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We understand utilities because we’ve made them our
business for more than 35 years.

E Source

POWERING WHAT'S NEXT e STRATEGY

Research and Advisory Data Science Solution Services
Using market research data, Applying predictive data science Advancing business and
expert analysis, and industry to help electric and gas utilities technology solutions that
experience, we help utilities put make data-driven decisions that strategically enhance
their customers first and meet improve their bottom line and operations for utilities
their business objectives increase customer satisfaction
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Weather’s impact on reliability, customers

Weather and outages

cC = [argest driver of customer interruptions

=  Account for 50% to 60% of US power interruptions

Key drivers of customer satisfaction
= Qutage frequency and duration

= Timeliness, accuracy, and convenience of information
during an outage

Foundations of improved reliability
and customer experience
Q » Understanding historic impacts of weather
= Accurately predicting and accounting for future impacts
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Outage customer experience (CX) is top
utility priority in 2023

Experiencing an outage

Utility CX, distribution, and
field operations

Paying a bill

Enrolling in billing or payment
program

departments often work
Viewing a bil separately, though

Priority

Setting up a payment arrangement

iImproving reliability,

decreasing outages, and

Increasing customer
satisfaction are shared

; © weewwnws  Objectives.

© E Source (2022 Customer Experience Survey). Base: n = 32 utilities. Question S3_6: Which customerjourneys is your utility
focused on improving in the coming year? Select all that apply. Note: We feature only the top eight journeys in this chart.
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View energy usage

Starting, stopping, or transferring
service

Don't create journey maps

No journey this year




Our experience crosses utility enterprise

Development and application of data
science models to streamline outage
prediction systems, optimize crew

allocation and scheduling, and el 55 : : :
prioritize vegetation management Distribution

and undergrounding operations

Collaborative and CX strategy development
targeted change Field Customer gnd bgnchmarking,
management strategies : experience & 'nclud_lngJOt:jrney
to help ensure that operations . mapping and primary
emplovees have operatlons market research for

oo vegetation management

proficiency and desire g .
to adopt new practices and outage experience
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Weather and
outage analytics
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Building blocks to improved analytical results

Restoration analytics:
How should we plan for and
respond to weather?

Predictive analytics: System reliability:

How will weather What is the state of our
impact us? infrastructure?

Retrospective assessment: Vegetation mapping
How has weather impacted us? and analytics:
What is our vegetation risk?
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E Source results

» 20% more accurate outage predictions compared to utility’s
previous method three days ahead of a storm, and 30%
more accurate one day ahead

= Significantly less variability in outage predictions in days
leading up to storm events

= Security of objective, data-backed estimated times of
restoration (ETR) based on available personnel and outage
incidents
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E Source weather and outage analytics approach

Predict restoration times based on storm
impacts to inform decisions and improve
customer communications after severe weather

Forecast power outages ahead of oncoming
weather to improve storm-response planning
and internal communications

Analyze historic outages and weather
to quantify impact to reliability metrics,
customers, and restoration times
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Probing space and time effets

Each space-time unit can be defined by:
= Count of outages
» Temporal effects (e.g., forecasted weather, seasonality)
= Spatial effects (e.g., vegetation and infrastructure)
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Comprehensive data sources

We bring together disparate data sources capturing key mechanistic effects

Current weather conditions Weather forecasts

Meteorological threats Storm Prediction Center convective threats
Preceding weather conditions Recent observational and forecast data
Vegetation abundance and risk E Source tree canopy and outage analytics
Infrastructure exposure Conductor and asset locational and attribute data
Accessibility Land use, slope, other geospatial attributes
Major system upgrades Dropout reclosers, spacer cables, feeders /

segments moved underground
System at risk Preceding permanent and momentary outages
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Weather forecast data

= Numerical Weather Prediction model
forecasts updated hourly

= WWe compile historical forecasts for
training outage prediction models

= Hourly resolution out to multiple days
= Spatial resolution of up to 3 kilometers

= Millions to billions of records ...
= Big data problem!

» Data is blended from multiple sources with
varying resolutions

SFC DAY 1 CATEGORICAL OUTLOOK 7 : - N
ISSUED: 12592 02/26/2023 "_ . =
WALID: 13002 Sun 02426 - 12002 Mon 02427 i :
. T5TM 1. MRGL 2 5L6T
NOAANWS Storm diction Center, Norman, Oklahoma 3: ENH 4 MDT 5: HIGH
- - - —
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Remote sensing analytics to map tree cover
and tree heights in proximity to distribution
conductor

Vegetation and weather-induced outages
are inherently correlated
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E Source weather and outage analytics approach

Analyze historic outages and weather
to quantify impact to reliability metrics,
customers, and restoration times
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Retrospective assessment: Monitoring

Multi-
resolution:
Long term =

and
short term

WEATHER RELIABILITY
Performance Monitoring

lime Resolution

“ Quarterly Monthly

Incident Classification

Excluded NonSevere

Service Center

All

Year

All

Quarter

All

Manth

All

v

Note: If most recent year/month/quarter is

incomplete, comparisons to previous
complete time periods may be misleading.

Non-Weather

Incident Count

KPI

1.0

O SAIDI
® SAIF|

O CAIDI
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Weather
damage:
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impact:
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tracking
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Retrospective assessment: Storm view

Compare
impacts
and
response
across
storms
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WEATHER RELIABILITY
Severe Outage Events

Select an Event to View Localization

2019-05-29 |
2019-02-25 |
2019-02-12 §
2019-01-01 |
2018-11-16
2018-09-21 ! :
2018-09-09 |
2018-07-14 |
2018-07-05 |
2018-07-02 |
2018-07-01 |
2018-04-04 |
2018-03-02 |
2017-11-19
0 200 400 600
Event Intensity (Incident Count or Relative Impact)
Service Center

All

Event Metric

Impact

Select a Service Center to View Contribution

Darker Red = Larger Counts

Incident Date
-

Wednesday, November 14, 2018
Thursday, November 15, 2018
Thursday, November 15, 2018
Thursday, November 15, 2018
Thursday, November 15, 2018
Thursday, November 15, 2018
Thursday, November 15, 2018
Thursday, November 15, 2018

<

Outages Associated with Severe Event(s)

Service Center Duration CI

RACCOON
EDISON
EDISON
EDISON
EDISON
EDISON
EDISON
EDISON

121 1
1223 ]
1248 8
2381 52
2880 8
3866 1

50 2245
84 1709

CMI

1371
7134
10400
123812
24000
3222
53485
89667

SAIDI

0.00
0.01
0.01
0.10
0.02
0.00
0.04
0.07

) Clear Filters

Severe

SAIFI

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

£} Home

@GRIDINFORM

Excluded

2

Reportable Incit

CAIDI

121
1223
1248
2381
2880
3866

24
52

Equipment Failure
Qutside Interference
Qutside Interference
Weather

Weather

Weather

Weather

Qutside Interference

332

Excluded |ncidents

52,217,365

Excluded CI

52,217,365

Excluded CMI

43.16

Excluded SAIDI

0.099

Excluded SAIF

Understand
impact and
[ response
for each
event
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Retrospective assessment: Analog search

WEATHER RELIABILITY
) ClearFilters  {} Home @ GRIDINFORM
Event Analog Search

seara Pmets KPIs for Selected Analog Events Incidents Cl cMI SAIDI
- Summer Severe Winter Freezing Heat Worst observed historically: — 281136 133.327 532 110.20
Summer Moderate ||Winter Non-Freezing Historical Worst 7
N o 10% of the time, this bad or worse: 228 94325 26272 374
Forecast Weather Conditions Event Timing . g ,
Max Gust MPH Quarter
0.00 67.85 Al v 80 Of T ':d-_ .|..-J }
g . ARGl 77 26,127 3,878,792 3.18
§ i Month
Max Wind MPH = » Understand
Compare e ciall Started on Day of Week ImpaCt and
[ 9 : B o
Storm - ¢ l . = 10% - tlme’ - - - _ 6'800 ?69'484 response
Weather Max Precipitation Inch under
-
and o = Started — Of Dav MildeSt ObSEI-VEd hiSTDrica“y: — 21 71 & differing
Y L ] All
conditions ¢ : hé weather
Max Temp Fahr. ConditionS
35.00 93.90 Events Found Matching Events Detail
B i 88 First Incident Begin Day of Week | Start Time Icrta] QOutages Event Duration Total CI  Total CMI Total SAIDIY
Min Temp Fahr. e 2/23/2019 2:25:00 AM Saturday 8PM-8AM (Overnight) 666 131.73 281,136 133,327,532 110.20
430 §757 11/14/2018 11:39:00 AM Wednesday 8AM-2PM (Morning) 334 9475 120,035 52,223,086 43.16
' ' 56 3/24/2023 10:49:00 AM  Friday 8AM-2PM (Morning) 311 9370 137,356 69,304,692 52.42
t i R Eiant D 6/12/2021 7:04:00 PM Saturday 2PM-8PM (Evening) 276 67.83 101,802 54,931,527 41.88
= | Min Air Pressure Inches 8/26/2020 2:45:00 PM Wednesday 8AM-2PM (Morning) 271 9272 108,621 33,737.384 26.21
59112 3018 4/7/2020 11:41:00 AM Tuesday 8AM-2PM (Morning) 269 6342 126420 50,140,538 3896 ||=
3/31/2023 2:51:00 PM Friday 8AM-2PM (Morning) 264 6478 135088 38,934,024 29.45
] 4 A/20/9017 2.42.00 DAA T IDAA_QDAA (Erianinad 2a8 Q8 A7 Q2 ACA 12 E1N 198 1117
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E Source weather and outage analytics approach

Forecast power outages ahead of oncoming
weather to improve storm-response planning
and internal communications
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HSource stom Insights Predictive analytics: Days ahead

As of 3:00 PM Thursday, December 22nd
Hourly Daily

Thursday Friday Saturday Sunday Monday

December 22 December 23 December 24 December 25 December 26

26-38 Outages 90-134 Outages 22-34 Outages 22-34 Outages

58% 17%

an - Ao HE -
a1 o -

- 158% | 2% I 4%

Spatial aggregates of forecasted weather for Friday

4o an W -
Y re_ B
m 39% m - 43
- 19%

I &
s

Select Weather Features -

Total Precipitation Mean Sustained Max Wind
({inches) Wind {n}gh] Gust (mph)
0.2 16 45
14 40
0.15 12 35
0.1 10 30
0.05 6 25
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As of 3:00 PM Thursday, December 22nd

458-686 Outages

in the next 36 hours
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Predictive analytics: Hours ahead
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E Source weather and outage analytics approach

Predict restoration times based on storm
impacts to inform decisions and improve
customer communications after severe weather
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As of December 23, 6:30 AM

Restoration analytics: Planning view

Severe Weather Start Time : December 23, 2:30 AM

4 I
Active e AL Ml i Nc_m- Total Projected Targeted Percent
. Customer Company Contractor Resident
Incidents Resources ETR ETR Restored
Outages Crew Crew Crew
. . . . 12-25
Service Center 1 56 2,241 62 11 0] 73 ) 0%
08:00
. 12-25
Service Center 2 68 2,652 65 (K] 0 78 ) A
08:00
. 12-24 12-25 0
Service Center 3 22 990 58 8 0 66 20-00 08:00 12%
. . . . 12-25 12-25 0
Service Center 4 31 1,488 72 19 0 91 03-00 08:00 7%
. . . 12-25
*Service Center 5 82 3,116 67 15 0] 82 ) 3%
08:00
*259 *10,487 324 66 0 390 12-25 4%
08:00
_ *Severe Weather is still affecting this area, ETRs may change )
e N N
. Enable manual edits to crew allocation
. Auto-adjust crew allocation to achieve targeted ETR targeted ETR
given current crew allocation
. Optimize current crew allocation to achieve earliest system-wide ETR
o % J




Using analytics to improve storm response and
customer experience

Analytical suite spans full timeline of

Before storm

Use weather to
forecast outages,
predict area-specific
impacts, stage
resources, and
estimate ETRs days
in advance

A\

storm response

During storm

Use a combination of
forecasted and actual
outages and crews to
predict ETRs while
storm is active

x |7
‘W

After storm

Use actual outage
impacts and
available crews to
estimate ETRS, or
estimate crews
needed to meet ETR
goals after the storm

E Source restoration analytics enable optimal support for planning, monitoring, and
communication from days ahead of storm impact until the last customer is restored.
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Outages and
customer

experience

¥ : B i L '. % y v - ! F = - .3 = .,. . .. o .
£ L e R = .
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Reliability is key driver of overall customer
satisfaction

Price
perception

Reliability
Perception

Brand
perception

How easy itis
to do business

© E Source. Base: n = 4,472 electric, gas, and water customers from Georgia,
New Hampshire, Massachusetts, Missouri, California, Arizona, and Arkansas.
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Reliability is key driver of overall customer
satisfaction

Key drivers of reliability
perception: | Reliability
» Frequency and duration Perception
of outages
= Accuracy, timeliness, and
convenience of
communications during Brand
an outage perception
= \egetation management o
practices How easy itis
= Grid investment practices to do business
(hardening, resiliency,
etc.)

Price
perception

© E Source. Base: n = 4,472 electric, gas, and water customers from Georgia,
New Hampshire, Massachusetts, Missouri, California, Arizona, and Arkansas.
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Building blocks to improved analytical results

Restoration analytics:
How should we plan for and
respond to weather?

Predictive analytics: System reliability:

How will weather What is the state of our
impact us? infrastructure?

Retrospective assessment: Vegetation mapping
How has weather impacted us? and analytics:
What is our vegetation risk?
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Building blocks to improved analyticalresults

customer experience

Restoration analytics:
How should we plan for and
respond to weather?

Predictive analytics: System reliability:

How will weather What is the state of our
impact us? infrastructure?

Retrospective assessment: Vegetation mapping
How has weather impacted us? and analytics:
What is our vegetation risk?
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Building blocks to improved
customer experience

Restoration analytics:
How should we plan for and
respond to weather?

Predictive analytics: System reliability:
How will weather What is the state of our
impact us? infrastructure?

Starting
point Retrospective assessment: Vegetation mapping
How has weather impacted us? and analytics:
What is our vegetation risk?
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Building blocks to improved
customer experience

Results in improved Restoration analytics:
storm preparedness, How should we plan for and
rapid and accurate respond to weather?
ETRs y_

Predictive analytics: System reliability:
How will weather What is the state of our
impact us? infrastructure?

Retrospective assessment: Vegetation mapping
How has weather impacted us? and analytics:
What is our vegetation risk?
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Building blocks to improved
customer experience

Supports decision-making
and decreases response
time during and after a storm

Restoration analytics:
How should we plan for and
respond to weather?

Predictive analytics: System reliability:
How will weather What is the state of our
impact us? infrastructure?

Retrospective assessment: Vegetation mapping
How has weather impacted us? and analytics:
What is our vegetation risk?
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Building blocks to improved
customer experience

Restoration analytics:

How should we plan for and Helps identify the best areas

respond to weather? for grid investments that are
: designed to mitigate outages

Predictive analytics: System reliability:
How will weather What is the state of our
impact us? infrastructure?

Retrospective assessment: Vegetation mapping
How has weather impacted us? and analytics:
What is our vegetation risk?
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Building blocks to improved
customer experience

Restoration analytics:
How should we plan for and
respond to weather?

Predictive analytics: System reliability:
How will weather What is the state of our Input to strategic
impact us? infrastructure? vegetation

management
initiatives to reduce

Retrospective assessment: Vegetation mapping frequency and

How has weather impacted us? and analytics: d“:ation of future
outages

What is our vegetation risk?
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For more information

Jesse Woods

Vice President of Strategic
Accounts, Data Science
jesse_woods@esource.com

Kyle Decker
Director, Data Science
kyle decker@esource.com

Melanie Wemple
Director, Data Science
melanie_wemple@esource.com

You’re free to share this document inside your company. If you’d like to quote or use our material outside of your business, please
contact us at esource@esource.com or 1-800-ESOURCE (1-800-376-8723).
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