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+ E3is a San Francisco-based consulting firm founded in 1989 specializing in electricity economics
with approximately 75 staff

+ E3 consults extensively for utilities, developers, government agencies, and environmental groups

on clean energy issues

<+ Services for a wide variety of
clients made possible through
an analytical, unbiased
approach

+ Our experts provide critical
thought leadership, publishing
regularly in peer reviewed
journals and leading industry
publications
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Resource adequacy is increasing in complexity — and

importance
+ Transition towards renewables and storage o e S
Introduces new sources of complexity in w0 o
resource adequacy planning _ w00 /f\
-'E‘- 5,000
- Planning exclusively for “peak” demand is obsolete v
0,000 Ehe New Nork Times

— This was reasonable when all resources were firm Poor Planning Left California Short of

25,000
- Resource adequacy must consider conditions across . Electricity in a Heat Wave
all hours of the year — as underscored by California’s e et g e cureion
rota’“ng ou‘tages during August 2020 “net peak” penod Graph source: http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf

+ Reliable electricity supply is becoming

increasingly important to society: il b gy Y
. . . . CEN (Mexico] A ;.‘ \ -‘-..'. ROLLING
* Meeting cooling and heating electric demands as s al B4 ey
extreme weather events become more frequent and A B
severe is increasingly a matter of life or death FTE i
Natural gas By JANET SHAMLIAN ~ CBS NEWS ~ February 17, 2021, 6:57 PM
* Economy-wide decarbonization requires electrification Py Frigid temperatures
of transportation and buildings, making the electric _ devastate Texas power
industry the keystone of tomorrow’s energy economy grid as death toll climbs
Nuclear
[ 7 8 9 10 1 12 13 14 15 16 17 18 19 20

FEBRUARY
Graph source: https://twitter.com/bcshaffer/status/1364635609214586882
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Resource adequacy is no longer only about planning for

peak demand

CAISO System Operations on August 14, 2020
(MW of generation & load served)

Historical focus of Timing of
50,000 resource adequacy CAISO load
shedding

40,000 Load served
A Wind
30,000 g:’ﬁ o
er
Imports
20,000
10,000 Natural
Gas
0

Notes:
1. “Other” includes biomass, geothermal, coal, and storage
2. “Load served” represents wholesale energy demand; impacts of behind-the-meter solar not shown
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+ Traditional resource adequacy planning
focuses on peak demand

<+ Increasing penetrations of renewables
and storage will cause challenges to shift
to other periods of the day (and year),
requiring innovation in planning
approaches

California ISO Final Root Cause Analysis

“In transitioning to a reliable, clean, and affordable
resource mix, resource planning targets have not
kept pace to ensure sufficient resources that can
be relied upon to meet demand in the early evening
hours. This made balancing demand and supply more
challenging during the extreme heat wave.

“The rotating outages both occurred after the period of
gross peak demand, during the “net demand peak,”
which is the peak of demand net of solar and wind
generation resources.”




@ The nature of the resource adequacy challenge is changing

@ High Load 1-in-50+ peak load year

highest on record

+ Resource adequacy is a measure of the ability of the bulk
grid (generation) to meet a reliability standard across a o | G x s i afils
wide range of system conditions

* NY uses a 0.1 day / year standard 50 - Lot Load
Demand Response
+ As renewable penetration grows, planning problems shift . ® : O
from traditional need to meet peak demand hours (e.g., ? 30 =
summer) to new questions of meeting net demand (e.g., - el el Y g =
over multi-day low renewable events) i installed capacity 01 o s

(3) Drought Hydro Year
« The timing of these needs will change o — A =

— From summer gross peak to winter net peak

Loss of Load Probability Table

— To account for unexpected high load and low renewable output during

planned outages in the shoulder months Identifies the probability of each hour to be deficient
lour of the Da
+ This new planﬂing prOblem h|gh||ghts the need to assess Hl [ 2] 30|v4 [5]6] 789 w0]u]12]13[1a]15]16]17]18]19]20]21]22]23] 2

Jan

reliability in a time-sequential way over full spectrum of e e

system conditions 2er o aXWNE
2 1 eXle
Aug ! x£ ) --
Sep Ntuw Ae
Oct
Nov
Dec
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Decarbonization will eventually shift timing of loss of load

events into winter months

+ Today, reliability events are
concentrated in summer
“net peak” period — after
sunset but while loads
remain high

+ In a deeply decarbonized
grid, reliability events will
occur in the winter, during
sustained periods of low
renewable production

«  With large quantities of solar &
storage, summer is no longer
the “binding constraint”
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Loss of Load Probability

2018
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The reliability challenge in today’s electricity
system is ensuring sufficient capacity to meet

peak load on hot, late summer
afternoons/evenings as the sun is setting

Hour of Day
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Loss of Load Probability

2050

Dec

The reliability challenge in a deeply decarbonized electricity system in 2050 is ensuring
sufficient energy availability during periods of prolonged low wind/solar production.
The conditions are most pronounced at night during winter when annual solar
production is lowest and at night during summer when annual loads are highest

Based on E3’s study Long-Run Resource Adequacy under Deep Decarbonization Pathways for California
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https://www.ethree.com/wp-content/uploads/2019/06/E3_Long_Run_Resource_Adequacy_CA_Deep-Decarbonization_Final.pdf

Evolving grid challenges at increasing renewable

penetrations

+ Increasing levels of renewables will cause the timing of reliability challenges to shift to different
times of day — and eventually to different times of year

Summer Net Peak Winter Dunkelflaute

At moderate penetrations of At high penetrations of renewables, periods

renewables, solar shifts “net of sustained low renewable production —

peak” to evening, which most often in the winter - present the

8 becomes the primary challenge greatest challenge to operations
[
Z
>
=
S
o
[
o
[V
o
&
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2
-
(@)

0% Renewable Penetration 100%
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Historical-based capacity accreditation does not

accurately reflect reliability value

+ Historical output based: credit resource capacity
based on historical resource output during peak
periods

« Can use gross load peaks or net load peaks

« Typically multiple hours over multiple months (e.g. HE 16-18,
Jun-Sept)

» Can use median, mean, or “exceedance” approach (e.g. 70"
percentile)

+ Historical output based methods are simple and
transparent, but cannot capture load generation
correlation, diminishing returns, and interaction
between resources ™

* The approach works fine at small penetrations but insufficient Wind Solar Storage

when the system depends more meaningfully on these
resources for reliability

Energy-+Environmental Economics 10



Evolving best practices in resource adequacy

+ Best practices in resource adequacy link detailed loss-of-load-
probability modeling with a more simplistic planning reserve margin
accounting framework

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

Calculate target PRM

‘ e.g. 15%

Calculate ELCC of existing resources

-',:.-l

. . AN W
Calculate incremental/marginal ELCC of new 1 1\
resources, relative to existing portfolio T
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@ ELCC has quickly gained traction among ISOs and utilities

+ Many ISO/RTOs and utilities are
already using or considering a
transition to ELCC for renewable
(e.g., solar, wind) and/or energy
limited resources (e.g., storage)

HEco CAISOQ)

Most have applied ELCC concepts LADWP Tspp

to wind and solar; application for
storage and other energy-limited
resources has been limited to

= 4
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Loss of Load Probability
Modeling
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@ Loss of Load Probability Modeling Methodologies

+ LOLP modeling should contain sufficient information about
the probability of certain system conditions occurring,
including

* High and low loads due to weather

* Renewable conditions across a wide array of high and low generation
events

* Correlations between load and renewable conditions

« Dispatch behavior of energy-limited resources such as energy storage
and hydro

+ As much data on the distribution of load and renewables
should be captured as possible

« Weather distribution can be based on historical conditions, adjusted for
expected climate change impacts

* Renewable generation can be based on historical conditions, adjusted
for climate change impacts

+ E3recommends at least 10 years of renewable generation
conditions and as many load-driven weather years as is
reasonable e.g. 30+

* The accuracy of individual Monte Carlo runs in arriving at the ELCC of a
resource-type depends on the data within the run

Energy-+Environmental Economics

Load
Hourly load for many weather years
Dispatchable Generation
Capacity
FOR
Maintenance
RENENEGIES
Capacity
Hourly generation profiles for many
weather years
Hydro
Hydro availability for many hydro years
Max/min constraints
Storage
Capacity
Duration
Roundtrip efficiency
FOR
Demand Response
Capacity
Max # of calls
Duration of each call

-

Outputs

LOLE

Loss of load expectation

days/yr of total expected lost load
LOLH

Loss of load hours

hrs/yr of total expected lost load
EUE

Expected unserved energy

MWh/yr of energy that cannot be served
ELCC

Effective load carrying capability
Equivalent quantity of ‘perfect capacity’

for a variable or energy-limited resource

TPRM

Target planning reserve margin

PRM required to achieve a specified
reliability threshold (i.e. LOLE, ALOLP, or
EUE)

~
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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 exceeding available
(EUE) generating capacity

Loss of Load Probability % Probability of system demand exceeding availability generating capacity during a given time period
(LOLP)

Loss of Load Hours hours/year Average number of hours per year with loss of load due to system demand exceeding available generating
(LOLH) capacity

Loss of Load Expectation days/year Average number of days per year in which unserved energy occurs due to system demand exceeding
(LOLE) available generating capacity

Loss of Load Events events/years Average number of loss of load events per year, of any duration or magnitude, due to system demand
(LOLEV) exceeding available generating capacity

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

Result

Planning Reserve Margin Requirement
(PRM)

Units
% 1-in-2 peak load

Definition

The planning reserve margin needed to achieve a given reliability metric (e.g., 1-day-in-10-years LOLE)

Effective Load-Carrying Capability MW Effective “perfect” capacity provided by energy-limited resources such as hydro, renewables, storage, and
(ELCC) demand response
Residual Capacity Need MW Additional “perfect” capacity needed to achieve a given reliability metric

Energy-+Environmental Economics



@ Capturing the full range of potential electric demands

+ Most LOLP modelers use historical weather data to develop
“backcasts” of hourly load on today’s system under a broad
range of weather conditions

+ Neural network regression techniques rely on extensive records
of historical weather data to simulate loads

Most extreme peaks can be 5-10%

SlmUIatEd Hourly Load, 1979'2018 higher than typical peak Ioads
(MW)

Median (“1-in-2”) peak demand | i l ? i ]
R I S S S M M - N L. LA L LS N I R SRR R R AN LIRS R R R R VRS R O
PP FFFFFFFFFIPIIITIITIITILOLTETEFTE P EEL DS

Weather Year
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@ Planning reserve margin (PRM)

+ PRM is measured as the quantity of capacity
needed above the median year peak load to
meet the LOLE standard

[ Serves as a simple and intuitive metric that can be §
utilized broadly in power system planning s
[ Based on robust LOLP modeling §
K
. . . . 8
+ The integration of increasing levels of 2
renewables and storage does not render the 2
PRM framework obsolete g 4
w
[ Does require more advanced techniques for 0

measuring the contribution of different types of
resources towards that capacity requirement

Energy+Environmental Economics

.
o
)

N O & O O N OO ©
| M, (. ). . |

Traditional Reliability Planning Process

Achieved reliability at
different planning
reserve margins

Step 1: Set
Reliability
Standard

e.g. 1-day-in-10-years

Step 2: Calculate
Required PRM

—_—

1

90% 95% 100% 105% 110% 115% 120% 125% 130%

Planning Reserve Margin
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Resource accreditation is simple in the traditional planning

paradigm

+ PRM defined based on Installed Capacity
method (ICAP)

.. : Capacity
+ Individual resources accredited based on R .
nameplate capacity requirement i
J Small differences in forced outage rate I
] No interactions among resources System
. Kk
] Forced outages also incorporated through 32?nand
performance penalties Resource
accounting
—~ based on
nameplate
capacity

Traditional
Planning
Paradigm

n
Installed Capacity = 2 G;

=1
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@ Adapting the PRM framework for a high renewable future

+ PRM defined based on Perfect Capacity
(PCAP) or Unforced Capacity (UCAP)

<+ Individual resources accredited based on
ELCC
[ Large differences in availability during peak
[ Significant interactions among resources

J ELCC values are dynamic based on system
conditions

Portfolio ELCC = f(Gy Gy ..o Gy)

Energy+Environmental Economics

Capacity

* PRM
requirement

resources measured
using “effective load
carrying capability”

Dispatch-limited
I I :
System
camyi
demand
Resource
accounting
— based on
nameplate
capacity
Traditional Future
Planning Planning
Paradigm Paradigm



ELCC Computation and
Application
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@ ELCC is calculated using loss-of-load-probability modeling

+ Effective Load Carrying Capability (ELCC) represents
the equivalent “perfect” capacity that a resource
provides in meeting the target reliability metric (e.g.,
0.1 day/year LOLE)

« ELCC can also be thought of as the incremental load
that can be met by an incremental resource
throughout the year while maintaining the same
target reliability metric

o —» 0 -— ©0

Calculate existing system Add desired Remove perfect
reliability and tune the resource to portfolio capacity until target
system to the target reliability is restored
Addition of new source of Removal of perfect capacity
generation will increase reliability results in decrease in reliability
relative to measurementin Step 1 until original target is met

A resource’s ELCC is equal to the amount of perfect capacity removed from
the system in Step 3

Energy+Environmental Economics

Loss of Load Expectation

lllustration of ELCC Calculation Approach

(daysl/year)

1. Test system without resource and add perfect capacity to achieve 0.1 LOLE
2. Add resource to portfolio, thus increasing achieved LOLE
3. Remove perfect capacity from system to bring system back to 0.1 LOLE

ELCC

Perfect Capacity Added to System

(MW)
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@ Measuring ELCC of a Portfolio and Individual Resources

+ ELCC of is a function of the portfolio of resources
[ The function is a surface in multiple dimensions

[ The Portfolio ELCC is the height of the surface at any given
point on the surface

Portfolio ELCC = f(Gy' Gy ...0 Gyp) (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

Marginal ELCC;, = E(Gl’ Gy ... Gp) (%)
1

4+ The functional form of the surface is unknowable

J Marginal ELCC calculations give us measurements of the
contours of the surface at specific points

O It is impractical to map out the entire surface

Energy-+Environmental Economics

Marginal
ELCC

ELCC
Capacity

Portfolio
ELCC

Installed
Capacity
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@ Portfolio ELCC and Marginal ELCC

+ Portfolio ELCC

« The combined capacity contribution
of a combination of intermittent and
energy-limited resources

* Inherently captures all interactive
effects

« Useful for measuring the total
ELCC of an existing portfolio

4+ Marginal ELCC

« The incremental capacity value of a
resource (or a combination of
resources) measured relative to an
existing portfolio

« Useful for comparing new resource
options against one another at the
margin

Energy+Environmental Economics

Cumulative ELCC (MW)

Marginal ELCC (%)

200

100

50%

40%

30%

20%

10%

0%

Portfolio ELCC

1000 2000 3000 4000 5000 6000
Solar Capacity (MW)

46%

38%

27%

Marginal ELCC

12%
7% o
4% 2%
1%
0%

1000 2000 3000 4000 5000 6000
Solar Capacity (MW)

7000

7000
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@ ELCC captures saturation effects at increasing penetrations

Diminishing Capacity Value of Solar

80 -
;\3 73%
5 0+ Solar and other variable
z S resources (e.g. wind) exhibit
S 8 40 1 declining value due to variability of
° . . . o 29% . .
— Increasing solar penetration shifts = pI’OdUCtlon profl |eS
peak into evening when solar is less ‘UED 20 4
effective at further reducing peak ©
= 2%
O T T T T T T T T T T T T T T T T T T T T T T 1 O T T 1
123456 78 91011121314151617 181920212223 24 0 5 10 15
Hour of Day Solar Capacity (GW)
Diminishing Value of 4-hr Storage ELCC
100
g
L 80
s 2 Storage and other energy-limited
¢ g resources (e.g. DR, hydro) exhibit
g i e e S 4o declining value due to limited ability
longer discharge requirements which w© . .
limits the ability of 4-hr duration 5 to generate over sustained periods
storage to discharge at full capacity ‘E"
O T T T T T T T T T T T T T T T T T T T T T T 1 O
123456 7 8 9101112131415161718192021222324 0 5 10 15

Hour of Day 4-hr Storage Capacity (GW)
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@ ELCC captures diversity benefits among technologies

+ Resources with complementary characteristics produce the opposite effect, synergistic
interactions (also described as a “diversity benefit”)

+ As penetrations of intermittent and energy-limited resource grow, the magnitude of these
interactive effects will increase and become non-negligible

Solar Only 4-hr Storage Only Solar + 4-hr
. Storage Portfolio
Capacity Value: 1
T C ity Value: | | Portfolio
e gett T 75'2GW‘L apa§ YSZ\‘;, TR Capacity Value:
354 0t et N e, > o e 15-2GW
30 -

.

.

------
. . . .
...........

20 | | | Individual Solar + 4-hr

Load (GW)
N
(9]

Storage Capacity Value:
154 T 1 13.5G6w
10 ] ] +
Diversity Benefit:
5 1 ' ' 1.76w
0 T rrrrrrr T T T T T T T T T T T T T rrrrr T T T T T T T T T T T T T T T T rrr T T T T T T T T T T T T T T
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

Hour of Day Hour of Day Hour of Day
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@ Resource Interactions: Synergistic or antagonistic pairings

Common Examples of Synergistic Pairings
) Solar + Wind
o ’i\ The profiles for many wind resources produce more energy during evening and
nighttime hours when solar is not available

Solar + Storage
o . 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
o l H Hydro is an energy-limited resource so increasing penetrations of solar or wind

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

Common Examples of Antagonistic Pairings

after initial penetrations

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

Storage + Hydro
Energy limitations on both storage and hydro require longer and longer durations
1 after initial penetrations

@ B
-
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@ Loss-of-Load Probability Hours and Impact on ELCC

+ ELCC captures the ability of a resource to improve reliability on the system i.e. reduce loss-of-load
events

+ The timing of loss of load events can provide a useful indicator of a resource’s ability to provide

ELCC
+ LOLP tables should be based around tour oty Sanarame) ————
many potential years of conditions P
aroun d l?l:f Illustrative low renewable system LOLPs
* Load e oy
« Renewables e
* Generator Outages Renewable + Storage additions drive transition from
o _ summer>winter Net Load Peak and clear change to
+ LOLP conditions correspond with load timing of LOLP Hours
net of intermittent and energy-limited R —

resources —in a system with ample solar
and storage, these net load conditions
can shift to the winter

lllustrative high renewable system LOLPs
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@ ELCC curves

+ Marginal ELCC curves can show the
incremental ELCC of individual

. . . Marginal ELCC (%) - Wind Marginal ELCC (%) - Solar
resources at increasing penetration oot p—
+ While marginal ELCC represents the = & so £ 30%
technical value of an additional MW g ,, 5
of a technology-type on the system, ; . K ; o
entities have often implemented
average ELCC methOdOlOgieS for e 1000 2000 3000 4000 5000 6000 7000 8000 o 1000 2000 3000 4000 5000 GOOO 7000 8000

resource p | ann | n g | no rd er tO Cumulative Installed CapaciyAMW] Climfla v r 1stalled Capacity (MW)

allocate beneficial interactions Marginal ELCC (%) - 4-hr DR

100%

100%
between resources

g 80% g 80%

+ If this benefit is not allocated to g 6o 3 0%

resources via an averaging § a0 g a0

methodology, the benefit is realized = 20 = 20%
by Ioad > 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 o 500 1000 1500 2000

Cumulative Installed Capacity (MW) Cumulative Installed Capacity (MW)
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@ ELCC application and evolution

+ ELCC modeling applications have evolved
In the past, a single ELCC is used value for each resource technology
I Many utilities are now using a ELCC curve for each resource technology to reflect diminishing returns
J A multi-dimensional surface captures both diminishing returns and interactive effects

+ A computationally useful surface is derived by repeated ELCC calculations at different penetration
levels for multiple resource types

[ E3 uses multi-dimensional surfaces in capacity expansion modeling

50%
46%

40%
38%

30%
27%

inal ELCC (%)

20%

Marg

12%

7%f4%

10%
2%
1%
0% 0%
0 1000 2000 3000 4000 5000 6000 7000
Solar Capacity (MW)

Solar + Storage Portfolio ELCC

Solar
Penetration
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@ Practical considerations in ELCC calculations

+ An ELCC calculation is a measurement of the gradient at a point that must be specified with the
following information:

J What resource(s) is being measured? (Partial derivative with respect to which variable?)
J How much of that resource(s) is being measured? (Coordinate along that dimension)

[ What resources are in the background system upon which the ELCC is being measured? (Coordinates along other
dimensions)

+ In theory, each resource is its own dimension, however in practice similar resources will need to
be grouped into resource classes

J May be desirable to use heuristics to differentiate among similar but not identical resources

+ Because of interactive effects, the sum of marginal ELCC values will not equal the Portfolio ELCC:
J Marginal ELCCs do not capture diversity benefits among resources
 Marginal ELCCs do not capture saturation effects among individual resources

] Difference between Portfolio ELCC and sum of Marginal ELCCs is referred to as the Diversity Benefit
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@ Complicating Factor: Portfolio Diversity Benefit

+ The ELCC of a portfolio of resources is often more than the sum of their parts — creating a
diversity benefit that must be allocated between the resources

ELCC Diversity Benefit Example

Portfolio ELCC Solar Only ELCC  Storage Only ELCC Diversity Benefit

Energy-+Environmental Economics 31



@ What is an “Average ELCC”?

+ With only one resource, an Average ELCC can be defined
as the Portfolio ELCC divided by the total installed MW

Averge ELCC;, =

+ Average ELCCs are perceived as useful because the sum
of individual ELCCs can be made to be equal to the total
Portfolio ELCC

 This is done by starting with the Portfolio ELCC and allocating it
among individual resources

1 Useful for display in a load-resource table

+ Any averaging method requires an allocation of the
interactive effects among the various resource types

Energy+Environmental Economics

ELCC
Capacity

Marginal
ELCC

Portfolio
ELCC

Installed
Capacity

32



@ Challenges with Average ELCC approaches

+ There are a variety of challenges with the way Average

ELCC values have been calculated to date Marginal

ELCC

O Any averaging method requires an allocation of the interactive ELCC

effects among the various resource types Capacity

+ These allocations are by definition arbitrary and can
lead to counter-intuitive results

U If different resource classes are dramatically different in size
(e.g., 10,000 MW of solar, 200 MW of storage)

[ CA: average ELCC for solar and wind with marginal diversity
benefit allocation calculated on a monthly basis

Portfolio

/ ELCC

+ E3 developed the Delta Method as a way to ensure
intuitive allocation of interactive effects

U PJM’s application of the Delta Method was recently approved by
FERC Installed

[ Average ELCC of a given resources is its Marginal ELCC plus an Capacity
allocation of the Diversity Benefit based on its contribution to it
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@ Principles for individual resource ELCC accreditation

+ The features of ELCC that make it the preferred metric to measure the capacity contributions of
resource adequacy needs creates challenges for implementation

+ Centralized capacity markets must assign a ELCC credit to individual resources

+ The following principles are useful to consider in designing an approach
* In many ways, these parallel principles that must be balanced in electricity ratemaking

 Like with rate design, these principles sometimes conflict with one another

+ The Marginal ELCC approach for resource accreditation in a capacity market context favors the
Efficiency principle above all others

( Reliability \ (

The s

N

uld be Credits sh send

~

cceptability

N (a

Fairness Efficiency

all ELCC ELCC credit.

credits to individual technology. tral and signals courage
resources uld equal prop reward economical, icient
the t urce reso their pl and
portfolio ELCC characteristics procurement decisions planners and market

U J J J
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@ lllustrative Results: Marginal ELCC vs Avg. Method ELCC

Marginal Average
100% eeoeo00 g " = | eeeee
80%
—e—Hydro
g ——12-hr Pumped Storage
8 o0% —e—8-hr Battery Storage
d —e—6-hr Battery Storage
é 40% —e—4-hr Battery Storage
9 Demand Response
Offshore Wind
20% M Gt eeteee oo oo —o\\ind
Solar
0%

2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050
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@ ELCC of dispatchable resources

+ ELCC calculation can and in theory should also be applied to dispatchable resources
such as thermal plants

+ ELCC of thermal resources is determined by two major factors

J Forced outage rates (FOR) of the thermal unit/plant - a larger FOR will result in a smaller ELCC of the
resource

J Unit capacity size of the thermal resource — under the same FOR, if the total thermal capacity is the
same, a larger plant will have a lower ELCC because its outage will be more likely to cause loss of load

+ If the unit size is small or the system size is large, the ELCC is closeto 1 — FOR
(J1 - FOR can be an acceptable approximation of ELCC

et le
ot lea =
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@ MRI and ELCC

+ On August 9", the NYISO MMU presented on an approach to capacity accreditation called Marginal
Reliability Improvement (MRI)

 MMU described its methodology as aiming to compensate all resource based on their marginal contribution to
meeting the planning reliability metric (e.g. LOLE or expected unserved energy)

+ E3 views MRI as a specific method for calculating an ELCC value

The MRI approach may have some advantages over other methods, i.e., reduced computational burden

Reduced computational burden may, in some cases, come at a cost of reduced accuracy

NYISO should investigate MRI and other alternatives for calculating ELCCs to determine an appropriate method or
suite of methods based on accuracy and practicability
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(&) calculating Reliability Statistics

Loss of load

Generation occurs when Expected Unserved Energy (EUE) = MWh/yr
availability load > available Sum the area of all loss of load over the
changes generation entire year (or multiple years) and divide by
70 hased on plant # of years
forced outages l
60
l Load
I Loss of Load
50 |
I Storage
I Ext Solar
40
= CA Solar
© - Ext Wind
30
mm CA Wind
50 Loss of Load Hours (LOLH) = hrs/yr m Dispatchable
Count the number of hours with loss of = 0ad
load over the entire year (or multiple years)
10 and divide by # of years
0
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Calculating Reliability Statistics

Traditional System w/ Dispatchable + Solar Generation

Loss of load

Generation occurs when Expected Unserved Energy (EUE) — MWh/yr

availability load > available Sum the area of all loss of load over the

changes generation entire year (or multiple years) and divide by
70 “pased on plant # of years

forced outages
60

Load | ‘
‘ ‘ n I | oss of Load

50

I Storage

I Ext Solar

40
= CA Solar
© W Ext \Wind

30

mmm CA Wind
50 L oss of Load Hours (LOLH) — hrs/yr W Dispatchable
Count the number of hours with loss of | 0ad
load over the entire year (or multiple years)
10 and divide by # of years

0
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Calculating Reliability Statistics

Traditional System w/ Dispatchable + Solar Generation

Reducing dispatchable generation increases
loss of load and returns system to original level
of reliability

70
60
I | oss of Load
50
I Storage
B Ext Solar
40
> CA Solar
“ mmmm Fxt Wind
30
s CA Wind
I Dispatchable
20
| 03d
10
0
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@ E3 Case Study: Net Zero New England

Imports, Hydro, Biomass, Nuclear Wind Solar == Storage Discharge = Curtailment = CT/CCGT/ST ==Load + Reserves + Charging ——Load + Reserves

<2}
o

~
o

Typical Week Hourly Dispatch In most weeks, significant and generation
minimizes need for CT/CCGT/ST* generation

[V =)}
g o o

w
o

Load and Generation (GW)

. L
50 Average Hourly Generation by Week "~~~-___ ,'
------- ,
2 40 ~—— /
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o mf] i s=E-== . 1 am =_==="I=8
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10
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High Electrification Base Case

E Envi IE * Could represent natural gas, hydrogen, or other zero-carbon fuel blend burned in CT/CCGT, or dispatchable long-duration storage if viable
nergy+Environmental Econo technology emerges. More generally, this could represent any firm capacity, e.g. nuclear SMRs and Gas with CCS could also play this role. 43



@ E3 Case Study: Net Zero New England

Imports, Hydro, Biomass, Nuclear Wind

Solar mmmStorage Discharge mmmCurtailment == CT/CCGT/ST ==Load + Reserves + Charging ——Load + Reserves
80
.  Critical Week Hourly Dispatch During low renewable conditions, 32 GW of
& CT/ICCGT/ST* generation is dispatched for reliability
c
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High Electrification Base Case

E Envi IE * Could represent natural gas, hydrogen, or other zero-carbon fuel blend burned in CT/CCGT, or dispatchable long-duration storage if viable
nergy+Environmental Econo technology emerges. More generally, this could represent any firm capacity, e.g. nuclear SMRs and Gas with CCS could also play this role. 44



@ Key Design Choices

Marginal v. Average

Unit-specific v. Technology-specific ELCC determination
Resource Dispatch Logic

Load Shapes

Renewable shapes

+ + + + + +

Resource characteristics
« Resource dispatch logic

- Storage durations

* Hydro, DR, hybrids

* Thermal EFORd

+ ELCC calculation shortcuts
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ELCC Allocation Sensitivity Results

4-hr Storage

+ Final ELCC allocation to specific resources will change depending on the methodology — a
decision ultimately in the hands of the CPUC

« First-In and Last-In ELCCs are provided for reference but do not sum to portfolio ELCC across all resources

120%

100% & == oo i ———t————————————————————

) ——First-in
8 80%

> —e—Delta
L

o 60%

[

S

N 40%

= .
3 Last-in

20%

0%

100%  100%  85% 58% 50% 45% 43%

100% 100% 82% 39% 18% 15% 17%
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ELCC Allocation Sensitivity Results

4-hr Storage

+ Final ELCC allocation to specific resources will change depending on the methodology — a
decision ultimately in the hands of the CPUC

« First-In and Last-In ELCCs are provided for reference but do not sum to portfolio ELCC across all resources

« Averaging methodologies sum to portfolio ELCC across all resources but may introduce distortions such as >100%
ELCC

120%

. 100%
——First-in
80%
—e—Delta

60% —e—Adjusted Average

—Last-in Based Allocation

40%
Last-in

4-hr Storage ELCC (%

20%

0%

100%  100%  85% 58% 50% 45% 43%

100% 100% 82% 39% 18% 15% 17%
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Which capacity value methodology should we use and why

should we care?

<+ Marginal/Incremental ELCC:
There are many different "marginal” ELCCs
depending on your “base” portfolio. For our
purposes, we define two standard types:

* First-In ELCC:

Incremental capacity contribution for a specific Resource 4
resource relative to a “base” portfolio with no No D‘LSP?“CQ Firstin ELCC
Imite

dispatch-limited resources Resources

Thermal Thermal
« Last-In ELCC: Base Resource 4 Only

Capacity contribution of a specific resource as the

last increment to be added to achieve the “full” Last-in ELCC Methodology

portfolio with all resources
+ Each marginal ELCC tells a different story estinEee g
Resource 3 Resource 3
Portfolio
ELCC Resource 1 Resource 1
Thermal Thermal
Base Base + Resource 4
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Delta Method:

Calculation Approach

Calculate Portfolio Interactive Effects

Calculated as the difference between the Portfolio ELCC and

the sum of the Last-In ELCCsfor all individual resources

CALCULATE
Portfolio Sum of Last- ’;ggggﬁe
ELCC In ELCCs Effects

Calculate Individual ELCC Adjustments

Calculated by scaling all Individual Resource Diversity
Impacts to match the Portfolio Diversity Impact

CALCULATE

SumofIndividual ~ Sum of ELCC ’P‘”Tfo’f'o
Interactive Effects  Adjustments n I;;rgg; ve

Energy+Environmental Economics

Calculate Individual Interactive Effects

Calculated as the difference between the First-in
ELCC and Last-In ELCC for each individual resource

CALCULATE

First-in Last-in ;;';gi:g?f;
ELCC ELCC Effect

Calculate ELCC Accreditation

Add Individual Resource ELCC Adjustment to
Last-In ELCC for each individual resource
CALCULATE

Last-In ELCC
ELCC Adjustment Credit

Final ELCC



Delta Method captures resource’s capacity value and their

interactions with the rest of the portfolio

+ Goal: to calculate a resource’s capacity value and its interactions Last-In
with other resources in the portfolio. ELCC
. ELCC
+ There are 3 measurable metrics we can leverage: . I_Delta ELCC
Capacity lies somewhere
« Resource’s First-In ELCC Last-In and First-
* Resource’s Last-In ELCC In ELCC \
+ Problem: No one metrics alone can characterize interactive effects l ;
+ The combination can characterize the synergistic and antagonistic
interactions within a portfolio
- If Last-In ELCC > First-In ELCC, resource is synergistic Portfolio
 If Last-In ELCC < First-In ELCC, resource is antagonistic ELCC
Solar Only 4-hr Storage Only Solar + 4-hr
i Storage Portfolio
Capacity Value: 7 B
a0 526w - Copagiy aue: T T e
B LT e N A e - 15.2G6w
E 30 .
8 25 oo _ o - First-In
B ] ] 1 Storage Capaciy Value:
= 15 4 5 1 g:1.3..'.'-)G\.'\." ELCC
10 : 1 o
. | Dlve]r.ﬂt% Bc:"n;ﬁt:
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Hour of Day Hour of Day Hour of Day Ca pacity
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Multiple frameworks have been considered for accreditation
of ELCC to individual resources

Yields correct total ELCC
across all resources

Vintaged Assigns each resource a

Marginal credit based on the
marginal ELCC at the time
it is added to the system

Marginal All resources are attributed
an ELCC based on their
marginal contribution to
resource adequacy

Adjusted 1) Calculate Portfolio

Class ELCC

FUETEE 2) Calculate average?

ELCC for each group of
resources (e.g. wind,
solar)

3) Apply uniform
adjustment to each
class average ELCC so
that the sum of all
classes matches
Portfolio ELCC

Energy-+Environmental Economics

Provides accurate
marginal signal for
procurement of new
resources

Temporarily provides
correct marginal signal
for procurement of new
resources

Yields correct total ELCC

Add note about averaage

Distinction between otherwise identical resources
undermines fair competition and isn’t a feature of
other electricity market products (even though the
same factors apply)

ELCC “lock-in” can become intractable based on
resource lives and potential for upgrades or partial
retirements

Does not appropriately credit a portfolio of resources
for its total contribution to resource adequacy

Increasingly segmented classes to capture
distinctions between resources (renewable
geography, storage duration, hybrid resource
configuration, etc.) leads to inconsistent treatment in
classes of different sizes. Small classes have an
ELCC much closer to marginal where larger classes
have an average ELCC much different from marginal

Uniform adjustments to all resource classes to
account for interactive effects does not faithfully
capture nature of interactions. In a portfolio with
positive synergy, adjustments should only be applied
to the resources that are providing that synergy
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