and whether it properly captures the full interactive effects inherent in LOLP modeling.



Why Switch from an Installed Capacity (ICAP)
PRM?

« Key design objectives

Reliability: CAISO system should meet the established reliability
standard

Efficiency: properly incentivizes least-cost portfolio fo meet
reliability needs

Fairness: fairly establishes LSE need and fairly credits resources
(not relevant to need determination)

Feasibility: administratively simple and straightforward to comply
with

Durability: reliability need definition is durable to portfolio
changes

* Most RA programs have moved away from ICAP to UCAP
because:

A.

California Public Utilities Commission

ICAP creates an unlevel playing field that favors emitting
resources over clean energy (e.g. thermal NQC vs.
renewable/storage ELCC)

ICAP is a function of the portfolio, subject to change as emitting
capacity retires

Perfect
Capacity
(PCAP)

Unforced

Capacity
(UCAP)

Installed
Capacity
(ICAP)

Reliable

Efficient

Fair

Feasible Durable

Metric Metric Value PRM Type
LOLE 0.1 days/yr ICAP + UCAP
LOLE 0.1 days/yr ICAP + UCAP
LOLE 0.1 days/yr ICAP + UCAP
ISO-N LOLE 0.1 days/yr ICAP
SPP LOLE 0.1 days/yr ICAP

* Updating PCAP/UCAP PRM regularly is still recommended, based on evolving load shapes (e.g. more EV loads) and updated historical weather year

load variability.

value within a portfolio of resources

** UCAP has been considered a reasonable approximation of the ELCC for firm resources, but it does not necessarily capture their effective reliability


https://cdn.misoenergy.org/PY%202021%2022%20LOLE%20Study%20Report489442.pdf
https://www.nysrc.org/PDF/Reports/ICS%20Annual%20Reports/Final%20Final%202022%20IRM%20Study%20Technical%20Report%20Body%2012_10_21%20Clean%2012_13_21.pdf
https://www.pjm.com/-/media/planning/res-adeq/2021-pjm-reserve-requirement-study.ashx
https://www.iso-ne.com/static-assets/documents/2021/12/a00_pspc_2021_12_iso_memo_or_def_fca_16.pdf
https://www.spp.org/documents/62810/2019%20lole%20study%20report.pdf

e
How to Switch from an ICAP PRM?

Considering Firm Generator Outages in PRM Accounting nieractive
_______ elrecCits
« UCAP occoun’rin]g requires forced outage de-rate LT | captored in
factors for each firm resource or resource class et 1 accreditation

for Load

« E.g. UCAP = nameplate MW * (1 — EFORd %) s | | ot
« UCAP PRM adjusted to remove forced outage impacts

« Perfect capacity gCAP) accounting utilizes effective
ct:)opoé:lfy (I.e. ELCC) accreditation for all resources,
ased on

A. Their modeled performance
B. Interactive effects with other resources in LOLP
modeling
« For PCAP accounting, a forced outage de-rate oA Aralyss PAM Accouning Usingertecs  Aceounting
heuristic can approximate ELCC... but requires an
adjustment for generator performance impacts

« EFORd represents a marginal de-rate for a single
resource

« LOLP modeling considers tail events of multiple cC
simultaneous generator outages

* This heuristic can be developed using LOLP modeling

PCAP PRM
based only
on
operating
reserves +
load
uncertainty

Megawatts

Outage Probability Distributions (illustrative)

Simultaneous outages of
generators 1+2+3 has
asymmetric impact on

reliability

CT

b))

Ofther
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Proposed 2022 IRP PRM + ELCC Study Method

1. Start with 2030 2. Replace all capacity 3. Determine PCAP TRN 4. Count firm resources at
CAISO porifolio w/ perfect capacity + (effective MW) needed to “calibrated” UCAP
tune to 0.1 LOLE (annual reach 0.1 LOLE, and PRM values, tuning to ensure
basis) relative to median gross de-rates approximate
PHS peak ELCC
PHS
Battery NOTE: gross peak means NOTE: UCAP “calibration”
Storage Battery BTM PV counted as a with LOLP modeling needed
Storage supply-side resource at to ensure true apples-to-
Wind ELCC apples comparison, can be
Wind done viq additional LOLP
simulations

MW required to reach
reliability standard

Capacity (MW)

| PRM | Non-
Firm
Portfolio
o ELCC
Hydro
Bio/Geo/ Portfolio Portfolio Median Hydro

DR
Hydro

Bio/Geo/
Nuclear

Nuclear ELCC ELCC Gross Bio/Geo/
Nuclear

Peak

Gas/CHP

/imports

Gas/CHP Gas/CHP
/imports /imports

Firm capacity removed 37
during tuning

California Public Utilities Commission



Resource Accreditation
Considerations



No Resource Provides Perfect Capacity
Resource FIrmness” s ——>

Variable Energy Resources: Firm Capacity: P
: . erfect
variable output available on demand
i 4-hr 8-hr Demand Long- Natural Natural On-Site “Perfect”
Wind Solar Storage Storage Hydro Response Duration Gas Gas + Firm Fuel Capacity
9 9 P Storage*** Pipeline Storage**** P
100% =
S2:
- 0
382
m m
oS>
0% [l €
Factors Considered in Reliability Value
Variable X X
output
Use- (Modeling
limitations X X X X X construct
used as
Forced X X X X X X X X X X comparison
outages metric)
Fuel_ X X
security

* A “firm" resource can operate indefinitely when called upon, this spectrum generally ranks resources along the spectrum of least to most “firm”

** % Reliability values are illustrative
*** Long-duration storage (between 12-1000 hr) may provide effectively firm capacity at long enough duration 39

California Public Utilities Commission
**** On-site fuel storage includes natural gas w/ on-site backup fuel, coal, nuclear, and biomass power




Need Determination + Resource Accreditation Can
Evolve Together to Reflect Shift to Non-Firm Resources

Capacity cap PrRM

$ requirement ) PCAP PRM  Need determination:
e T TRN/PRM defined based on
Di tch-limited
T i r;:gzrzeslr;n;aesured Perfect Capacity (PCAP) MW
System e« Resource accreditation:
peak - (ELrgC)g ’ :
demand S « Non-firm resources
Resource Firm resources accredited based on ELCC
accountin . . .
" basedon | counted atoffective OLarge differences in
namepate UCAP) avallability during peak
| ucap) ) QSignificant interactions
+radition e among resources |
Planning Planning QELCC values are dynamic
Paradigm Paradigm based on resource mix
. . * Firm resources accredited
Installed Capacity = ZG- Portfolio ELCC = f(Gy Gy ...’
pactty L f fGr Gyt G) based on ELCC or UCAP
Total accredited capacity of a set of With non-firm resources, the total QOutage characteristics
firm generators was simply the sum of accrediied capacity Offl POfffO!iO isa Qlnteractive effects
their installed capacity function of generator interactions
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ELCC captures complex dynamics resulting from increasing
peneirations of variable & energy limited resources

“Variable” resources shift reliability
risks to different times of day

Solar Impact on Net Load

(Mw)
30,000
25,000
20,000
Increasing solar
15,000 penetration shifts

net peak to evening,
moving reliability
10,000 risks away from the
traditional peak
(and lowering
5,000 marginal capacity
value of solar)

Total solar installed capacity: 10 GW

1 Hour of Day 24

“Energy-limited” resources spread
reliability risks across longer periods

Storage Impact on Net Load

(MW)

30,000

25,000

20,000 e
Increasing levels of storage

progressively flatten net

15,000 load shape, extending the
window of system needs to

10,000 longer durations

5,000

Total storage installed capacity: 5 GW

1 Hour of Day 24

A portfolio of resources exhibits
complex interactive effects, where the
whole may exceed the sum of its parts

Combined Solar & Storage Impact on Net Load
(MW)

30,000

\ 4

Combined

25,000

capacity
20,000 value
15,000 Combined capacity
value exceeds sum
of individual parts
10,000 due to a “diversity
benefit”
5,000
Total solar installed capacity: 10 GW
0 Total storage installed capacity: 5 GW
1 Hour of Day 24

The ELCC approach inherently captures both capacity & energy adequacy

California Public Utilities Commission



Measuring ELCC of a Porifolio and Individual
Resources

« ELCC of is a function of the porifolio of resources

« The functionis a surface in multiple dimensions zlizz:gmal
« The Portfolio ELCC is the height of the surface at any given point on the ELCC
surface Capacity
Portfolio ELCC = f(Gy’ Gy ... Gp) (MW)
« The Marginal ELCC of any individual resource is the gradient (or slope)
of the surface along a single dimension — mathematically, the
partial derivative of the surface with respect to that resource
. of Portfolio
MaTglnal ELCCGl = a_Gl(Gl' ) Gz' oon Gn) (%) ELCC
« The functional form of the surface is unknowable
« Marginal ELCC calculations give us measurements of the contours of the
surface at specific points
« E.g. 100 MW of incremental storage on top of a given portfolio
« Itisimpractical to map out the entire surface across all resources : ed
nstalle
 Assigning resource-specific "average” ELCCs requires allocating the Capacity

portfolio ELCC to individual resources

California Public Utilities Commission




The Delta Method strikes a balance of competing objectives in
an average accreditation framework

-+ The Delta Method was developed fo ensure an “average” ELCC Last-In
accreditation framework that is fair, robust, and scalable to any
portfolio of infermittent and energy-limited resources ELCC

ELCC Delta ELCC

« The Delta Method relies on 3 measurable metrics: Capacity lies somewhere

« Porffolio ELCC: total ELCC provided by a combination of variable and between your
use-limited resources Last-In and First-

« “First-In” ELCC: the marginal ELCC of each individual resource in a In ELCC .

portfolio with no other variable or use-limited resources

+ “lLast-In” ELCC: the marginal ELCC of each individual resource when
taken in the context of the full portfolio

« The Delta Method ensures that each resource receives an ELCC
value that is in-between its First-In and Last-In values
+ Resources that exhibit diminishing returns (e.g. chart to right) receive

an upward adjustment to Last-In (or equivalently a downward
adjustment to First-In)

+ Resources that exhibit constant ELCC (i.e. First-In = Last-In) receive no
adjustment

Portfolio
ELCC

« This approach can simultaneously account for synergistic,
antagonistic, and neutral reactions within a single portfolio

« Different resources can receive positive, negative, or no adjustments

Installed

California Public Utilities Commission Ca paC|ty




optimization

Impact of Average vs. Marginal ELCCs on LSE
Resource Selection

* The ELCC method will change the relative capacity cost for different resources in LSE plan portfolio

» Average ELCCs are compatible with a conventional PRM, crediting resources so that the sum equals the total

reliability need

* Marginal ELCCs establishes need and credits resources based on their marginal conftribution during scarcity

* Marginal ELCCs provide a more economically efficient signal for incremental procurement
» Past procurement orders (e.g. MTR, RPS least-cost best-fit) have used incremental/marginal ELCC for this reason

lllustrative Example of Cost per Unit of Effective Capacity

Cost S/kW-yr

ELCC %

Cost
S/effectivekW-yr

Average Marginal Average Marginal

ELCC

ELCC ELCC ELCC

Storage $150 80% 60%
Solar $80 15% | 10%
Wind S150 20% 30%
Geothermal S700 90% 90%

California Public Utilities Commission

Note: these are
illustrative gross costs of
new entry. LSE portfolio

optimization incorporates
market revenues, i.e.

would see the net cost of

new entry by technology.



LSE Plan Reliability Inputs



e
LSE Plan ELCCs

* LSEs need the following data points to complete their reliability planning:

1. Reliability requirement by year: what is their annual LSE-level MW reliability
obligation?

2. Resource accreditation metrics by year: how each resource type counts towards
that MW obligation?

California Public Utilities Commission



LSE Reliability Requirement

 The RA pzjograrlr(] Ic:ur(rjlenr;rly usTes ’rkl?e C/?\ISJ%
CAISO svstor lovel reiabiity need 1o LS
CAISO system level reliability need to LSEs Setting and Allocating Reliabllity Need

* IRP can follow a similar approach of
accrediting based on LSE load share

« CEC will be producing LSE-level peak share
forecasts

« Gross peak share instead of managed peak

share can be used if counting BTM PV as a supply
side resource in IRP accounting

« A marginal ELCC based framework may require
further adjustments to LSE need

« Net peak-based allocation may become a
bfe’rfrir approach to capture changing periods
of ris

MW required to meet reliability standard

Total

Reliability
Need

Capacity (MW)

California Public Utilities Commission




LSE Plan Accreditation Metrics

Proposed 2022 IRP Approach
(LSE Plans)

« Goal: provide sufficient granular accreditation metrics
to enable LSEs to plan their portfolios

* Firm resources é%og%\%eo, bio, hydro, nuclear): class-

Planning Reserve Margin PCAP PRM over gross peak share
or share of marginal procurement
need

level calibrate values pér ICAP vs. PCAP PRM S Fee
COllbrOTlon Battery Storage ELCC (paired generation/storage
o o Id heuristic of
- Non-firm resources (solar, wind, storage, DR): ELCC e
« Solar: utility + BTM PV Solar PV ELCC
« Wind: in-state, out-of-state, offshore e
« Storage: 4-hr li-ion, 8-hr li-ion, 12-hr pumped hydro _

 Demand response BTM Storage Either load modifier via IEPR
* Paired enero’rior}{s’roroge resources: heuristic based on assumpfions or ELCC
solar + storage ELCCs
« ELCC study design will consider a subset of years and A CUEE R TBD: Calibrated UCAP or ELCC
resource classes

* Interpolation + ex-post heuristics can facilitate @
sufficiently detailed annual ELCC forecast for LSE plans

Demand Response ELCC

Hydro

Blo/Geo/Nuclear Calibrated UCAP

Fossil (CT/peaker, CCGT,
CHP, coal)

California Public Utilities Commission



Updating Resource Contributions
to Reliability in RESOLVE



Planning models need estimates of resource
adequacy contributions

« Capacity expansion models enforce resource Loss of
adequacy constraints (e.g. PRM]) load

« To ensure reliability at minimum cost, the model
marginal and total resource adequacy
conftribution of energy-limited resources
needs to be accurately reflected

« But declining marginal capacity values and

interactive effects between resources require
constant re-calibration of energy-limited

How to avoid
an infinite loop?

resource adequacy contributions Capacity
* |t's not feasible to embed a detailed loss-of- expansion
load model within a capacity expansion mode]

model

California Public Utilities Commission



Proposed 2022 RESOLVE Approach

Planning Reserve Margin

Current IRP Approach (RESOLVE)

22.5% ICAP PRM above managed peak

Proposed 2022 IRP Approach
(RESOLVE)

PCAP PRM over gross peak
(i.e. managed peak + BTM PV)

Wind

Solar PV

Battery Storage

Demand Response
(Load Shed)

ELCC (single or multiple wind curves)

L/ {
ELCC (solar/wind ELCC surface) -~ - /4|
1

ELCC (solar/wind ELCC surface), after
increasing need by IEPR peak shift

DR program capacity (NQC) for new + existing

ELCC L
(solar/storage surface) -z,s- '|:+:|

ELCC (model on storage dimension of solar/storage
surface)

BTM Storage

Either load modifier via IEPR assumptions or
ELCC

Either load modifier via IEPR assumptions or ELCC

Pumped Storage

Installed capacity

TBD: Calibrated UCAP or ELCC

Hydro

Bio/Geo/Nuclear

Fossil (CT/peaker, CCGT, CHP,
coal)

Installed capacity (Sept NQC)

Calibrated UCAP:

All UCAP resources will be represented with a de-
rating based on forced outage rates and

an adjustment to account for simultaneous
outage impacts

California Public Utilities Commission

New SERVM ELCC
runs will create ELCC
representation of
wind, solar, and
storage in RESOLVE

UCAP calibration
via SERVM



ELCC curves and surfaces address challenging
issues for capacity expansion models

« Saturation impacts are addressed because marginal ELCC declines
endogenously with resource penetration

« Creating ELCC curve equations using the results of a LOLE model implicitly
iIncludes energy limitations on different fimescales

» For wind and solar, production profiles across many years in the LOLE model
allows for consideration of low renewable output periods

» For storage, ELCC simulations have charging and discharging constraints

« Charging energy sufficiency and flattening of the net peak are captured in
Portfolio ELCC values from LOLE model

* 1-dimensional ELCC curve does not include synergistic or antagonistic
Impacts with other resource classes

« 2-dimensional ELCC “surface” can include interdependent effects between
two resource classes

California Public Utilities Commission




Workflow for using ELCC curve or “surface” in

E Capacity Expa nsion\

planning

u LOLE model \

(SERVM)

Calculate ELCC of
combinations of

2

Linear equations

Convert portfolio
ELCC values at a
range of

energy-limited
resources over a
wide range of
installed capacities

- J

\ 4

penetrations into
linear equations for
marginal and total
ELCC

\_

~N

\ 4

J

Implement
“surface” equations
in capacity
expansion model,
create least-cost
portfolios

California Public Utilities Commission

Reliability Check

Check reliability
using LOLE model,
adjusting if any
issues are found




Building an ELCC curve in one dimension

Calculate ELCC at Different Linear equations approximate Implement in capacity
Levels of Penetration “true” ELCC curve expansion model
Marginal
Points simulated by LOLE ELCC %
model approximate | :
Portfolio curve >
ELCC / ® | -
Resource Portfolio
Adequacy o ELCC
contribution EL%%'EO (MW)
(MW) T decreasing ELCC curve is the Capacity expansion
Total ELCC closed region formed model travels along
Is increasing by the lines when this curve while
viewed from below opfimizing
Resource Capacity (MW) ' Resource Capacity (MW) ' Resource Capacity (MW)

California Public Utilities Commission



Now in two dimensions....

* A two-dimensional ELCC surface can capture both diminishing
returns and diversity benefits between resources

The height of the orange dots, ¢

calculated by SERVM, will give The slope between each point gives the marginal
the total solar + storage portfolio ELCC capacity value of solar and storage at a given capacity

>

For any plane on
the surface:

Marginal
ELCC of
battery

Battery 1MW of

/ Penetration additional
battery

Solar + Battery Portfolio ELCC

Marginal ELCC
of solar

1MW of

Solar additional solar

Penetration
California Public Utilities Commission




Summary of Proposed 2022 IRP
Approach



Summary of Proposed 2022 Approach

Modeling Approach
« Use the CPUC’'s SERVM model, with any appropriate updates, as the basis for need determination and
resource accreditation
Need Determination

« System need calculated via a perfect capacity (PCAP) based total reliability need (TRN), translate into a
planning reserve margin (PRM) above median gross peak

« LSE-level need based on share of either on total reliability need or marginal reliability need using new multi-
year CEC LSE-level forecast
LSE Plan Resource Accreditation

* Firm resources: use need determination analysis to derive “calibrated” UCAP values that reflect interactive
effects of simulated outages

. g_ocnéfirm resources: ELCC-based accreditation using either marginal or delta-method based average
S
RESOLVE Updates
« Align PRM and firm resource accreditation with LSE plan inputs
« Change solar + wind ELCC surface to a solar + storage ELCC surface, include DR on the storage dimension
« Develop a separate 1-D wind ELCC curve

California Public Utilities Commission




Summary of Proposed 2022 Approach

Planning Reserve Margin

Wind

Battery Storage

Solar PV

BTM Storage
Pumped Hydro Storage

Demand Response

Hydro
Bio/Geo/Nuclear

Fossil (CT/peaker, CCGT,
CHP, coal)

California Public Utilities Commission

Current IRP Approach (RESOLVE)

22.5% ICAP PRM above managed
peak

Proposed 2022 IRP Approach
(RESOLVE)

PCAP PRM over gross peak
(i.e. managed peak + BTM PV)

Proposed 2022 IRP Approach
(LSE Plans)

PCAP PRM over gross peak share
or share of marginal procurement
need

ELCC (solar/wind surface w/ CF
scaling)

ELCC (1-D curve w/ CF scaling or
multiple curves)

ELCCH**

ELCC (1-D curve)

ELCC (solar/wind surface w/ CF
scaling)

ELCC (solar/wind surface), after
increasing need by IEPR peak shift

ELCC (solar/storage surface)

ELCC (paired generation/storage
would use heuristic of solar +
storage ELCCs)

ELCC

Load modifier via IEPR peak shift*

TBD: Load modifier or ELCC

TBD: Load modifier or ELCC

Installed capacity
(Sept NQC)

TBD: Calibrated UCAP or ELCC

TBD: Calibrated UCAP or ELCC

DR program capacity (NQC) for
new + existing

ELCC (model on storage dimension

of solar/storage surface)

ELCC

Installed capacity
(Sept NQC)

Calibrated UCAP****

Calibrated UCAP

* Note: current peak shift from BTM storage in the IEPR has low implied capacity value.
** Year-ahead RA LSE level forecasts use managed peak. CEC is developing an LSE-level multi-year forecast that can produce gross based peak share.
*** The LSE plan ELCC study provides more opportunity fo break out sub-class ELCCs as desired, e.g. in-state wind vs. OOS wind, etfc.

e Al UCAP resources will require de-ratfing based on forced outage rates and an adjustment to account for simulfaneous outage impacts based on

ELCC
UCAP

_ SERVM simulations



Next steps



Next steps

* Inputs & Assumptions

« A revised scoping memo will provide details on the process for developing the
complete [&A for the 2022-23 IRP cycle.

« CPUC staff expects to finalize the 2022 I&A document, including the stakeholder
process, by early/mid Q4 2022

« CPUC staff will hold MAG(s) to cover some specific |I&A topics in Q3 2022 and ask for
stakeholder input

» LSE plan filing requirement templates
« CPUC staff is seeking to finalize LSE filing templates by June 15, 2022

« Parties should send informal stakeholder comments and suggestions about filing
templates and potential updates prior to April 21, 2022 (but earlier comments
encouraged), to: IRPDataRequest@cpuc.ca.gov

« CPUC staff will hold informal "office hours" after June 15, 2022, for each group of LSEs
by type, to answer questions and facilitate IRP development

- Staff expects to hold the next MAG webinar in early June to present the reliability
modeling results 1o be used in finalizing the LSE plan filing requirement templates

California Public Utilities Commission 60
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Why Switch from a “Managed Peak” Load Basis?

PRM % over Managed Peak changes as BTM resources change

Total Reliability Need MW to meet 0.1 LOLE does not change depending on the load determinant
...but if measured against a lower load, the required PRM % will increase

60,000 55,000 Gross
Peak Gross Peak + 15% =
el 7.9 GW reserve margin
’ ~
50,000 BTM PV (est.) / \
g Solar 50,000 ',"Manoget;‘\
i Peak
= mm Wind ] (Aftor BTM \
= === Gross Load (est.) /  resources) —
» 40,000 / \ Managed Peak + 15% =
= — V] d Load .
5 anagedton 45,000 / \ 6.9 GW reserve margin
% - Net Load 'll
Stage 3 '
8 30,000 Emergency /
Periods !
> H Net
40,000 !
o000 / ey To reach the same 7.9 GW
’ / e reserves, a 17% PRM is
/ renewables) required over managed
1
10,000 35,000 / peak
II
[}
[}
A ;
| D— e— 1
- 30,000
1 3 5 7 9 11 13 15 17 19 21 23 8 10 12 14 16 18 20 22

August 14, 2020

Defining PRM above gross/consumption peak avoids this issue
BTM PV treated as a resource via ELCC (per w/ current IRP methods) and its growth does not change the PRM % required
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Annual vs. Monthly Need Determination

* IRP Approach = Annual  RA Approach = Monthly
« System tuned until annual LOLE meets « Annual reliability standard allocated to
reliability target each month, then system tfuned until sum
of monthly LOLE equals annual target
Loss of Load Expectation Loss of Load Expectation
(days per year) (days per year)
0.07 0.07
0.06 0.06 Allocation of I:OLE
' Reliability risk is spread out ' o diﬁ?rgztrresgyt-lgost
k - S liabilit k
More appropriate 003 re(:cs)zl‘r'?;rsl%rReAc-:?/:J(?I\:::g:Zgoll 0.05 spr;;?:inc‘)i: rqeclrc:)slsls)lljrr\l'\s m::r... portfolio than
for long-term year annual view
planning, where 0.04 0.04 l ...1cmc:hfrom summer
isk iod O other seasons .
e s portaln

time, allocation of

planning horizon 0.02 0.02 LOLE and resulting
monthly PRMs will
0.01 0.01 need to be

updated
0.00 p— 0.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Source: estimated from draft PSP SERVM analysis (2026) Source: draft monthly 2024 RA PRM + ELCC study
Results in 1 TRN MW + 1 PRM % value Results in 12 TRN MW + 12 PRM % values

Timing of reliability risk is determined by the

Timing of reliability risk is a function of the poritfolio allocation of risk across the months
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Common examples of synergistic or antagonistic
pairings
Common Examples of Synergistic Pairings

m=m= Solar + Wind
0 AEER The profiles for many wind resources produce more energy during evening and
nighttime hours when solar is not available

mmm= Solar + Storage
0 AEER Solar and storage each provide what the other lacks — energy (in the case of storage)
and the ability to dispatch energy in the evening and nighttime (in the case of solar)

Solar/Wind + Hydro
0 s H Hydro is an energy-limited resource so increasing penetrations of solar or wind

e allows hydro to save its limited production for the most resource constrained hours

Common Examples of Antagonistic Pairings

Storage + Hydro
Energy limitations on both storage and hydro require longer and longer durations

after initial penetrations

Storage + Demand Response
i Energy limitations on both storage and hydro require longer and longer durations

after initial penetrations
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Delta Method: Calculation Approach

Calculate Individual Interactive Effects

Calculate Portfolio Interactive Effects

Calculated as the difference between the Portfolio ELCC and Calculated as the difference between the First-in

the sum of the Last-In ELCCs for all individual resources ELCC and Last-In ELCC for each individual resource
I - CALCULATE
______ IE Port *
Llx Ll
CALCULATE = Hdryues B
Portfolio Sum of Last- ; ;:ggt’,"f i, First-In Last-In IL”I‘;’, ‘gg‘,’z
ELCC In ELCCs Effects ELCC ELCC Effect

Calculate ELCC Accreditation

Calculate Individual ELCC Adjustments

Calculated by scaling all Individual Resource Diversity Add Individual Resource ELCC Adjustmentto

Impacts to match the Portfolio Diversity Impact Last-In ELCC for each individual resource
CALCULATE

CALCULATE

Sumof Individual ~ Sum of ELCC I‘: °"f°t’f° Last-In ELCC Final ELCC
Interactive Effects  Adjustments n Eeg':z tls ve ELCC Adjustment Credit
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