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Agenda

» AMI Data for Weather Splines
» AMI Data for Monthly Forecast Models

» AMI Data for Monthly Variance Analysis
» AMI Data for COVID Adjustments

» AMI Data for Extreme Events
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AMI Data

Interval Meters

15 Minute Interval Data — res

Class Aggregation

February 2020 March 2020 April 2020 May 2020 June 2020 July 2020 August 2020 September 2020 October 2020 November 2020 December 2020

Aggregate Data to Daily Energy
| Dally Energy =
ﬂ " J\/ W\ -
| M\m y
M/\ gL '\/\/J\// ‘Nf\" \ ﬂ\/‘/\ ‘/ Import to Modehng
Software

January 2020 Fabruary 2020 March 2020 April 2020 May 2020 June 2020 Juh!I 2020 August 2020 Septamber 2020 October2020 November 2020 December 2020 January 2021

Ifron  ©2021 ITRON CONFIDENTIAL PROPRIETARY Using AMI Data: From Modeling to Variance Analysis | 3



AMI| Data for Weather Splines




Modeling the Weather Response

80

Develop the class daily model with AMI data

« Control for days of week, seasons, holidays,
and growth

« Use HDD and CDD splines

« Create weights from the spline coefficients

Spline Coeff Weight

HDD60 0.71 43.5%

HDD55  0.39 24.0% HDD weights
HDD45 0.53 32.5%

HDD Total 1.63

AMI Daily Use Per Customer

25 30 35 40 45 5 55 60 65 70715 80 85 0 9%
Weighted Average Temperature (DegF)

Spline Coeff Weight
CDD65 0.43 22.1%

Multi-part slopes can be estimated from daily class CDD weights CDD70  0.89 45 6%
AMI data. The slopes summarize the relative CDD75 0.63 32.3%
impact of low, medium, and high-powered degrees. CDD Total 1.95
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AMI Data for Monthly Forecast Models




Constructing a Monthly Forecast Model

» Process daily HDDs & CDDs through cycles NP
* Actual and normal ' L .z Y

» Apply spline weights to monthly values
* By cycle and calendar month

Use Per Customer Day

» Use actual in monthly models o P — —
*Y = Billed Sales (Use per Customer per Day) 7 |
« X = Cycle Degree Days per Day

» Forecast with normal monthly values : e L L
CDDSpline 1.925 0.231 5.813
HDDSpline 1.576 0.278 5.676
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AMI Data for Monthly Variance Analysis




Traditional Weather Normalization

Sales, = Sales, + (PredictedSales, — PredictedSales,)

M d | TWTFSSMTWTFSSMTWTFSSMTWTFSSMTWIFSSMTWIFSSMTWTFSSMTWTFSSMTWITF S

o elns]: Cy“cle_{[34567590|2345673901234557590|234567390|2345§7690|214557890|

«  Monthly model based on Billed Sales 1 mal o

«  Align daily weather to meter read schedule | : BN Hollda ot

. . 7 N
to obtain Billed Weather : NG N\
10 [ July Billing
1 AI Days
12 / N
Sa|eSbi”edmonth = f(Weatherm”edmonth) E Wé N\[\\‘ Re::;l"[v)avs \\ Calendar Month Normalization

16 AN o \ctua| s—NMonthly Model
17 h NI

Model Variables: 5 NG

*  Month Binaries s

*  Annual Shifts or Trends
* Welghted HDD Revenue Month Normalization
*  Weighted CDD S e

Weather Normalization and Calendar Sales a7 FebI0 Mar20 Apra Mey20 n20 120 PUZD SR D20 Naw2D DRl

* Monthly model coefficients
* Actual and normal weather (billing month)
+ Calendar normal weather

Jan-20 Feb-20 Mar-20 Apr-20 May-20 Jun-20 Jul-20 Aug-20 Sep-20 Oct-20 Mov-20 Dec-20
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Daily Weather Normalization

Modeling:
« Daily model based on AMI data

Salesgy,, = f(Weathery,,)

Model Variables:

* Day of Week Binaries

*  Month Binaries

* Holiday Binaries

* Annual Shifts

Weighted HDD

*+  Weighted CDD

*  Weighted HDD Seasonal Interactions*
*  Weighted CDD Seasonal Interactions*

100

75

20719

Jan

Feb Mar Apr

— Actual

May Jun Jul Aug Sep

= Predicted

*  Weighted HDD Weekend Interactions*
+  Weighted CDD Weekend Interactions*
*  Prior Day Weighted HDD*
*  Prior Day Weighted CDD*
* Add variables as needed.
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Weather Normalization and Calendar Sales

+ Daily model coefficients

+ Daily actual weather and normal weather

* Monthly impacts calculated by summing the daily impacts
over the calendar month or billing month
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Daily Weather Normalization

100

90

80

70

Degrees F

60
50
40

30

1/1/2020 2/1/2020 3/1/2020 4/1/2020 5/1/2020

Daily Temperatures

s ACTUA| DB s NoTm DB

Warm early
Cold late

6/1/2020 7/1/2020 8/1/2020 9/1/2020 10/1/2020 11/1/2020 12/1/2020

70

60

50

40

kWh/Day

30

20

10

1/1/2020 2/1/2020 3/1/2020 4/1/2020 5/1/2020

Residential Use Per Customer

e ACTUE] UPC s Nor m UPC

High loads early
Low loads late

10/1/2020

11/1/2020

6/1/2020 7/1/2020 8/1/2020 9/1/2020 12/1/2020
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Residential Daily vs Monthly Weather Normalization

Daily vs. Monthly Model Normal Sales
(Calendar Month Basis)

Actual Monthly Model s Daily Model
=
=
L
"
< =
(52
(%]
(\:‘9 AVQ ,\(Q J\:»Q p Q (\,\‘Q ,19 ’LQ O \,\JQ 4:\9 (:»Q (\ﬂ:\’ ‘Oq”\/
O I IR ¥R & &
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 Daily Approach:

Calendar month actual is the sum of
daily AMI data

Calendar month adjustment is sum of
daily adjustments

Monthly Approach:

Revenue month models simulated to
calendarize and normalize

« Conclusions:

Results are similar but...

Daily models go through fewer
mathematical transformations

Daily approach is more accurate

Daily approach can capture unusual
effects such as COVID and Outages
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AMI| Data for COVID Impacts




Using AMI Data to Estimate COVID Impacts

Daily Energy Model for Business-as-Usual Predictions:

7

=

60

50

40

30

20

Daily sales forecasting model (as discussed above)

Estimate 1/1/2017 to 2/29/2020

Forecasts are “Business-as-Usual” (BAU) baseline values
As we move through 2020, use model to compute predicted values with actual daily weather

= Actual to 2/29/2020

— Residential Use Per Customer (Daily KWh)

=== Predicted with Actual Temperature

HH‘

=== Predicted with Smooth Normal

9

vﬂ ﬂ
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Residential SPC -- 7 Day Sum (KWh)
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Analysis of Differences (BAU vs. Actual) — Residential
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Commercial BAU Model

Daily Energy Model for Business-as-Usual Predictions:

« Daily sales forecasting model (as discussed above)

+ Estimate 1/1/2017 to 2/29/2020

» Forecasts are “Business-as-Usual” (BAU) baseline values

+ As we move through 2020, use model to compute predicted values with actual daily weather

20— Commercial Use Per Customer (Daily KWh)
300
280 0 A l“ . “ 1‘,
i (P ‘ . ‘IH Estimation Ends \ I .-'l "k
VR TR TR R
240 ' Mo ¥ ‘ [ A1
f x l { ' ' I I
220 \ il ' i1 | ‘1 | .i lI‘
ST TR Y oot ot ansaoas 8 LIS
o ; | "._ [ . 41 b :l Al ) | | Al ih
160 . I | . AL
140
120
= = Actual to 2/29/2020 === Predicted with Actual Temperature | === Predicted with Smooth Normal
& 010119 IU4.|'01:’19 IUTI’J’U‘IJ"IQ I‘IUJ’U‘IJ"IQ IU‘]J’U‘IJ’QU I[J4.l'01:’20 IU?J’U‘IJ’QU I1U.|’01J’2U
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Analysis of Differences (BAU vs. Actual) — Commercial

2100
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AMI Data for Extreme Event Impacts




Evaluating Supply Side Disturbance

» Unusually cold weather Feb 15t — 19t 50 208 JA

. . . . Resn?lentlal N o f;”'\
» Ensuing supply side disruptions 15-MinsieBata By ~/\ A / W%’\ rfk VI )

J xl\jf ¥ | o o 1‘.
- Rolling blackouts : A My .

. . L] it I\\.rﬂ. N ;¢ﬁ \f) ¥ ‘ 4 A "r' N A
» 15-minute data shows the disruption 7 N J\J xb»“‘-\u,ﬂ.\
» What was the impact of the event
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» Hourly AMI models give the answer Al Ih IR L\M B N
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* 24-hourly regression models -y
Feb 2021

* Estimated through Feb 13 oy
* Model predicts loads with COVID B e
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8000

Commercial

7500

Daily View of Disturbance | .

6500

G000 4

» Scatterplots of AMI data show:
* The evolution of the event
» The extent of the modeling challenge

5500 4

5000

4500

AMI Daily KWh Per Customer

25 a0 35 40 45 50 55 60 65 70 75 80 85 80
Average DryBulb (DegF)

AMI Daily KWh Per Customer

Residential

0 | | | | | T T T T I | | | |

15 20 25 30 35 40 45 50 55 60 65 70 75 80 a8 90 95
Weighted Average Temperature (DegF)
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Estimated Outage Impacts: Residential

February, 2021
5.0

m—— Actual
45

- Predicted
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Estimated Outage Impacts: Commercial

February, 2021
18
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Forecast service

Rooftop solar

End-use data
Forecast testing

Customers
Billed Sales

Variance analysis

Model testing
Elasticities

Multivariate regression

Thank You

H

Daily energy

Load research

©
U = Weather normalization
Rate case testimony

response

Unbilled energy
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