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Presentation Format

1. Current status of Load Research at Rocky Mountain Power
2. What is Load Research?

3. Issues to be addressed by the working group

> Load Research sampling (A Study in Philosophy, Science and Art)
» Comparison of class load estimates to billing data

» What do we do with irrigation?

» Forecasting class loads

» Weather normalization of class loads

» The calibration conundrum
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Status Report
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Data Design Sample Install
Class/Schedule Source Criteria Size Date
Sch 001 Stratified random sample 90/5 170 October 2008
Sch 006 Stratified random sample 90/10 108 January 2009
Sch 023 Stratified random sample 90/10 75 October 2008
Sch 010 Stratified random sample 90/10 130 May 2006
Sch 008 Direct Measurement Census Census Ongoing
Sch 009 Direct Measurement Census Census Ongoing
Sch 021 Direct Measurement Census Census Ongoing
Sch 031 Direct Measurement Census Census Ongoing
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Load Research Meters
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000
Load Research Clients & | 382
. o0
Activities :
Support Organizations: Client Organizations:
* Power Delivery Metering & * Regulation
Meter Reading * Customer Billing
= CBS/Information Technology = Power Delivery Customer
* Regulation Service
" Commercial & Trading " Power Supply
= Forecasting = Transmission/Wholesale Billing

" Forecasting

Industry Affiliations: " Engineering

=  Association of Edison Electric : Marketing &, Demagd
Companies (AEIC) Side/Strategic Planning

=  Western Load Research * Power Delivery Metering

Association (WLRA)



Load Research Group by Work

Assignment

Regulatory Analysis Regulatory Analysis
Regulatory Compliance Regulatory Compliance
Systems Development Sample Design
Statistical Analysis Statistical Analysis
LR Process Control LR Process Control
Sample Maintenance SB1149 Support
Class Load Development MV90 Operations
Regulatory Reporting MVSTAR Operations

Energy Profiler Online
DCSI/Turtle Processes
MVLT Operations
MV90 Operations

MV90 Operations — ID, WY
MVSTAR Operations
DCSI/Turtle Processes
Energy Profiler Online
Automated Billing

SB 1149 Customer Billing
MV90 Operations — UT
MVSTAR Operations
Automated Billing

Large Customer Billing

MV90 Operations — OR, WA, CA
MVSTAR Operations

Automated Billing
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What is Load Research?
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What 1s Load Research?

e “an activity embracing the measurement and
study of the characteristics of electric loads to
provide a thorough and reliable knowledge of
trends, and the general behavior of load
characteristics of the more important services
rendered by the electrical utility.”

Association of Edison llluminating Companies 2001
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Huh?

e “load research allows utilities to study the
ways their customers use electricity, either in
total or by individual end uses”

Association of Edison llluminating Companies 2001
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So... What is it really?

e The study of how and when our customers
use energy so that PacifiCorp can most
effectively:

*Allocate Costs as per Reqgulatory Mandate
*Design or Maximize Customer Rates
*Forecast Loads

eService Customer Data Requests

«Size Transformers & Distribution Circuits
*Provide Enhanced Customer Service
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Load Shape

Electric usage varies over time
and by customer type

PacifiCorp is obligated to
provide electricity (load) when
the customer demands (kW)
and for the length of time that
the customer needs it (kWh).

Load research (interval) data
provides an important data
iInput into planning, regulatory
and financial decision making
processes...

Electrical Usage

1,000 kWh

" Time for Some Known Period

Customer U

Electrical Usage

1,000 kWh

© Time for Some Known Period
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Energy Profiler Online (EPO)

PACIFICURP Pacific Power | Roclky Mountain Power

/// Load Profiles Engryy Profilar Ynling
Date RangefAccounts Profile for Selected Accounts From 12/23/2007 Through
o 1212972007 Normalize:
Surmmary Statistics
|N0ne j
Average Profiles kW kAR Power Factar

= (12232007 =] (D

Load Duration Curve

b Load Profiles View ce e v

_ Day Week Month I Da:
LIsage History . 14 v
Estimated Bl Overlay Accounts
Export All
Preferences . i (E:E;;e}m-h’nfarehuuse U=zage
M m . v l:Eklf'wllillllr]lIIl~E=rn|:r—1.|"II'ELr£=h|:+us..=_! l=age
0 f f f ' 0.00 _

|_POF J Print § 12023 1224 42025 1226 4227 42028 1220 B~ (E;:wl::r:dg?rehuuse Usage

Tirme (Days)
B Table

Selected Date Range Saturday, December 01, 2007 Through Thursday, January 24, 2008

Schneider
Electric

& Schneider Electric
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Energy Profiler Online (EPO) 411

| X J

o

Time EPO Demo - Warehouse EPO Demo - Warehouse EPO Demo - Warehousze Usage
Uzage (KVAR) U=zage (KWW) [Power Factor)

1202372007 00:15 320 1,348 0.5730
1202372007 00:30 2a0 1,308 05778
1202372007 00:45 2a0 1,272 0.5766
1202372007 01:00 300 1,200 05744
1202372007 01:15 288 1,284 0.59758
1202372007 01:30 240 1,272 053827
1202372007 01:45 2438 1,232 0.5303
1202372007 02:00 268 1,236 05773
1202372007 02:15 256 1,244 0.5795
1202372007 02:30 280 1,288 0.5302
1202372007 02:45 228 1,252 05338
1202372007 03:00 212 1,208 0.5349
1202372007 03:15 220 1,100 0 5306
1202372007 03:30 132 1,168 0.5937
1202372007 03:45 T2 1,180 0.55981
1202372007 04:00 76 1,160 0.5979
1202372007 04:15 76 1,154 0.5979
1202372007 04:30 o6 1,124 0.55988
1202372007 04:45 64 1,124 055924
1202372007 0500 &0 1,140 0.5975
1202372007 0515 &0 1,200 0.5973
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Curtailment
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Ad-Hoc Analysis
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Tariff Compliance
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A brief history............

e Some utilities have performed load research
since the 1930’s.

e The AEIC Load Research Committee held it's
first organizational meeting in 1944.

e In 1978, the Public Utilities Regulatory Policy Act
(PURPA) required the utility industry to develop
load research programs as a basis for cost-of-
service filings with FERC and public utility
commissions.
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So, what is a load profiling
meter? :
7 —

. % \
0
56 o
654

%/ KWHR Rr 27 7/
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Load Research Sampling
(A Study In Philosophy,
Science and Art)
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Section 133 of the 1978 Public Utilities Regulatory Policy Act
(PURPA), Code of Federal Regulations (CFR), Title 18,
Chapter 1, Subchapter K, Part 290.403, Subpart B

e “Accuracy Level. If sample metering is required, the sampling method and
procedures for collecting, processing, and analyzing the sample loads,
taken together, shall be designed so as to provide reasonably accurate data
consistent with available technology and equipment. An accuracy of plus or
minus 10 percent at the 90 percent confidence level shall be used as a
target for the measurement of group loads at the time of system and
customer group peaks.”
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Population
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Population

Oregon Residential Usage Curve
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Dregan Rasidantial Class DH Workshast 000
Three Strata
D I - d Cuslomer  Irierval . . .
- Ciount Factar
elanius-Ho ges - R X
0 to 250 23575 1 23ETE 1502 1502 " X )
21 to B0 GG 1 G614 2571 407 4
501 to 750 40169 1 S0165 A0 3 TO7E" 170.848 .
761 to 1000 &2388 1 @p3sm 2870 =T
1001 to 1250 54719 1 BAT19 2544 1M90
1251 to 1500 46350 1 46350 2154 14644
1601 Lo 1750 31744 1 T4 iTE1 14267 225182
151 to 2000 20013 1 20013 1415 1,70
2001 to 2250 12067 1 {2067 4098 15905
221 to 2500 7444 1 T444 863 1,380.0
2501 to 2750 2418 1 4418 EER 2M5E
TE to oo 2758 1 2758 525 20880
001 to 3250 178 1 1789 423 21413
32 Lo 3500 0% 1 1099 3132 21746
35 ta 3750 735 1 738 2 216
751 to 4000 508 1 5049 2E 2EMT
A0t 4250 354 1 354 1BE  2MI0
4251 Lo 4500 7 1 247 167 28T
501 ta 4750 186 1 186 136 22724
ATE1 o E000 133 1 133 115 228349
. . 5001 to 5250 105 i 05 e A
B|” Frequency AnalyS|S 5251 o S50 s 1 75 B7 28
5501 to £750 &0 1 60 Tr 2308
5751 ta E000 &9 1 ] 77 2382
Summary B0 to G250 39 1 k] 62 23ME
B251 to E500 3 1 ] 48 2393
G501 to G750 ol 1 H 489 2FMzZ
6731 Lo 000 17 1 17 41 23383
7001 ta 7250 1 1 11 33 2316
T34 o 7500 7 1 T 16 243
TE01 to TN 13 1 13 18 279
T to E00n 13 1 13 36 2815
8001 to 8250 12 1 12 35 2345
8251 ta &500 10 1 10 32 23581
8501 to E750 5 1 & 28 23808
BT51 to 000 8 1 8 28 2B
4001 to G250 14 1 14 7T 28Is
9251 Lo 9500 & 1 & 22 2397
9501 ta a7s0 3 1 3 17 23E
9751 to 10000 2z 1 2 4 23T2m
1001 to 12500 17 n 1 130 258
12501 to 15000 4 10 ] 1 20
15001 Lo 20000 1 0 om 45 23976
20001 ta 5000 2 20 40 653 24038
25001 to 0000 1 n m 45 24083
N0 to EEhad 1 154576 154 576 124 24207° 52780

Taodal M 455,310 455,210

BOUNDARES MDICATED FOR STRATA:

T W e VIOUNTAIN

2 1E138 12103 9683 806.9
3 18155 14524 12103
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Sample Design

OREGOMN RESIDEMTIAL CLASS LOAD STUDY DESIGH OPTION (2008)

THREE STRATA, MEAM-FER-UNIT DEEIGHN

Sample
kean kKW Meaan kiWh

STRATUMI 0- 750 kM
STRATLUM 2 781 -1, 750 kvvh
STRATLIM 3 GT 1.750kwh

EST POP MEAM (wtd by M)

1.040
2445
4741

b = d f q h i i
WAt Froprn. Optimal Cptirnal Final
Sample 2008 Warnanoce Dievins. row ff Allocation with with
FPop M of kean [yl sum { a*h total Adtritian Afrifion
479711 178848 7 (1.3254 ns" 102024 " 02670 " 1 1 20
1.149.480 225182 " 0.7479 0.885" 194743 " 05097 " | pa 35
2321920 52280 7 2 6E40 16327 gs3m " 02233 " 9 10 20
21577 1.021.296 " 456,310 " 332008 " 10000 " 11 4z
Sample thdj Sample
Estimote | Estimnte
RELATIVE PRECISION OF SAMPLE KW ESTIMATE 41 75
TOTAL Ky TOTAL Ky TOTALKW  MEAM KW
Ciptirnal n {col. h) Adjusted n {col. i) Finel (col. J Adln
“ariance 1 " 1.040,321.283 1.040821.283 7 s4777IN07 T 0004993 r "
contributed 7 " 1.896.071.312 T OLB9E071312 T 11126617 T 0009106 " "
by chate: 3 To910.010183 " o@DaAsz4es T 393081549 7 0003385 " "
L
4
Total Vatianca 3,846,902.778 3.745775.061 2046121373  0.017990 " "
Standard Error £2023.40509 61202.73736  45234.07314 0134125348
Desired Conf. Level 90% 90% 90% 90%)
iz two tailed) 1.645 1.645 1.645 1.645
Conf. Interval 102028.5014 100678.503  74410.05032 0.220636197
MPU Est of kKW 984415.575 984415.575 984415575 21573
[Relative Cond. Int. 10.36% 10.23% 7.56% 10.23%
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Random Sample
Selection

Stratum

Sampling
Frame

Sample
Interal
Random Starts

Frmary
Random Mot
Start

Alternate 1
Random Mo
Start

Alternate 2
Random Ne.!"
Start

Alternate 3
Random Mo "
Start

Alternate 4
Random Ne. "
Start

"' Random numbers from Excel's random function.
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Oregon Residential Class Sample Parameters

Active Customers with kVWh Meters
For the 12 Months Ending March 2008

1

178,848

20

8,942.40

0.73814

G383

0.32245
2884

0.63755
5701

0.06331
LTh

061245
2417

2

225,182

35

643377

083858

4108

067439
4343

055457
3568

042825
2755

044735
2870

52,280

20

2,614.00

0.01908

50

0.55702
1456

088375
2310

010714
280

0.40029
1046



Sampling Challenges

e Voltage level breakouts

e Requests for load estimates by demand
breakouts on non-demand metered customers
(OR 23).

e New tariffs (OR 28 & 30, WY 28)
e Samples are designed for a specific purpose,

which makes their usefulness in other areas very
limited
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Comparison of class load data
to billing estimates
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Load Research Processing Steps

1.)INCLUDE NEW SAMPLE IN LOAD RESEARCH MV90 SYSTEM
-Ensure master files are correct
-Build summary maps
-Add contributors by strata
-Input weight factors
-Determine statistics to be stored
-Input sample size, pop size, thresholds

2.)VERIFY EXISTING SAMPLES VS CSS
-Rate change, disconnected, alternates

3.)ENTER SYSTEM PEAK DAY AND TIMES INTO MV90 SYSTEM
4.)DETERMINE 305 DATA BROKEN DOWN BY RATE AND STRATA

5.)CALCULATE USAGE DATA FOR ALL CONTRIBUTORS

%
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Load Research Processing Steps
6.)CALCULATE AVERAGE USAGE FOR CLASS AND STRATA

7.)INPUT MONTHLY POPULATIONS AND KWH BY CLASS AND STRATA
8.)TOTALIZE BY STRATA

9.)RUN REPORTS AND GRAPHS
-Check for missing data, gaps, outliers
-Modify summary map start/stop times
-Delete data directory
-Delete or Add to calculate usage data files (step 5)
-Re-calculate average usage (step 6)
-Re-totalize (step 8)
-Run reports and graphs (step 9)

10.)VERIFY MV90 SAMPLE AVERAGES ARE COMPLETE

W ROCKY MOUNTAIN
é POWER
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LOAD RESEARCH PROCESSING STEPS

11.)EXPORT MV90 SAMPLE AVERAGES INTO SAS FILES

12.)EXPAND MV90 SAMPLE AVERAGES BY POPULATION

13.)BUILD STREET LIGHTING AND OFF SEASON IRRIGATION SCHEDULES
14.)ADJUST LOAD RESEARCH KWH TO PRICING KWH

15.)DETERMING DISTRIBUTION PEAK DAY AND TIMES

16.)EXTRACT VARIOUS REPORT DATA
-System peaks
-Distribution peaks
-Schedule peaks
-Class peaks
-etc.

POWER
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Preparation of Class loads to

be used in Rate Filing

Department | TestYear +1 Month +2 Months +3 Months +4 Months
Test vear data 12
collection ends months

Load Profile reads

refrieved

Special request
load profile reads

Class load profiles
completed

Prep of historic
energy & peaks

Forecast energy &
peaks completed

Forecast challenge

Pricing

Rate sched forecast
energy complete

Forecast class
loads completed

Pricing

15
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Annual Summary Report 11
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Cycle Days coc
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Adjust to Pricing Kwh 3
o
Ed Microsoft Excel - utoptms.xls - ||5I |5|
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]
20 |UT G5 007 912,231 902 528 805,305 902813 914,710 910,282 951,789 844 B94 907 122 90& 050 917 B¢
21 | Pricing Kwh 905 056 906,504 804,785 906,109 905,144 900,503 903 BEZ 802,086 901 586 099 455 o5 4°
22 Adj. Fact. 0.935456 1.004361 0.996125 1.003651 0.989543 0.939605 0.949435 0.954597 0.993905 0.992725 0.9757¢
23

24 |UT G5 999 402720 527 M3 3148685 376,671,881 | 378,591 658 5624065948 384389326 403,059,139 388,919,302 389175127 372366742 374 581,14
25| Pricing kKwh = 348527 550 371,602,154 309,843,121 335591 628 365494 860 369,385503 374576611 331,787,156 | 359 484 949 328974 534 354,116,

2R Adj. Fact. 0.8R5433 0.899073 0.82284R 0.885421 1.008521 0960955 0929334 0899349 0.923710 0.886155 0.9453F
27
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29 | Pricing Kuwh 35251 30575 30,747 43 965 45 995 43 461 35,024 31,400 36935 3 076 45 2>
a0 Adj. Fact. 1.07 4552 0.988021 0859912 0.938402 1092265 1260532 0.956975 0.9a1019 0. 75E56R4 0.903kE1 0.9052"
21

32 |UT G5 071 218 388 226 43 215,774 264 159 248 50/ 239 8RR 277 473 267 B2 228 287 219 161 238 3k
33 | Pricing Kwh 234 671 223928 185,048 238511 271 434 299 952 265 538 202,734 268147 197 990 21600
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What do we do with
Irrigation?
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Issues Associated with Irrigation
Samples

» In 2008, there were 2,695 irrigation customers listed as active in
the Company’s billing system. Of that amount:

v’ 240 had 0 usage for the season
v'149 had less that 250 kWh of usage during the season
v 14% of total active customers had 0 or very low usage for the season

» In 2009, there were 2,745 irrigation customers listed as active in
the Company’s billing system. Of that amount:

v 230 had 0 usage for the season
v'160 had less that 250 kWh of usage during the season
v 14% of total active customers had 0 or very low usage for the season

POWER

A DIVISION OF PACIFICORP

vé ROCKY MOUNTAIN




Issues Associated with Irrigation
Samples

» Typically a high variance group

» There really is no standard irrigation load shape
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Issues Associated with Irrigation
Samples

Recommended solution:

» Structure the sample design and customer selection process
such that you have a high probability of selecting customers
who are actively irrigating. The purpose of this design
philosophy is to construct a load curve which reflects actual
active irrigation.

» Utilization of this philosophy will always provide estimates
that exceed billed usage

»Implementation of this philosophy requires that the load curves
provided be adjusted downward to reflect billed energy for the
class
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Forecasting class loads
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Peak Date Alignment

Base Year - 2008

System Peak Day Comparison

Base Year Aligned to Test Year

Test Year - 2009/10

Jan 24, 2008 @ 09:00
Feb 05, 2008 @ 09:00
Mar 05, 2008 @ 09:00
Apr 01, 2008 @ 09:00
May 19, 2008 @ 17:00
Jun 30, 2008 @ 15:00

Jul 09, 2008 @ 18:00
Aug 14, 2008 @ 18:00
Sep 08, 2008 @ 17:00
Oct 01, 2008 @ 17:00
Nov 05, 2008 @ 19:00
Dec 15, 2008 @ 19:00

Thu.

Tue
Wed

Tue
Mon
Mon
Wed

Thu
Mon
Wed
Wed

Mon}:

Jan 28, 2010 @ 09:00
Feb 09, 2010 @ 09:00
Mar 10, 2010 @ 09:00
Apr 06, 2010 @ 09:00
May 24, 2010 @ 17:00

Jul 08, 2009 @ 18:00
Aug 13, 2009 @ 18:00
Sep 07, 2009 @ 17:00
Sep 30, 2009 @ 17:00
Nov 05, 2009 @ 19:00
Dec 14, 2009 @ 19:00

Thu
Tue
Wed
Tue
Mon

Wed
Thu
Mon
Wed
Thu

Mon E::

Jan 22, 2010 @ 09:00
Feb 04, 2010 @ 09:00
Mar 30, 2010 @ 09:00
Apr 01, 2010 @ 09:00
May 19, 2010 @ 16:00
Jun 24, 2010 @ 16:00

Jul 20, 2009 @ 17:00
Aug 27,2009 @ 17:00
Sep 10, 2009 @ 17:00
Oct 30, 2009 @ 09:00
Nov 25, 2009 @ 19:00
Dec 16, 2009 @ 19:00

Fri
Thu
Tue
Thu
Wed
Thu
Mon
Thu
Thu

Fri

Wed
Wed




Weather normalization
of class loads
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The calibration conundrum
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Regulatory Support

System

Regulatory Analysis
Peak Forecasting
Loss Analysis

C&T Back Office

Jurisdiction

/ Tariff

Customer Service /

Load
Research

Retail Access Class

Billing
EPO

PacifiCorp System Peak
System Peak 12/21/1998
Peak Hour 18:00
Demand in Kw

6,000,000

5,000,000 —

4,000,000

3,000,000 /

2,000,000

1,000,000

0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

——Utah —Oregon _ Total

State of Oregon
System Peak 12/21/1998
Peak Hour 18:00

3,500,000

3,000,000 /\
2,500,000 /
2,000,000

1,500,000 /

1,000,000

500,000 S —_— —

0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time in Hours

ial —— Ci i Industrial Special Contract =——Total




The calibration philosophy rests upon a faulty
assumption:

Any difference between class loads and jurisdictional loads is
entirely attributable to sampling error in the sampled classes.
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Calibration Issues

» Jurisdictional loads and class loads are not homogeneous
» Loss Factors

> Real world vs. the theoretical
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Effects of Calibration on Loads
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Questions?
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