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Today’s webinar

O

We'll discuss a new Berkeley Lab report by:
o Myles Collins

o Matia Whiting

o Josh Schellenberg

o Lisa Schwartz (PI)

The U.S. Department of Energy’s Grid Deployment Office
provided funding for the study.

On this webinar, all participants are in listen-only mode.

You can use the Q&A box to make a comment or ask a
question. We'll moderate Q&A following the presentation.

Slides are posted to the project website.

We'll post a recording of the webinar at this website soon.

Resilience: the ability to prepare for and adapt to changing conditions
and withstand and recover rapidly from disruptions

| Energy Markets & Policy
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Bridging the gap on data, metrics, and
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i work was supported by the LS, Deparbment of Energy's Grid Deployment Office under Lawrence Barkeley
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https://emp.lbl.gov/publications/bridging-gap-data-metrics-and
https://emp.lbl.gov/publications/bridging-gap-data-metrics-and

Agenda

Obijectives and scope (Lisa Schwartz)
Methodology and framework (Myles Collins)
State requirements, vulnerability assessment, and hazard exposure (Matia Whiting)

Data, metrics, and analyses in utility resilience plans, findings and emerging best
practices (Myles Collins)

Moderated Q&A
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Motivation, Scope, and Methodology
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Objectives and Scope

States and utilities are aiming to improve grid resilience to address threats posed to electric systems from

increasingly severe weather events.

o Planning activities to improve grid resilience are at a relatively nascent stage.

o There is no industry-wide consensus on the metrics, data, and analyses that are most effective to improve decision-
making related to grid resilience investments.

Study objectives

o Help bridge the gap between the grid resilience data, metrics, and analyses that utilities use and the information
utilities provide to utility regulators, state energy offices, and other stakeholders that engage in grid resilience planning

o Help state regulators identify, describe, request, and use utility data and analyses to inform their decisions on utility
resilience plans and cost recovery requests for investments

o Help stakeholders understand why certain information is needed and what information the utility can provide

Scope

o Focus on resilience to events resulting from severe weather and climate conditions

o Other hazards, such as earthquakes and threats to physical security and cybersecurity, are not within the scope of this
report.

o Builds on earlier report, Grid Resilience Plans: State Requirements, Utility Practices, and Utility Plan Template, which
summarized state requirements for grid resilience plans across a variety of hazards, identified emerging best practices,
and provided a template for utility filings.
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https://emp.lbl.gov/publications/grid-resilience-plans-state

Methodology

o Reviewed state resilience planning
requirements in 15 states and one city

- Reviewed 43 utility resilience plans, s

from industry resilience initiatives and .., B T

working groups

o Conducted interviews with staff at
utilities, public utility commissions,
and state energy offices
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Framework

o The report presents data, Vulnerability Assessment

metrics, and analyses that = Evaluation and
utilities can provide state Prioritization

regulators and stakeholders. Analyses

o Categories in the report Hazard Attribute Performance
: - E Metrics Metrics Analyses for
align with frameworks found xposure evaluating
In the literature and in utility Avoided measure
- . impacts of performance
resilience plan filings. Hazard System and harards due to

characteristics : v u
community mitigation

characteristics measures
which

Methods for

selecting

- investment
Dls.trlbutlon of portfolio or
impacts prioritizing
investments

contribute to or
Degree of describe
exposure to resilience
hazards
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State Requirements
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State Requirements (1)

n A growing number of states are
establishing requirements for
electric utilities to file grid resilience
plans.

o As of September 2024, 15 states and
one city

Requiremen

(© State requirements identified,
plans filed and reviewed

( State requirements identified, no
utility plans filed yet

. .
° @ © State requirements underway
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State Requirements (2)

o Multiple hazards

o General system resilience — HI, LA, TX

o Climate change resilience and
vulnerability — CA, ME, NY

o Infrastructure modernization — MA, NJ

o Storm protection

o CT, FL, MI, New Orleans

o Wildfire mitigation
o CA, NV, OR, UT, WA

Legend
. Required and specific

Required and high-level

Recommended and high-level

State
Ensemble of Hazards

Plan

Climate Vulnerability Assessment, Risk-

Vulnerability
Assessment

Hazard
Exposure

Attribute
Metrics

Performance
Metrics

Evaluation &
Prioritization
Analyses

Severe Storms

Connecticut

Resilience Plan

California
based Decision-making Framework . . . . .
Colorado Distribution System Plan .
Hawaii Natural Hazard Mitigation Plan .
Maine Climate Change Protection Plan
Massachusetts Electric-sector Modernization Plan
New Jersey Infrastructure Investment Program ‘
Climate Change Vulnerability Study and
New York
w Resilience Plan . ‘
Texas T&D System Resiliency Plan

Florida

Storm Protection Plan

Lousiana
(only New Orleans)

System Resiliency and Storm Hardening
Plan

Michigan

Distribution System Plan

California Wildfire Mitigation Plan . . . .
Nevada Natural Disaster Protection Plan . ‘ . .
Oregon Wildfire Mitigation Plan ‘ .

Utah Wildland Fire Protection Plan
Washington Wildfire Mitigation Plan

ENERGY TECHNOLOGIES AREA
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Evaluation &
Vulnerability Hazard Attribute | Performance | Prioritization

State Re q u i re m e n ts (3) oS Assessment | Exposure Metrics Metrics Analyses

Climate Vulnerability Assessment, Risk-
based Decision-making Framework

7 C atego ries of ana |yse s & metrics Colorado Distribution System Plan ®

California

o Hawaii Natural Hazard Mitigation Plan .
o Vulnerability assessment, hazard exposure,
. g . . . Maine Climate Change Protection Plan
prioritization/evaluation analysis
Massachusetts Electric-sector Modernization Plan
= AttrIbUte metrICS’ performance metrICS New Jersey Infrastructure Investment Program

Climate Change Vulnerability Study and . .

1 Most commonly required: hazard New vork Resilence Plan

exposure anaIySiS (in plan) and : exas T&D System Resiliency Plan
performance metrics (after plan filing) Resilience Plan ® ® ® ®

o Flexibility and specificity varies, e.g.:

Lousiana System Resiliency and Storm Hardening
(only New Orleans) Plan

@
Florida Storm Protection Plan . ’
@

o CA CAVAs - required and specific

Michigan Distribution System Plan . .
o TX System Resiliency Plan required/

. California Wildfire Mitigation Plan
recommended and high level ® ® ® ®
Nevada Natural Disaster Protection Plan ‘ . . .
Legend Oregon Wildfire Mitigation Plan ' .

. Required and specific
Required and high-level Utah Wildland Fire Protection Plan
Recommended and high-level Washington Wildfire Mitigation Plan
, 11

ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION ENERGY MARKETS & PoLicy



= ENERGY MARKETS & POLICY

BERKELEY LAB

Data, Metrics, and Analyses in Utility Resilience Plans
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Vulnerability Assessments

o Vulnerability assessments include the Vulnerability Assessment

following elements:

o Hazard characterization — Hazard analysis relative to

Evaluation and
Prioritization
Analyses

Consequence

. Hazard Attribute Performance
infrastructure and process areas e Metrics Metrics i il
o Exposure — Degree to which utility assets could face a “Avoided measure
given hazard, based on asset location and climate | Haard System ang e performance
information (historical, projected) chracteristcs e ——
o Sensitivity — Degree to which availability or performance — (SRSs ST e e
of an asset could be affected by exposure to climate T resiience impacts _E?Efii’t'i'iin‘zt{
Investiments

hazards

o Consequence — Estimated magnitude of negative
outcomes if an asset faces negative impacts to
availability or performance

o Vulnerability assessments also may take into

e + @ ] Vulnerability
account community sensitivity and adaptive

capacity. City of Seattle (2023)

13
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https://seattle.gov/documents/departments/opcd/seattleplan/seattleclimatevulnerabilityassessmentjuly2023.pdf

Vulnerability Assessment Examples

o Vulnerability assessments in the utility resilience plans combined quantitative and qualitative

assessments to identify high, medium, and low vulnerabilities to extreme weather hazards for
specific utility assets or processes.

n Example: PG&E CAVA (2024), Rochester Gas and Electric (RG&E) and New York State
Electric and Gas (NYSEG)

RG&E and NYSEG Vulnerability Rating Rubric

Sensitivity . .
Resilient Together Initiative \ Consequence (Low) (Medium) (High) (N!A)
Climate change Recommendations by
vulnerability and adaptive communities to build (Low) Ni A
capacity of communities community resilience
3 % ” (Medium) High N/A
Climate
Change .
Sensitivity | L Vulnerabil.ity/l (High) Hiﬂh Hiﬂh N/A
~ ‘/—\ - Potential
If no exposure and/or . " Adaptation .. . .
not sensitive Suagais | Che Modarsta and RG&E and NYSEG Transmission Asset Vulnerability Ratings
1 AP ‘ Change Risk Resilience
\ / J f -~ Messtes Hazard Rtes at : . .
% w | Asset Temperature Precipitation Flooding Wind Wind &lce
. : Line Structures
]
' (Poles/towers) R R High* High High
i
.................................................. Off-Ramped Conductors (Overhead)
Not considered a climate change issue Conduct
at this time onductors
(Underground)
Open-Air Current-Carrying
Source: PG&E Climate Adaptation and Vulnerability Assessment (2024) components
Priority Vulnerability
: Source: Avangrid (NYSEG & RG&E) Climate Vulnerability Assessment (2023)
i
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Hazard Exposure

- Hazard
characteristics

oHazard data variables

oFuture climate
scenarios

oAnalysis timeframe
oData sources

o Exposure data

e NS ENERGY TECHNOLOGIES AREA

Vulnerability Assessment

-

Hazard
Exposure

Hazard

characteristics

Degree of
exposure to
hazards

~

Attribute
Metrics

System and
community
characteristics
which
contribute to
or describe
resilience

ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION

Consequence

Performance

Metrics

Avoided
impacts of

hazards due to

mitigation
measures

Distribution of
impacts

ENERGY MARKETS & PoLicy

Evaluation and
Prioritization

Analyses

Analyses for
evaluating
resilience
measure

performance

Methods for
selecting
investment
portfolio or
prioritizing
investments
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Hazard Characteristics

Days ding 86°F ref perat
Average annual number of days with average summer femperafure exceeding 86°F in

1 Central Park. The dashed line shows the histoncal average number of days. The box + 2 - =
D aza r a a Va rI a e S plots comespond to the 100 250 50, 750, and 007 percentiles. Historic and prujected average summer air temperature
Central Park. 10-year moving average of observations from 1965-2016 and the 10th-90th
percentiles of each RCP are shown.

o Informed by regional hazards, state |

=]
-+

guidance, and relevant thresholds 5

50
L

2 ] =
o L

40

o Future climate scenarios ie i gl 1 Wl e
O 2

3+
L
1]
-
{0

o Informed by state guidance and risk 1 g=s o
tolerance 5 RoWECIe J c e T caiod "l _W

—— i i T : ; “igs0 2000 2020 2040 2060 2080
2020 2040 2060 2080 2020 2040 2060 2080 Year

o Timeframe

Top Row
Inundation Depth Source: Con Edison
o Informed by state guidance, asset lifespans, e e Vuineraity Sy
and data limitations y

Source: PG&E Climate
Adaptation and
Vulnerability
Assessment (2024) and
O&R Climate Change
Vulnerability Study
(2023)

o Data sources

o Historical and projected

o Nationwide downscaled gridded climate data,
state and local climate data, event e

year
floodplain

databases, locally-constructed federal data o

year
floodplain

Substation  Feva100.  FEMA S00- _— Figure 11. 100-year inland flood depths in an example

::': it T heiisi Y foodelain floodplain adjacent to Hartley Road Substation,
located in Orange County

Kim - 16
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Exposure Data

o Describe the degree to which assets may experience specific climate hazards

o Utilities typically generated exposure data using geospatial asset and hazard data and analyzed
it on an asset-hazard combination-specific basis.

o Allows utilities to identify which components of their system are most exposed to potentially
disruptive climate hazards, enabling more targeted resilience efforts.

o Most resilience plans that addressed exposure presented
findings as maps.

.’ Historical Baseline 2050: SSP5-8.5 2080: SSP5-8.5

Summer Maximum 2n Franciseo
I{1990] u Ximu san

Temperatures

at Distribution Lines °C (°F)
31-33(87.8-91.4°F)
33-35(91.4-95°F)

’ 35-37 (95 - 98.6°F)

| ™ 37 - 39 (98.6- 102.2°F) San Maten

)| I 39 - 41 (102.2 - 105.8°F)
I - 41 (105.8°F)
[C] NY Operating Districts

Change in maximurm S-day precipitation in 2050 {mm)
<5

5-10
10-15
0 35 70 105 mi 15- 20
- . —
l 25-30
. . . e, - 30-35
Source: National Grid Climate Vulnerability Assessment (2023) Source: PG&E Climate Adaptation and Vulnerability Bl > 35

EZ High landslide incidence
Overbead electrical transmission lines

17
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Exposure Data (2)

o Exposure data may be presented visually (maps and graphs) or statistically (summary tables)

60,000 2050: S5P2-4.5 50" Percentile
1
50,000
Ranges of summer maximum
ambient temperatures °C (°F) nfi
40,000
- = > 40.6°C (105°F)
o Historical Baseline
E 30,000 w>37.8°C [100°F] -40.6°C (105°F} {1986-2005)
_E = >35°C (95°F) — 37.8°C (100°F) o
-l
20,000 >= 32.2°C (90°F) - 35°C (95°F)
<32.2°C (90°F) _}
10,000 +
Historical 2030 2040 2050 2060 2070 2080 i

Source: National Grid Climate Vulnerability Assessment (2023)

M
o w4 a0 |
[ — —--

Table 5.2. PG&E Pad-Mount Distribution Transformer Counts Exposed to Coastal Flooding

Region Baseline 2030 2050 2080
Bay Area 107 (0.08%) 1,501 (1.12%) 1,942 (1.45%) 3,598 (2.69%)
Central Valley 25 (0.02%) 754 (0.56%) 786 (0.59%) 1,420 (1.06%)
Sierra 6 (0.004%) 26 (0.02%) 29 (0.02%) 58 (0.04%)
North Coast 161 (0.12%) 306 (0.23%) 424 (0.32%) 743 (0.55%)
Central Coast 22 (0.02%) 62 (0.05%) 115 (0.09%) 490 (0.37%)
Total 321 (0.24%) 2,649 (1.98%) 3,296 (2.46%) 6,309 (4.71%)

Source: PG&E Climate Adaptation and Vulnerability Assessment (2024)

NYSEG Divisions
RGE Divisions

Highest Daily
Peak Wind Gusts

(mph)

60 -
- 65

62

—_— 65 -
—_70 -
— TG
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Attribute Metrics

o System characteristics that contribute to or Vulnerabilty Assessment

describe aspects of the resilience of a system or

Evaluation and

. Prioritization
community - ~ Analyses
ihi i i Hazard Attribute Performance

o Reflect the ability of the electrical system and its - Metos et Aoy o

customers to anticipate a hazard, withstand the Avoided measure
hazard, adapt to hazard impacts, and recover Hazard e ampacts of LI

. characteristics community eritication
from the hazard to a normal operating state characteiscs measures —
whic

. . . . contribute to e

o By tracking attribute metrics, utilities can Degree ot or descrbe Dstinton o portfolo o
connect infrastructure performance to tangible nazars ey

asset characteristics and hardening progress
and, in doing so, assess both the components
of their system that are more resilient and those
that need improvement.
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Phases of Resilience

Disruption A
@
g Normal Disruptive Recovery to Longer-Term
£| Operation Event Stable State Restoration
H S Withstand
-y Disruption
: Begins Absorb
. Anticipate and % Anticipate Recover
i Prepare & No Additional
& Resilienca Investments
:
w
B
Plan Absorb Recover Adapt ty L t, f Time
S op il o External Threats
Phase 0 Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 7 i\ _
Distribution | | OPerational | | piceypp, Degraded | | Restorative et z e i n sl
nce f . A
Planning for restorative = 3 | &7 | Grid Qutage Event 44
Planning g In Progress State State State _g I 1 5 J,_-,\é/. g
x § \
3 100 2 B TR I
2 S P N
[} - [ \ fi \'-.I
§ E -._g/." |\£{_§_b/
§ ‘;_ Grid Hardening Restoration
2 =
« Yooy
Grid Flexibility (1 ¢ )}
e
Time
Sources: From Leddy et al., (2023), Keen et al. (2024), EPRI (2023), RG&E & NYSEG (2023)
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Attribute Metrics

o Report categorizes attribute metrics into four resilience phases to align with the definition of resilience

Resilience Phase Description Metric Type

Potential for hazards to damage assets
. . The likelihood or characteristics of J
Anticipate tential i ¢ dbvah q
potential Impacts caused Dy a hazard. Potential for assets to damage surroundings
Asset condition
Withstand Th.e electrical system's capacity to avoid Asset ratings
being affected by a hazard.
Asset hardening status
The ability of the grid to respond to asset Automation and topology
damage or of the community to change Emergency power
Adapt : o
behavior to minimize impacts to Social indicators
customers. . .
Community resilience
Preparedness
Th ility t t | gri ti
Recover e abi |. y to r.es ore normal grid operation Accessibility
after a disruption.
Power restoration
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Attribute Metrics — Example

SHCFMTRMG

CRM Scores (-100 - 100):

High —
resiliency

Torogah
to climate —
change

-, Seckion

resiliency
to climate En

change —Las Vegas

Henderson

-
"

1 g% . - =
” " *im -
:‘:’“ = __‘_. *

g &
43 " u

"

Resilience Description Metric Type
Phase
Potential for hazards to damage
The likelihood or characteristics assets
Anticipate of potential impacts caused by a
hazard. Potential for assets to damage
surroundings
The electrical system's capacity ~ |/\SSet condition
Withstand to avoid being affected by a Asset ratings
hazard. Asset hardening status
The ability of the grid to respond Automation and topology
Adapt to asset damage or of the Emergency power
P community to change behavior to |Social indicators
minimize impacts to customers. . I
Community resilience
Preparedness
The ability t t | grid
Recover © ability fo restore normal gri Accessibility

operation after a disruption.

Power restoration

ENERGY TECHNOLOGIES AREA

Community Resilience Metric Scores for
Southern California Edison Territory

Source: Southern California Edison (2022)
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https://edisonintl.sharepoint.com/:b:/t/Public/TM2/EY7Wy9MCrcVGl7XKg_tczQoBM0k8RKtJhwvWlf6qxlJvbg?e=ptXS0i

Performance Metrics

Category Description

Metrics describe power interruptions in terms of
Electrical Service |frequency, duration, location, cause, customers

Vulnerability Assessment

Evaluation and
Prioritization

Consequence

Asset Damage or
Failure

/ﬁ Analyses
affected, and other variables.

) : : : : Hazard Attribute Performance P
Metrics describe infrastructure impacts in non- Exposure Metrics Metrics eva’fuanng

monetary terms, such as counts of damaged utility
structures.

Response and
Restoration

Metrics describe response and recovery from a
hazard event, such as the time to restore power to
some or all of a utility service territory.

Monetary Impact

Metrics describe the cost of impacts and include
capital costs of damaged assets, operations and
maintenance (O&M) costs for restoration and
recovery, costs incurred by customers as a result of
power interruptions, and economy-wide impacts from
power interruptions.

Customer
Communications
and Engagement

Metrics describe the effectiveness of utility outreach
regarding a storm or interruption event.

Hazard
characteristics

Degree of
exposure to
hazards

System and
community
characteristics

which
contribute to
or describe
resilience

Avoided
impacts of
hazards due to
mitigation
measures

Distribution of
impacts

—

resilience
measure
performance

Methods for
selecting
investment
portfolio or
prioritizing
investments

Additional Dimensions of Performance Metrics

Critical Infrastructure Electrical Service

Public Safety Power Shutoffs

Distributional Impacts

ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION | ENERGY MARKETS & PoLicy
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Electrical Service

Interruption
Events

Interruption
Frequency

Interruption

Duration

Customer-
Focused

Additional
Metrics

Examples of Metrics

Interruptions

Customer Minutes Interrupted

SAIFI (with and without MEDs)

MAIFI (with and without MEDs)

SAIDI (with and without MEDs)

CAIDI (with and without MEDs)

Percent of interruptions lasting longer than X hours

Customers Experiencing Multiple Interruptions
(CEMI,)

Customers Experiencing Long Interruption
Durations (CELID)

Circuit Performance Indicator (RMP, 2019)

IEEE Storm Resilience Metric (IEEE, 2020)

Expected Unserved Energy

ENERGY TECHNOLOGIES AREA

ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION

Key dimensions of granularity for
interruption data

1 Start and end times

1 Cause

o |[EEE Standard 1782-2022 provides a
structured approach to identify and categorize
causes of interruptions to enable consistent
reporting and analysis.

o Location

o Circuit, substation, or other location

24
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Electrical Service — Example of Granular Data Reporting

Utility
Table No.
Date Modified

Table 5: Risk event drivers

Risk event category Metric type

Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Qutage
Unplanned Outage
Unplanned Outage
Unplanned Qutage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage
Unplanned Outage

1
1

w W

1
1
1
1
1
1
1
1

RRIEBER RS RE

daEEEEEEEEREEEEREREEE

. Object contact
. Object contact
13.

Object contact

. Object contact
. Object contact
. Object contact
. Object contact
. Object contact
. Object contact
. Object contact
. Object contact
. Object contact
. Vegetation contact
. Vegetation contact
. Vegetation contact

Vegetation contact

Vegetation contact

Vegetation contact

Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage
Equipment / facility failure or damage

Notes:

Transmission lines refer to all lines at or above 65kV, and distribution lines refer to all lines below 65kV.
Data from 2015 - 2021 should be actual numbers. 2022 and 2023 should be projected. In future submissions update projected numbers with actuals

#
13.f.d.0
13.f.d.2
13.f.d.3
13.f.t.0
13.f.t.2
13.f.t.3
13.2.d.0
13.g.d.2
13.g.d.3
13.2.t.0
13.g.t.2
13.g.t.3
14.a.d.0
14.a.d.2
14.a.d.3
14.a.t.0
14.a.t.2
14.a.t.3
15.a.d.0
15.a.d.2
15.a.d.3
15.a.t.0
15.a.t.2
15.a.t.3
15.b.d.0
15.b.d.2
15.b.d.3
15.b.t.0
15.b.t.2
15.b.t.3
15.c.d.0
15.c.d.2
15.c.d.3
15.c.t.0

Risk event driver
Other

Other

Other

Other

Other

Other

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Vegetation contact
Vegetation contact
Vegetation contact
Vegetation contact
Vegetation contact
Vegetation contact
Anchor/guy
Anchor/guy
Anchor/guy
Anchor/guy
Anchor/guy
Anchor/guy
Capacitor bank
Capacitor bank
Capacitor bank
Capacitor bank
Capacitor bank
Capacitor bank
Conductor
Conductor
Conductor
Conductor

California Office of Energy Infrastructure Safety
Energy Safety Data Guidelines — Wildfire Mitigation Data Tables Template

ENERGY TECHNOLOGIES AREA

Line Type
Distribution
Distribution
Distribution
Transmission
Transmission
Transmission
Distribution
Distribution
Distribution
Transmission
Transmission
Transmission
Distribution
Distribution
Distribution
Transmission
Transmission
Transmission
Distribution
Distribution
Distribution
Transmission
Transmission
Transmission
Distribution
Distribution
Distribution
Transmission
Transmission
Transmission
Distribution
Distribution
Distribution
Transmission

HFTD Tier
Non-HFTD
HFTD Tier 2
HFTD Tier 3
Non-HFTD
HFTD Tier 2
HFTD Tier 3
MNon-HFTD
HFTD Tier 2
HFTD Tier 3
Non-HFTD
HFTD Tier 2
HFTD Tier 3
Non-HFTD
HFTD Tier 2
HFTD Tier 3
Non-HFTD
HFTD Tier 2
HFTD Tier 3
Non-HFTD
HFTD Tier 2
HFTD Tier 3
Non-HFTD
HFTD Tier 2
HFTD Tier 3
Non-HFTD
HFTD Tier 2
HFTD Tier 3
Non-HFTD
HFTD Tier 2
HFTD Tier 3
Non-HFTD
HFTD Tier 2
HFTD Tier 3
Non-HFTD
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Actual number of risk events

al Q2 Q3 Q4
Are risk events tracked for ignition driver? (yes / no) 2022 2022 2022 2022
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Asset Damage or Failure / Response and Recovery

Asset Damage or Failure Metrics

Examples of Metrics

Critical facility asset damage from
resilience events

Asset Damage

Asset damages from resilience
events

Overloaded equipment as a result of
a resilience event

Asset Failed equipment as a result of a
SEUCUEREEI resilience event

Failed hardened equipment as a
result of a resilience event

XA ET L] Asset replacement and repair rates
GELEMCUELIE after major events

Response and Recovery Metrics

Response

Restoration

Examples of Metrics

Resource engagement during an event

Restoration efforts

System inefficiencies during event response

Emergency response measures

Downed wire response

Time to Restore X% of Customers (or CR-X)

Time to restore from peak customers interrupted to
95% restoration (JIC, 2024)

Percent of Customers Restored within X hours of a
Major Storm

1 I
'_! Sy ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION | ENERGY MARKETS & PoLicy

26



Monetary Impact Metrics and Example

Grundy Dekalb
Examples of Metrics Allof Rural . amd ad
ComEd Cook Dupage ComEd Lake Kane Wil McHenry Kankakee Kendall
$2.000 4%
Value of assets damaged and destroyed by ”
i major events £ I ij g o ¢ =& - <
Utlllty Costs E  -$2.000 <
e e
Post-event O&M restoration costs E £
é -$6.000 =
[-» &
Cost per event T 4% 5
Customer g -$10,000 é
EROTJ M Cost per average kW 2 P
Costs a o 8% %
;;‘ -$14.000 Three days E
Cost per unserved kWh E = 14 days =
-$18.000 -12%
Gross output
Economy- : : Change in Overall Gross Domestic Product for All of
: W Gross (regional) Domestic Product 9 . . i
wide Impacts ComkEd's Service Territory
Change in household consumption Source: Larsen et al. (2024)

i
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Performance Metrics — Additional Dimensions

o Critical facilities: Infrastructure which is essential

for the health, safety, and economic well-being of a

population (e.g., hospitals, fire stations,
emergency operation centers, public drinking
water facilities, sewer and wastewater facilities)

o Public Safety Power Shutoffs: Intentional de-
energization of portions of the grid to reduce the
risk of a wildfire caused by a utility asset

o Distributional impacts: Census tracts designated
by state governments for meeting a certain set of
criteria

Source: NYSERDA
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Source: OEHHA
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https://oehha.ca.gov/calenviroscreen/sb535
https://www.nyserda.ny.gov/ny/Disadvantaged-Communities

Evaluation and Prioritization Analyses

o Ex Post Analyses

Vulnerability Assessment

o Compare performance of the electric grid before and

)
i
after implementing resilience measures Analyses

. . Hazard Attribute Performance

o Helpful for assessing the effectiveness of deployed Exposure

measures

o Ex Ante Analyses

o Estimate the effect that resilience measures will have
on performance metrics

o Often leverage information learned in ex post studies
about statistical associations between hazard events,
resilience measures, and negative outcomes to the grid

o Prioritization Analyses

o ldentify, assess, and prioritize resilience solutions that
mitigate vulnerabilities to extreme weather hazards

L
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Hazard
characteristics

Degree of
exposure to
hazards

Metrics

System and
community
characteristics
which
contribute to
or describe

resilience

Metrics

Avoided
impacts of
hazards due to
mitigation
measures

Distribution of
impacts

ENERGY MARKETS & PoLicy

Analyses for
evaluating
resilience
measure

performance

Methods for
selecting
investment
portfolio or
prioritizing
investments
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Ex Post Analysis Examples

All Weather SAIDI

Hurricane Wilma

Hurricane Irma

SAIFI excl. MEDs SAIDI excl. MEDs
(Jun - Sep) (un - Sep) (Jun - Sep) Hurricane Strength (Category) 3 4
C=21.7%> [@ (-56.6% > Customer Outages (Millions) 3.2 44
L Distribution Poles Replaced >12,400 <2,900"
Total Days to Restore 18 10
Average Days to Restore 5.4 2.1
504
Transmission Facilities Hurricane Wilma Hurricane Irma  Improvement
Line Section Outages 345 215 38%
Substation Outages 241 92 62%
2021 2022 2021 2022 2021 2022 Structures Failed 100 5 95%

FPL: Ex Post Analysis of Distribution Pole and Transmission Facility
Performance during Hurricanes

DTE Electric: Performance Improvements from Short Cycle
Preventative Maintenance Programs

Timeframe SAIDI SAIFI MAIFI
Non RFW RFW Day Non RFW RFW Day Non RFW RFW Day
2019-2020 0.29897 0.32451 0.00182 0.00250 0.00545 0.00345
2021-2023 0.29167 0.33027 0.00176 0.00211 0.00505 0.00601
% Difference Negligible 2% Negligible Negligible Negligible | 74%

PGE: Ex Post Analysis of Systemwide Reliability Performance
(June 1-October 31) on RFW and Non-RFW Days (Excluding MEDs)

ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION | ENERGY MARKETS & PoLicy
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Prioritization Analyses and Example

Analysis
Category

Benefit-Cost
Analysis (BCA)

Explanation

Compares and prioritizes
resilience measures based
on present value of
monetized benefits and
costs

Key Planning
Indicators

Benefit-Cost
Ratio

Methods & Tools

Interruption Cost
Estimate (ICE)
Calculator, Power
Outage Economics
Tool (POET)

Utility Plan Examples

Entergy New Orleans
(2023), TECO (2022),
United llluminating
(2022), Xcel Energy (2019)

Risk-Based Estimates cost- Risk-Spend Bowtie Method, Duke Energy Florida
Analysis effectiveness based on Efficiency, Geospatial Analysis  |(2022), FPU (2022), Idaho
risk reduction benefits Value-Spend Power (2023), NV Energy
(calculated by probability |Efficiency (2023), Oncor (2024),
and associated Pacific Power (2023), PGE
consequences) and costs (2023), RMP (2023)
for a specific solution
Multi-Criteria |Compares benefits that Composite Index Calculation, Con Edison (2023b),
Assessment are difficult to quantify or |Indices Weighting Consumers Energy (2023),

monetize, using composite
indices, or that may not be
effectively highlighted in
financial analysis

DTE Electric (2023),
National Grid (2023b),
NYSEG (2023), O&R
(2023b), PGE (2022),
RG&E (2023)

ENERGY TECHNOLOGIES AREA

mmmm Total Cost ($M)

Total Cost ($M)

$600

$450

$300

$150

$0

$100

Proposal2

$4

Proposal 1

Proposal 3

i

Optimal Set

2.0

1.5

1.0

0.5

0.0

«@-=BCR - StormScenario1l ——@=BCR-Storm Scenario 2

Benefit-Cost Ratio (BCR)

United llluminating Resilience Plan BCA Results

ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION
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Source: Summary of United llluminating (2022) Results
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Key Findings

Resilience planning presents unique challenges for utilities, regulators and
stakeholders.

Utility methods for approaching risk and vulnerability assessments vary in
nomenclature but have a similar framework.

An increasing number of indices are in use for characterizing resilience attributes
and performance.

Utilities and regulators acknowledge the need to augment standard reliability metrics
with metrics tailored to measure resilience.

Regulators and stakeholders face a tradeoff between more granular utility data and
limited resources to analyze and interpret the data.

Utilities and states are increasingly defining and considering vulnerable populations
in grid resilience planning efforts.

Utilities and regulators are increasingly taking steps to systematically measure and
track performance of resilience investments, such as measuring ex post impacts.

33
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Emerging Best Practices

Select or establish a clear analysis framework based on capabilities, regional preferences,
and resilience objectives.

Establish and maintain consistent definitions and accurate location data for critical facilities.
Understand the key socioeconomic factors that define populations that are more vulnerable
to adverse impacts of power interruptions and severe weather.

Measure resilience impacts at a granular level and be consistent in tracking interruption
causes.

Advance efforts to address uncertainty associated with the likelihood and magnitude of
resilience events.

Use a combination of metrics to understand system performance.

Conduct regular, systematic ex post (backward-looking) analyses following resilience events
and apply learnings in future planning cycles.

34
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Electrical Service Metrics

Examples of Metrics

Interruptions

Description

Count of interruption events

Interruption Events

Customer Minutes Interrupted

Sum of all customer minutes interrupted over a given time period

SAIFI (with and without MEDs)
Interruption

System Average Interruption Frequency Index: total number of interruptions that an average customer
experiences over some time period

Frequency
MAIFI (with and without MEDs)

Momentary Average Interruption Frequency Index: total number of momentary interruptions (< 5
minutes) that an average customer experiences over some time period

SAIDI (with and without MEDs)

System Average Interruption Duration Index: total number of minutes that an average customer is
without power over some time period

[ I AGLEITE N CAIDI (with and without MEDs)

Customer Average Interruption Duration Index: time required to restore service for an average customer
over some time period

Percent of interruptions lasting longer
than X hours

Customers Experiencing Multiple
Interruptions (CEMI,)

Ratio of customers experiencing n sustained interruptions to the total number of customers served

Customer-Focused
Customers Experiencing Long Interruption

Durations (CELID)

Ratio of individual customers that experience interruptions with durations longer than or equal to a
given time

Circuit Performance Indicator (RMP, 2019)

Index*[(SAIDI*WF*NF)+(SAIFI*WF*NF)+(MAIFI*WF*NF)+ (Lockouts*WF*NF)]

N B St e |EEE Storm Resilience Metric (IEEE, 2020)

Quantifies the speed of recovery during the first 12 hours of a storm from customers losing power

Expected Unserved Energy

Estimated quantity of electricity that would have been consumed if an interruption had not occurred




Anticipate

Metric Type

Potential for hazards to
damage assets

Metric Description
Substations located within a FEMA 100- or 500-year floodplain

Utility Example
National Grid (2023a)

Transmission line mileage located within High Fire Risk Areas

PG&E (2024)

Environmental monitoring systems

California Office of Enerqy Infrastructure

Safety WMP Reporting Requirements

Weather forecasting

California Office of Enerqy Infrastructure

Safety WMP Reporting Requirements

Potential for assets to
damage surroundings

Annual probability of asset-caused ignition

PGE (2023)

Number of asset management ignition risk- related work orders

given fuel and weather conditions

SCE (2023
that are past due SCE (2023)
Number of vegetation contacts with lines in Wildfire Risk Tiers NV Energy (2023)
Ignition Potential Index — potential for ignition of a large wildfire PGE (2023

ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION ENERGY MARKETS & PoLicy
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https://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId=%7b107AF38B-0000-C79C-90B4-B7A8DDC4B15E%7d
https://www.pge.com/assets/pge/docs/about/corporate-responsibility-and-sustainability/CAVA-report.pdf
https://efiling.energysafety.ca.gov/eFiling/Getfile.aspx?fileid=56228&shareable=true
https://efiling.energysafety.ca.gov/eFiling/Getfile.aspx?fileid=56228&shareable=true
https://edocs.puc.state.or.us/efdocs/HAQ/um2208haq325939023.pdf
https://www.sce.com/sites/default/files/AEM/Wildfire%20Mitigation%20Plan/2023-2025/2023-10-26_SCE_2023_WMP_R1.pdf
https://pucweb1.state.nv.us/PDF/AxImages/DOCKETS_2020_THRU_PRESENT/2023-3/24369.pdf
https://edocs.puc.state.or.us/efdocs/HAQ/um2208haq325939023.pdf

Withstand

Metric Type
Asset condition

Metric Description
Asset age

Utility Example
PGE (2023)

Asset condition (inspection data — source)

California Office of Energy
Infrastructure Safety WMP
Reporting Requirements

Improvements to tracking of asset condition related to
joint-use poles

Duke Energy Carolinas (2023)

Asset ratings or
hardening status

Total number of transformers that meet the latest
temperature specification

NYSEG (2023)

Total number of upgraded transformers

National Grid (2023)

Total number of upgraded transmission assets TECO (2022)
Distribution feeders upgraded TECO (2022)
Conf:Iuctor ’Femperature ratings by location in the PG&E (2024)
service territory ) '
Line miles undergrounded for wind and ice O&R (2023)

Critical substation assets elevated in floodplains

PSEG Long Island (2024a)
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https://edocs.puc.state.or.us/efdocs/HAQ/um2208haq325939023.pdf
https://efiling.energysafety.ca.gov/eFiling/Getfile.aspx?fileid=56228&shareable=true
https://www.duke-energy.com/-/media/pdfs/our-company/carolinsresiliencetransdiststudyfinal.pdf?rev=96f3343e986045c8b264d7a9e024edda
https://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId=%7bD030F38B-0000-C116-9CC6-FE546E842502%7d
https://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId=%7b107AF38B-0000-C79C-90B4-B7A8DDC4B15E%7d
https://www.floridapsc.com/library/filings/2022/11038-2022/11038-2022.pdf
https://www.floridapsc.com/library/filings/2022/11038-2022/11038-2022.pdf
https://www.pge.com/assets/pge/docs/about/corporate-responsibility-and-sustainability/CAVA-report.pdf
https://www.oru.com/-/media/files/oru/documents/energy-future/our-energy-vision/our-climate-change-resiliency-plan/2023-climate-change-resilience-plan.pdf
https://www.psegliny.com/inthecommunity/currentinitiatives/-/media/94FC0BCDD89943A29AD77D5F9A48DBB8.ashx

Adapt
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		Metric Type

		Metric Description

		Utility Example



		Emergency Power

		Number of customers with solar + storage

		PSE Customer Benefit Indicators



		Automation and Topology

		Network Reliability Index

		Con Edison (2023b)



		

		Number of automatic transfer switch installations completed

		Con Edison (2023b)



		

		Number of sectionalizing switches installed

		Con Edison (2023b)



		Social Indicators

		Household disability composition

		PGE (2023)



		

		Housing and transportation vulnerability

		PGE (2023)



		

		Households below 200% Federal Poverty Line

		PGE (2023)



		

		Social vulnerability index

		PGE (2023)



		

		Age 65+

		PGE (2023)



		Community Resilience

		Community implementation of resilience projects and initiatives

		DTE Electric (2023)



		

		Community Resilience Metric

		SCE (2022)



		

		Baseline Resilience Indicators for Communities

		PG&E (2024)








Recover

Metric Type Metric Description Utility Example
Preparedness California Office of Energy

Infrastructure Safety WMP
Reporting Requirements

PGE (2023)

Collaboration on local wildfire mitigation
planning

Minimum staffing required in preparation
for event response

Accessibility Average drive time from a fire station PGE (2023)
Access/egress road density by HFRZ PGE (2023)

Entergy New Orleans

Asset accessibility and terrain

(2023)
Power Restoration | Reclosers automated or remotely- Pacific Power (2023)
controlled ‘ '
Fire response time PGE (2023)
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https://efiling.energysafety.ca.gov/eFiling/Getfile.aspx?fileid=56228&shareable=true
https://edocs.puc.state.or.us/efdocs/HAQ/um2208haq325939023.pdf
https://edocs.puc.state.or.us/efdocs/HAQ/um2208haq325939023.pdf
https://edocs.puc.state.or.us/efdocs/HAQ/um2208haq325939023.pdf
https://cdn.entergy.com/userfiles/content/future/ENO-resilience-filing-4-17-2023.pdf
https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/wildfire-mitigation/PacifiCorp_2024_WMP_12-29-23.pdf
https://edocs.puc.state.or.us/efdocs/HAQ/um2208haq325939023.pdf

Areas for Further Research

Collect and analyze infrastructure failure data consistently and

systematically.

Track and analyze interruption restoration strategies and approaches to
understand how they affect interruption durations.

Track and analyze the effectiveness of preventive maintenance activities for
grid assets.

Improve physical models for how networks and assets generally fail.

Develop publicly available resources for estimating effectiveness of resilience
measures.

Continue to advance efforts for understanding impacts of widespread, long-
duration interruptions to regional economies.
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