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ABSTRACT

BC Hydro introduced a 2-Step inclining blockte in October 2008 to replace the
existing single rate schedule for residential cosls. The purpose of the rate was to
encourage conservation by reflecting the legacyt obsenergy in the first step and the
marginal cost of new energy in the second.

The rate applies two distinct charges separated tgynsumption boundary of 1,350
kilowatt-hours per bi-monthly billing period. Thedt step applies to all energy consumed up
to and including the threshold while the secondgnes to all consumption above. Since the
two charges differ substantially in absolute telang may be further adjusted by widening
the gap between them, a proper accounting of ceasen effects requires the estimation of
price elasticity of demand within each step. Thgdctive of the analysis described in this
paper is to measure the amount of conservatioredaos the inclining block rate, where the
method used was to estimate relevant price elasiciThe elasticities themselves were
estimated by dividing the bi-monthly consumption edch customer by threshold and
regressing each consumption block on the logar@htheir corresponding step charges. The
expected price elasticity at each step is the ssgra parameter associated with the natural
logarithm of the step price in each of the resgltiwo equations.

Elasticity values were applied to changes in prate each step to calculate
consumption savings in kilowatt-hours. As ratetetlasavings to the utility are considerable,
understanding the effect of the rate structurearservation is important to energy planning.



I ntroduction

From 1962 until 1994, BC Hydro used a decliningckl or tiered rate for residential
consumption. The first 275 kWh consumed in a mowtgre priced at one rate while
remaining consumption in the month was priced &iveer rate. As directed by the local
regulatory body, the utility moved to a flat rateusture on April 1, 1994. This rate remained
in effect until October 1, 2008.

In the 2007 Rate Application decision, regulawirected the utility to bring forward
its proposal to introduce a Residential Incliningpdk Rate (RIBR) with the following
attributes:

* The size of the first block should be determinedlmnbasis of the Heritage entitlement
and for each customer should be set at about 1800ger bi-monthly billing period,;

» All energy consumed in excess of 1600 kWh per bivily billing period should be
priced at the marginal cost of supply plus an afloee for distribution losses and

* The rate should be revenue neutral.

Rate Development and Description

The RIBR application was filed with regulators 2008 and proposed a two-step
inclining rate that impacted more than 1.6 millloouseholds with average account usage of
11,000 kWh per annum. Following an oral hearimg local regulatory body determined
that it was in the public interest to implement tiew rate and ordered that the two-step
inclining block structure incorporate the followidgsign principles:

0] Establish the Step 1 to Step 2 threshold at 1,380 lper billing period, which is
approximately 90 percent of the median consumpbbrthe utility’s residential
customers.

(i) For the period commencing April 1, 2009, estabtish Step 2 rate at 8.27 cents per
kwh.

(i)  For the period commencing October 1, 2008 througirddl 31, 2009, establish the
Step 1 rate as the above rate less one-half aitfezence between that rate and 6.15
cents per kWh.

(iv)  Calculate both the Step 1 rate and the Basic Chagjdually to achieve revenue
neutrality for the residential class.

The utility subsequently filed a revised rate sthe pertinent to the 2010 fiscal year
which included: (1) a basic charge of 12.64 ceetsday; (2) a Step 1 rate of 5.91 cents per
kWh; and (3) a Step 2 rate of 8.27 cents per kWieffective April 1, 2009.

Study objective

The objective of this analysis is to measure tkduction in overall energy
consumption caused by the inclining block rate n&mption change was to be measured by



estimating relevant price elasticities and applyihgm to actual annual consumption and
price change at each step in the rate structufastiéties would be the parametric result of
regressing each consumption block on the logarahtheir corresponding step charges.

M ethod

Data

Price per kWh, heating degree days and unemplolyragnare the covariates used in
each of two regression equations; one with Stepnsumption as the dependent variable and
the other with Step 2. All other independent vdaabare categorical. The base categories
vary with the regression and are explicitly notedrable 1. The data is in panel format with
i-subscripts referring to cross-sectional obseovetiand t-subscripts to billing periods. There
are 4 regions times 5 dwelling types times 2 speaing fuel types for 40 observations per
billing period. Data is drawn from bi-monthly bily records extending from April/May
1994 to February/March 2010

Consumption at Step 1 per billing period only ud#s customers whose usageer
exceeded the RIBR threshold level whereas Step r&suroption includesall of the
consumption of customers whose consumption excetbaettireshold The fact that Step 2
customers face the Step 1 price below the RIBRstiulel is assumed to have a negligible
impact on demarid

M od€

This evaluation considers a detailed time-seriedyais of aggregated billing data.
Regression models estimate price elasticities febmgtricity consumed by customers at or
below 1,350 kWh per billing period (Step 1) andabthat level (Step 2).

The regression models for Step 1 and Step 2 cqoisamare Equations (1) and (2)
respectively. Each controls for response variabtéers by applying Huber's Method of
Robust Regression (1973). Equation 1 includesaotams (Region 1 x Log Heating Degree
Days, Single Family Dwelling x Region 3, Single kgnbwelling x Electric Heat Other
Dwelling x Region 1, Apartment x Region 1 and Apseht x Region 2) which are reported
in Table 3.2. Equation 2 has no interaction terms anslthe error term in both equations.

Equation (1)

Step 1 Log Consumption= o + 1 Region 4; +p, Region 3;+f3 Region 2; + B, Mobile
Home;; + Bs Other Dwelling;; + ps Row House; + 37 Non-Electric Heak + s Log Step 1
price;; + Bo Billing Period 1;; + 1o Billing Period 3;; + P11 Billing Period 4; + B12 Billing
Period 5; + B13 Billing Period 6;; + B14L0og Unemployment Rate+ Interactions+ ;.

! All residential consumption occurring between theéates is included.

2 In other words, Step 2 consumption includes Steprisumption for those customers whose usage esdeed
the threshold level.

% See the Methodological Discussion for further ifieta

* These interactions are chosen strictly on theshafsitatistical significance and contribution iplained
variance.



Equation (2)

Step 2 Log Consumptign=a + 3; Region 4; +, Region 3:+p3 Region 2; + B, Mobile
Home;; + Bs Other Dwelling;; + B Row House; + 37 Non-Electric Heak + s Log Step 2
pricej + Po Billing Period 2;; + B1oBilling Period 3;; + 11 Billing Period 4;; + B12 Billing
Period 5; + B13Log Unemployment Ratet € .

Algorithms (1) to (3) below estimate the consumptimpact due to price changes
within the rate structure. The changes in prit&tep 1 and\ Step 2) are each measured
from the price in effect immediately prior to fisgeear 2010. Elasticities are the regression
coefficients for the natural logarithm of pricekiguations (1) and (2) and account totals are
those of March 31, 2010.

(1) A Step 1 kWh = Step 1 Elasticiti*Step 1 Price *Step 1 Accounts*Average Step 1
Usage per Account

(2) A Step 2 kWh = Step 2 Elasticiti*Step 2 Price*Step 2 Accounts*Average Step 2 Usage
per Account

(3) A kWh =A Step 1 kWh A Step 2 kWh

M ethodology Discussion

The method applied in this paper is new and erpartal. There is very little recent
literature on estimating demand models and priastieities under inclining block rates and
such that does exist is more concerned with thergétieal difficulties and underpinnings of
marginal pricing. Recognizing this problem, thdityt sponsored a forum to discuss the
theoretical and practical issues of estimatingpepprice elasticify A number of concerns
were raised by participants: two are considered.her

The first is the treatment of marginal price: girsome customers face both Step 1
and Step 2 charges, it is not strictly true thadtamers exceeding the RIBR threshold face
only one marginal price throughout; namely, thepSeharge. The question is whether this
concern is of practical rather than theoreticahsigance; in practical terms, the focus was
the accuracyf overall savings calculations.

To test the assumption of accuracy, step elagtisihs modelled in a slightly
different, but symmetric, manner. Step 1 consuomptivas re-defined as all Step 1
consumption below the threshold (including that stoned by customers exceeding the
threshold) and Step 2 as the residual consumptioreathe threshold (excluding the first
1,350 kilowatt-hours of Step 1 energy). Sincedbmbined effect of these elasticity values
on overall customer consumption (Step 1 and Stegege added together) must equal that of
elasticities calculated from the original modelyisgs results are easily compared. When
such a comparison is made, the difference in savisgnly 0.35 perceht This finding
supports the view that, however we define Stepdl@tep 2 consumption, the calculation of
savings attributable to the price structure dodschange. As a result, the estimation of a

® This all-day forum was held October 15 2010. Eméars included Navigant Consulting Inc., Freeman,
Sullivan & Co. and Christensen Associates Energysoting.

® The difference in total energy saving was 229ufrémt model) — 228.9 (alternative model) = 0.8 G\Wihis
represents a 0.35% variance. More elasticity andeisletail is available from the author.



“pure” marginal price for Step 2 customers appeawnsecessary. In other words, the Step 2
charge is thele facto unit cost that Step 2 customers currently respgond

The second concern was time series length. diulynlong, it might introduce
unknown sources of variation that affect elasti@stimates in ways that distort customer
response to price. It was suggested that multgolalyses of sequentially shorter time
periods might reveal the extent to which estimapede elasticities are influenced by
declining real prices in the pre-IBR period. Howevsegmentation of the time series into
smaller sequences proved inconclusive. Exploratamk suggested that (a) mean elasticity
remains relatively stable throughout the time sfaad (b) that usage per account was flat in
tandem with near-zero price increments. The latibservation is supported by the
relationship between annual growth in bi-monthlages per account (Figure 1) and CPI-
adjusted mean price per kilowatt-hour (Figure 8)agerage price jumps in 2008 (largely due
to the spike in the Step 2 charge), there is a censorate drop in account usage. Overall
trend in the series was not a factor in paramesionation.

Figurel

Annual Growth in Bi-Monthly Usage per Account
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" Mean elasticity for the period prior to the RIBRries between -0.10 and -0.15.



Figure2

CPI Adjusted Annual Average Price per kWh
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Energy and Peak Savings

Table 1 provides the results of the regression isodsed in this analysis. Sample
sizes and regression parameters are shown in eaghr€. Although a  number  of
approaches were explored, the two models presamieable 1 are preferred on intuitive and
statistical grounds The elasticity estimates generated in this sar@ygenerally comparable
to those used in the rate application.

Column 2 presents the results for the Step 1 copsan model. All of the regression
coefficients are statistically significant at theefpercent level or better, and the explanatory
power of the model is excellent with an adjusteddrared of 0.88. The estimated Step 1
price elasticity is -0.054.

Column 3 presents the results for the Step 2 copsan model. All of the regression
coefficients are statistically significant at theefpercent level or better, and the explanatory
power of the model is also excellent with an adjdsR-squared of 0.91. The estimated Step
2 price elasticity is -0.111.

8 A full accounting of tests of significance for thedel and individual parameters is available ftomauthor.

° These explorations included inclusion of additioraiables, generalised estimating equations ahy f
saturated designs. A sampling of customer level dats also modeled and the results are outlinéghpendix
| of this report. Selected example model runs aedlable from the author. Different definitions $fep 1 and
Step 2 consumption were also modeled (see Methggddscussion).



Table 1 Regression Models

Variable Step 1 Consumption | Step 2 Consumption
Intercep 6.3¢ 7.5t
Reaqion : (base (base
Reaqion ¢ -0.071* -0.0¢
Reaqion « -0.0Z* -0.0¢
Reaqion : 0.0¢4 -0.01
Apartmen (base (base
Mobile Home 0.2¢ 0.22
Other Dwelling -0.27 0.8C
Row Hous 0.2¢ 0.0¢
Sinale Family Dwellini 0.3¢ 0.3¢
Non-Electric Hes -0.11 -0.1¢
Billing Period 1 (Apri-May) 0.04 (base
Billina Period 2 (Jun-July) (base -0.1¢€
Billing Period 3 (Augus-Septembe 0.0< -0.14
Billing Period 4 (OctobeNovember | 0.0€ 0.11
Billing Period 5 (Decemb-January 0.0¢ 0.31
Billing Period 6 (Februa-March’ 0.0¢ 0.21
Log of Heating Dedree Da -0.01 -0.02
Log of Unemployment ate*® -0.01 -0.07
Loqg of Tier 1 Pric -0.0¢ -

Loqg of Tier 2 Pric - -0.11
Single Family Dwelling x Electric He | -0.12 -
Single Family Dwelling »Reqion « 0.0< -
Reqion : x Log of HDC 0.01 -
Other Dwelling xReqion 0.1C -
Apartment xReqion : -0.1C -
Apartment : Reqion . -0.11 -
Adijusted F 0.8¢ 0.91
Durbin-Watson Valu 1.97 1.9¢
Sample siz (Observation* 3,600 3,600

Note. All regression parameters are significanttret 5% level or betteexcept where
indicated with an asterisk (*). Compound varialdeanected with an “x” are interactions.

19 Unemployment rate by region is entered as a pfoxincome. Good information on disposable inconas w
not available.

" There are 4 regions times 5 dwelling types timepate heating fuel types for 40 observations iliérd
period. As data is drawn from 95 billing periodsgre are 3,800 observations in total.



Table 2 provides a simulation of the effect of fResidential Conservation Rate
structure on total energy consumption based one#lienated price elasticities shown in
Table 1. That is, the calculated percentage clmaimy¢he Step 1 and Step 2 priteare
multiplied by the respective price elasticitiesddhen in turn by the number of accounts on
each step and their average annual consumptione réhulting simulated changes in
consumption, shown in the last column, are an as®dn consumption of Step 1 customers
of 2.2 GWh, and a reduction in consumption by Stepustomers of 231.9 GWh. The net
effect is a reduction in estimated consumption2%.2 GWH?.

Table 2 Fiscal Year 2010 Residential Inclining Block Rate Ener gy Savings

Step | Price Change in|d X A|Number of | Mean kWh | GWh
Elasticity (8) | Rate (A)** | Rate | Accounts per Account | Savings

1 -0.054 -0.0117 0.0006] 851,768 4,572 2.2

2 -0.111 0.1470 -0.0169 768,089 17,909 -231.9

Both 1,619,857 10,896 -229.7

Limitations

Residential electricity consumption is undoubtedaliiected by factors not explicit to
the model. One possible source of unwanted vaniatidhe increase in the total number of
electronic products over time; another is the iasegl energy efficiency of certain significant
end uses such as refrigeration. The collective anphsuch factors on the residential load is
not well understood but obviously affects elasfigstimates in a given fiscal yéar These
factors likely affected consumption during the ldimge period in which consumers faced a
flat rate. The short period since implementing 2h®tep rate (October 2008) also coincided
with the recent economic slowdown.

Conclusions

Separate regression models of customer electiisigyabove and below a threshold
value may be employed to estimate price elastioftydemand at each step in a 2-step
inclining block rate. These results may then bedusecalculate the total energy saved as a
result of one or more changes to the rate structure

'2 Note that changes in price are calculated by obsgthe difference in price that occurred at edep.s No
comparison with a hypothetical equivalent flat riastenade.

13 All savings calculations are based on Equatiop$a({3) in an earlier section of this report.

Values in the Change in Rate column refer to petege changes in price per kWh at April 1, 2009fach
stepped rate.

!> Concurrent residential programs are another plassifurce of variation. The percentage impact ohsu
program savings on overall consumption is smadis(khan 1 percent) but does affect the price elgsti
parameters estimated in the models. However, ttie¢Hat price variables are regressed on acasidential
consumption implies that underlying elasticity esttes reflect customer response to pnieteof DSM program
effects.



Continuing to inform the models on an annual basith the latest available
consumption data will ensure that stepped elagti@tues reflect the most recent customer
experience with the rate.

Further exploration of customer level data wiiahllow more opportunity to explore
the effects of rate awareness and the number lofdsigenerally required to register a price
signal. As more information on customer responsgrite at each step becomes available, it
should become possible to understand how consenvhghaviour is affected by changes in
the rate.
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APPENDIX | A LOOK AT CUSTOMER LEVEL DATA

A separate analysis of customer level billing dates conducted on 1,000 randomly
selected customers to check the consistency ofnprelry results. Equal samples were
drawn from each service regions with the provisat #ach customer be active as of March
31, 2010 and bi-monthly consumption readings retsili to April 1994 or latéf. Fifty
percent of customers (the two middle quartiles) bativeen 25 and 75 bi-monthly readings.
During the modelling process, variable categories @variates proved similar to those used
in the top-down (aggregate) model presented inelabl

Analysis of Covariance (ANCOVA) was applied to toh for customer (within
group) variation. Consumption at each step in #te was modeled separately as before with
Step 1 at or below 1,350 kWh per billing and Stepb®ve. Functional forms were very
similar to those presented in Equations (1) anda{®) produced results statistically identical
with those realised in the model based on aggretze.

Customer level data has the advantage of pergisiaparate modeling of individual
customer demand schedules and shedding light onndlere of the price signal. For
example, it was found that models based on thia gabduced good elasticity results
provided that the number of bi-monthly billings peistomer (lag) was sufficient to register a
response to the price variableWhereas the top-down (aggregated) model captaltes
demand and hence all customer behaviour contrigputinthat demand, some individual
customers may lack a sufficient number of bi-monttdnsumption readings to evoke a price
signal. For these customers, there was eitherfingrft exposure to billing information or
too low a price to evoke a measurable consumpéspanse.

18 Not all customers have records going back thisnfane past; on average (depending on region) each
customer had between six and 10 years of billisgphy. Note also that April 1 1994 is the date thatsingle
(flat) rate structure was introduced; prior to ttiise a declining block structure was in effect.

" Elasticity estimates were in the neighbourhooeDdd6 to -0.07 for Step 1 and -0.11 and -0.12 tep2.

18 Exploratory modeling showed that, on averagesieh years of bi-monthly billing information wasquired
to register a statistically significant price respe in terms of elasticity parameters.



