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1. REVENUE STABILITY
a. Demonstrate the need for revenue stability;

Revenue stability refers to the extent that a variation in load will lead to variation in net income
from year to year. It follows that the more a utility’s revenue is tied to variable rather than fixed
sources, the less stable that revenue is. Fluctuations in load, due to weather conditions,
economic conditions, or the energy conservation efforts of its customers such that energy sales

fall short of forecasts may cause the utility to not reach its required revenue and rate of return.

Through this regulatory process, the writings of James Bonbright have been relied upon as
providing guidance in the setting of rates. FortisBC has employed the criteria denoted as
“Attributes a Sound Rate Structure”, articulated by Bonbright to evaluate the various options
presented in its RIB Application. In Section 3.1 of the RIB Application, the Company provides a
paraphrased summary of the Bonbright principles including Number 7, which is simply stated

as, “Revenue Stability”. The full text of this principle, as it appears in the referenced literature is,

Revenue stability and predictability, with a minimum of unexpected changes seriously adverse

to utility companies.

While the Bonbright criteria related to energy efficiency and fairness in rates have received
relatively more attention from the Commission and intervenors, Revenue Stability, as a desired
characteristic of sound rate design has been raised in Company information request responses

and has prompted requests for further explanation.

Reference to the importance of Revenue Stability appears in the responses to the following
information requests: BCUC 1.12.4, BCSEA 1.2.1, and OEIA 1.7.2. In these responses, the

Company has stated,

....the Company maintains that the collection of fixed costs through fixed charges, as
well as the established need for revenue stability needs to be considered. Decreasing
the customer charge and increasing the energy charges adds sales revenue volatility.
FortisBC believes that its proposal provides an appropriate balance between the
needs of the Company and the concerns customers may have with the level of the
customer charge. (BCUC 1.12.4)

The need for revenue stability is best demonstrated by way of example, as contained in the

following sections.
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b. Demonstrate that decreasing the Basic Charge and increasing the energy charge

adds sales revenue volatility;

In order to demonstrate the impact of the Customer Charge as a mitigating factor on revenue
fluctuations resulting from variation in load, consider the following example. The concept is not
confined to RIB rates, so for the purpose of simplicity, a comparison of flat rates can be used. It
should be noted however, that a RIB rate will exacerbate the situation as revenues are non-
linear and load that does not materialize above the threshold has a larger impact. The example

uses the following basic assumptions:

e Load, number of bills, current Customer and flat Consumption charge for the

base case are the same as presented in the RIB Application;

o Alternate Customer Charges used are those appearing in the Application and

subsequent Information Requests;

e Alternative flat rates are set to recover the same revenue as the base case rate

at the base case load level;
e Load shortfall is assumed to result from a reduction in use per customer; and

o The examples shown represent a shortfall in residential load forecast of 2%, 4%
and 6%. Revenue variations of the same magnitude would result from an

increase in load as well, just in the opposite direction.
Rates compared are:

Table 1 Rates and Revenues at 100% Forecast Load

Customer Rate per . Customer Energy Total
# of bills Load (kWh) Charge
Charge kWh R revenue Revenue
evenue
$28.93( Base
Case) $0.09090 592,857 1,261,232,787 17,151,353 114,646,060 131,797,413
$21.50* $0.09439 592,857 1,261,232,787 12,746,426 119,050,988 131,797,413
$15.00 $0.09745 592,857 1,261,232,787 8,892,855 122,904,558 131,797,413
$10.00 $0.09980 592,857 1,261,232,787 5,928,570 125,868,843 131,797,413
$7.50 $0.10097 592,857 1,261,232,787 4,446,428 127,350,986 131,797,413
$0.00 $0.10450 592,857 1,261,232,787 0 131,797,413 131,797,413

*A reduction of $1.00 in the basic charge results in an increase in the flat energy rate of
$0.00047.

To see the mitigating effect of the Customer Charge, total revenues and revenue variation is

calculated assuming that load is less than forecast when the base case rates were determined.
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In the table below, these revenues are shown when load varies 2%, 4%, and 6% from forecast.

2  These numbers are within the range of past experience as variation from forecast residential
sales was approximately 5% in 2006 and 4% in 2005, and 2% in 2009.
4 With a 2% load reduction, revenues from the rate featuring no Customer Charge will naturally
5 also fall by 2% (since the rate is 100% variable with load). The increasing shortfall that occurs
6 as the Customer charge is lowered from the base case of $28.93 to zero is shown in the
7 “Shortfall over Base Case” column. At a 2% reduction in load the elimination of the Customer
8 Charge would result in a revenue shortfall greater by $343,027 than the resulting shortfall if the
9 rate featured a Customer Charge of $28.93.
10  This clearly demonstrates that sales revenue volatility is increased as the Customer Charge is
11 lowered and the energy charge is increased.
12 As shown below, should actual load during the year be 6% lower than forecast during the
13  Revenue Requirements process in which initial rates are set, the elimination of the Customer
14 Charge would result in an incremental revenue shortfall of $1,029,081 versus the rate featuring
15  a Customer Charge of $28.93.
16 A revenue shortfall of this amount would translate to a rate impact of .36% based on the 2012
17 revenue requirement.
18  The magnitude of these fluctuations holds in cases where actual loads are greater than forecast
19  as well — leading to a revenue excess of the same absolute amount.
20 Table 2. Effect of Lower Customer Charge on Total Revenue
Revenue @ Revenue Shortfall Revenue @ Revenue Shortfall Revenue @ Revenue Shortfall
Customer | 98% Load Shortfall over Base 96% Load Shortfall over Base 94% Load Shortfall over Base
Charge $) Case %) Case %) Case
$28.93 129,504,492 | 2,292,921 0 127,211,571 | 4,585,842 0 124,918,650 | 6,878,764 0
$21.50 | 129,416,394 | 2,381,020 88,099 127,035,374 | 4,762,040 | 176,197 | 124,654,354 | 7,143,059 | 264,296
$15.00 | 129,339,322 | 2,458,091 165,170 | 126,881,231 | 4,916,182 | 330,340 | 124,423,140 | 7,374,274 | 495,510
$10.00 | 129,280,036 | 2,517,377 | 224,456 | 126,762,660 | 5,034,754 | 448,911 124,245,283 | 7,552,131 673,367
$7.50 | 129,250,394 | 2,547,020 | 254,099 | 126,703,374 | 5,094,039 | 508,197 | 124,156,354 | 7,641,059 | 762,296
$0.00 | 129,161,465 | 2,635,948 | 343,027 | 126,525,517 | 5,271,897 | 686,054 | 123,889,569 | 7,907,845 | 1,029,081
21 Graphically, this is shown in Figure 1 below.
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Figure 1 Revenue Difference at Various Load levels

Impact of Revenue Difference
1,200,000
1,000,000
800,000
g /
§ 600,000
L /
o
400,000 /
200,000 /‘/—/
0
$28.93 $21.50 $15.00 $10.00 $7.50 $0.00
= 2% Load Difference 0 88,099 165,170 224,456 254,099 343,027
— 4% Load Difference 0 176,197 330,340 448,911 508,197 686,054
6% Load Difference 0 264,296 495,510 673,367 762,296 1,029,081

c. Provide the anticipated costs of revenue volatility;

The potential costs to the utility of the revenue volatility are those costs identified in Table 2

above in the columns headed Shortfall over Base Case.

With the use of a deferral account as proposed in the FortisBC 2012/2013 Revenue

Requirement Application, the impact of such revenue variations could be managed such that

Revenue Stability becomes less of a concern.

Revenue stability is viewed positively in capital markets. Insofar as annual variations in load

and revenues erode this stability, access to capital and the associated costs can be affected.

d. Provide the "specific needs of the company" with respect to revenue stability.

The need is revenue stability itself (which also directly impacts rate stability for customers).

Revenue stability is a means of ensuring that the Company’s need to reach its required revenue

(and thus have resources to pay for specific expenditures which the Commission has otherwise

approved for the good of all customers) and rate of return are met. When referring to the

specific “needs of the Company” in the information request response repeated above, the
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Company is drawing attention to the balance that must be struck when designing the RIB or any
other rate. Bonbright notes that, “there are conflicts among the competing objectives of

ratemaking that are difficult to resolve.”
2. THE RIB RATE WILL NOT BE INTRODUCED UNTIL 2012 AT THE EARLIEST.

a. Provide clarification on how 2012 rates are to be calculated. Are they based on the

2011 rate increased by the revenue requirements for 2012?

Yes. Inresponse to BCUC IR 1.1.1a and 1.1.1b, the Company indicated that it had applied for
the rates included in the Application and for the pricing principle to be applied to those rates as
a means of escalation. As stated in the RIB Application, implementation can occur within 6 to 9
months after receiving a Commission decision due to the amount of customer education and
technical consideration. Therefore, 2012 rates will be calculated by applying the pricing

principles to the 2011 rates.
The proposed pricing principle is:

Customer charge: exempt from revenue requirement rate increases (but subject to rebalancing

adjustments);

Block 1: adjusted by an amount equal to the sum of the general revenue requirement

increase and any rebalancing adjustments; and

Block 2: adjusted by an amount sufficient to recover the balance of the general revenue

requirement and any rebalancing adjustments.

To illustrate this point, the proposed pricing principle, based on the most current information,

would generate increases applied in the following manner:
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Application
May 1, 2011
Rate in effect at: Pre-BCH May 1, 2011 Post- January 1, 2012
BCH flow-through

flow-through
May 1, 2011 BCH Flow-through 1.40%
January 1, 2012 Rebalancing 2.50%
January 1, 2012 RRA Increase 4.00%
Rate Component *
Customer Charge (per billing period) 28.93 28.93 29.65
Block 1 (/kWh) 0.07828 0.07938 0.08453
Block 2 (/kWh) 0.11272 (set residually) (set residually)

* lllustration using the FortisBC proposed Option #8 from the Application.

While the beginning rate and methodology is consistent with the Application, the table above
contains two pieces of information not known at the time the Application was filed. First, the
amount of the BC Hydro flow-through increase was finalized at 1.4%, and the 2012/2013
Revenue Requirement Application has been filed which contains an update to the forecast rate

increase for 2012.

The rates in the January 1, 2012 column would be effective upon implementation in 2012 and
would vary with any change in the approved 2012 revenue requirement increase. Note that the
current flat rates as at August 24, 2011 have a Customer Charge of $29.34 per billing period
and an energy rate of $.09217 per kWh. Thus upon implementation the Customer Charge will

be decreased.

If a different pricing principle is approved by the Commission it would necessarily change the

outcome.

For clarity, if the starting rate, and pricing principle contained in the RIB Application were
approved without change, the January 1, 2012 Customer Charge and Block 1 Rate would be
the values contained in the table above. The Block 2 rate would be set in consideration of the

residential load forecast approved for 2012.
b. Provide conservation and bill impact analysis for RIB scenarios for 2012 to 2015.

The estimated conservation savings and bill impact analysis as requested is provided in the

tables attached as Appendix A. Note that use of these estimated numbers is meant to be
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FORTIS BC

representative for comparison purposes and have an inherent amount of uncertainty as

explained below.

The RIB options included in these tables include the following:

Original options proposed by FortisBC in Table 8-3:

e Option 2
e Option 8
e Option 11
e Option 17

Customer Charge of $28.93 with highest savings estimate:

e Option 4
e Option7
e Option 31

Customer Charge of $21.50 with highest savings estimate:

e Option 13
o Option 16
o Option 33

Customer Charge of $15.00 with highest savings estimate:

o Option 28
e Option 66
e Option 69

Customer Charge of $7.50 with highest savings estimate:

e Option 22
o Option 25
o Option 19

Customer Charge of $10.00 with highest savings estimate:

o Option 60
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e Option 61
e Option 63

Customer Charge of $0.00 with highest savings estimate:

e Option 51
e Option 54
e Option 57

The rate increases projected by FortisBC are:

2012 2013 2014 2015
RRA Increase 4.00% 6.90% 5.80% 11.40%
Rebalancing Increase 2.50% 2.30% 0.00% 0.00%

These increases have been updated from the original filings as they are the current figures from
the 2012/2013 Revenue Requirement Application. In Appendix A, the 2011 rates are those
prior to the May 1, 2011 BC Hydro flow-through increase. While the rates shown for 2012 rates
and beyond reflect the 2011 BC Hydro increase, it is not shown as an interim step in the tables.
BC Hydro flow-through increases are likely in and after 2012 and the impacts of these increases
have been estimated by the Company and are included in the 2012 through 2015 projected

increases included in the 2012/2013 Revenue Requirement Application and shown above.

For each option, different pricing principles were used to increase the rates over the 5-year

period.
For the $28.93 and $0.00 customer charge levels, the pricing principles included:

e Pricing Principle 1 — Both Blocks. The customer charge was escalated by the
amount of the rebalancing increase. Block 1 was increased by the average

combined rate increase. Block 2 was set to recover all remaining revenue.

e Pricing Principle 2 — Block 2 Only. The customer charge was escalated by the
amount of the rebalancing increase. Block 1 was not increased. Block 2 was set

to recover all remaining revenue.

For the customer charge levels of $21.50, $10.00 and $7.50, the pricing principles included:
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e Pricing Principle 3 — All Components. All three rate components were increased

by the average combined rate increase.

e Pricing Principle 4 — Customer and Block 2. The customer charge was escalated
by the by the average combined rate increase. Block 1 was not increased.

Block 2 was set to recover all remaining revenue.

For the $15.00 customer charge level, all 4 pricing principles were applied.
Conservation savings are once again estimated using elasticity values of (.05/.10), (.10/.20) and
(.20/.30) for each of the 5 years. Savings are shown on a cumulative basis for each of the 5

years.

Because a certain amount of the rate increases by component will occur as a result of the
projected general rate increases, independent of a RIB rate, the cumulative savings shown
reflect a net amount associated with the RIB rate structure. This net amount is calculated by
taking the total cumulative savings associated with each year and subtracting the expected

savings that would occur under a flat block rate scenario.

As previously stated, there is a great deal of uncertainty associated with the elasticity estimates
as elasticity is impacted by the level of the rate, the income levels in the area, appliance
saturations and weather and other things. The use of elasticity numbers taken from other
sources is somewhat useful but will likely not provide reliable information given the unique

circumstances of FortisBC.

Further, the elasticity calculations for each year reflect eventual savings as a result of the rate
change and will not necessarily all occur in the same year as the rate is changed. So while
elasticity savings are shown by year, as requested, they reflect the savings that will occur over
time associated with the change in rates for each year. FortisBC is not able to estimate how
much of the savings will occur in any given year. Elasticity values should be seen as long-term

with the three elasticity scenarios representing varying degrees of customer response.

It is also FortisBC'’s experience that despite annual rate increase in recent years, use per
customer continues to rise. That is contradictory to the elasticity results when the calculations
are applied to the projected annual rate increases for 2012-2015 under a continued flat rate
design. These calculations show an expected savings ranging from 2.4% to 7.5% over the 5-
year period. This finding leads us to further question the validity of relying on the calculated

conservation savings for the RIB rate when selecting the appropriate rate design.
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The estimated bill impacts include the minimum and maximum rate increases, as well as a

breakdown of the percent of customers that annual bill impacts in the following categories:
e Decrease of greater than 30%
e Decrease of 20-30%
e Decrease of 10-20%
e Decrease of 0-10%
e Increase of 0-10%
e Increase of 10-20%
e Increase of 20-30%
e Increase of 30-40%
e Increase of 40-50%
¢ Increase of greater than 50%

The bill impacts are shown for the 2011 period representing the initial change from a flat rate to
an RIB rate, for the cumulative 5-year period with the net impact from RIB rates, and for the
cumulative 5-year period reflecting the total increase in rates. The net impact of the RIB rates
reflect the exclusion of the annual average rate increases projected over the 5-year period,
which is 34.3% in total.

Because the 5-year forecast of rate increases carries a great deal of uncertainty, the bill impacts
in later years are less reliable than for 2011. While the projected rate increases reflect the best
information available at the present time, there is uncertainty surrounding the required rate
increases in the future, particularly in the later years. Because it is also unknown how customers
will respond to the selected RIB rate, and how that will impact sales over the next 5 years, it is
difficult to know if the RIB rates will impact the required rate increases. And the bill impacts to
customers will also change as a result in the RIB rate design. If customers using block 2
conserve energy, their bill impacts will be lower. Customer that see only block 1 may increase

their consumption and their bill impacts may be higher.

As a general comment on the analysis, the Company believes that there is value in reducing the
number of options from Appendix A that continue to be examined. This can simply be done by

identifying those options that can simply be termed “reasonable”. Pricing Principles 2 and 4,
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which do not escalate the block 1 rate at all lead to block 2 rates that grow too quickly to be

acceptable to the Company or its customers.

In doing this, the number of options is reduced to 25, which includes FortisBC'’s original

preferred option. A summary of these options is attached as Appendix B. Also included in this

table is a breakdown of the percentage of revenue that comes from each rate component.

3. A RESPONSE TO THE SPECIFIC QUESTIONS RAISED BY MR. SHADRACK IN
THE HEARING, INCLUDING:

a. Whether customers that purchase over 1900 kilowatts in a billing cycle are

receiving power below the costs of delivering it; and
b. The threshold consumption below which customers pay less than 9.35 cents.

In order to address Mr. Shadrack’s assertions, the Company has reviewed the regulatory record
from the 2009 COSA proceeding and identified the set of assumptions used in the calculations

and conclusions that are drawn by Mr. Shadrack. Namely:

o The “estimated delivery cost’ relied upon by Mr. Shadrack in his examples is
drawn from the COSA materials. The current value can be found in Schedule 1.1
of the revised COSA filed with the Compliance filing of November 19, 2010
(Attached as Appendix C to this Filing.) This number represents a combined
average rate calculated by dividing the total costs allocated to the residential
customer class divided by the total number of kilowatt-hours consumed over the
year. The updated value is $0.0935 per kWh.

e Mr. Shadrack asserts that any time the total blended cost of power over a billing
period is less the estimated delivery cost on a per kWh basis, that the customer

is receiving power at less than the cost of delivery.

o The rates used to arrive at these conclusions are those in effect on December
31, 2009. The Customer Charge at that time was $24.26 per billing period, and
the energy rate was $0.07627 per kilowatt-hour. In Shadrack COSA IR 2
Question 3 (dated February 2, 2010) Mr. Shadrack presents information that a
customer using 1000 kWh over a billing period will have a blended cost of power
of 10.05 cents per kWh. Mr. Shadrack also calculates that a customer using
1906 kWh over a billing period will have a blended cost of power of 8.8998 cents
per kWh.

PAGE 11



—_

a b W N

10

11
12
13
14
15
16
17

18

19

20
21
22

23
24
25

26
27

Residential Inclining Block Rate Application

FORTIS BC

ORDER G-142-11 — ADDITIONAL EVIDENCE FILING

e This is shown in the table below. The initial COSA materials, which were
updated with the November 19, 2010, showed an estimated delivery cost of
$0.0890 / kWh in Schedule 1.1. This is the basis for the claim that a
consumption of 1906 kWh is the point above which customers will be subsidized

by customers below that level.

Table Shadrack 1 — Original Shadrack Calculations

Consumption Customer Energy Charge Blended Cost
per billing Charge @%0.07627 / Total Charge (total charge/
period 9 kWh kWh)
1000 kWh 24.26 76.27 100.53 0.10053
1906 kWh 24.26 145.37 169.63 0.088998

Foregoing for the moment any comment on the validity of these basic assumptions, the
Company believes that as a starting point, two adjustments should be made to Mr. Shadrack’s
methodology. First, the “subsidization point” should be updated with the most current COSA
estimated delivery cost from the November 19, 2010 update - $0.0935 per kWh. Second, for
consistency, the rates used in the analysis should be those in effect at the time the COSA was
conducted (and used elsewhere in the COSA), not the higher current (at the time) rates used in

Mr. Shadrack’s previous submission.
Using the same methodology, these updated numbers yield the following results.

Table Shadrack 2 — Revised Shadrack Calculations

Consumption Customer Energy Charge Blended Cost
per billing Charae @9%0.07463 / Total Charge (total charge/
period 9 kWh kWh)
1000 kWh 23.74 74.63 98.37 0.09837
1256 kWh 23.74 93.74 117.48 0.09353

Using Mr. Shadrack’s logic then, any residential customer using over 1256 kWh per billing
period is receiving service at a cost lower than to provide it and is being subsidized by those

customers with consumption below that level.

The Company does not however agree that the assumptions and methodology employed by Mr.
Shadrack appropriately describes the cost relationships derived from the COSA. This is

primarily because:

o The use of a “blended cost” value does not recognize that customers place a

fixed cost on the utility regardless of the level of consumption.
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e The methodology does not recognize that a portion the fixed per-customer costs
identified in the COSA are currently being collected in the variable energy rate

charged to customers.

In addition, the assumptions used in the methodology essentially argue that the fixed costs

involved in the delivery of service should not be paid by some customers.

In the opinion of the Company, any such analysis aimed at identifying a “subsidization point”

should consider both appropriate fixed and variable charges.

In the same COSA Schedule 1.1 there is additional information relevant to the analysis. While
the estimated delivery cost number is convenient, the component parts are more appropriate.
The fixed cost per customer is $28.74 per customer per month ($57.48 per billing period), and
with the customer costs removed from the total allocated costs, the remaining variable costs are
$0.06631 on a per kWh basis.

To arrive at a COSA derived point at which a customer will have consumption sufficient to
produce revenues adequate to cover the cost of service, one needs to compare revenues at the
rates in effect at the time the COSA was conducted against the COSA derived cost of providing
service. These costs need to include the full fixed customer costs, and the variable costs that
remain after the customer costs have been removed. When the revenues and costs at various
levels of consumption are compared in this manner, it can be seen that until consumption rises
above approximately 4050 kWh in a billing period, revenues are not sufficient to recover the
shortfall in the customer charge revenue. Under the current rate structure, customers
consuming below 4050 kWh in a billing period pay less than their COSA derived costs and
customers consuming below 4050 kWh pay more. Therefore, customers consuming less than

4050 kWh in a billing period are being subsidized by those consuming above that level.
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Table Shadrack 3 — Revenue vs COSA Cost to Serve

Revenues Costs
Energy Variable COSA Costs Revenue
Consumption Customer Charge Total Costs Allqcated Total less to Cost
Charge | @$0.07463 | Charge | @$0.06631/ | Fixed Cost Revenue Ratio
/ KWh kWh Costs
c=ax d=b + e=a
a b .07463 ¢ x.06631 f g=etf h=g-d d/g

500 23.74 37.32 61.06 33.15 $57.48 90.64 29.58 67.4%
1000 23.74 74.63 98.37 66.31 $57.48 123.79 25.42 79.5%
1500 23.74 111.95 135.69 99.46 $57.48 156.95 21.26 86.5%
2000 23.74 149.26 173.00 132.62 $57.48 190.10 17.10 91.0%
2500 23.74 186.58 210.32 165.77 $57.48 223.25 12.94 94.2%
3000 23.74 223.89 247.63 198.92 $57.48 256.41 8.78 96.6%
3500 23.74 261.21 284.95 232.08 $57.48 289.56 4.62 98.4%
4000 23.74 298.52 322.26 265.23 $57.48 322.72 0.46 99.9%
4050 23.74 302.25 325.99 268.55 $57.48 326.03 0.04 100.0%
4060 23.74 303.00 326.74 269.21 $57.48 326.69 -0.04 100.0%
4100 23.74 305.98 329.72 271.86 $57.48 329.35 -0.38 100.1%
4500 23.74 335.84 359.58 298.39 $57.48 355.87 -3.71 101.0%
5000 23.74 373.15 396.89 331.54 $57.48 389.02 -7.87 102.0%

Therefore, although using the assumptions and methodology employed by Mr. Shadrack will

produce results consistent with his findings, the Company does not believe that they can

appropriately be used to support the conclusions that are drawn from them. In response to the

specific BCUC questions above,

Customers that purchase 1900 kilowatt-hours or more in a billing cycle (bi-monthly) are not

receiving power below the cost of delivery, and

Using Mr. Shadrack’s approach and both rates and costs contained in the COSA, on a blended

cost basis, customers pay less than 9.35 cents per kWh at approximately 1256 kWh in a billing

period.
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4. LONG-RUN MARGINAL COST

a. Explain why FortisBC does not agree that the Block 2 rate should be capped at the

long-run marginal cost of power

The Company has not said that a cap on the block 2 rate set or based on the Long Run
Marginal Cost (LRMC) is not appropriate; rather, it has maintained that the primary
consideration in the rate design was the limitation of customer impact. In any case, although
the Company recognizes the rationale for instituting such a cap, it also recognizes that as a
practical matter it must be considered in the context of each particular utility’s circumstance. In
FortisBCs case, should such a cap be introduced, the block 1 and block 2 rates would rapidly

converge and the conservation impact would dwindle.

Fundamentally, the move to marginal cost based pricing is undertaken to set prices that lead to
the most efficient use of resources, or at the very least, to allow customers to determine how
much it is worth, based on competing priorities, to consume more or less of a commaodity, in this

case — electricity.

In the short term, a customer can alter the way electricity is consumed, and in the longer term
make decisions about possible capital expenditures such as energy efficient appliances or

heating sources.

If one accepts the customers are responsive to price signals (as FortisBC does) then in order to
promote efficiency in the producing and supplying of electricity, the prices facing the consumer
should reflect (though not necessarily match) the marginal cost to the utility of producing more
or less electricity. In this manner, customers who increase their consumption during time
periods that are expensive to the utility will see that cost reflected in their bills. Of course, a
customer who chooses to, and is able to reduce consumption during peak periods can see an
overall reduction in bill amounts. This time-matching of consumption to costs is feature of time-

of-use rates but not inherent in a RIB structure.

For a RIB rate, using the LRMC as the referent and cap for the second block is appropriate and
effective when it exceeds the block 2 rate by an appreciable amount. This is the case with BC
Hydro, where its LRMC is based on prices paid for power flowing from the 2008 Clean Power
Call which in turn reflects policy objectives. For FortisBC, with a smaller, less densely
populated service area amongst which to spread fixed costs, the difference between a potential

block 2 rate and the LRMC is small enough that the cap may be reached quite quickly.
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In FortisBC’s view if the desired end result of the RIB rate is conservation, that objective can
only be achieved by pricing the second block above the first block regardless of where the
second block is in relation to the long run marginal cost. Purely in terms of economic theory, it
may not be desirable to price any electricity above the marginal cost, but in the Company’s
circumstance, were the Commission to determine that the block 2 rate should be capped at the
LRMC, it should be recognized that some adjustment to that methodology will be required with

the first few years.

b. What value would FortisBC propose to use for its long-run marginal cost of power
(as opposed to FortisBC's marginal cost of power in the near to medium term).

Why? How is this value determined? In what year's dollar is it expressed?

In FortisBC’s response to BCUC IR2 Q7.1, FortisBC defined long-run marginal cost as the cost
to acquire additional power where existing resources are insufficient to meet load requirements.
As outlined in the 2012 Long-Term Resource Plan (Resource Plan), in the near to medium term
FortisBC expects to meet incremental requirements through increased market purchases.
Therefore, for the purpose of this Application, the determination of long-run marginal cost was
based on the forecast of the market price of power and does not represent the cost of new

construction. As outlined in Table 4b, that value is $84.94.

BC Hydro calculates its LRMC from new resources as $124.3/MWh. This is based on projects
granted contracts under its 2008 Clean Power Call, so their LRMC is a fair representation of its
avoided costs. The $124.3/MWh represents an adjusted weighted average levelized firm
energy price, using a nominal 8% discount rate (which assumes 2.1% inflation). The price is
adjusted for the costs to deliver energy to the lower mainland, including transmission upgrades.
The corresponding plantgate price is $111.3/MWh. The BCH LRMC price is based on firm
delivery, which has a built-in capacity component. There is additional non-firm energy acquired
under this call which is priced significantly lower which is not included in the BC Hydro
calculation of LRMC (approximately $57/MWh).

FortisBC does not have an equivalent energy call to base a calculation of LRMC from new
resources. In addition, as discussed in the Resource Plan, FortisBC expects to meet
incremental requirements primarily through additional energy purchases under the BC Hydro
3808 contract and market purchases and is not planning to acquire new resources in the near to

medium term.

PAGE 16



—_

(o) IN¢) B N GO R \V)

Residential Inclining Block Rate Application

FORTIS BC

ORDER G-142-11 — ADDITIONAL EVIDENCE FILING

Nevertheless, a LRMC from new resources could to be developed from a forecast of the cost of
potential new resources. The Resource Plan contains a preliminary estimate of the cost of BC
new resources in the Midgard Resource Options Report (Appendix C of the Resource Plan). A
reasonable proxy for the cost of new resources in the long term is to use the BC New

Resources Market Energy Curve presented as Table 5.2-A in the Midgard 2011 FortisBC

Energy and Capacity Market Assessment (Appendix B of the Resource Plan).

Using the projections contained in the Midgard Report, and a nominal discount rate of 8%,

FortisBC has calculated a levelized value for its LRMC, for use in this Application, of $111.96
per MWh. Grossed up for losses at 11%, the value becomes $125.80 per MWh. Table 4.b
provides a summary of the LRMC discussed in this Application, including the $125.80 per MWh

figure.

Table 4b

Reference

Definition

Value

Exhibit B8 Q7.1, 7.2

Marginal Cost (defined as
Short Term Avoided Costs over
2012 to 2015 period (based on
primarily avoided 3808 Energy
Purchases with minor amount

of market purchases and

surplus sales)

$38.04 /MWh
(energy only)

Exhibit B8 Q7.1, 7.2

LRMC (define as the cost to
acquire additional power
through market purchases
where the existing

resources are insufficient to
meet load requirements).

$84.94/MWh

FortisBC 2012 Resource
Plan — Appendix C:
Midgard Resource Option
Report

LRMC New Construction —
Similkameen UEC

$97/MWh (6% real)
$124/MWh (8% real)

FortisBC 2012 Resource
Plan — Midgard 2011
FortisBC Energy and

BC New Resources Market
Energy

$111.96/MWh (8% real)
$125.80/MWh including

losses
Capacity Market
Assessment
Clean Power Call RFP— BCH LRMC (Clean Power Call) $124.30/MWh

Report on the RFP
Process — August 3, 2010

Delivered to LML

(8% Nominal)

Clean Power Call
Request For Proposals —
Report on the RFP
Process — August 3, 2010

BCH LRMC (Clean Power Call)
Plantgate

$111.3/MWh
(8% Nominal)

Proposed FortisBC RIB Block 1
Rate

$0.07828 / kWh
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Proposed FortisBC RIB Block 2 $0.11272 / kWh
Rate

FortisBC has higher residential rates than BC Hydro. With FortisBC’'s LRMC for new resources
at $125.80, it is very close to the block 2 rate that would be in effect within a small number of
years regardless of the starting rate option selected, so capping Block 2 at the LRMC of new
resources may not provide a proper conservation signal. Indeed, capping the Block 2 rate at
BC Hydro’s LRMC, would result in only a very small gap between Block 1 and Block 2 rates
which would close quickly over the next few years. As such, given FortisBC'’s situation, if
capping the Block 2 rate at the LRMC is determined to be appropriate, it may lead to the
conclusion that either continuation of the current flat rate structure is more appropriate or some

modification of the cap may be required in the short term.

In addition, Section 2.5.1 of the June 2011 Review of BC Hydro recommends that government
clarify the objectives, priorities and/or relative ranking among competing objectives of the rate

structure design. This may have implications for FortisBC’s RIB structure.

c. BCOAPO'’s position is that prices that exceed the long-run marginal cost can lead
to inefficient consumption decisions. Does FortisBC agree with this statement?

Provide reasons for the response.

Under specifically defined conditions, economic efficiency is maximized (in the long run) where
price equals long run marginal cost. Therefore, if price is either higher or lower than long run

marginal cost, efficiency will not be maximized.

Notwithstanding the comments above, which tend to support BCOAPOQO’s contention, the
Company notes that there are other benefits to conservation to the utility and its customers that
are extremely difficult to quantify. Any embedded conservation reduces electrical load, which
can also delay the need for capital expenditures related to the transmission and distribution of

that electricity.

PAGE 18



N

© 00 N O O

10
11
12

13
14
15
16
17
18
19
20
21
22

23

24
25
26
27
28
29
30

31
32

Residential Inclining Block Rate Application FORTIS BC
ORDER G-142-11 — ADDITIONAL EVIDENCE FILING

5. ELASTICITY AND OTHER CONSERVATION MEASURES

a. Provide further analysis on elasticity and RIB rates to support FortisBC's position
that the values for each of the two steps should be modeled differently. Is the

difference in values of the two elasticity values a function of the size of the step?

FortisBC is unaware of any recognized body of economic research regarding price elasticity
under multiple tier pricing that would enable an analysis of the impacts of block sizes and
relative prices. As stated in the response to BCUC IR 9.1 price elasticity is generally believed to
increase for any good as it becomes a greater percentage of disposable income. This effect will
be seen due to either a lower level of income or an increase in rates. Other things being equal if
a customer is in block two electricity costs will form a higher share of disposable income than
they would if the customers’ experienced only block one levels of consumption. Thus it can be

inferred that price elasticity should be higher in block two than in block one.

Conservation impacts of the two tier rate were modelled using the same methodology as
employed by BC Hydro in its RIB application. BC Hydro prepared its application showing
impacts for cases where the elasticities in the blocks were uniform (the same in block one and
block two) and cases where the block two elasticity was higher than in block one. There were
conservation impacts in all cases, but the impact was lessened in the uniform elasticity cases.
FortisBC found the same results in its modelling — even if elasticity is the same in block one and
block two there is still a conservation impact for the RIB rate. While it would be desirable to
have definitive answers regarding the relative elasticities and the impact of different block sizes,
FortisBC believes that customer impacts are the more determinative factor in choosing a rate

option.
b. Provide further evidence on price elasticities in other jurisdictions.

While FortisBC believes that the implementation of a conservation rate, whether RIB, Time-of-
Use, Critical Peak pricing or other, will have some level of impact on consumption, it has stated
that the results are uncertain due to the difficulty in identifying the magnitude of the expected
response. This uncertainty is due at least in part due to the unique circumstances of each utility
and is impacted by the rate levels, income levels, weather, appliance saturations and the
specific design of the rates. It is therefore difficult to transfer the assumptions about elasticity

values between utilities.

For this reason, the Company has presented a range of conservation estimates in both the

Application and IR responses under a number of elasticity assumptions.
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The Company has opined that elasticity values are lower at lower levels of consumption than at
higher levels of consumption. For this reason, a different elasticity value is assumed for
consumption above and below the threshold. In summary, these values are, in terms
above/below the threshold, -.05/-.10, -.10/-.20, and -.20/-.30. (Elasticity values are typically
shown as negative reflecting the decrease in consumption as price rises. Most of the Tables
presented by FortisBC in this proceeding have simply stated the value — which is assumed to be

negative in all cases)

BC Hydro stated however that, “In developing its net conservation estimates, BC Hydro
assumes a uniform elasticity for all consumption under the RIB rate. This modeling method is
referred to by BC Hydro as “Uniform RIB Rate Elasticity”.”

BC Hydro presented uniform elasticity conservation results based on elasticity values of -0.075,
-0.10 and -0.15 for its RIB rate. It also stated that the elasticity of demand on the existing flat

rate structure is estimated at -0.05.

FortisBC’s approach is consistent with alternative information presented by BC Hydro in its 2008
RIB Application in what it called the “Non-uniform RIB Rate Elasticity” approach. The values BC
Hydro used are, in terms above/below the threshold, -.05/-.075, -.05/-.10, and -.20/-.30.

Price elasticity estimates in other jurisdictions provide some information that can be considered
when deciding the values to use in estimating conservation impacts in the local service area. In
developing its Application, BC Hydro conducted an extensive review of 105 existing published
literature and studies which it listed in response to a BCOAPO information request in its 2008
RIB Rate Application process (BCOAPO IR #1 Question 8). The most relevant four studies

were included in whole as attachments to BCUC IR #1, Question 28.1 in the same proceeding.

FortisBC did not conduct an additional review of literature given the extensive information and
the general acceptance in that proceeding that identifying the specific level of conservation was
not determinative of whether a RIB rate would be put in place. FortisBC considers that any
updated elasticity values garnered from BC Hydro’s experience with its RIB rate will be the best

approximation for the FortisBC service area and will continue to monitor those results.

FortisBC is unaware of information in addition to that already filed by BC Hydro on elasticity
assumptions used in the design of conservation rates in neighbouring jurisdictions other than
BC Hydro; however, further general evidence has been published since the conclusion of the

BC Hydro process in 2008. The Company has attached one article titled Inclining Toward

Efficiency by Ahmad Faruqui that appeared in the August 2008 issue of Public Utilities

PAaGE 20



w

o N o o

Residential Inclining Block Rate Application FORTIS BC
ORDER G-142-11 — ADDITIONAL EVIDENCE FILING

Fortnightly, and an additional review of others’ studies published by the Electric Power
Research Institute titled Price Elasticity of Demand for Electricity: A Primer and Synthesis.
EPRI, Palo Alto, CA: 2007, 1016264."

These studies, while not specific to any utility that FortisBC would nicely compare, do tend to
support the notion that determining elasticity values is utility specific, and the conclusion that
properly designed conservation rates will impact customer behaviour. They do however, in a
general way include elasticity estimates at the higher end of (or simply higher than) the ranges
that FortisBC has presented.

! Copyright ©2008 Electric Power Research Institute (EPRI), Palo Alto, CA USA
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6. PRICING PRINCIPLES

a. Demonstrate how the Bonbright principles are satisfied in options 8, 19, 22 and
25,

Detail on the specific rate options requested are repeated in the table below.

Percentage of
Percentage of| customers
Percentage .
Customer | Block 1 Block 2 Block Annual of 9 Maximum Customers who have Percentage of | Conservation Impact
Option Criterion Threshold Charge Rate Rate Differential Breakeven customers | Bill Impact with Bill consumption | load billed in (-lower/upper)
kWh better off Increases > | in the second Block 2

20% block at least
once .05/.10 | .10/.20 | .20/.30
8 95% see <10% 1600 28.93| 0.07828| 0.11272 44.0% 15000 75.7% 22.6% 0.2% 72.8% 36.6%| 1.9%| 3.7%| 5.5%
19 90% see <10% 1350 7.50] 0.08671| 0.11966 38.0% 13500 70.7% 30.0% 1.9% 79.2% 43.3%| 2.7%| 5.5%| 8.2%
22 90% see <10% 2100 7.50[ 0.09111] 0.12847 41.0% 14000 72.5% 38.9% 2.7% 60.7% 26.4%| 3.0%| 5.9%| 8.9%
25 90% see <10% 1600 7.50) 0.08893| 0.12183 37.0% 13500 70.7% 32.2% 1.9% 72.8% 36.6%| 28%| 56% 84%

The summary of the Bonbright Principles which are paraphrased at page 9 of the RIB
Application is relied upon to “provide a framework against which all rate design activities and

options can be comparecf’z.

The Company believes that the Principles should be considered in a general sense and properly
can be used to check for obvious violations. It cautions however that attempting to tightly define
the criteria or attempt to weight or otherwise rank options according to the Principles is not an
exercise that is particularly helpful. There is attractiveness when attempting to choose from
amongst many competing but similar options to any system that may help with the task.
However, the Company notes that in the introduction to the Principles, Bonbright made the

following observations,

Moreover, there is, perforce, some inconsistency and redundancy in any such listing. We are
simply trying to identify the desirable characteristics of utility performance that regulators should

seek to compel through edict.
And,

Lists of this nature are useful in reminding the ratemaker of considerations that might otherwise
be neglected and also useful in suggesting important reasons why problems of practical rate
design do not yield readily to scientific principles of optimum pricing. But they are unqualified to
serve as a base on which to build these principles because of their ambiguities (how, for
example, does one define “undue discrimination”?), their overlapping character, their
inconsistencies, and their failure to offer any basis for establishing priorities in the event of a

conflict.

2 FortisBC RIB rate Application Page 9, line 19
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The Company is not intending to now trivialize the criteria that it included in its Application, but

only to draw attention to the limitations they have as an evaluative tool.

On the page following, the Company presents a table that presents the four options specified by
the Commission (Options 8, 19,22, and 25) along with the Bonbright Principles as summarized

in the Application. In the opinion of the Company, there is very little difference in the options as
they relate to the principles. None of the options violate the principles as noted in the table. As
there is little difference in the manner that each option relates to the Bonbright criteria, there are

few differences noted in the table.
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Residential Inclining Block Rate Application FORTIS BC
ORDER G-142-11 — ADDITIONAL EVIDENCE FILING

b. Demonstrate how the four pricing principles satisfy the Bonbright criteria.

As noted in Appendix A of Commission Order G-142-11, FortisBC has previously defined pricing
principles as the manner in which general rate increases are applied to the pricing elements of
the RIB rate: the Customer charge, Block 1 and Block 2.

For clarification, there are four pricing principles contained in the Application (although FortisBC
does not use the terminology). To which rate options they are applied depended on the level of

Customer Charge put in place with the implementation of the RIB rate.

For any option where the Customer Charge is set at the equivalent flat rate level and in

subsequent years is frozen and only subject to rebalancing increases, the pricing principles are:
1. Revenue Requirement Increases applied to both blocks 1 and 2

¢ In the opinion of the Company, by failing to apply increases to the basic charge,
the principle of revenue stability is compromised. The trade-off is that with the
commensurate increase in the energy rates, conservation impacts may be

enhanced.
2. Revenue Requirement Increases applied to block 2 only
e As with principle 1, revenue stability is lacking under this pricing principle.

e The rapid escalation of the second block under this principle causes very high
block 2 rates over a relatively short period that would impact high consumption

unfairly.
e Customer acceptance is not likely with this scenario.
o FortisBC does not support this pricing principle.
For any options with a Customer Charges that is initially set below the current rate:
3. Revenue Requirement Increases applied to all components

e This alternative satisfies all the Bonbright principles. Since all rate components
are escalated in the same manner, the percentage change in each is constant.
This will produce a smaller conservation impact than allowing the block 2 rate to

climb faster.
4. Revenue Requirement Increases applied to Customer Charge and block 2 only

e As with principle 1, revenue stability is lacking under this pricing principle.
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Residential Inclining Block Rate Application FORTIS BC
ORDER G-142-11 — ADDITIONAL EVIDENCE FILING

e The rapid escalation of the second block under this principle causes very high
block 2 rates over a relatively short period that would impact high consumption

unfairly.
e Customer acceptance is not likely with this scenario.
o FortisBC does not support this pricing principle.
7. TEST PERIOD.
a. Provide further information about the test data. What period(s) does it cover?

The survey of customers used to generate the sample data was conducted in 2009 - all of the
demographic data provided reflects that year. The survey data for each survey customer was
linked to the 2010 bills for each of those customers. In addition, the average use for all
customers in 2009 and 2010 was distributed over various usage categories to determine the

percent of customers within each usage category.

b. Provide evidence that the test years can be considered normal years and are a

representative sample of the customer class for the forecast period.

The survey of customers was a random sample of 2049 residential and small commercial
customers, representing accuracy of +2.2%, at the 95% confidence interval. The survey
represented direct customers of FortisBC as well as customers of the wholesale utilities. The
sample of 871 direct residential customers taken from the survey for use in the bill impact
analysis reflects a 6.6 margin of error at the 95% confidence level. We believe this data is
representative of the entire residential class. The percent of customer in each usage category

reflects all customers on the system and therefore fully represents the entire class.

2010 was not a remarkable year such that loads were impacted significantly by items such as
weather. 2010 saw sales down about 44 GWh due to weather. On total sales of a little over
3,000 GWh this is about 1.5%.

8. BASIC CHARGE

a. Provide more information about how the Basic Charge is calculated on a cost of

service basis.

The most recent COSA was completed using 2009 approved revenue requirements information.

It has not been updated to reflect 2009 actual data or any other test year. Residential customer
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Residential Inclining Block Rate Application FORTIS BC
ORDER G-142-11 — ADDITIONAL EVIDENCE FILING

charges were developed using the approved COSA results included in the compliance filing in
November of 2010.

The COSA classifies certain costs as customer-related. These costs are limited to distribution

plant and expense items, as well as a pro-rated share of general rate base and expenses.

Rate base items that are all classified as customer-related include meters, services and
installations on customer premises. In addition, a share of the rate base associated with poles,
towers & fixtures, conductors & devices and line transformers are also classified as customer
related using the minimum system approach. Expense accounts that correspond to those plant
items, including O&M, depreciation, taxes and return are also classified as customer-related. In
addition, all costs associated with customer service, accounts & sales are classified as
customer-related. A pro-rated share of general plant and A&G costs follow the customer-related

costs.

The results of the approved COSA show that customer-related costs on a per unit basis are
$57.48 for each 2-month period (i.e. 2 x the $28.74 referenced in Appendix C).

This value breaks down as follows:

Share of the fixed costs of the
distribution system needed to connect
each customer (includes poles, wires
and transformers)

$43.86

Costs of the meter, service and meter

reading $5.88

Per customer cost of accounting,

billing and customer service $7.74

Total unit cost for 2-months $57.48
If the meter and billing components are subtracted from the $23.74 customer charge in place

during 2009, the remaining amount is only $10.11, which further illustrates the shortfall in

collecting fixed costs.

For the same year, the customer charge for the class was $23.74, which is only 41% of the
assigned unit cost. To develop comparable COSA costs for 2011, the amount must be
escalated to account for the increases in the revenue requirements. Applying approved rate
increases to the 2009 COSA amount would result in a customer-related cost of $65.53 per 2

month period. This compares to the proposed customer charge of $28.93 per 2 month period.
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In looking at reducing the customer charge, it must be recognized that a lower amount would

deviate even more from the Commission-approved COSA.

While the COSA reflects what the Company believes to be an appropriate amount of costs as
customer-related, if the customer charge is to be reduced it should at a minimum recover the
minimal costs associated with a connected customer. In the 2009 RDA, FortisBC provided a
response to information request BCOAPO 16.1 regarding the customer-related costs in the
event that the minimum system methodology was not used. The results showed a customer-
related cost of $12.95 for a 2-month period for 2009. This reflects a scenario where only those
costs associated with metering, customer service, accounts and sales and a lower pro-rated

share of general plant and A&G were included.

To develop comparable costs for 2011, the $12.95 amount must be escalated to account for the
increases in the revenue requirements Applying approved rate increases to this adjusted 2009
COSA amount would result in a customer-related cost of $14.77 per 2 month period. This lower
amount is the minimum that would be cost-based. While this calculation could be used to
support a $15 customer charge, it is well above the $10.00, $7.50 and $0.00 customer charge

levels used for some of the requested cases.

While the proposed $28.93 customer charge is higher than the current level for BC Hydro, it is
well within the range of the residential customer charge for utilities in other Provinces and
FortisBC believes that its approach of freezing, rather than outright lower, of the Customer
Charge is appropriate. The following table shows the customer charge, adjusted to a 2-month

period, for other major utilities in Canada.

Customer Charge Comparison

CHARGE
UTILITY PROVINCE PER 2-
MONTHS
ATCO Electric
Limited Alberta $35.37
ENMAX Power
Company Alberta $34.84
EPCOR Utilities Inc Alberta $13.34
Toronto Hydro Ontario $37.86
Hydro Ottawa Ontario $20.28
NS Power Nova Scotia $37.64
NF Power Newfoundland $31.42
NB Power (urban) New Brunswick $39.46
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NB Power (rural) New Brunswick $43.26

Hydro Quebec Quebec $24.38

Manitoba (<= 200A) Manitoba $13.70

Manitoba (> 200A) Manitoba $27.40

Saskpower (urban) Saskatchewan $38.56

Saskpower (rural) Saskatchewan $55.66

BC Hydro BC $9.28

In potentially lowering the customer charge at the same time as introducing a RIB rate, it is

important to understand that a lower customer charge has the same impact a RIB rate. Both

actions result in a reduction in bills for customers with low usage levels and an increase in bills

for customers with high usage levels. FortisBC is concerned about the impacts on its customers

in any given year. In fact, the rebalancing of rates among customers classes resulting from the

2009 RDA was phased in and limited to a cap of 10% (when combined with revenue required

increases) per year in order to minimize bill impacts to customers. Introducing a lower customer

charge at the same time a RIB rate is implemented will lead to substantially greater bill impacts

for a large number of customers, well in excess of the 10% rate cap used for rebalancing.
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Appendix A Table 1: Comparison of Options with $28.93 Customer Charge

5-Year Rate Projection Elasticity Cumulative Conservation Impact from RIB Min Bill Max Bill Percent of Customers with Decrease of: Percent of Customers with Increase of:
2011 2012 2013 2014 2015] Estimate 2011 2012 2013 2014 2015 Impact Impact 30% + 20-30% 10-20% 0-10% 0-10% 10-20% 20-30% 30-40% | 40-50% 50% +
Base Rate | Threshold Rate Increase
Option KWh Applied RRA Increase 4.00% 6.90% 5.80% 11.40%
Rebalancing Increase 2.50% 2.30% 0.00% 0.00%
Customer Charge 28.93 31.24 34.12 36.09 40.21] .05/.10 0.0% 0.6% 1.2% 1.6% 2.4% 2011 RIB Impact 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Continued Pricing Principle 3 |Block 1 Rate 0.09090 0.09816 0.10719 0.11341 0.12634] .10/.20 0.0% 1.1% 2.5% 3.1% 4.9% 5-yr Net RIB Impact 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Flat Rate - All Components |Block 2 Rate 0.09090 0.09816 0.10719 0.11341 0.12634] .20/.30 0.0% 1.7% 3.8% 4.8% 7.5%) 5-yr Total Impact 34.3% 34.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Ratio: Block 2 / Block 1 1.00 1.00 1.00 1.00 1.00]
Customer Charge 28.93 29.65 30.34 30.34 30.34] .05/.10 1.9% 2.0% 2.1% 2.2% 2.4% 2011 Impact -12.1% 21.3% 0.0% 0.0% 40.0% 32.5% 22.3% 5.1% 0.1% 0.0% 0.0% 0.0%
21 ) 1350 Pricing Principle 1 |Block 1 Rate 0.07526) 0.08127 0.08875 0.09389 0.10460] .10/.20 3.7% 4.0% 4.2% 4.4% 4.9% 5-yr Net RIB Impact -27.2% 28.6% 0.0% 29.2% 22.7% 18.7% 19.2% 8.7% 1.3% 0.0% 0.0% 0.0%
- Both Blocks  |Block 2 Rate 0.11138 0.12202 0.13550 0.14532 0.16575] .20/.30 5.5% 5.8% 6.2% 6.6% 7.2% 5-yr Total Impact 7.1% 62.9% 0.0% 0.0% 0.0% 0.0% 4.3% 41.7% 13.9% 21.4% 16.0% 2.7%)
Ratio: Block 2 / Block 1 1.48 1.50 1.53 1.55 1.58
Customer Charge 28.93 29.65 30.34 30.34 30.34] .05/.10 1.9% 2.5% 3.2% 3.6% 4.3% 2011 Impact -12.1% 21.3% 0.0% 0.0% 40.0% 32.5% 22.3% 5.1% 0.1% 0.0% 0.0% 0.0%
22 2 1350 Pricing Principle 2 |Block 1 Rate 0.07526 0.07526 0.07526 0.07526 0.07526] .10/.20 3.7% 5.1% 6.4% 7.2% 8.5% 5-yr Net RIB Impact -44.2% 51.4% 46.0% 8.8% 5.1% 10.8% 10.6% 8.6% 7.4% 1.7% 1.0% 0.1%)
- Block 2 Only  [Block 2 Rate 0.11138] 0.12989 0.15316) 0.16971 0.20416] .20/.30 5.5% 7.5% 9.4%| 10.5%| 12.4% 5-yr Total Impact -9.9% 85.7% 0.0% 0.0% 0.0% 37.8% 14.2% 5.4% 11.4% 8.5% 9.9% 12.9%
Ratio: Block 2 / Block 1 1.48 1.73 2.04 2.26 2.71]
Customer Charge 28.93 29.65 30.34 30.34 30.34] .05/.10 3.3% 3.4% 3.5% 3.6% 3.7% 2011 Impact -14.1% 46.9% 0.0% 0.0% 51.4% 27.3% 11.2% 5.8% 2.9% 1.1% 0.2% 0.0%
a1 4 2100 Pricing Principle 1|Block 1 Rate 0.07454 0.08050 0.08790 0.09300 0.10360] .10/.20 6.6% 6.8% 7.0% 7.1% 7.4%) 5-yr Net RIB Impact -27.5% 56.5% 0.0% 35.9% 32.9% 9.9% 6.7% 8.1% 3.7% 1.7% 0.9% 0.2%
- Both Blocks  |Block 2 Rate 0.13641 0.15016 0.16768 0.18060 0.20752] .20/.30 9.7%| 10.0%| 10.3%| 10.5%| 11.0% 5-yr Total Impact 6.8% 90.8% 0.0% 0.0% 0.0% 0.0% 4.3% 53.1% 13.3% 12.9% 6.4% 10.1%)
Ratio: Block 2 / Block 1 1.83 1.87 1.91 1.94 2.00
Customer Charge 28.93 29.65 30.34 30.34 30.34] .05/.10 3.3% 4.1% 4.9% 5.3% 5.9% 2011 Impact -14.1% 46.9% 0.0% 0.0% 51.4% 27.3% 11.2% 5.8% 2.9% 1.1% 0.2% 0.0%
42 4 2100 Pricing Principle 2 |Block 1 Rate 0.07454 0.07454 0.07454 0.07454 0.07454] .10/.20 6.6% 8.3% 9.8%| 10.5%| 11.8% 5-yr Net RIB Impact -46.1% 93.4% 57.4% 11.4% 1.9% 8.0% 4.8% 3.6% 2.8% 3.7% 3.7% 2.7%)
- Block 2 Only  [Block 2 Rate 0.13641 0.16673 0.20485 0.23196 0.28838] .20/.30 9.7%| 12.1%| 14.3%| 15.4%| 17.2% 5-yr Total Impact -11.8% 127.7% 0.0% 0.0% 23.5% 32.4% 12.9% 1.9% 4.9% 5.7% 4.2% 14.5%
Ratio: Block 2 / Block 1 1.83 2.24 2.75 3.11 3.87|
Customer Charge 28.93 29.65 30.34 30.34 30.34] .05/.10 3.0% 3.1% 3.2% 3.3% 3.5% 2011 Impact -16.2% 36.2% 0.0% 0.0% 53.1% 21.0% 15.9% 7.4% 2.4% 0.3% 0.0% 0.0%
71 7 1600 Pricing Principle 1|Block 1 Rate 0.07069 0.07634 0.08337 0.08820 0.09826] .10/.20 6.0% 6.2% 6.4% 6.6% 6.9%) 5-yr Net RIB Impact -28.6% 43.9% 0.0% 46.0% 13.9% 12.6% 13.0% 8.1% 5.1% 1.2% 0.2% 0.0%
- Both Blocks  |Block 2 Rate 0.12584 0.13795 0.15331 0.16451 0.18784] .20/.30 8.8% 9.1% 9.5% 9.7%| 10.3% 5-yr Total Impact 5.7% 78.2% 0.0% 0.0% 0.0% 0.0% 29.2% 25.6% 14.0% 11.3% 9.8% 10.1%)
Ratio: Block 2 / Block 1 1.78 1.81 1.84 1.87 1.91
Customer Charge 28.93 29.65 30.34 30.34 30.34] .05/.10 3.0% 3.7% 4.3% 4.7% 5.3% 2011 Impact -16.2% 36.2% 0.0% 0.0% 53.1% 21.0% 15.9% 7.4% 2.4% 0.3% 0.0% 0.0%
72 7 1600 Pricing Principle 2 |Block 1 Rate 0.07069 0.07069 0.07069 0.07069 0.07069] .10/.20 6.0% 7.3% 8.6% 9.3%| 10.6% 5-yr Net RIB Impact -48.7% 68.8% 52.0% 8.0% 8.8% 3.7% 8.8% 5.8% 6.5% 3.7% 1.4% 1.3%
- Block 2 Only  [Block 2 Rate 0.12584 0.14772 0.17522 0.19479 0.23550] .20/.30 8.8%| 10.8%| 12.7%| 13.6%| 15.4% 5-yr Total Impact -14.4% 103.1% 0.0% 0.0% 26.6% 25.4% 5.4% 4.9% 8.3% 8.0% 6.7% 14.5%
Ratio: Block 2 / Block 1 1.78 2.09 2.48 2.76 3.33
Customer Charge 28.93 29.65 30.34 30.34 30.34] .05/.10 1.9% 2.0% 2.1% 2.2% 2.5% 2011 Impact -10.1% 22.6% 0.0% 0.0% 3.6% 70.5% 20.7% 5.0% 0.2% 0.0% 0.0% 0.0%
81 3 1600 Pricing Principle 1|Block 1 Rate 0.07828] 0.08453 0.09231 0.09767 0.10880] .10/.20 3.7% 4.0% 4.3% 4.5% 4.9% 5-yr Net RIB Impact -26.3% 31.1% 0.0% 7.9% 46.9% 17.7% 17.4% 8.2% 1.8% 0.1% 0.0% 0.0%
- Both Blocks  [Block 2 Rate 0.11272 0.12379 0.13784 0.14815 0.16961] .20/.30 5.5% 5.9% 6.3% 6.7% 7.3% 5-yr Total Impact 8.0% 65.4% 0.0% 0.0% 0.0% 0.0% 1.6% 44.4% 22.8% 14.8% 12.2% 4.2%
Ratio: Block 2 / Block 1 1.44 1.46 1.49 1.52 1.56
Customer Charge 28.93 29.65 30.34 30.34 30.34] .05/.10 1.9% 2.7% 3.5% 4.0% 4.7% 2011 Impact -10.1% 22.6% 0.0% 0.0% 3.6% 70.5% 20.7% 5.0% 0.2% 0.0% 0.0% 0.0%
82 s 1600 Pricing Principle 2 |Block 1 Rate 0.07828 0.07828 0.07828 0.07828 0.07828] .10/.20 3.7% 5.4% 7.1% 7.9% 9.4% 5-yr Net RIB Impact -42.7% 61.0% 52.0% 5.4% 11.4% 3.7% 8.8% 8.6% 3.7% 4.5% 1.2% 0.6%)
- Block 2 Only  [Block 2 Rate 0.11272 0.13460 0.16211 0.18167 0.22239] .20/.30 5.5% 8.0%| 10.4%| 11.6%| 13.8% 5-yr Total Impact -8.4% 95.3% 0.0% 0.0% 0.0% 44.4% 13.0% 2.5% 10.8% 9.4% 5.3% 14.5%
Ratio: Block 2 / Block 1 1.44 1.72 2.07 2.32 2.84
Customer Charge 28.93 29.65 30.34 30.34 30.34] .05/.10 3.1% 3.2% 3.3% 3.4% 3.6% 2011 Impact -17.0% 34.6% 0.0% 0.0% 53.1% 19.4% 17.4% 7.4% 2.5% 0.2% 0.0% 0.0%
311 31 1500 Pricing Principle 1|Block 1 Rate 0.06942 0.07497 0.08186 0.08661 0.09648] .10/.20 6.1% 6.3% 6.6% 6.8% 7.2%) 5-yr Net RIB Impact -29.0% 41.9% 0.0% 46.0% 11.4% 15.1% 13.0% 9.3% 3.9% 1.3% 0.1% 0.0%
- Both Blocks  |Block 2 Rate 0.12426 0.13611 0.15113 0.16206 0.18481] .20/.30 9.0% 9.3% 9.7%| 10.0%| 10.6% 5-yr Total Impact 5.3% 76.2% 0.0% 0.0% 0.0% 0.0% 29.2% 22.7% 16.8% 11.3% 9.8% 10.1%)
Ratio: Block 2 / Block 1 1.79 1.82 1.85 1.87 1.92
Customer Charge 28.93 29.65 30.34 30.34 30.34] .05/.10 3.1% 3.7% 4.4% 4.7% 5.4% 2011 Impact -17.0% 34.6% 0.0% 0.0% 53.1% 19.4% 17.4% 7.4% 2.5% 0.2% 0.0% 0.0%
31.2 31 1500 Pricing Principle 2 |Block 1 Rate 0.06942 0.06942 0.06942 0.06942 0.06942] .10/.20 6.1% 7.4% 8.7% 9.4%| 10.7% 5-yr Net RIB Impact -49.0% 64.4% 52.0% 5.4% 11.4% 3.7% 7.6% 7.0% 6.5% 3.7% 1.7% 1.0%
- Block 2 Only  [Block 2 Rate 0.12426 0.14473 0.17046 0.18876) 0.22684] .20/.30 9.0%| 10.9%| 12.8%| 13.9%| 15.7% 5-yr Total Impact -14.7% 98.7% 0.0% 0.0% 26.6% 22.4% 8.4% 2.5% 10.8% 6.6% 8.2% 14.5%|
Ratio: Block 2 / Block 1 1.79 2.08 2.46 2.72 3.27|




Appendix A Table 2: Comparison of Options with $21.50 Customer Charge

5-Year Rate Projection Elasticity Cumulative Conservation Impact Min Bill Max Bill Percent of Customers with Decrease of: Percent of Customers with Increase of:
2011 2012 2013 2014 2015] Estimate 2011]  2012]  2013|  2014] 2015 Impact Impact 30%+ | 20-30% | 10-20% | 0-10% | 0-10% | 10-20% | 20-30% | 30-40% | 40-50% | 50%+
Base Rate | Threshold Rate Increase
_ ; RRA Increase 4.00% 6.90% 5.80% 11.40%
Option kWh Applied -
Rebalancing Increase 2.50% 2.30% 0.00% 0.00%
Customer Charge 28.93 31.24 34.12 36.09 4021 .05/.10 0.0%]  06%] 12%] 16% 2.4% 2011 RIB Impact 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Continued Pricing Principle 3 [Block 1 Rate 0.09090]  009816] 010719 011341 o0.12634] .10/.20 00%|  1.1%] 25%] 3.1%| 49%]  5yrNetRIB Impact 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Flat Rate - All Components [Block 2 Rate 0.09090]  009816] 010719 011341 0.12634] .20/.30 0.0%| 17%| 3.8% 48% 7.5% 5.yr Total Impact 34.3% 34.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Ratio: Block 2 / Block 1 1.00 1.00 1.00 1.00 1.00
Customer Charge 21.50 23.22 25.35 26.82 20.88] .05/.10 1.8%|  1.8%| 1.8%| 1.8%|  1.8% 2011 Impact| _ -22.3% 20.6% 0.0% 1.6%|  44.4%|  24.7%|  24.1% 5.1% 0.1% 0.0% 0.0% 0.0%
s " 1350 |Pricing Principle 3 [Block 1 Rate 008197  008852] 0.09666|  0.10227] 0.11393] .10/.20 37%|  3.6%| 3.6% 3.6% 35%  5-yr NetRIB Impact 22.2% 20.7% 0.0% 16%|  414%| 27.8%| 241% 5.1% 0.1% 0.0% 0.0% 0.0%
: - All Components [Block 2 Rate 0.11066]  0.11950]  0.13049]  0.13806]  0.15380] .20/.30 54%|  54% 53%| 53% 52% 5-yr Total Impact 12.1% 55.0% 0.0% 0.0% 0.0% 0.0% 00%  156%| 419% 297%| 11.8% 1.0%
Ratio: Block 2 / Block 1 135 135 135 135 135
e Primciofe 4 |CUStomer Charge 21.50 23.22 25.35 26.82 20.88] .05/.10 18%|  24%| 3.0%| 33% 3.9% 2011 Impact| _ -22.3% 20.6% 0.0% 16%|  44.4%|  24.7%|  24.1% 5.1% 0.1% 0.0% 0.0% 0.0%
ricin, rinciple
114 u 1350 Cuftomer Zn ", [Block 1 Rate 008197 008197 008197] 008197] o0.08197] .10/.20 37%]  49% 61%] 67% 7.7%  5yr NetRIB Impact 38.6% 46.6%|  39.4%|  12.6% 8.0%|  108%| 106%|  10.7% 5.3% 2.4% 0.3% 0.0%
: st Block 2 Rate 0.11066]  0.12807]  0.14973] 0.16463]  0.19563] .20/.30 sa%|  7.2%|  89%| 9.8% 11.3% S-yr Total Impact 4.3% 80.9% 0.0% 0.0% 0.0%|  283%| 20.7% 8.4%|  11.4% 9.9% 85%|  12.9%
Ratio: Block 2 / Block 1 135 1.56 1.83 201 2.39
Customer Charge 21.50 23.22 25.35 26.82 20.88] .05/.10 32%|  3.1%| 3.0%| 3.0%| 2.9% 2011 Impact| _ -22.6% 43.8% 0.0% 2.9%|  545%|  21.3%|  11.2% 7.4% 1.7% 1.0% 0.1% 0.0%
153 » 2100 |Pricing Principle 3 [Block 1 Rate 008037 008679 009477] 010027] o0.11170] .10/.20 6.4%  6.2% 6.0% 59% 57%  5-yr NetRIB Impact 22.5% 43.9% 0.0% 20%|  sasw|  213%  11.2% 7.4% 1.7% 1.0% 0.1% 0.0%
: - All Components [Block 2 Rate 013341  0.14407] 015733 0.16645]  0.18543] .20/.30 9.4%| 92%| 9.0%| 88% 86% 5-yr Total Impact 11.8% 78.2% 0.0% 0.0% 0.0% 0.0% 0.0% 292%| 414%| 14.8% 8.1% 6.4%
Ratio: Block 2 / Block 1 1.66 1.66 1.66 1.66 1.66
i primeiofe 4 [CUStomET Charge 21.50 23.22 25.35 26.82 20.88] .05/.10 32%|  3.9%| 4.6% 4.9%  5.5% 2011 Impact| _ -22.6% 43.8% 0.0% 29%|  545%|  21.3%|  11.2% 7.4% 1.7% 1.0% 0.1% 0.0%
ricin, rinciple
a4 i 7100 Cuftomer Zn ", [Block 1 Rate 0.08037] 008037] 008037] 008037] 0.08037] .10/.20 6.4%|  7.9% 93%] 9.9%| 109%] S5y Net RIB Impact ~40.9% 86.3%|  57.4%|  11.4% 1.9% 8.0% 4.8% 5.0% 3.4% 3.7% 1.5% 2.7%
: st Block 2 Rate 0.13341] 016194 019741 022183| 0.27260] .20/30 9.4%| 11.6%| 13.6%| 145% 16.0% S-yr Total Impact 6.6%  120.6% 0.0% 0.0% 00%| 491%| 108%| 10.8% 4.9% 5.7% 42%|  14.5%
Ratio: Block 2 / Block 1 1.66 201 246 276 3.39
Customer Charge 21.50 23.22 25.35 26.82 20.88] .05/.10 20%|  2.9%|  2.8%| 2.8%| 2.7% 2011 Impact] _ -23.4% 34.6% 0.0% 6.0%|  514%|  15.1%|  17.4% 7.4% 2.5% 0.2% 0.0% 0.0%
163 6 1600 | Pricing Principle 3 [Block 1 Rate 007715 008331 009098  0.09626] 0.10723] .10/.20 58%  57% 57% 5.6% 55%  5-yr Net RIB Impact 23.3% 34.7% 0.0% 6.0%  514%| 15.1%|  17.4% 7.4% 2.5% 0.2% 0.0% 0.0%
: - All Components [Block 2 Rate 0.12421]  013413] 0.14648] 015497] o0.17264] .20/.30 86%| 85% 84%| 83% 82% 5-yr Total Impact 11.0% 69.0% 0.0% 0.0% 0.0% 0.0% 0.0%  46.0%| 228% 14.8% 11.2% 5.2%
Ratio: Block 2 / Block 1 161 161 161 161 161
i primeiofe 4 [CUStOmET Charge 21.50 23.22 25.35 26.82 20.88] .05/.10 20%|  3.5%|  4.1%|  44%|  4.9% 2011 Impact| _ -23.4% 34.6% 0.0% 6.0%|  514%|  15.1%|  17.4% 7.4% 2.5% 0.2% 0.0% 0.0%
164 6 1600 r'é'l:’io::'zned Block 1 Rate 0.07715|  0.07715| 007715  007715]  0.07715] .10/.20 58%  7.0% 82% 87% 9.8%  SyrNetRIB Impact 42.8% 63.2%|  52.0% s4%|  11.4% 5.3% 7.2% 8.6% 3.7% 3.7% 1.7% 1.0%
: st Block 2 Rate 0.12421] 014480 017039] 0.18801]  0.22465] .20/.30 8.6%| 104%| 12.0% 12.8%| 14.3% S-yr Total Impact -8.5% 97.5% 0.0% 0.0% 0.0%|  444%| 13.0% 25%|  10.8% 9.4% 53%|  14.5%
Ratio: Block 2 / Block 1 161 1.88 221 2.44 291
Customer Charge 21.50 23.22 25.35 26.82 20.88] .05/.10 1.8%|  1.8%| 1.8%| 1.7%| 1.7% 2011 Impact] _ -21.7% 21.4% 0.0% 1.6%|  3L.1%|  39.9%| 23.3% 4.2% 0.1% 0.0% 0.0% 0.0%
73 . 1600 | Pricing Principle 3 [Block 1 Rate 008449] 009124] 009963 010541 0.11743] .10/.20 36% 3.6% 35% 35% 3.4%|  5-yr Net RIB Impact 21.6% 21.5% 0.0% 16%|  31.1%| 39.9%| 223% 5.1% 0.1% 0.0% 0.0% 0.0%
: - All Components [Block 2 Rate 011152]  0.12043] 013151 013914] 0.15500] .20/.30 54%|  53%  52%| 52% 5.1% 5-yr Total Impact 12.7% 55.8% 0.0% 0.0% 0.0% 0.0% 0.0% 7.9%|  521%| 27.2% 11.8% 1.0%
Ratio: Block 2 / Block 1 132 132 132 132 132
i primeiofe 4 [CUStomET Charge 21.50 23.22 25.35 26.82 20.88] .05/.10 1.8%|  26%| 33%| 3.7%| 43% 2011 Impact| _ -21.7% 21.4% 0.0% 16%|  3L.1%|  39.9%|  233% 4.2% 0.1% 0.0% 0.0% 0.0%
74 - 1600 ”Z:’ior:r:'zned Block 1 Rate 0.08449]  0.08449]  0.08449] 008449  0.08449] .10/.20 36%| 52% 66% 73% 86%  5yrNet RIB Impact 37.5% 55.5%|  44.4%|  13.0% 9.1% 6.0% 8.8% 8.6% 7.4% 1.4% 1.2% 0.2%
: st Block 2 Rate 011152] 013211] o015770] 017532] 0.21197] .20/30 54%|  7.7%|  9.8%| 108%| 12.6% S-yr Total Impact 3.2% 89.8% 0.0% 0.0% 0.0%|  283%| 23.6% 8.0%  10.8% 9.4% 7.0%|  12.9%
Ratio: Block 2 / Block 1 132 1.56 187 2.08 251
Customer Charge 21.50 23.22 25.35 26.82 20.88] .05/.10 2.8%|  3.0%| 3.0%| 29%| 2.9% 2011 Impact|] _ -23.7% 33.8% 0.0%|  105%|  44.3%|  17.7%|  17.4% 7.4% 2.5% 0.2% 0.0% 0.0%
3 - 1500 |Pricing Principle 3 [Block 1 Rate 007571] 008176]  0.08928]  0.09446]  0.10523] .10/.20 56%  6.0% 59%  59% 58%  5-yr NetRIB Impact 23.7% 33.9% 0.0% 79%|  a6.9%| 17.7%  16.1% 8.7% 2.5% 0.2% 0.0% 0.0%
: - All Components [Block 2 Rate 012341  013327] 014553 015397] 0.17153] .20/.30 82%| 89% 88%| 87% 86% 5-yr Total Impact 10.6% 68.2% 0.0% 0.0% 0.0% 0.0% 00% 46.0%| 184% 17.0%] 135% 5.2%
Ratio: Block 2 / Block 1 1.63 1.63 1.63 1.63 1.63
i primeiofe 4 [CUStOmET Charge 21.50 23.22 25.35 26.82 20.88] .05/.10 2.8%|  3.6%| 4.2%| 44%  5.0% 2011 Impact| _ -23.7% 33.8% 0.0%|  10.5%|  44.3%|  17.7%|  17.4% 7.4% 2.5% 0.2% 0.0% 0.0%
124 . 1500 Cuftomer Zn ", [Block 1 Rate 007571  0.07571] 007571 007571  0.07571] .10/.20 s6%|  72% 83% 89% 9.9%  S5yrNetRIB Impact 43.3% 50.5%|  52.0% 5.4% 6.9% 8.2% 8.8% 8.6% 4.9% 33% 1.4% 0.4%
: st Block 2 Rate 0.12341] 014267 016661  018309] 0.21737] .20/30 8.2%| 10.6%| 12.3%| 13.1%| 14.6% S-yr Total Impact 29.0% 93.8% 0.0% 0.0% 0.0%|  44.4% 7.6% 8.0%  10.8% 8.0% 6.8%|  14.5%
Ratio: Block 2 / Block 1 1.63 1.88 2.20 242 2.87




Appendix A Table 3: Comparison of Options with $15.00 Customer Charge

5-Year Rate Projection Elasticity Cumulative Conservation Impact Min Bill Max Bill Percent of Customers with Decrease of: Percent of Customers with Increase of:
2011 2012 2013 2014 2015] Estimate 2011]  2012]  2013|  2014] 2015 Impact Impact 30%+ | 20-30% | 10-20% | 0-10% | 0-10% | 10-20% | 20-30% | 30-40% | 40-50% | 50%+
Base Rate | Threshold Rate Increase
. Rk RRA Increase 4.00% 6.90% 5.80% 11.40%
Option kWh Applied -
Rebalancing Increase 2.50% 2.30% 0.00% 0.00%
Customer Charge 28.93 31.24 34.12 36.09 40.21 .05/.10 0.0% 0.6% 1.2% 1.6% 2.4% 2011 RIB Impact 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Continued Pricing Principle 3 |Block 1 Rate 0.09090 0.09816 0.10719 0.11341 0.12634] .10/.20 0.0% 1.1% 2.5% 3.1% 4.9% 5-yr Net RIB Impact 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Flat Rate - All Components |Block 2 Rate 0.09090 0.09816 0.10719 0.11341 0.12634] .20/.30 0.0% 1.7% 3.8% 4.8% 7.5%) 5-yr Total Impact 34.3% 34.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Ratio: Block 2 / Block 1 1.00 1.00 1.00 1.00 1.00
Customer Charge 15.00 15.38 15.73 15.73 15.73 .05/.10 2.6% 2.5% 2.5% 2.5% 2.5%) 2011 Impact -39.1% 41.8% 4.3% 11.3% 41.9% 19.9% 12.7% 7.4% 1.7% 1.0% 0.1% 0.0%)
8.1 28 2100 Pricing Principle 1|Block 1 Rate 0.08529 0.09211 0.10058 0.10641 0.11854 .10/.20 5.2% 5.1% 5.0% 5.0% 4.9% 5-yr Net RIB Impact -58.1% 47.1% 6.0% 23.2% 28.2% 19.9% 9.9% 7.7% 3.9% 1.1% 0.2% 0.0%
’ - Both Blocks  |Block 2 Rate 0.13135 0.14332 0.15843 0.16928 0.19186] .20/.30 7.6% 7.7% 7.7% 7.7% 7.7%) 5-yr Total Impact -23.8% 81.4% 0.0% 1.6% 1.3% 3.1% 9.5% 36.4% 18.7% 12.9% 8.5% 8.0%)
Ratio: Block 2 / Block 1 1.54 1.56 1.58 1.59 1.62]
Customer Charge 15.00 15.38 15.73 15.73 15.73| .05/.10 2.6% 3.3% 3.8% 4.1% 4.5% 2011 Impact -39.1% 41.8% 4.3% 11.3% 41.9% 19.9% 12.7% 7.4% 1.7% 1.0% 0.1% 0.0%
8.2 )8 2100 Pricing Principle 2 |Block 1 Rate 0.08529 0.08529 0.08529 0.08529 0.08529 .10/.20 5.2% 6.5% 7.7% 8.2% 9.1%| 5-yr Net RIB Impact -70.2% 91.0% 57.4% 11.4% 1.9% 8.0% 2.6% 5.8% 2.8% 3.7% 3.7% 2.7%)
’ - Block 2 Only  |Block 2 Rate 0.13135 0.16229 0.20096 0.22804 0.28438| .20/.30 7.6% 9.7% 11.4% 12.1% 13.3%) 5-yr Total Impact -35.9% 125.3% 2.9% 7.6% 32.0% 15.0% 4.5% 8.8% 4.9% 5.7% 4.2% 14.5%)
Ratio: Block 2 / Block 1 1.54 1.90 2.36 2.67 3.33
Customer Charge 15.00 16.20 17.69 18.71 20.85 .05/.10 2.6% 2.5% 2.4% 2.3% 2.1%) 2011 Impact -39.1% 41.8% 4.3% 11.3% 41.9% 19.9% 12.7% 7.4% 1.7% 1.0% 0.1% 0.0%
18.3 28 2100 Pricing Principle 3 |Block 1 Rate 0.08529 0.09211 0.10058 0.10641 0.11854 .10/.20 5.2% 5.0% 4.7% 4.6% 4.3% 5-yr Net RIB Impact -39.0% 41.9% 4.3% 8.4% 44.8% 19.9% 12.7% 7.4% 1.7% 1.0% 0.1% 0.0%
’ - All Components |Block 2 Rate 0.13135 0.14185 0.15490 0.16388 0.18256] .20/.30 7.6% 7.5% 7.3% 7.1% 6.8%) 5-yr Total Impact -4.7% 76.2% 0.0% 0.0% 0.0% 1.6% 4.4% 30.2% 34.5% 12.9% 10.0% 6.4%)
Ratio: Block 2 / Block 1 1.54 1.54 1.54 1.54 1.54
Pricing Princinle 4 Customer Charge 15.00 16.20 17.69 18.71 20.85 .05/.10 2.6% 3.2% 3.7% 3.9% 4.3% 2011 Impact -39.1% 41.8% 4.3% 11.3% 41.9% 19.9% 12.7% 7.4% 1.7% 1.0% 0.1% 0.0%
ricing Principle
8.4 )8 2100 Cusgtomer an Block 1 Rate 0.08529 0.08529 0.08529 0.08529 0.08529 .10/.20 5.2% 6.4% 7.4% 7.9% 8.6%) 5-yr Net RIB Impact -49.5% 87.1% 57.4% 11.4% 1.9% 8.0% 4.8% 3.6% 2.8% 4.9% 2.5% 2.7%)
' Block 2 Block 2 Rate 0.13135 0.16081 0.19743 0.22265 0.27508| .20/.30 7.6% 9.5% 11.0% 11.6% 12.6% 5-yr Total Impact -15.2% 121.4% 0.0% 0.0% 29.2% 22.7% 8.0% 10.8% 4.9% 5.7% 4.2% 14.5%)
Ratio: Block 2 / Block 1 1.54 1.89 2.31 2.61 3.23
Customer Charge 15.00 15.38 15.73 15.73 15.73 .05/.10 2.5% 2.5% 2.5% 2.5% 2.5%) 2011 Impact -40.4% 30.9% 4.3% 24.9% 22.7% 18.7% 19.2% 8.2% 1.8% 0.1% 0.0% 0.0%|
66.1 66 1350 Pricing Principle 1|Block 1 Rate 0.07982 0.08620 0.09413 0.09959 0.11094 .10/.20 4.9% 4.9% 5.0% 5.0% 5.1% 5-yr Net RIB Impact -59.8% 34.5% 12.7% 20.0% 22.2% 15.9% 16.5% 10.2% 2.5% 0.2% 0.0% 0.0%
’ - Both Blocks  |Block 2 Rate 0.12053 0.13106 0.14429 0.15367 0.17320] .20/.30 7.6% 7.3% 7.4% 7.5% 7.6%) 5-yr Total Impact -25.5% 68.8% 0.0% 1.6% 2.7% 1.7% 23.2% 19.8% 13.4% 17.8% 13.5% 6.4%)
Ratio: Block 2 / Block 1 1.51 1.52 1.53 1.54 1.56)
Customer Charge 15.00 15.38 15.73 15.73 15.73| .05/.10 2.5% 2.9% 3.4% 3.6% 4.1% 2011 Impact -40.4% 30.9% 4.3% 24.9% 22.7% 18.7% 19.2% 8.2% 1.8% 0.1% 0.0% 0.0%
66.2 66 1350 Pricing Principle 2 |Block 1 Rate 0.07982 0.07982 0.07982 0.07982 0.07982 .10/.20 4.9% 5.9% 6.8% 7.3% 8.1%) 5-yr Net RIB Impact -71.4% 57.4% 49.0% 8.4% 2.5% 10.8% 9.4% 8.5% 6.2% 3.3% 1.6% 0.2%)
) - Block 2 Only  [Block 2 Rate 0.12053 0.13941 0.16302 0.17955 0.21393 .20/.30 7.6% 8.6% 9.9% 10.6% 11.8%| 5-yr Total Impact -37.1% 91.7% 4.3% 17.8% 10.5% 13.3% 6.0% 5.4% 11.4% 8.5% 8.2% 14.5%
Ratio: Block 2 / Block 1 1.51 1.75 2.04 2.25 2.68
Customer Charge 15.00 16.20 17.69 18.71 20.85 .05/.10 2.6% 2.4% 2.4% 2.3% 2.3%) 2011 Impact -40.4% 30.9% 4.3% 24.9% 22.7% 18.7% 19.2% 8.2% 1.8% 0.1% 0.0% 0.0%)
66.3 66 1350 Pricing Principle 3|Block 1 Rate 0.07982 0.08620 0.09413 0.09959 0.11094 .10/.20 4.9% 4.8% 4.7% 4.6% 4.5% 5-yr Net RIB Impact -40.3% 31.0% 4.3% 24.9% 22.7% 18.7% 19.2% 8.2% 1.8% 0.1% 0.0% 0.0%
’ - All Components |Block 2 Rate 0.12053 0.13016 0.14214 0.15038 0.16752 .20/.30 7.2% 7.1% 7.0% 6.9% 6.8%) 5-yr Total Impact -6.0% 65.3% 0.0% 0.0% 0.0% 2.9% 9.8% 33.3% 13.9% 21.4% 14.5% 4.2%
Ratio: Block 2 / Block 1 1.51 1.51 1.51 1.51 1.51]
Pricing Princinle 4 Customer Charge 15.00 16.20 17.69 18.71 20.85 .05/.10 2.6% 2.9% 3.3% 3.5% 3.8% 2011 Impact -40.4% 30.9% 4.3% 24.9% 22.7% 18.7% 19.2% 8.2% 1.8% 0.1% 0.0% 0.0%
ricing Principle
66.4 66 1350 Cusgtomer an Block 1 Rate 0.07982 0.07982 0.07982 0.07982 0.07982 .10/.20 4.9% 5.8% 6.5% 6.9% 7.6%) 5-yr Net RIB Impact -50.9% 54.4% 46.0% 8.8% 5.1% 10.8% 9.4% 9.8% 7.4% 1.4% 1.2% 0.2%)
' Block 2 Block 2 Rate 0.12053 0.13851 0.16087 0.17626 0.20826 .20/.30 7.2% 8.4% 9.6% 10.1% 11.1%| 5-yr Total Impact -16.6% 88.7% 0.0% 0.0% 29.2% 16.8% 6.0% 5.4% 11.4% 8.5% 8.2% 14.5%
Ratio: Block 2 / Block 1 1.51 1.74 2.02 2.21 2.61
Customer Charge 15.00 15.38 15.73 15.73 15.73 .05/.10 2.5% 2.5% 2.5% 2.5% 2.5%) 2011 Impact -39.8% 33.9% 4.3% 17.8% 32.7% 17.7% 17.4% 7.4% 2.5% 0.2% 0.0% 0.0%)
69.1 69 1600 Pricing Principle 1|Block 1 Rate 0.08237 0.08896 0.09714 0.10277 0.11449 .10/.20 5.0% 5.0% 5.0% 5.0% 5.0%) 5-yr Net RIB Impact -59.0% 38.1% 10.5% 22.1% 24.8% 15.1% 14.6% 10.2% 2.1% 0.6% 0.0% 0.0%
’ - Both Blocks  |Block 2 Rate 0.12356 0.13450 0.14826 0.15806 0.17844] .20/.30 7.6% 7.4% 7.4% 7.5% 7.6%) 5-yr Total Impact -24.7% 72.4% 0.0% 1.6% 2.7% 1.7% 16.1% 29.9% 16.8% 12.5% 12.3% 6.4%)
Ratio: Block 2 / Block 1 1.50 1.51 1.53 1.54 1.56)
Customer Charge 15.00 15.38 15.73 15.73 15.73| .05/.10 2.5% 3.1% 3.6% 3.8% 4.3% 2011 Impact -39.8% 33.9% 4.3% 17.8% 32.7% 17.7% 17.4% 7.4% 2.5% 0.2% 0.0% 0.0%
69.2 69 1600 Pricing Principle 2 |Block 1 Rate 0.08237 0.08237 0.08237 0.08237 0.08237] .10/.20 5.0% 6.1% 7.1% 7.6% 8.5%) 5-yr Net RIB Impact -70.8% 67.7% 52.0% 5.4% 11.4% 3.7% 7.6% 7.0% 6.5% 3.7% 1.4% 1.3%
’ - Block 2 Only  [Block 2 Rate 0.12356 0.14588 0.17379 0.19333 0.23398| .20/.30 7.6% 9.0% 10.4% 11.2% 12.4% 5-yr Total Impact -36.5% 102.0% 2.9% 9.8% 23.5% 15.8% 5.4% 2.5% 10.8% 6.6% 8.2% 14.5%
Ratio: Block 2 / Block 1 1.50 1.77 2.11 2.35 2.84
Customer Charge 15.00 16.20 17.69 18.71 20.85] .05/.10 25%  2.4%|  23%|  23%] 2.2% 2011 Impact -39.8% 33.9% 4.3% 17.8% 32.7% 17.7% 17.4% 7.4% 2.5% 0.2% 0.0% 0.0%)
69.3 69 1600 Pricing Principle 3 |Block 1 Rate 0.08237 0.08896 0.09714 0.10277 0.11449 .10/.20 5.0% 4.9% 4.7% 4.6% 4.4% 5-yr Net RIB Impact -39.7% 34.0% 4.3% 17.8% 32.7% 17.7% 17.4% 7.4% 2.5% 0.2% 0.0% 0.0%
’ - All Components |Block 2 Rate 0.12356 0.13343 0.14571 0.15416 0.17174] .20/.30 7.3% 7.2% 7.0% 6.9% 6.7%) 5-yr Total Impact -5.4% 68.3% 0.0% 0.0% 0.0% 1.6% 6.3% 38.1% 18.4% 17.0% 13.5% 5.2%)
Ratio: Block 2 / Block 1 1.50 1.50 1.50 1.50 1.50
Pricing Princinle 4 Customer Charge 15.00 16.20 17.69 18.71 20.85 .05/.10 2.5% 3.0% 3.4% 3.7% 4.0% 2011 Impact -39.8% 33.9% 4.3% 17.8% 32.7% 17.7% 17.4% 7.4% 2.5% 0.2% 0.0% 0.0%
69.4 69 1600 Cusgtomer an Block 1 Rate 0.08237 0.08237 0.08237 0.08237 0.08237] .10/.20 5.0% 6.0% 6.9% 7.3% 8.0%) 5-yr Net RIB Impact -50.1% 64.4% 52.0% 5.4% 11.4% 3.7% 8.8% 5.8% 6.5% 3.7% 1.7% 1.0%
' Block 2 Block 2 Rate 0.12356 0.14482 0.17124 0.18944 0.22727 .20/.30 7.3% 8.8% 10.1% 10.6% 11.7%| 5-yr Total Impact -15.8% 98.7% 0.0% 0.0% 29.2% 16.8% 11.4% 2.5% 10.8% 9.4% 5.3% 14.5%
Ratio: Block 2 / Block 1 1.50 1.76 2.08 2.30 2.76




Appendix A Table 4: Comparison of Options with $10.00 Customer Charge

5-Year Rate Projection Elasticity Cumulative Conservation Impact Min Bill Max Bill Percent of Customers with Decrease of: Percent of Customers with Increase of:
2011 2012 2013 2014 2015] Estimate 2011]  2012]  2013|  2014] 2015 Impact Impact 30%+ | 20-30% | 10-20% | 0-10% | 0-10% | 10-20% | 20-30% | 30-40% | 40-50% | 50%+
Base Rate | Threshold Rate Increase
. i RRA Increase 4.00% 6.90% 5.80% 11.40%
Option kWh Applied -
Rebalancing Increase 2.50% 2.30% 0.00% 0.00%
Customer Charge 28.93 31.24 34.12 36.09 40.21 .05/.10 0.0% 0.6% 1.2% 1.6% 2.4% 2011 RIB Impact 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Continued Pricing Principle 3 |Block 1 Rate 0.09090 0.09816 0.10719 0.11341 0.12634] .10/.20 0.0% 1.1% 2.5% 3.1% 4.9% 5-yr Net RIB Impact 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Flat Rate - All Components |Block 2 Rate 0.09090 0.09816 0.10719 0.11341 0.12634] .20/.30 0.0% 1.7% 3.8% 4.8% 7.5%) 5-yr Total Impact 34.3% 34.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Ratio: Block 2 / Block 1 1.00 1.00 1.00 1.00 1.00
Customer Charge 10.00 10.80 11.79 12.48 13.90 .05/.10 2.5% 2.4% 2.4% 2.4% 2.3%) 2011 Impact -52.9% 30.6% 7.9% 21.4% 22.7% 18.7% 19.2% 8.2% 1.8% 0.1% 0.0% 0.0%)
60.3 60 1350 Pricing Principle 3 |Block 1 Rate 0.08413 0.09086 0.09922 0.10497 0.11694 .10/.20 5.0% 4.9% 4.8% 4.7% 4.6% 5-yr Net RIB Impact -52.8% 30.7% 7.9% 21.4% 22.7% 18.7% 17.9% 9.5% 1.8% 0.1% 0.0% 0.0%
’ - All Components |Block 2 Rate 0.12031 0.12992 0.14188 0.15011 0.16722 .20/.30 7.4% 7.3% 7.1% 7.0% 6.9%) 5-yr Total Impact -18.5% 65.0% 0.0% 0.0% 1.6% 4.4% 12.7% 27.3% 13.9% 21.4% 14.5% 4.2%
Ratio: Block 2 / Block 1 1.43 1.43 1.43 1.43 1.43
Pricing Princinle 4 Customer Charge 10.00 10.80 11.79 12.48 13.90, .05/.10 2.5% 2.9% 3.4% 3.6% 3.9% 2011 Impact -52.9% 30.6% 7.9% 21.4% 22.7% 18.7% 19.2% 8.2% 1.8% 0.1% 0.0% 0.0%
ricing Principle
60.4 60 1350 Cusgtomer an Block 1 Rate 0.08413 0.08413 0.08413 0.08413 0.08413 .10/.20 5.0% 5.9% 6.7% 7.1% 7.9%) 5-yr Net RIB Impact -66.4% 55.4% 49.0% 5.8% 5.1% 10.8% 9.4% 9.8% 5.8% 2.9% 1.2% 0.2%)
' Block 2 Block 2 Rate 0.12031 0.13872 0.16162 0.17738 0.21016 .20/.30 7.4% 8.7% 9.9% 10.5% 11.5%| 5-yr Total Impact -32.1% 89.7% 1.6% 11.1% 20.0% 13.3% 6.0% 5.4% 11.4% 8.5% 8.2% 14.5%)
Ratio: Block 2 / Block 1 1.43 1.65 1.92 2.11 2.50
Customer Charge 10.00 10.80 11.79 12.48 13.90 .05/.10 1.7% 1.7% 1.6% 1.6% 1.5% 2011 Impact -51.1% 20.1% 6.0% 9.5% 30.4% 24.7% 24.1% 5.1% 0.1% 0.0% 0.0% 0.0%
613 61 1350 Pricing Principle 3 |Block 1 Rate 0.09184 0.09918 0.10831 0.11459 0.12765| .10/.20 3.4% 3.3% 3.2% 3.2% 3.1% 5-yr Net RIB Impact -51.0% 20.2% 6.0% 9.5% 27.4% 25.9% 26.0% 5.1% 0.1% 0.0% 0.0% 0.0%
’ - All Components |Block 2 Rate 0.11021 0.11902 0.12997 0.13751 0.15318] .20/.30 5.1% 5.0% 4.9% 4.8% 4.7% 5-yr Total Impact -16.7% 54.5% 0.0% 0.0% 1.6% 2.7% 3.6% 21.4% 28.2% 28.1% 13.5% 1.0%
Ratio: Block 2 / Block 1 1.20 1.20 1.20 1.20 1.20
Pricing Princinle 4 Customer Charge 10.00 10.80 11.79 12.48 13.90, .05/.10 1.7% 2.3% 2.8% 3.1% 3.5% 2011 Impact -51.1% 20.1% 6.0% 9.5% 30.4% 24.7% 24.1% 5.1% 0.1% 0.0% 0.0% 0.0%
ricing Principle
614 61 1350 Cusgtomer an Block 1 Rate 0.09184 0.09184 0.09184 0.09184 0.09184] .10/.20 3.4% 4.5% 5.6% 6.1% 7.0%) 5-yr Net RIB Impact -65.3% 49.1% 46.0% 6.0% 8.0% 10.8% 10.6% 8.6% 7.4% 2.1% 0.6% 0.0%|
' Block 2 Block 2 Rate 0.11021 0.12863 0.15152 0.16728 0.20006) .20/.30 5.1% 6.7% 8.3% 9.0% 10.3%) 5-yr Total Impact -31.0% 83.4% 1.6% 4.4% 23.2% 6.9% 12.8% 8.4% 11.4% 8.5% 9.9% 12.9%
Ratio: Block 2 / Block 1 1.20 1.40 1.65 1.82 2.18
Customer Charge 10.00 10.80 11.79 12.48 13.90 .05/.10 2.5% 2.4% 2.4% 2.3% 2.2%) 2011 Impact -52.3% 33.2% 6.0% 23.2% 22.7% 20.5% 17.4% 7.4% 2.5% 0.2% 0.0% 0.0%|
63.3 63 1600 Pricing Principle 3 |Block 1 Rate 0.08650 0.09341 0.10201 0.10792 0.12023| .10/.20 5.0% 4.9% 4.7% 4.6% 4.4% 5-yr Net RIB Impact -52.3% 33.3% 6.0% 23.2% 22.7% 20.5% 16.1% 8.7% 2.5% 0.2% 0.0% 0.0%
’ - All Components |Block 2 Rate 0.12283 0.13265 0.14485 0.15325 0.17072 .20/.30 7.4% 7.3% 7.1% 7.0% 6.8%) 5-yr Total Impact -18.0% 67.6% 0.0% 0.0% 1.6% 2.7% 11.3% 30.4% 16.4% 19.0% 13.5% 5.2%)
Ratio: Block 2 / Block 1 1.42 1.42 1.42 1.42 1.42]
Pricing Princinle 4 Customer Charge 10.00 10.80 11.79 12.48 13.90, .05/.10 2.5% 3.0% 3.5% 3.7% 4.1% 2011 Impact -52.3% 33.2% 6.0% 23.2% 22.7% 20.5% 17.4% 7.4% 2.5% 0.2% 0.0% 0.0%
63.4 63 1600 Cusgtomer an Block 1 Rate 0.08650 0.08650 0.08650 0.08650 0.08650] .10/.20 5.0% 6.1% 7.0% 7.5% 8.3% 5-yr Net RIB Impact -66.1% 65.2% 52.0% 5.4% 11.4% 3.7% 8.8% 5.8% 6.5% 3.7% 1.7% 1.0%
' Block 2 Block 2 Rate 0.12283 0.14460 0.17167 0.19030 0.22904 .20/.30 7.4% 9.0% 10.3% 11.0% 12.1%| 5-yr Total Impact -31.8% 99.5% 1.6% 8.9% 22.1% 16.4% 8.4% 2.5% 10.8% 6.6% 8.2% 14.5%
Ratio: Block 2 / Block 1 1.42 1.67 1.98 2.20 2.65




Appendix A Table 5: Comparison of Options with $7.50 Customer Charge

5-Year Rate Projection Elasticity Cumulative Conservation Impact Min Bill Max Bill Percent of Customers with Decrease of: Percent of Customers with Increase of:
2011 2012 2013 2014 2015] Estimate 2011]  2012]  2013|  2014] 2015 Impact Impact 30%+ | 20-30% | 10-20% | 0-10% | 0-10% | 10-20% | 20-30% | 30-40% | 40-50% | 50%+
Base Rate | Threshold Rate Increase
. i RRA Increase 4.00% 6.90% 5.80% 11.40%
Option kWh Applied -
Rebalancing Increase 2.50% 2.30% 0.00% 0.00%
Customer Charge 28.93 31.24 34.12 36.09 40.21 .05/.10 0.0% 0.6% 1.2% 1.6% 2.4% 2011 RIB Impact 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Continued Pricing Principle 3 |Block 1 Rate 0.09090 0.09816 0.10719 0.11341 0.12634] .10/.20 0.0% 1.1% 2.5% 3.1% 4.9% 5-yr Net RIB Impact 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Flat Rate - All Components |Block 2 Rate 0.09090 0.09816 0.10719 0.11341 0.12634] .20/.30 0.0% 1.7% 3.8% 4.8% 7.5%) 5-yr Total Impact 34.3% 34.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Ratio: Block 2 / Block 1 1.00 1.00 1.00 1.00 1.00
Customer Charge 7.50 8.10 8.84 9.36 10.42 .05/.10 2.7% 2.7% 2.7% 2.7% 2.6%) 2011 Impact -59.1% 30.0% 10.5% 18.7% 22.7% 18.7% 19.2% 8.2% 1.9% 0.0% 0.0% 0.0%)
19.3 19 1350 Pricing Principle 3 |Block 1 Rate 0.08671 0.09364 0.10225 0.10818 0.12052| .10/.20 5.5% 5.4% 5.4% 5.3% 5.3% 5-yr Net RIB Impact -59.0% 30.1% 10.5% 18.7% 22.7% 18.7% 19.2% 8.2% 1.8% 0.1% 0.0% 0.0%
’ - All Components |Block 2 Rate 0.11966 0.12922 0.14111 0.14929 0.16631 .20/.30 8.2% 8.1% 8.0% 7.9% 7.9%) 5-yr Total Impact -24.7% 64.4% 0.0% 1.6% 2.7% 1.7% 16.1% 23.9% 13.9% 21.4% 16.0% 2.7%)
Ratio: Block 2 / Block 1 1.38 1.38 1.38 1.38 1.38]
Pricing Princinle 4 Customer Charge 7.50 8.10 8.84 9.36 10.42] .05/.10 2.7% 3.3% 3.9% 4.2% 4.7% 2011 Impact -59.1% 30.0% 10.5% 18.7% 22.7% 18.7% 19.2% 8.2% 1.9% 0.0% 0.0% 0.0%
ricing Principle
194 19 1350 Cusgtomer an Block 1 Rate 0.08671 0.08671 0.08671 0.08671 0.08671 .10/.20 5.5% 6.6% 7.8% 8.3% 9.4%) 5-yr Net RIB Impact -75.2% 55.5% 49.0% 5.8% 5.1% 10.8% 9.4% 9.8% 5.8% 2.9% 1.2% 0.2%)
' Block 2 Block 2 Rate 0.11966 0.13829 0.16146 0.17740 0.21057 .20/.30 8.2% 9.9% 11.5% 12.3% 13.8% 5-yr Total Impact -40.9% 89.8% 6.0% 13.0% 13.6% 13.3% 6.0% 5.4% 11.4% 8.5% 8.2% 14.5%)
Ratio: Block 2 / Block 1 1.38 1.59 1.86 2.05 2.43
Customer Charge 7.50 8.10 8.84 9.36 10.42 .05/.10 3.0% 2.9% 2.8% 2.7% 2.6%) 2011 Impact -58.0% 38.9% 6.0% 16.1% 29.9% 23.6% 14.3% 7.4% 2.1% 0.6% 0.0% 0.0%
223 2 2100 Pricing Principle 3 |Block 1 Rate 0.09111 0.09839 0.10744 0.11367 0.12663| .10/.20 5.9% 5.8% 5.6% 5.5% 5.3% 5-yr Net RIB Impact -57.9% 38.9% 6.0% 16.1% 29.9% 23.6% 14.3% 7.4% 2.1% 0.6% 0.0% 0.0%
’ - All Components |Block 2 Rate 0.12847 0.13874 0.15150 0.16029 0.17856] .20/.30 8.9% 8.7% 8.5% 8.4% 8.1%) 5-yr Total Impact -23.6% 73.2% 0.0% 1.6% 1.3% 3.1% 9.5% 24.1% 29.1% 14.8% 10.0% 6.4%)
Ratio: Block 2 / Block 1 1.41 1.41 1.41 1.41 1.41]
Pricing Princinle 4 Customer Charge 7.50 8.10 8.84 9.36 10.42] .05/.10 3.0% 3.9% 4.7% 5.1% 5.7%) 2011 Impact -58.0% 38.9% 6.0% 16.1% 29.9% 23.6% 14.3% 7.4% 2.1% 0.6% 0.0% 0.0%
ricing Principle
224 2 2100 Cusgtomer an Block 1 Rate 0.09111 0.09111 0.09111 0.09111 0.09111 .10/.20 5.9% 7.8% 9.4% 10.2% 11.5%| 5-yr Net RIB Impact -74.6% 87.7% 57.4% 11.4% 1.9% 8.0% 2.6% 5.8% 2.8% 3.7% 3.7% 2.7%)
' Block 2 Block 2 Rate 0.12847 0.15899 0.19694 0.22306 0.27739 .20/.30 8.9% 11.6% 14.0% 15.1% 16.9% 5-yr Total Impact -40.3% 122.0% 4.3% 8.4% 29.8% 9.5% 8.0% 10.8% 4.9% 5.7% 4.2% 14.5%)
Ratio: Block 2 / Block 1 141 1.75 2.16 2.45 3.04
Customer Charge 7.50 8.10 8.84 9.36 10.42 .05/.10 2.8% 2.8% 2.7% 2.7% 2.6%) 2011 Impact -58.5% 32.2% 7.9% 21.4% 22.7% 20.5% 17.4% 8.2% 1.8% 0.1% 0.0% 0.0%|
5.3 25 1600 Pricing Principle 3 |Block 1 Rate 0.08893 0.09604 0.10487 0.11095 0.12360| .10/.20 5.6% 5.5% 5.4% 5.4% 5.3% 5-yr Net RIB Impact -58.5% 32.3% 7.9% 21.4% 22.7% 18.7% 19.2% 7.4% 2.6% 0.1% 0.0% 0.0%
’ - All Components |Block 2 Rate 0.12183 0.13157 0.14367 0.15200 0.16933 .20/.30 8.4% 8.3% 8.2% 8.1% 8.0%) 5-yr Total Impact -24.2% 66.6% 0.0% 1.6% 1.3% 3.1% 9.5% 30.4% 16.4% 19.0% 14.5% 4.2%
Ratio: Block 2 / Block 1 1.37 1.37 1.37 1.37 1.37|
Pricing Princinle 4 Customer Charge 7.50 8.10 8.84 9.36 10.42] .05/.10 2.8% 3.5% 4.2% 4.6% 5.2% 2011 Impact -58.5% 32.2% 7.9% 21.4% 22.7% 20.5% 17.4% 8.2% 1.8% 0.1% 0.0% 0.0%
ricing Principle
254 25 1600 Cusgtomer an Block 1 Rate 0.08893 0.08893 0.08893 0.08893 0.08893 .10/.20 5.6% 7.1% 8.4% 9.1% 10.3%| 5-yr Net RIB Impact -74.9% 65.2% 52.0% 5.4% 11.4% 3.7% 7.6% 7.0% 6.5% 3.7% 1.7% 1.0%
' Block 2 Block 2 Rate 0.12183 0.14385 0.17124 0.19009 0.22929 .20/.30 8.4% 10.5% 12.5% 13.5% 15.2%| 5-yr Total Impact -40.6% 99.5% 4.3% 8.4% 20.0% 16.4% 8.4% 2.5% 10.8% 6.6% 8.2% 14.5%
Ratio: Block 2 / Block 1 1.37 1.62 1.93 2.14 2.58




Appendix A Table 6: Comparison of Options with $0.00 Customer Charge

5-Year Rate Projection Elasticity Cumulative Conservation Impact Min Bill Max Bill Percent of Customers with Decrease of: Percent of Customers with Increase of:
2011 2012 2013 2014 2015] Estimate 2011]  2012]  2013|  2014] 2015 Impact Impact 30%+ | 20-30% | 10-20% | 0-10% | 0-10% | 10-20% | 20-30% | 30-40% | 40-50% | 50%+
Base Rate | Threshold Rate Increase
. Rk RRA Increase 4.00% 6.90% 5.80% 11.40%
Option kWh Applied -

Rebalancing Increase 2.50% 2.30% 0.00% 0.00%

Customer Charge 28.93 31.24 34.12 36.09 40.21 .05/.10 0.0% 0.6% 1.2% 1.6% 2.4% 2011 RIB Impact 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Continued Pricing Principle 3 |Block 1 Rate 0.09090 0.09816 0.10719 0.11341 0.12634] .10/.20 0.0% 1.1% 2.5% 3.1% 4.9% 5-yr Net RIB Impact 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Flat Rate - All Components |Block 2 Rate 0.09090 0.09816 0.10719 0.11341 0.12634] .20/.30 0.0% 1.7% 3.8% 4.8% 7.5%) 5-yr Total Impact 34.3% 34.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Ratio: Block 2 / Block 1 1.00 1.00 1.00 1.00 1.00

Customer Charge 0.00 0.00 0.00 0.00 0.00 .05/.10 2.7% 2.7% 2.7% 2.7% 2.6%) 2011 Impact -77.9% 29.6% 15.6% 17.1% 19.3% 18.7% 19.2% 8.2% 1.9% 0.0% 0.0% 0.0%)

511 51 1350 Pricing Principle 1|Block 1 Rate 0.09320 0.10065 0.10991 0.11628 0.12954 .10/.20 5.5% 5.4% 5.4% 5.3% 5.3% 5-yr Net RIB Impact -77.8% 29.7% 15.6% 17.1% 19.3% 16.8% 21.2% 8.2% 1.9% 0.0% 0.0% 0.0%

’ - Both Blocks  |Block 2 Rate 0.11930 0.12883 0.14069 0.14885 0.16581 .20/.30 8.2% 8.2% 8.1% 8.0% 7.9%) 5-yr Total Impact -43.5% 64.0% 1.6% 2.7% 1.7% 4.5% 15.2% 20.3% 13.9% 20.2% 17.2% 2.7%)
Ratio: Block 2 / Block 1 1.28 1.28 1.28 1.28 1.28]

Customer Charge 0.00 0.00 0.00 0.00 0.00] .05/.10 2.7% 3.4% 4.0% 4.3% 4.9% 2011 Impact -77.9% 29.6% 15.6% 17.1% 19.3% 18.7% 19.2% 8.2% 1.9% 0.0% 0.0% 0.0%

512 51 1350 Pricing Principle 2 |Block 1 Rate 0.09320 0.09320 0.09320 0.09320 0.09320] .10/.20 5.5% 6.8% 8.0% 8.6% 9.7%) 5-yr Net RIB Impact -112.2% 57.0% 49.0% 8.4% 2.5% 10.8% 9.4% 7.0% 7.7% 3.3% 1.6% 0.2%)

’ - Block 2 Only  |Block 2 Rate 0.11930 0.13858 0.16255 0.17906 0.21338] .20/.30 8.2% 10.1% 11.9% 12.8% 14.4% 5-yr Total Impact -77.9% 91.3% 12.7% 16.6% 3.4% 13.3% 6.0% 5.4% 11.4% 8.5% 8.2% 14.5%)
Ratio: Block 2 / Block 1 1.28 1.49 1.74 1.92 2.29

Customer Charge 0.00 0.00 0.00 0.00 0.00 .05/.10 2.8% 2.8% 2.7% 2.6% 2.5%) 2011 Impact -77.0% 36.2% 12.7% 16.6% 22.7% 22.1% 15.9% 7.4% 2.4% 0.3% 0.0% 0.0%)

541 54 2100 Pricing Principle 1|Block 1 Rate 0.09683 0.10457 0.11419 0.12081 0.13458| .10/.20 5.7% 5.5% 5.4% 5.3% 5.1% 5-yr Net RIB Impact -76.9% 36.3% 12.7% 16.6% 22.7% 22.1% 15.9% 7.4% 2.4% 0.3% 0.0% 0.0%

’ - Both Blocks  |Block 2 Rate 0.12588 0.13594 0.14845 0.15706 0.17496] .20/.30 8.6% 8.5% 8.3% 8.1% 7.9%) 5-yr Total Impact -42.6% 70.6% 1.6% 2.7% 0.0% 3.6% 14.2% 17.6% 29.1% 14.8% 10.0% 6.4%)
Ratio: Block 2 / Block 1 1.30 1.30 1.30 1.30 1.30

Customer Charge 0.00 0.00 0.00 0.00 0.00] .05/.10 2.8% 3.9% 4.8% 5.2% 5.9%) 2011 Impact -77.0% 36.2% 12.7% 16.6% 22.7% 22.1% 15.9% 7.4% 2.4% 0.3% 0.0% 0.0%

549 54 2100 Pricing Principle 2 |Block 1 Rate 0.09683 0.09683 0.09683 0.09683 0.09683 .10/.20 5.7% 7.8% 9.6% 10.4% 11.8%| 5-yr Net RIB Impact -111.3% 88.6% 57.4% 11.4% 1.9% 6.6% 4.0% 5.8% 2.8% 3.7% 3.7% 2.7%)

) - Block 2 Only  [Block 2 Rate 0.12588 0.15747 0.19674 0.22377 0.27999 .20/.30 8.6% 11.7% 14.3% 15.5% 17.5%) 5-yr Total Impact -77.0% 122.9% 12.7% 16.6% 16.8% 8.6% 5.3% 10.8% 3.4% 7.2% 4.2% 14.5%
Ratio: Block 2 / Block 1 1.30 1.63 2.03 2.31 2.89

Customer Charge 0.00 0.00 0.00 0.00 0.00 .05/.10 2.8% 2.7% 2.7% 2.7% 2.6%) 2011 Impact -77.4% 31.1% 15.6% 17.1% 19.3% 18.7% 19.2% 8.2% 1.8% 0.1% 0.0% 0.0%)

571 57 1600 Pricing Principle 1|Block 1 Rate 0.09510 0.10270 0.11215 0.11865 0.13218| .10/.20 5.5% 5.5% 5.4% 5.3% 5.2% 5-yr Net RIB Impact -77.3% 31.2% 15.6% 17.1% 19.3% 18.7% 19.2% 8.2% 1.8% 0.1% 0.0% 0.0%

’ - Both Blocks  |Block 2 Rate 0.12078 0.13043 0.14243 0.15069 0.16787] .20/.30 8.3% 8.2% 8.1% 8.0% 7.9%) 5-yr Total Impact -43.0% 65.5% 1.6% 2.7% 1.7% 1.9% 14.2% 23.9% 13.9% 21.4% 14.5% 4.2%
Ratio: Block 2 / Block 1 1.27 1.27 1.27 1.27 1.27|

Customer Charge 0.00 0.00 0.00 0.00 0.00] .05/.10 2.8% 3.6% 4.3% 4.7% 5.3% 2011 Impact -77.4% 31.1% 15.6% 17.1% 19.3% 18.7% 19.2% 8.2% 1.8% 0.1% 0.0% 0.0%

579 57 1600 Pricing Principle 2 |Block 1 Rate 0.09510 0.09510 0.09510 0.09510 0.09510] .10/.20 5.5% 7.1% 8.6% 9.3% 10.6%) 5-yr Net RIB Impact -111.7% 66.5% 52.0% 5.4% 11.4% 3.7% 7.6% 7.0% 6.5% 3.7% 1.7% 1.0%

’ - Block 2 Only  [Block 2 Rate 0.12078 0.14357 0.17191 0.19142 0.23199 .20/.30 8.3% 10.7% 12.8% 13.9% 15.7%| 5-yr Total Impact -77.4% 100.8% 12.7% 16.6% 6.9% 15.8% 5.4% 2.5% 10.8% 6.6% 6.3% 16.4%|
Ratio: Block 2 / Block 1 1.27 1.51 1.81 2.01 2.44




Appendix B - Reasonable Options

5-Year Rate Projection

Cumulative Conservation Impact from RIB

Percentage of

2011 2012 2013 2014 2015 . 2011 2012 2013 2014 2015
Elasticity total revenue
Base Rate Option Threshold Rate Inc.rease RRA Increase 4.00% 6.90% 5.80% 11.40% Estimate by Bill
kWh Applied Compnent
Rebalancing Increase 2.50% 2.30% 0.00% 0.00%|

Customer Charge 28.93 31.27 34.20 36.18 40.31 .05/.10 0.0% 0.6% 1.3% 1.6% 2.5% 13.0%
Continued Flat Rate Pricing Principle 3 - |Block 1 Rate 0.09090 0.09816 0.10719 0.11341 0.12634 .10/.20 0.0% 1.1% 2.5% 3.2% 4.9%) 87.0%)

All Components  |Block 2 Rate 0.09090 0.09816 0.10719 0.11341 0.12634 .20/.30 0.0% 1.7% 3.8% 4.9% 7.6%
Ratio: Block 2 / Block 1 1.00 1.00 1.00 1.00 1.00 100.0%
Customer Charge 28.93 29.65 30.34 30.34 30.34 .05/.10 1.9% 2.0% 2.1% 2.2% 2.4%) 13.0%
21 2 1350 Pricing Principle 1 - |Block 1 Rate 0.07526 0.08127 0.08875 0.09389 0.10460 .10/.20 3.7% 3.9% 4.2% 4.4% 4.8%) 40.8%)
Both Blocks Block 2 Rate 0.11138 0.12202 0.13550 0.14532 0.16575 .20/.30 5.5% 5.8% 6.2% 6.5% 7.1%) 46.2%)
Ratio: Block 2 / Block 1 1.48 1.50 1.53 1.55 1.58 100.0%
Customer Charge 28.93 29.65 30.34 30.34 30.34 .05/.10 3.3% 3.4% 3.5% 3.5% 3.7%) 13.0%
41 4 2100 Pricing Principle 1 - |Block 1 Rate 0.07454 0.08050 0.08790 0.09300 0.10360 .10/.20 6.6% 6.8% 6.9% 7.1% 7.3%| 52.5%)
Both Blocks Block 2 Rate 0.13641 0.15016 0.16768 0.18060 0.20752 .20/.30 9.7% 10.0% 10.2% 10.5% 11.0% 34.5%)
Ratio: Block 2 / Block 1 1.83 1.87 1.91 1.94 2.00] 100.0%|
Customer Charge 28.93 29.65 30.34 30.34 30.34 .05/.10 3.0% 3.1% 3.2% 3.3% 3.4% 13.0%
71 7 1600 Pricing Principle 1 - |Block 1 Rate 0.07069 0.07634 0.08337 0.08820 0.09826 .10/.20 6.0% 6.2% 6.4% 6.5% 6.9%) 42.9%)
Both Blocks Block 2 Rate 0.12584 0.13795 0.15331 0.16451 0.18784 .20/.30 8.8% 9.1% 9.4% 9.7% 10.2% 44.1%)
Ratio: Block 2 / Block 1 1.78 1.81 1.84 1.87 1.91 100.0%
Customer Charge 28.93 29.65 30.34 30.34 30.34 .05/.10 1.9% 2.0% 2.1% 2.2% 2.4%) 13.0%
81 3 1600 Pricing Principle 1 - |Block 1 Rate 0.07828 0.08453 0.09231 0.09767 0.10880 .10/.20 3.7% 4.0% 4.2% 4.4% 4.9%) 47.5%)
Both Blocks Block 2 Rate 0.11272 0.12379 0.13784 0.14815 0.16961 .20/.30 5.5% 5.8% 6.2% 6.6% 7.3%)| 39.5%)
Ratio: Block 2 / Block 1 1.44 1.46 1.49 1.52 1.56 100.0%
Customer Charge 28.93 29.65 30.34 30.34 30.34 .05/.10 3.1% 3.2% 3.3% 3.4% 3.6%) 13.0%
311 31 1500 Pricing Principle 1 - |Block 1 Rate 0.06942 0.07497 0.08186 0.08661 0.09648 .10/.20 6.1% 6.3% 6.5% 6.7% 7.1%) 40.4%)
Both Blocks Block 2 Rate 0.12426 0.13611 0.15113 0.16206 0.18481 .20/.30 9.0% 9.3% 9.6% 9.9% 10.5% 46.6%)
Ratio: Block 2 / Block 1 1.79 1.82 1.85 1.87 1.92 100.0%|
Customer Charge 21.50 23.22 25.35 26.82 29.88 .05/.10 1.8% 1.8% 1.8% 1.8% 1.7% 9.7%
113 1 1350 Pricing Principle 3 - |Block 1 Rate 0.08197 0.08852 0.09666 0.10227 0.11393 .10/.20 3.7% 3.6% 3.6% 3.5% 3.5%) 44.5%)
All Components  |Block 2 Rate 0.11066 0.11950 0.13049 0.13806 0.15380 .20/.30 5.4% 5.4% 5.3% 5.2% 5.2%) 45.9%)
Ratio: Block 2 / Block 1 1.35 1.35 1.35 1.35 1.35 100.0%
Customer Charge 21.50 23.22 25.35 26.82 29.88 .05/.10 3.2% 3.1% 3.0% 2.9% 2.8%) 9.7%
133 13 2100 Pricing Principle 3 - |Block 1 Rate 0.08037 0.08679 0.09477 0.10027 0.11170 .10/.20 6.4% 6.2% 6.0% 5.9% 5.7%) 56.6%)
All Components  |Block 2 Rate 0.13341 0.14407 0.15733 0.16645 0.18543 .20/.30 9.4% 9.2% 8.9% 8.8% 8.5%) 33.7%)
Ratio: Block 2 / Block 1 1.66 1.66 1.66 1.66 1.66 100.0%
Customer Charge 21.50 23.22 25.35 26.82 29.88 .05/.10 2.9% 2.9% 2.8% 2.8% 2.7%)| 9.7%
16.3 16 1600 Pricing Principle 3 - |Block 1 Rate 0.07715 0.08331 0.09098 0.09626 0.10723 .10/.20 5.8% 5.7% 5.6% 5.5% 5.4%) 46.8%)
All Components  |Block 2 Rate 0.12421 0.13413 0.14648 0.15497 0.17264 .20/.30 8.6% 8.5% 8.3% 8.2% 8.1%) 43.5%)
Ratio: Block 2 / Block 1 1.61 1.61 1.61 1.61 1.61 100.0%|
Customer Charge 21.50 23.22 25.35 26.82 29.88 .05/.10 1.8% 1.8% 1.7% 1.7% 1.7% 9.7%
173 17 1600 Pricing Principle 3 - |Block 1 Rate 0.08449 0.09124 0.09963 0.10541 0.11743 .10/.20 3.6% 3.6% 3.5% 3.4% 3.3%] 51.3%)
All Components  |Block 2 Rate 0.11152 0.12043 0.13151 0.13914 0.15500 .20/.30 5.4% 5.3% 5.2% 5.1% 5.0%) 39.1%)
Ratio: Block 2 / Block 1 1.32 1.32 1.32 1.32 1.32 100.0%
Customer Charge 21.50 23.22 25.35 26.82 29.88 .05/.10 2.8% 3.0% 2.9% 2.9% 2.9%) 9.7%
323 0 1500 Pricing Principle 3 - |Block 1 Rate 0.07571 0.08176 0.08928 0.09446 0.10523 .10/.20 5.6% 6.0% 5.9% 5.8% 5.8%) 44.0%)
All Components  |Block 2 Rate 0.12341 0.13327 0.14553 0.15397 0.17153 .20/.30 8.2% 8.8% 8.7% 8.6% 8.5%) 46.3%)
Ratio: Block 2 / Block 1 1.63 1.63 1.63 1.63 1.63 100.0%
Customer Charge 15.00 15.38 15.73 15.73 15.73 .05/.10 2.6% 2.5% 2.5% 2.5% 2.4%) 6.7%
28.1 28 2100 Pricing Principle 1 - |Block 1 Rate 0.08529 0.09211 0.10058 0.10641 0.11854 .10/.20 5.2% 5.1% 5.0% 4.9% 4.9%) 60.1%)
Both Blocks Block 2 Rate 0.13135 0.14332 0.15843 0.16928 0.19186 .20/.30 7.6% 7.7% 7.6% 7.6% 7.7%)| 33.2%)
Ratio: Block 2 / Block 1 1.54 1.56 1.58 1.59 1.62 100.0%|
Customer Charge 15.00 16.20 17.69 18.71 20.85 .05/.10 2.6% 2.5% 2.3% 2.3% 2.1%) 6.7%
8.3 28 2100 Pricing Principle 3 - |Block 1 Rate 0.08529 0.09211 0.10058 0.10641 0.11854 .10/.20 5.2% 4.9% 4.7% 4.5% 4.2%)| 60.1%)
All Components  |Block 2 Rate 0.13135 0.14185 0.15490 0.16388 0.18256 .20/.30 7.6% 7.5% 7.2% 7.0% 6.7%)| 33.2%)
Ratio: Block 2 / Block 1 1.54 1.54 1.54 1.54 1.544 100.0%
Customer Charge 15.00 15.38 15.73 15.73 15.73 .05/.10 2.5% 2.5% 2.5% 2.5% 2.5% 6.7%
66.1 66 1350 Pricing Principle 1 - |Block 1 Rate 0.07982 0.08620 0.09413 0.09959 0.11094 .10/.20 4.9% 4.9% 4.9% 5.0% 5.0%) 43.3%)
Both Blocks Block 2 Rate 0.12053 0.13106 0.14429 0.15367 0.17320 .20/.30 7.6% 7.3% 7.3% 7.4% 7.5%| 49.9%)
Ratio: Block 2 / Block 1 1.51 1.52 1.53 1.54 1.56 100.0%
Customer Charge 15.00 16.20 17.69 18.71 20.85 .05/.10 2.6% 2.4% 2.3% 2.3% 2.2%) 6.7%
66.3 66 1350 Pricing Principle 3 - |Block 1 Rate 0.07982 0.08620 0.09413 0.09959 0.11094 .10/.20 4.9% 4.8% 4.7% 4.6% 4.5%| 43.3%)
All Components  |Block 2 Rate 0.12053 0.13016 0.14214 0.15038 0.16752 .20/.30 7.2% 7.1% 6.9% 6.8% 6.7%)| 49.9%)
Ratio: Block 2 / Block 1 1.51 1.51 1.51 1.51 1.51 100.0%
Customer Charge 15.00 15.38 15.73 15.73 15.73 .05/.10 2.5% 2.5% 2.5% 2.5% 2.5% 6.7%
69.1 69 1600 Pricing Principle 1 - |Block 1 Rate 0.08237 0.08896 0.09714 0.10277 0.11449 .10/.20 5.0% 5.0% 4.9% 4.9% 5.0%) 50.0%)
Both Blocks Block 2 Rate 0.12356 0.13450 0.14826 0.15806 0.17844 .20/.30 7.6% 7.4% 7.4% 7.4% 7.5%| 43.3%)
Ratio: Block 2 / Block 1 1.50 1.51 1.53 1.54 1.56 100.0%
Customer Charge 15.00 16.20 17.69 18.71 20.85 .05/.10 2.5% 2.4% 2.3% 2.3% 2.2%) 6.7%
69.3 69 1600 Pricing Principle 3 - |Block 1 Rate 0.08237 0.08896 0.09714 0.10277 0.11449 .10/.20 5.0% 4.8% 4.7% 4.6% 4.4%) 50.0%)
All Components  |Block 2 Rate 0.12356 0.13343 0.14571 0.15416 0.17174 .20/.30 7.3% 7.2% 6.9% 6.8% 6.6%) 43.3%)
Ratio: Block 2 / Block 1 1.50 1.50 1.50 1.50 1.50 100.0%|
Customer Charge 10.00 10.80 11.79 12.48 13.90| .05/.10 2.5% 2.4% 2.4% 2.3% 2.3%] 4.5%
60.3 60 1350 Pricing Principle 3 - |Block 1 Rate 0.08413 0.09086 0.09922 0.10497 0.11694 .10/.20 5.0% 4.9% 4.7% 4.7% 4.5%| 45.6%)
All Components  |Block 2 Rate 0.12031 0.12992 0.14188 0.15011 0.16722 .20/.30 7.4% 7.2% 7.1% 7.0% 6.8%) 49.9%)
Ratio: Block 2 / Block 1 1.43 1.43 1.43 1.43 1.43 100.0%
Customer Charge 10.00 10.80 11.79 12.48 13.90] .05/.10 1.7% 1.6% 1.6% 1.6% 1.5% 4.5%
61.3 61 1350 Pricing Principle 3 - |Block 1 Rate 0.09184 0.09918 0.10831 0.11459 0.12765 .10/.20 3.4% 3.3% 3.2% 3.1% 3.0%) 49.8%)
All Components  |Block 2 Rate 0.11021 0.11902 0.12997 0.13751 0.15318 .20/.30 5.1% 5.0% 4.8% 4.7% 4.6%) 45.7%)
Ratio: Block 2 / Block 1 1.20 1.20 1.20 1.20 1.20 100.0%
Customer Charge 10.00 10.80 11.79 12.48 13.90] .05/.10 2.5% 2.4% 2.3% 2.3% 2.2%) 4.5%
63.3 63 1600 Pricing Principle 3 - |Block 1 Rate 0.08650 0.09341 0.10201 0.10792 0.12023 .10/.20 5.0% 4.8% 4.7% 4.6% 4.4%)| 52.5%)
All Components  |Block 2 Rate 0.12283 0.13265 0.14485 0.15325 0.17072 .20/.30 7.4% 7.2% 7.0% 6.9% 6.7%)| 43.0%)
Ratio: Block 2 / Block 1 1.42 1.42 1.42 1.42 1.42 100.0%
Customer Charge 7.50 8.10 8.84 9.36 10.42] .05/.10 2.7% 2.7% 2.7% 2.6% 2.6%) 3.4%
193 19 1350 Pricing Principle 3 - |Block 1 Rate 0.08671 0.09364 0.10225 0.10818 0.12052 .10/.20 5.5% 5.4% 5.3% 5.3% 5.2%) 47.0%)
All Components  |Block 2 Rate 0.11966 0.12922 0.14111 0.14929 0.16631 .20/.30 8.2% 8.1% 7.9% 7.9% 7.8%) 49.6%)
Ratio: Block 2 / Block 1 1.38 1.38 1.38 1.38 1.38 100.0%|
Customer Charge 7.50 8.10 8.84 9.36 10.42] .05/.10 3.0% 2.9% 2.8% 2.7% 2.6%) 3.4%
223 2 2100 Pricing Principle 3 - |Block 1 Rate 0.09111 0.09839 0.10744 0.11367 0.12663 .10/.20 5.9% 5.8% 5.6% 5.4% 5.2%) 64.2%)
All Components  |Block 2 Rate 0.12847 0.13874 0.15150 0.16029 0.17856 .20/.30 8.9% 8.7% 8.4% 8.3% 8.1%] 32.5%)
Ratio: Block 2 / Block 1 1.41 1.41 1.41 1.41 1.41 100.0%
Customer Charge 7.50 8.10 8.84 9.36 10.42] .05/.10 2.8% 2.8% 2.7% 2.7% 2.6%) 3.4%
25.3 25 1600 Pricing Principle 3 - |Block 1 Rate 0.08893 0.09604 0.10487 0.11095 0.12360 .10/.20 5.6% 5.5% 5.4% 5.3% 5.2%) 54.0%)
All Components  |Block 2 Rate 0.12183 0.13157 0.14367 0.15200 0.16933 .20/.30 8.4% 8.3% 8.1% 8.0% 7.9%) 42.7%)
Ratio: Block 2 / Block 1 1.37 1.37 1.37 1.37 1.37 100.0%
Customer Charge 0.00 0.00 0.00 0.00 0.00] .05/.10 2.7% 2.7% 2.7% 2.6% 2.6%) 0.0%
511 51 1350 Pricing Principle 1 - |Block 1 Rate 0.09320 0.10065 0.10991 0.11628 0.12954] .10/.20 5.5% 5.4% 5.3% 5.3% 5.2% 50.6%)
Both Blocks Block 2 Rate 0.11930 0.12883 0.14069 0.14885 0.16581 .20/.30 8.2% 8.1% 8.0% 7.9% 7.9%) 49.4%)
Ratio: Block 2 / Block 1 1.28 1.28 1.28 1.28 1.28 100.0%
Customer Charge 0.00 0.00 0.00 0.00 0.00] .05/.10 2.8% 2.8% 2.7% 2.6% 2.5% 0.0%
541 54 2100 Pricing Principle 1 - |Block 1 Rate 0.09683 0.10457 0.11419 0.12081 0.13458 .10/.20 5.7% 5.5% 5.3% 5.2% 5.0% 68.2%)
Both Blocks Block 2 Rate 0.12588 0.13594 0.14845 0.15706 0.17496 .20/.30 8.6% 8.4% 8.2% 8.0% 7.8%) 31.8%)
Ratio: Block 2 / Block 1 1.30 1.30 1.30 1.30 1.30 100.0%|
Customer Charge 0.00 0.00 0.00 0.00 0.00] .05/.10 2.8% 2.7% 2.7% 2.6% 2.6%) 0.0%
571 57 1600 Pricing Principle 1 - |Block 1 Rate 0.09510 0.10270 0.11215 0.11865 0.13218 .10/.20 5.5% 5.4% 5.3% 5.3% 5.2%) 57.7%)
Both Blocks Block 2 Rate 0.12078 0.13043 0.14243 0.15069 0.16787 .20/.30 8.3% 8.2% 8.1% 8.0% 7.8%) 42.3%)
Ratio: Block 2 / Block 1 1.27 1.27 1.27 1.27 1.27 100.0%|




Appendix C - 2011 RIB Rate Additional Evidence COST OF SERVICE SUMMARY Prepared By EES Consulting, Inc.
BY CUSTOMER CLASS
Schedule 1.1
Small General Industrial Rate 31 Wholesale Nelson

Forecast Year: 2009 Total Residential Service General Service Primary Industrial Lighting Irrigation Primary Wholesale
Revenues:
Customer Charge Revenues $16,784,024 $13,870,451 $1,543,005 $423,237 $290,114 $105,498 $180,478 $324,837 $46,406
Energy Revenues $187,055,769 $92,085,331 $16,297,213 $30,129,853 $6,262,625  $3,249,852 $1,974,565 $2,522,827  $30,372,067 $4,161,435
Demand Revenues $29,875,563 $10,732,074 $3,175,819  $1,103,599 $13,445,646 $1,418,425
Total Revenues at Existing Rates $233,715,356 $105,955,782 $17,840,218 $41,285,164 $9,728,558  $4,458,949 $1,974,565 $2,703,305  $44,142,550 $5,626,265
Production-Related Costs 108,039,022 43,468,448 6,929,234 16,916,680 4,779,687 2,773,600 447,205 1,444,952 27,433,180 3,846,036
Transmission-Related Costs 56,673,241 23,241,815 3,589,898 8,881,795 2,414,982 1,403,860 111,925 572,864 14,402,335 2,053,768
Distribution-Related Costs 70,438,871 47,550,019 6,170,361 6,598,714 1,482,685 173,617 1,910,743 1,046,029 5,451,746 54,958
Total Allocated Revenue Requirements $235,151,134 $114,260,282 $16,689,493 $32,397,188 $8,677,354  $4,351,078 $2,469,872 $3,063,844  $47,287,260 $5,954,762
Difference -$1,435,778 -$8,304,500 $1,150,725 $8,887,976 $1,051,204 $107,872 -$495,307 -$360,539 -$3,144,710  -$328,497
% Increase to Equal Allocated Cost 0.6% 7.8% -6.5% -21.5% -10.8% -2.4% 25.1% 13.3% 7.1% 6%
Revenue To Cost Ratio 99.4% 92.7% 106.9% 127.4% 112.1% 102.5% 79.9% 88.2% 93.3% 94.5%
Adjusted Revenues at Existing Rates $235,151,134 $106,606,698 $17,949,815 $41,538,790 $9,788,323  $4,486,342 $1,986,695 $2,719,912  $44,413,730 $5,660,829
Adjusted Revenue to Cost Ratio 100.0% 93.302% 107.552% 128.217% 112.803% 103.109% 80.437% 88.775% 93.923% 95.064%
Average Unit Costs:
Customer Charge $ / Per Customer / Month $31.91 $28.74 $33.45 $57.27 $952.09 $3,608.33 $29.59 $35.24 $30,064.85 $4,875.14
Average Energy + Demand Charge $ / kWh $0.02617 $0.02641 $0.02629 $0.02641 $0.02495 $0.02469 $0.09312 $0.02526 $0.02509 $0.02488
Average Energy Charge $ / kWh $0.06201 $0.06631 $0.06430 $0.06468 $0.05886 $0.05023 $0.12741 $0.05480 $0.05579 $0.05240
Demand Charge $/ kW $13.63 $15.17 $12.16 $10.56 $11.11 $10.88 $34.38 $14.47 $15.10 $11.98
Combined Average Rate $/ kWh $0.0757 $0.0935 $0.0820 $0.0682 $0.0615 $0.0523 $0.1781 $0.0641 $0.0585 $0.0529

June 30, 2009
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Inclining Toward Efficiency

Is electricity price-elastic enough for rate designs to matter?

By AHMAD FARUQUI

prices. As this issue went to press, crude oil futures were selling at more than $140

E nergy costs continue rising, driven largely by an unprecedented run-up in crude oil

a barrel. Some analysts are projecting prices in the $200 range before year end.

More expensive oil means more expensive natural gas, with prices now exceeding

$13/Mcf. Likewise, coal prices are rising dramatically, partly in a competitive response

to higher oil and gas prices, and partly in response to anticipated carbon regulation. In

addition, power-plant capital costs are expected to continue rising because of growing

demand in China and India for basic construction raw materials, such as cement and

metals. According to one study, the cost of building new power plants is up 19 percent

from a year ago and up 69 percent from three years ago.' Another study estimates the

industry might require $1.5 trillion to meet its generation, transmission and capacity

needs between now and 2030.2

Thus, in virtually every scenario,
customer utility bills will rise signifi-
cantly ? Regulators and utilities are
searching for ways to avoid a repetition
of the rate-shock syndrome of the
1970s.

Energy efficiency has risen to the top
of potential solutions. It well may be the
fastest way of helping customers cope
with rising utility bills. In addition, it
could help utilities and regulators deal
with two related problems: greenhouse
gas (GHG) emissions that induce climate
change and resource shortfalls that
threaten system reliability.

While many udilities and state regula-
tors are pursuing dynamic pricing
structures to improve demand-response
and peak-shaving capabilities, the
industry traditionally has assumed
electricity is too price-inelastic for rate
structures to produce meaningful reduc-
tions in total energy use. More recent
studies and models, however, suggest
some approaches to inclining block rates
might encourage significant conservation,
with long-run reductions in electricity
use nearing 20 percent, and customer
bills falling by more than 25 percent.
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DSM Redux

The industry has begun responding to
these challenges by reactivating demand-
side management (DSM) programs.
These programs, which have a long his-
tory going back to the late 1970s, were
mothballed when industry restructuring
arrived in the mid 1990s. DSM spend-
ing in the United States peaked in 1993.
Industry restructuring put a halt to most
DSM activities, because incumbent utili-
ties feared that higher electric rates,
which often accompanied large-scale
DSM spending, would make them
uncompetitive. In addition, after several
utilities spun off their newly unregulated
generation function from their regulated

transmission and distribution functions,
it was unclear who would be responsible
for planning and implementing DSM
programs. *

As utilities and commissions reinsti-
tute DSM programs, they face the same
problems that plagued the first-genera-
tion programs. The first problem is inad-
equate and delayed recovery of DSM
expenditures. This can be redressed
through better regulatory treatment of
DSM spending. The second problem is
the adverse effect of falling sales on util-
ity earnings. This can be overcome by
decoupling utility earnings from sales.
The third problem is the lack of an
incentive for engaging in what many on
Wall Street find to be a counter-intuitive
activity—reducing sales. This can be
overcome by providing utility owners a
small share of the net societal benefits
created by DSM, as California has done,
or by providing them a large share of the
gross avoided costs, as envisioned in
Duke Energy’s Save-a-Watt program.

Many experts who have spoken at
national conferences during the past year
foresee a surge of DSM programs. They
are of the opinion that one quarter to one
half of the 30-percent growth in energy
consumption the U.S. Energy Informa-
tion Administration predicts will occur
between 2008 and 2030 can be offset by
utility energy-efficiency programs. This
will require spending as much as 5 per-
cent of utility revenues on DSM pro-
grams by 2030. But is that the only way
of achieving energy efficiency?

A multi-faceted, portfolio approach
likely will be more effective in promoting
energy efficiency than will any single
avenue. In the past, much DSM activity
was centered on utility-funded programs
that provided cash rebates to participat-
ing customers to reduce the incremental
cost of buying expensive equipment. In
some cases, customers also were provided
zero- or low-interest financing. For a vari-
ety of reasons, DSM programs failed to
reach all eligible customers and even the
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best programs failed to reach the vast
majority. This created cross-subsidies
from non-participants to participants
that invariably became quite contentious.
Arguably cross-subsidies were among the
most important reasons the DSM indus-
try collapsed in the mid 1990s.

A portfolio approach might prevent a
recurrence of these problems and yield a
least-cost solution. Such an approach
may involve five lines of attack:

B DSM: Rebates and low-interest

financing for buying efficient equip-

ment (the traditional approach);

B Information: Information about

efficient usage accessible to all cus-

tomers through multiple channels such
as the mass media, talk shows, kiosks,
in-home displays and Web sites;

www.fortnightly.com

B Mandates: Governmental codes
and standards set at the local, state
and federal levels for efficient residen-
tial and commercial appliances,
homes and commercial buildings and
industrial processes;

B Technologies: Efficient technolo-

gies and building designs coming to

fruition via research, development
and commercialization; and

M Rate design: Intelligent rate

designs that provide an incentive to

use energy wisely.

In the fifth category, dynamic-pricing
options are receiving widespread consid-
eration today, especially as more and
more utilities decide to pursue advanced
metering infrastructure (AMI) and find
difficulty justifying all the investment

costs with operational benefits.*
Dynamic pricing lowers peak-period
demands and avoids expensive peaking
capacity, which otherwise sits idle for all
but a few hundred hours a year. One
recent study quantified at $31 billion
the national savings that would accrue
from just a 5-percent reduction in peak
demand. ® However, by itself, dynamic
pricing is not likely to have much of an
impact on overall energy consumption,
since the high prices prevail during criti-
cal-pricing periods only. For the same
reason, it cannot make a huge dent in
customer bills.

Inclining Block Rates
There is another type of rate design that

can make a major contribution to a utili-
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TasLe 1 DisTrRIBUTION OF RESIDENTIAL PRICE ELASTICITIES 5

Short Run Block 1
Block 2
Long Run Block 1
Block 2

ty’s energy-efficiency goals. This is the
inclining block rate, variants of which
have been around for a long time. Under
such a rate design, the price of electricity
rises with increasing usage. But rather
than rising uniformly with each kilowatt
hour consumed, it rises in blocks of sev-
eral hundred kWh.

The most common example is the
lifeline rate created in the 1970s to miti-
gate the effect of rising prices on low-
income users and to ensure that essential
uses of electricity remained affordable for
all customers. However, most customers
today receive electric service under some
type of energy-cost adjustment clause,
which means their bills rise as energy
costs rise, even though the underlying
base rate in the tariff does not change.
Lifeline usage, as well as usage above that
amount pays more, and the issue of
affordability is rendered moot.

The inclining block rate can be very
effective in promoting energy efficiency
if it is applied as the default rate. Unlike
voluntary DSM programs, it would
apply to all customers, not just to those
who choose to participate. It has very
small administrative or overhead costs
and would cost only a fraction of the
amount expended when low-interest
financing or rebate programs are used to
buy-down purchases of high-efficiency
appliances, building materials and
processes. A final benefit, for those
regions that still are evaluating the eco-
nomics of advanced metering, is that it
does not require changing out existing
meters. Of course, the availability of
new technologies such as in-home dis-
plays enabled by AMI or smart-grid
functionalities would further enhance
the appeal of inclining block rates and
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Low Most Likely High
-0.01 -0.13 -0.20
-0.02 -0.26 -0.39
-0.03 -0.39 -0.60
-0.06 -0.78 -1.17

magnify the energy and bill savings.

A recent survey of 61 U.S. utilities
carried out by BC Hydro reveals that
only a third had inclining block rates.
About half had year-round flat rates and
the rest had declining block rates in at
least one season.”

Even where inclining block rates are
present, they might no longer reflect
current cost conditions or energy-effi-
ciency goals. In many cases, they likely
are remnants of yesterday’s lifeline con-
siderations, which primarily focused on
equity criteria. These rate designs need
to be re-tooled and modernized.

The process of constructing, re-con-
structing or modernizing inclining block
rates will vary by jurisdiction, but the
analytical steps will be quite similar.

The first step is to pin down the
ratemaking objectives. Is the rate-design
goal to reflect costs more accurately than
existing rates, promote social objectives
such as income re-distribution, or pro-
mote energy efficiency? Are there other
goals that must be accounted for, such
as revenue stability or rate continuity?

Second, begin gathering the relevant
data. Depending on how the first ques-
tion is answered, different data will be

4

needed. If the desire to reflect costs is
the dominant concern, then get data
that shows how costs move with usage.
If the desire is to conserve energy, then
idendify the magnitude of the energy-
efficiency goal.

Third, determine the number of
blocks in the rate design. Two or three
blocks usually suffice to get the message
on rising costs through to customers,
provided the message is conveyed clearly
on the monthly bill. If a rate re-design is
envisioned, it would make sense to sig-
nal it clearly. It would make little sense
to create a new rate where the second
block only applies to a small fraction of
customers, or to apply the second block
to usage that exceeds last year’s usage or
some other historical baseline.

Fourth, determine the height of the
blocks. The height between the blocks
should be significant or it won't be
noticed by customers. Nationally, many
existing inclining block rates are much
too mildly differentiated and are
unlikely to lead to any energy efficiency.
A notable exception is California, where
the rates are much too steeply differenti-
ated, are not cost-based and have caused
numerous equity problems.

Fifth, assess the distribution of bill
impacts across the full range of cus-
tomers. This is a fairly straightforward
exercise and can help identify how low-
use customers will see a drop in their
bills and how high-use customers will
see a rise in their bills. The assessment
initially should assume no price response
and then be repeated with an assessment
of likely price response, after the next
step has been performed.

Sixth, assess the impact of the rate
re-design on utility sales and revenues.
This will require knowledge of the
price elasticity of demand.

Estimating Elasticity

EPRI recently surveyed the vast literature
on price elasticities, * concluding that res-
idendal short-run price elasticity ranges
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between -0.2 and -0.6, with a mean value
of -0.3. Long-run elasticities range between
-0.7 to -1.4 with a mean value of -0.9.

One of the studies surveyed by EPRI
is noteworthy because it contains cus-
tomer-level price elasticities. These are
estimated using cross-sectional data on
California households from the mid to
late 1990s.° In aggregate terms, it
reports a residential price elasticity of
-0.39. The study finds that 44 percent of
customers have no price elasticity. The
price elasticity varies across houscholds,
as low as -0.08 for households with no
electric space heating or central air con-
ditioning and as high as -1.02 for house-
holds with electric space heating. Since
the elasticities are derived using cross-
sectional data, there is some issue con-
cerning whether the elasticities are short
run or long run in character.

The study simulates the effect of Cal-
ifornia’s transition from two tiers to five
tiers that took place in the wake of the
energy crisis of 2000-2001. Inclining
block rates first appeared in California in
the late 1970s following the two oil
shocks with baseline provisions provid-
ing for reduced rates for the first 50 to
60 percent of the typical household
usage. " In 1988, the California legisla-
ture enacted Senate Bill 987 to limit the
differences between baseline and non-
baseline rate levels and to provide for
different seasonal and geographical base-
line allowances. The differentials
between baseline and non-baseline rates
were not established using marginal cost
studies. Instead, rate affordability was
the driving concern. It led to a 15-per-
cent differential between baseline and
non-baseline rates and additionally led
to a 20 percent discount called CARE
for low-income customers.

During the 2001 energy crisis, when
average rates increased by nearly 4
cents/kWh, rate affordability again was
paramount among policymakers’ con-
cerns. The legislature passed special leg-
islation (Assembly Bill 1X) that froze
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rates for the existing first block (which
was the baseline usage) and a second
new block that was equal in size to 30
percent of the first block with rates set at
the original non-baseline rate level.
Three new blocks were created to pass
through the incremental costs of manag-
ing the crisis, yielding a five-block rate
design. " The energy crisis revenue allo-
cation also shifted two-thirds of the resi-
dential customers’ shares of increased
costs to commercial and industrial cus-
tomers. The gradual reversal of this
inter-class rate subsidy, coupled with
capped Tier 1 and Tier 2 rates and
increasing costs, have led to upper-tier
residential rates that now are between 2
and 3 times the lowest baseline rate levels.
The combined effect of higher rates, milder
temperatures, and a state-wide energy-crisis
advertising campaign helped reduce annual
usage by 10 percent in 2001.

A much earlier study used data from
a controlled experiment involving
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inclining block rates that took place in
the mid-1980s in Wisconsin. It found
much smaller price elasticities that
ranged between -0.02 to -0.04. " These
estimates were not statistically significant
for the summer-peaking season. How-
ever, statistically significant price elastici-
ties of -0.04 were found in California’s
recent experiment with dynamic pricing
that ran during 2003-2005. ** Notably,
the California price elasticities were
derived when dynamic prices were
superimposed on the state’s exising
inclining block rate design.

A RAND Corp. study for the
National Renewable Energy Laboratory
in 2005 reported price elasticities by
state. " It used nearly 30 years of con-
sumption and pricing data to estimate
both short-run and long-run electricity
price elasticities for residential and com-
mercial customers. It estimated residen-
tial price elasticity at -0.24 in the short
run and at -0.32 in the long run.

A finding common to most studies
is that higher-use customers have bigger
price elasticities. That may be because
they have more discretionary use, higher
incomes and higher education levels.

Based on a synthesis of the best avail-
able information, the Brattle Group
assembled triangular probability distri-
butions for residential price elasticities
by block for both the short run and the
long run (See Zable I). Short-run
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TaBLE 2 ImpacT on Usage anp REVENUE

Avg Percent Change in Usage

Price Elasticity Rate A Rate B Rate C Rate D
Short Run Mean -5.9% -2.2% -1.0% -0.5%
Std Dev 2.0% 0.8% 0.3% 0.2%
Long Run Mean -18.4% -6.7% -3.1% -0.7%
Std Dev 6.5% 2.4% 1.1% 0.4%
Avg Percent Change in Class Revenue
Price Elasticity Rate A Rate B Rate C Rate D
Short Run Mean -9.1% -3.1% -1.0% -1.4%
Std Dev 3.1% 1.1% 0.4% 0.5%
Long Run Mean -28.4% -9.4% -3.3% -2.6%
Std Dev 9.9% 3.4% 1.1% 1.0%

responses are driven by behavioral
changes and long-run changes by equip-
ment and building shell changes. Long-
run responses reflect customers’
acquisitions of energy-efficient appli-
ances and homes.

Generally (but not always) Block 1
price elasticities might be expected to
be lower than Block 2 price elasticities.
Also, price elasticities in the two blocks
likely would correlate, and long-run
price elasticities would be substantially
higher than short-run price elasticities.
Using these assumptions, analysts can
estimate the magnitude of energy sav-
ings that can be realized by switching
to inclining block rates.

Predicting Energy Impacts
To predict the impact of energy-efficient
rate designs, the Brattle Group construct-
ed a rate inverter module in The Prismat-
ic Suite of models the firm built last year
to analyze the economics of dynamic-
pricing rates.” The inverter is applied to a
synthetic utility, dubbed Smart Power &
Light Company (SP&L). It has 1 million
residential customers who currently are
being served power at a flat rate of 10
cents/kWh. ' The average SP&L cus-
tomer uses 1,000 kWh a month. Cus-
tomer usage is spread out between 0 and
2,000 kWh a month (See Figure I). The
mean value is 1,038 kWh.

Four inclining block-rate designs are
developed to sketch out the possibilities
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(See Figure 2). All feature inclining rates
with two blocks. But they differ in the
width of the first block and in the height
of the step between blocks. For three

of the rates, the first block lies below the
average use per customer and in one of the
rates it is above average use. The rates also
differ in the ratio of prices between the
blocks, which range from 1.27 to 3.72.

All the inclining block rates are
designed to be revenue neutral for the resi-
dential class as a whole. So, in the absence
of any price response, they will yield the
same class revenue (See Figure 3).

The amount of price response will
depend on the price elasticity of energy
consumption. Given the uncertainty
in price-elasticity estimates, results are
provided using Monte Carlo simulation.

For Rate A, the mean drop in usage
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in the short run is 5.9 percent, and
given the standard deviation of 2.0 per-
cent, the model provides a 95-percent
confidence band ranging from 1.9 per-
cent to 9.9 percent (See Table 2). This
band represents the uncertainty created
by lack of precision in the available
knowledge about price elasticities.
Customer bills decline in the aggregate
by 9.1 percent. Long-run responses

are much higher, with the mean drop
in usage at 18.4 percent and the

mean drop in customer bills at

28.4 percent.

Moving from Rate A to B, Cand D,
the model produces lower values for
usage reductions and bill reductions,
because either lower amounts of class
usage than those used in Rate A are being
exposed to prices that exceed the current
flat rate, or because the amount of the
price change relative to the flat rate is
smaller than in Rate A.

Optimizing Rate Design
Based on empirical estimates of price
elasticity from a number of different
sources, inclining block rates can pro-
vide energy consumption savings in the
6 percent range over a few years and
even higher savings over the long run.
The costs associated with inclining
block rates likely will be small, arising
from the need to make simple modifica-
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tions in billing systems, train customer-
service personnel and educate customers
on how to deal with the rates. It is possi-
ble to envision a bright future for
energy-efficiency activides, with inclin-
ing block rates providing a complemen-
tary stimulus to DSM programming,
accelerating the payback period for cus-
tomers for upgrading to higher effi-
ciency appliances and dwellings and
reducing program costs.

It’s important to note that no evi-
dence shows inclining block rates can
produce demand response, which is an
intrinsically dynamic concept. In order
to achieve the dual goals of energy effi-
ciency and demand response, it would
be useful to couple inclining block rates
with dynamic pricing. This approach
is increasingly interesting to regulators
and utilities nationwide. 7

Perhaps the best case study in this
regard is the state of California, which,
despite having a long tradition of inclin-
ing block rates, is moving in the direc-
tion of making dynamic pricing a
default tariff. ** Dynamic pricing can't be
accomplished without AMI. Once AMI
is in place, an important side benefit
would be the ability to provide near real-
time information to customers about
their accumulated monthly consump-
tion. This feature could be used to alert
them as they approach the higher priced
tiers. By so doing, the amount of energy
efficiency obtainable through inclining
block rates would be optimized. @
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Inclining block rates are designed to be revenue neutral for the residential customer class, so total sales
won’t change if prices have no effect on demand (dark blue bars). But to the degree electricity demand
is price-elastic (light blue bars), inclining block rates will encourage significant conservation by cus-
tomers—particularly those whose consumption exceeds the Tier 1 rate block.
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Abstract

Price Elasticity of Demand for Electricity: A Primer and Synthesis

The results of recent real-time pricing (RTP) and critical peak pricing (CPP) pilots demonstrate resoundingly that
consumers can and will adjust electricity usage in response to price changes. Nonetheless, dynamic pricing plans
are still novelties, in part because policy makers and pricing plan designers are equally skeptical of the impact
of large-scale implementation. There is no consensus on the degree to which consumers will respond to price
changes and as a result no concurrence on which pricing plan or plans should be adopted.

This white paper synthesizes recent and relevant in situ studies to define and quantify the character of how con-
sumer response to electricity price changes. It begins with a primer that provides a robust, graphic-aided, charac-
terization of how price influences demand, and the role of other, compounding factors. Several analytical studies
are used to demonstrate these concepts quantitatively, and portray the wide range of available estimates of price
elasticity. A synthesis of these estimates demonstrates that there are several factors that determine consumers’
ability to respond, and rationalizes and explains the wide range of estimates of the price elasticity of electricity
demand.

A compelling conclusion is that a wide variety of consumers exhibit price response when provided an opportu-
nity to do so. The relative tight bunching of elasticity estimates from a variety of dynamic pricing pilots, involving
different customer segments under different market circumstances, suggests that price response impacts can be
estimated quite confidently and accurately. This should embolden those that are already inclined to launch new
pricing initiatives, and serve to motivate those that have remained skeptical to take another hard look at the ben-
efits of dynamic pricing of electricity.
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Price Elasticity of Demand for Electricity:
A Primer and Synthesis

January 2008

Report Summary

Background

Policymakers and utility planners are demonstrating renewed interest in dynamic pricing as a way to reduce peak de-
mand, improve operational efficiency, avoid incremental capacity costs, and enhance system reliability. The increased
attention is motivated in part by the Energy Policy Act of 2005 that directs state regulators to examine the benefits
of adopting time-varying pricing, rejoining the directive of the 1978 PURPA legislation passed on the heels of the
1970s energy crisis. But, there are additional factors militating genuine interest in moving from conventional, average

cost-based rates to prices that reflect, at least to some extent, contemporaneous, time-varying supply costs.

The results of recent Real-Time Pricing (RTP) and Critical Peak Pricing (CPP) pilots, for example the Center for
Neighborhood Technology residential RTP pilot in Chicago and the California State-Wide Pricing Pilot, demon-
strate resoundingly that consumers can and will adjust electricity usage in response to price changes (see, respectively,
Summit Blue, 2005 and Charles River Associates, 2005). Moreover, they confirm that a wide range of customers
prefer dynamic pricing because it gives them choice and control. These studies confirm and solidify our understand-
ing of price response, building on and adding to the results of time-of-use (TOU) pilots that commenced over 30
years ago and paved the way for large-scale residential TOU implementation, like that in Arizona. Finally, and most
importantly, consumers are becoming more aware of the relationship between when and how they use electricity and
the price they pay. In other words, they are discovering that they are the true beneficiaries of electricity prices that

reflect the cost of supply, because it empowers them to control their electricity expenditures.

The resurgence of interest in price response has focused attention on the way it is measured. If rates are to be re-
designed to reflect time-varying supply costs, then forecasters need to adjust their methods to account for price
response. System planners need to take that response into account in determining what kinds of plant additions are
required, and when. Those responsible for designing the new pricing plans must demonstrate the impact on all con-
sumers, those that are price responsive and those that are not, to ensure that the benefits are realized throughout the
population. Firms that intend to provide consumers with information and control devices, so that they can plan for
when and how they use electricity, need to be able to demonstrate what the benefits will be. All need an insightful,

durable and reliable measure of price responsiveness.

The price elasticity of demand serves as a measure of how price changes influence electricity use. It provides a con-
venient, easy to interpret performance metric because it indicates the percentage change in usage attributable to a
one-percent change in price. If the elasticity were equal to one, a 10% price decrease would induce a proportionate
increase in consumption of electricity. An elasticity value of greater than one results in a greater-than-proportional
adjustment in usage, and a value of less than one results in a less-than-proportional adjustment, assuming that all

other influences on electricity usage are held constant. It is effectively a ratio estimator.

Price elasticity is a simple and easily interpreted metric, almost to its detriment. Recent research has demonstrated

that the nature of how and why consumers adjust usage when the price of electricity changes is far from simplistic,
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and certainly not static. A lot of factors influence consumers’ in-
clination and motivation to respond to price changes, including
factors like the health of the economy in general, which influences
household income and business profitability, and the availability
of substitutes to electricity which are essential to maintaining

overall welfare when prices change.

In addition, the character of the prices that constitute pricing
plans influence the incentive to respond to price changes. How
often can or will prices change, at what time of the day or season
of the year, and by how much and for how long, are important
determinants of the benefits the consumer realizes, and therefore
factor into the degree of electricity price elasticity. Ignoring them
in designing pricing plans and formulating policy based on those
expectations will result in unintended and unanticipated conse-

quences.

Because attention to and the use of price response is growing,
and this time around there are more stakeholders involved in its
interpretation and use, EPRI has undertaken research to clarify
the definition and interpretation of price elasticity, summarize
what has been established about its level, and devise analytical
platforms that facilitate quantifying the impacts of price changes
under a wide range of market and consumer circumstances. This

report summarizes the results to date on the first two initiatives.

Approach

This whitepaper synthesizes recent and relevant in situ studies of
consumer response to electricity price changes (electricity price
elasticity), utilizing the results of selected utility pilots. It builds
on previous seminal reports issued by EPRI to educate and guide

utility pricing analysts and their regulatory counterparts (Bohi,
1981; EPRI, 1991; EPRI, 2001).

There have been advances in the understanding of how customers
respond to prices and why. This whitepaper melds together the
results of many diverse and seemingly unrelated analyses to pro-
vide a coherent characterization of what we know about electricity
price response. It begins with a primer on price response to pro-
vide a foundation for understanding how to use and interpret price
elasticity estimates. This is followed by a synthesis of 18 studies
that are notable collectively because they offer estimates of price
elasticity of demand for electricity under a variety of conditions.

Tables and graphs summarize the results to portray important dif-

ferences, and to demonstrate that there is compelling convergence

in our understanding of electricity price response.

Results

Some key conclusions of the synthesis are as follows:

®m  Price elasticity is manifest as 1) an overall reduction in elec-
tricity consumption when the price increases, 2) a shift of
electricity usage from some hours of the day to others when

price differentials change, or 3) both;

m  Estimates of price elasticity derived from a variety of market
circumstances and alternative pricing plans suggest that elec-

tricity usage falls in the short-run by 10-20% when the price
doubles;

m  The widely-held belief that only larger customers are price

responsive is contradicted by the result of pilot studies;

®m  About three-quarters of the measured price response is attrib-
utable to one-quarter of the pilot participants, despite the fact

that participation was voluntary;

m  The character (TOU, RTP, CPP) of the pricing plan can

make a difference in the level of price response;

m  Electricity price elasticities are not constant values, but are

influenced by the timing and level of the price change; and

m  There appears to be considerable potential for deploying en-
abling technologies to foster greater price response, perhaps

surpassing what can be achieved by complex pricing plans.

A compelling conclusion is that a wide variety of consumers ex-
hibit price response when provided an opportunity to do so. While
there are differences among individuals and groups that are useful
for singling out those that are most likely to benefit (and should
be singled out for early participation), the relative tight bunching
of elasticity estimates from a variety of dynamic pricing pilots,
involving different consumer segments under different market cir-
cumstances, suggests that price response impacts can be estimated
quite confidently and accurately. This should embolden those that
are already inclined to launch new pricing initiatives, and serve to
motivate those that have remained skeptical to take another hard

look at the benefits of efficient pricing of electricity.
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The Character and Traits of
Electricity Price Response

This section provides a primer on how price changes affect the
consumption of electricity. It begins with a conceptual discus-
sion of price response, proceeds to extend that to electricity con-
sumption, and then introduces a series of topical issues that serve
to provide insight into the more detailed characteristics of price
response. A series of graphic depictions is employed to help dis-
tinguish how these conditioning factors influence price response.
This provides a framework for subsequent sections that discuss a
common metric used to measure price response, price elasticity,
and provide a review and synthesis of the body of estimates of the

price elasticity of electricity demand.

Price as a Determinant of What to

Consume and When

The concept of price response is intuitive; it’s how consumers ad-
just their pattern and level of consumption of a good when its
price changes. If the consumer’s budget, or a business’ output ob-
ligation, is constant, a price change requires adjusting the con-
sumption of some or several goods to meet that constraint. Some-

thing has to give.

For simplicity of exposition, and without loss of generality, con-
sider the case of an individual consumer or household. Since its
budget is fixed, when the price of a good goes up, other things
equal, the household’s consumption of that good goes down. But,
that’s not the end of the story. The now freed-up funds are allo-
cated to a substitute good or goods to which the consumer places
a higher marginal value. This is the case with most goods and
services. Higher gasoline prices cause drivers to become fliers, or
just stay closer to or at home during the holiday. An important at-
tribute of price elasticity is reversibility. Elevated electricity prices
in California early in this decade caused electricity consumption

to go down, only to revert back when the high prices abated.

A slightly perverse case is that when the price of one good rises, the
consumption of that good also increases. Of course, to stay within
its budget, the consumption of other goods must be sacrificed. A
wrenching example offered in text books is when the price of an

essential staple rises, say potatoes in mid-19th century Ireland, the
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consumer has to sacrifice completely the consumption of meat to
survive, and in doing so finds that it has a small amount more to

spend on potatoes (and only potatoes).

Some goods are so linked in the way they deliver the consumer
utility (which connotes value, value-added, self-worth, satisfac-
tion, safety and security) that their consumption moves together
when only the price of one changes. An example can be found
close to home. Consider a business that uses electricity to run a
batch process that must run for several hours continuously. For ex-
ample, a continuous fabrication operation that once started has to
run continuously because once the line is stopped, it can not start
again for several hours. If the announced price of electricity were
to increase in one hour in the middle of such scheduled batch,
but not in the others, the manager’s dilemma is all-or-nothing:
to ignore the price, or delay the run to another time. If the price
is high enough, the choice is to delay. So, only one high priced
hour can affect its use in other hours due to the indivisibility of

production.

There is more to consumption decisions than just price. The char-
acter of demand is important. The degree to which substitution
can be accomplished may vary by the time of day the price change
occurs, the day of the week, the season of the year, or how long the
price change lasts (or is expected to last). The degree to which the
price changes, or even the level of the new price itself, also may be

important determinants.

A different manner of price response involves temporal substitu-
tion. What if the consumer in response to a price increase in one
time period reduces consumption of the good, only to increase it
by a commensurate amount at a later time when the price is lower?
Or, anticipating a price increase, the consumer expands consump-
tion before hand and then reduces consumption by a correspond-
ing amount when the price rises? This indicates that the consumer
treats the time of consumption as a characteristic of the value of
consumption, and as a result consumption in different time peri-
ods are substitute goods. The consequence is that a price change
does not result in an overall change in the level of consumption,

only the pattern of consumption.

This intrinsic substitution is different from reversibility. The for-
mer involves temporal swapping that leaves total consumption
constant, while the latter involves substituting consumption away

from the good whose price increased and to another good, but then
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reverting back to the original consumption level of both goods,
but its total consumption is reduced. Electricity supply costs are
subject to considerable seasonal variation, exhibit distinct diurnal
price patterns, and are subject to high hourly volatility. If consum-
ers indeed see electricity value as having a strong temporal aspect,
then pricing plans that express these price changes will induce
substitution that decreases both the cost of supply and consumer
bills. The nature and extent of these impacts is beyond the scope
of this study, and have been espoused and quantified clearly else-
where (for example: Neenan 20006).

With this conceptual background in place, the discussion turns
to characterizing how consumers respond to changes in electricity

prices.

Electricity Price Response

Electricity price response characterizes a consumer’s change in its
electricity consumption in response to a change in the price it pays
for electricity. The price change might be manifest as a change
in the posted price ($/kWh) it pays for energy, in which case the
price change is explicit, or it might be in the form of some other
financial inducement the consumer receives to adjust its electricity

consumption, which constitutes an implicit price change.

Explicit price response can be the result of price changes manifest
through the inherently dynamic, time-variant prices associated
with pricing plans such as time-of-use (TOU) and real-time pric-
ing (RTP), gradual rate changes that reflect trends in supply costs,
or an abrupt rate increase, for example associated with the incep-
tion of the commercial operation of a large generation unit or the

end of a rate freeze.

Some consumers participate in programs whereby they agree to re-
duce electricity usage when called upon to do so in return for a
lump-sum payment, and pay a penalty if they fail to do so. In that
case the penalty constitutes an implicit price change that predis-
poses the consumer to respond by reducing electricity consumption
even though the rate schedule does not. A variation on this theme is
where a consumer is offered a payment to curtail its usage when so
directed based on the amount it curtails, but faces no penalty if it
elects to eschew that offer. In this case, the effective price change is
the opportunity cost, the difference between the price the consumer

otherwise would pay and the inducement it is offered.

A change in electricity price, the prices of all other goods constant,
thrusts the consumer into a situation that must be resolved. In the
case of a household, a price increase means that electricity expen-
ditures exceed what was budgeted, which is the case in the short
run. Something has to give: either electricity usage must decline,
or the consumption of other (substitute) goods must be reduced
to rebalance the household budget. Businesses confronted by an
electricity price increase face the prospect of overrunning their
production budget, which results in a product or service price in-
crease that can affect market share, lower profits, or both. To the
extent that the consumer or business can substitute other goods
or factors of production, respectively, for electricity, some of these
adverse impacts can be averted. In all these circumstances, the
consumer’s ability to adjust to the price change affects its eco-

nomic well-being.

Price response therefore is a measure of a consumer’s ability to
withstand and take advantage of price changes. The more adroit
it is at responding to price changes, the better off it is, especially
during times when prices change abruptly and substantially. Be-
ing able to associate the degree of price response according to cus-
tomer segments (residential, commercial, industrial, for example)
and other aggregations, or even to individuals, would be valuable
to those that are responsible for establishing retail prices, those
that oversee and regulate retail prices, firms that offer custom-
ers technologies and services that enable them to be more price
responsive, and policy makers responsible for creating and admin-
istering electricity markets. Of course, such knowledge would be

most valuable to consumers themselves.

An Expansion of the Concept of Price
Response

Traditionally, price response has been used to characterize how
consumers adjust electricity usage in the face of a change in the
price they pay, an increase, for example, in the $/kWh or $/kW
rate. The introduction of time-varying pricing plans, initially in
the form of time-of-use schedules in the 1970s, necessitated an ex-
pansion of the notion of price response. Provision had to be made
to describe how consumers adjust daily usage patterns when they

pay rates that vary over the hours of the day.

This formulation of price response is predicated on the assumption

that consumers (or at least some consumers) treat electricity usage at
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different times of the day as substitute goods. Research and experi-
ence confirm this assessment, as described in detail later on. Many
consumers have some discretion as to when they use electric devices
to provide household services, for example when they run the dish
washer or wash and dry clothes. Businesses have demonstrated the
ability to alter their daily routines to adjust electricity usage un-
der a time-varying price schedule. These actions demonstrate that
electricity usage consumed at different times of the day constitutes

separate substitute goods and services, at least to some extent.

The advent of electric services that contain provisions for curtailing
some or all of the consumer’s electric service required yet another
expansion of what constitutes price response. In some of these ser-
vice designs, consumers agree to reduce load by a specified amount,
when so ordered, in return for a financial incentive that is separate
from the rate generally paid for electricity use. Under traditional
interruptible and curtailable load programs that incentive is a rate
discount. New service designs like critical peak pricing (CPP) and
Buy-Back Pricing (BBP) involve a situation-specific pricing regime
whereby one price schedule (involving for example a uniform or
TOU rate) establishes the default price of electricity that applies
under most circumstances (all but a few hours of the year in most
schemes). However, the utility has the option to withdraw that price
schedule and replace it with another that involves either consider-
ably higher prices (CPP) for electricity consumed, or an offer to pay

the consumer to reduce usage (BBP).

An extension of TOU pricing, which divides the hours of the day
into two (or three) distinct pricing periods, is to make every hour
a separate good with its own price, which is referred to as real-
time pricing (RTP). Under these arrangements, the hourly prices
are either posted a day in advance, or through streaming prices
posted and effective hourly. Characterizing price response under
these dynamic pricing plans requires a refinement of the conven-
tional notion of price response because the range and frequency of

substitution possibilities is so much larger and complex.

Characterizing the nature of how consumers respond to electric-
ity price changes is a highly complex undertaking, owing to the
diverse nature of how they use and value electricity and the variety
of ways that price changes are manifest. The discussion that fol-
lows begins by distinguishing between shifting usage among time
periods and the reallocation of expenditures among electricity and

other goods. It then proceeds to introduce additional aspects of
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price response that enrich its character, but complicate quantify-

ing price response.

A Fundamental Distinction - Shifting or
Transformation

Based on the nature of the pricing structure, a price change can
induce a consumer to readjust the temporal character of its usage
profile, modify the overall level of consumption of electricity, or
both. Each involves some form of substitution, as described above.
To ensure clarity of exposition, the discussion that follows adopts
the terms shifting and transformation, respectively, to distinguish
between adjustments that involve moving electricity usage around
within a day (or perhaps days) while using the same amount, and
those that involve the realignment (increase or decrease) in elec-

tricity consumption relative to that of other goods and services.
Shifting

Shifting refers to moving electricity usage from one time period
(e.g., the high cost on-peak hours of the day, as defined by a TOU
rate) to other periods (e.g., the corresponding TOU low cost off-
peak hours), without substantially affecting overall electricity us-
age. An example of shifting is a residential consumer who waits
until off-peak hours to run its washing machine or dishwasher,
sets its thermostat to pre-cool or preheat its home, or installs a
timer to limit the operation of the hot water heater to the off-peak

hours.

A business might adjust its daily business schedule to avoid heavy
electrical usage during the high-price hours or schedule the use of
plug loads like battery recharging during off-peak periods. Shift-
ing implies that the consumer seeks to reduce electricity costs by
adjusting its temporal pattern of usage, which can involve a per-
manent change in response to a TOU price schedule, or a tempo-
rary or episodic change in response to a short-term price change
under RTP or CPP.

These accommodations in electricity usage to a price change have
in common that the primary adjustment mechanism involves
shifting electricity usage among times of the day. The objective
is to substitute usage in a cheaper period for consumption in the
more expensive one, which is an important distinction from re-
ducing overall electricity usage by substituting other goods or fac-

tor of production. Generally, shifting is undertaken so that the
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services provided by electricity are still fully delivered and the to-
tal amount of electricity used stays the same. If shifting requires
extraordinary accommodations to usual household or business
activities, then the total amount of electricity might go up, but
not enough to make the action noneconomic. For example, mov-
ing some part of a business from its typical afternoon time to the
evening might require more lighting and space conditioning than

otherwise would be required.
Transforming

Transforming involves readjusting the overall level of electricity
usage to accommodate a change in the price of electricity rela-
tive to other goods and services. For example, an increase in the
electricity price makes electricity relatively more expensive. As a
result, the value or utility realized from employing electricity to
provide household services declines, and reallocating expenditures
to other goods and services is compelling to maximize personal
welfare. A business facing the same price increase would seek out
ways to replace electricity with other, relatively cheaper inputs,
maybe another fuel like natural gas or even self-generation, to the
extent its physical process allows and the new price dictates. The
extent to which this adjustment is made is what defines transform-

ing price response.

This distinction, shifting versus transforming, is important be-
cause the character of the response dictates whether the overall
level of electricity usage changes in response to the price change,
or only its consumption pattern changes. The character of the
response has important implications for the resulting impacts
on utility revenue and consumers’ bills. It influences the tim-
ing and character of new capacity additions and how the elec-
tric system is dispatched to achieve reliability standards at the
least cost. These are traditional concerns and issues. The recent
attention on the impacts of electricity consumption on carbon
emissions has extended the applications of price response, and
furthered the need to both understand and quantify the distine-
tion between shifting when electricity is used and transforming
the way electricity contributes to the consumption of all goods

and services.

Price Response in the Short-run and the Long-run

An additional, temporal aspect of price response provides an im-

portant, finer-grain distinction because it affects the extent to

which shifting and transformation responses are undertaken in

response to a price change.
Short-run Versus Long-run Adjustments

The magnitude of price response, for a given price change, varies
over time. In the short-run, consumers utilize available technology
and behavior modifications to carry out price response actions.
They look for ways to make adjustments within the means avail-
able, which may be very limited. Historically, an important ele-
ment in electric rate setting has been to avoid rapid price changes
(Faruqui et al., 2007). As a result, consumers are not used to and
therefore ill-prepared to respond quickly and substantially to price

changes because they have been insulated from the need to.

A consequence of the low penetration of enabling technology and
the paucity of experience with time-differentiated rates is that
electricity price response, both shifting and transformation, is
relatively low. It consists of impromptu and opportunistic actions
that alter the utilization of electric-powered devices and equip-
ment. Such non-automated actions tend to be inconsistent, at least
initially, which can undermine the utility’s confidence in achiev-
ing specific outcomes, and leave consumers frustrated because the

benefits they expected are not realized.

An example is a residential consumer under a TOU program that
adjusts its usage of electric devices on a trial and error basis at-
tempting to compromise between bill savings and convenience.
Or, if there are services provided by electricity that are discretion-
ary, so that the consumer or business can do without them for
a relative short time period, then the response is that these uses
are foregone without any compensating shifting or transformation
adjustment. But the discretionary nature of this response renders

it subjective and therefore unreliable.

With experience, consumers may exhibit more consistent and
larger response patterns as they learn to deploy their ability to
control existing electric-powered devices. For instance, under a
TOU price schedule, residential consumers may find an accept-
able schedule for pre-cooling their homes before peak periods.
They may become skillful at shifting peak-period cooking or dish
washing to off-peak periods, or become more experienced in fore-
going electricity usage altogether by accepting higher (or lower)
household temperatures, lower lighting levels, and inconveniences

like delaying showering. Those with pools or spas will program
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the pumps to run off-peak. These behavioral adjustments may be
even more effective under CPP and RTP because the adjustments
are required only occasionally, and the benefits of doing so are

relatively larger.

In the long run, consumers have the time and motivation to alter
their stock of energy-using equipment in response to price chang-
es. For instance, residential consumers may avail themselves of
utility-sponsored energy audits and implement energy efficiency
measures, such as switching to compact florescent bulbs or in-
stalling water heater blankets. As the current stock of household
electrical devices wear out, or the economic incentive for replac-
ing them becomes compelling, new, more efficient and easily con-
trolled devices take their place. Industrial firms over time, as part
of recapitalization, can refurbish or replace existing equipment
with more energy-efficient equipment, install on-site generators,
or adjust work schedules to avoid heavy electrical use during times

when prices are highest.

Making the capital investment needed to alter the character of
electricity may take a year or several years to plan and imple-
ment. The rapid expansion of communication and control tech-
nology to household and business applications portend even
greater opportunities to adjust the timing and level of electricity
usage that may substantially change the nature and degree of

price response.
Responding to Price Changes - the Adjustment Process

Figure 1 illustrates the change in a consumer’s usage in response
to a substantial rate increase, such as a rate shock after a pro-
longed rate freeze period. This depiction represents transforma-
tion under circumstances where there are substitutes for elec-
tricity, as reflected in the downward-sloping demand curve. The

transformation process is as follows:

1. Initally, as depicted in Figure 1, the price is P® which results
in electricity use of quantity QY, the intersection of price and

demand on the demand curve D% and

2. When the price rises to level P! as depicted in Figure 1 (which
amounts to doubling as illustrated), electricity usage falls to
Q.

The degree to which electricity consumption is reduced is limited

by the extent to which available technology and behaviors accom-

modate adjustments, which affects slope of the demand curve, and
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therefore the impact of price. These factors are embodied in the

demand curve.

Over the long run, a transformation to more energy-efficient
equipment, for example, can significantly modify how the con-
sumer uses electricity to meet its needs. How does the adjustment
from short-run to long-run price response manifest itself? Due to
the change-out to different equipment and adaptive behaviors,
character of demand is altered; the same level of service from elec-

tric devices is realized using less electricity than before.

As result of the transformation of the character of demand, the long-
run price response is higher than what is exhibited in the short-run.
The overall adjustment process can be depicted as being comprised
of two distinct elements that have importance to understanding the
full character of price response. The change in technology causes
a repositioning of the demand curve in price/quantity space to re-
flect the higher productivity of electricity. In addition, the slope of
the curve might also be influenced by the technological change. A

graphic exposition illuminates this process.

Figure 2 contains the same demand curve (D°) and initial price
(P?°) and quantity (Q°) as Figure 1, but it includes an additional
demand curve, D' that reflects the impact of the transformation

of demand, as follows:

1. Astime passes, and if the price rise persists, the consumer has
an incentive to replace electricity devices with more efficient
ones and adjust its behavior to reflect the relatively higher cost

of electric services;

2. These adjustments amount to a shift in the demand curve
leftward from D to D'; and

3. The overall adjustment can be decomposed into two ele-

ments, as follows:

a. There is an adjustment in usage associated with where
the original price P° intersects the new demand curve,
illustrated by the change from Q° to Q**. In other words,
under the new demand regime of D!, the original price
would have induced a reduction in usage compared to

the previous character of demand; and,

b. The final adjustment in quantity, from Q** to Q?®, re-
flects the price change (P° to P') combined with the new

demand regime change from D to D'.
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The final result is that price changed from P° to P! and quantity
was reduced from Q° to Q*®. The overall usage change associated
with the price change is larger in the long-run because of changes
in how the consumer uses and values electricity, attributable to

changes in technology and behavior.

Figure 3 rationalizes this in terms of a long-run demand curve by
drawing a line that connects the original (P’ and Q°) and final (P!
and Q?®) price/quantity equilibrium points E° and E!, respective-
ly. The final affect of the price change results in a demand curve
D' whose slope, and therefore price elasticity, is higher than that
of either the short run curves. Extending this illustration by add-
ing more price increases, and assuming more technological and
behavioral changes (which shift the demand curve even farther
leftward), would provide more points that further define the char-
acter of the long-run demand for electricity curve D'}, and reveal
the impacts of technology and other factors that modify the fun-

damental character of electricity demand.

The long-run price response is unequivocally higher, as illustrat-
ed by the slope of D'®. A given price change results in a greater
change in consumption. But, once the new equilibrium is estab-
lished, at P* and Q?® that reflects the new technology, a subsequent
price change induces an electricity usage change according to the
newly established short run demand curve D', because once again

the stock of devices is fixed, even if prices are not.

In Figure 3, the new demand (D") curve is drawn parallel to the
original one, which means that their slopes are the same and there-
fore the character of price response is essentially the same. But,
this need not be the case. The technologies and behaviors that
are adopted may result in a new demand curve with a different
shape. Figure 4 illustrates the impact of a price change once the
new equilibrium has been established, for two different demand

curves as follows:

1. If the investments in technology lowered overall electricity
usage, but did not change the shape of the demand curve, so
that the slope of demand D! is the same as that of DY, then
the short-run response in the new regime is the same as in
the old one. In Figure 4, this is illustrated by depicting the
new regime demand as D', which is paralleled to D°, which
means their slope and relative price response are the same. An

increase in the price (as illustrated in Figure 4) from P' to P?

results in a change in electricity use from Q** to Q**); but

2. If the device change-outs not only reduced overall electricity
usage, but made the consumer capable of a higher short-term
level of price response, as depicted by demand curve D! Hish
then consumer’s price response under the new demand re-
gime is greater in response to the price increase, from Q*® to
Q’®, as illustrated in Figure 4.

The long-run demand curve characterizes how price response is
transformed over time as consumers adopt different technologies
and behaviors based on the price of electricity. However, at any
one equilibrium point, the immediate response to a price change
is determined by the prevailing short-term demand for electricity.
As long as there are available new technologies that improve the
efficiency of how electricity is transformed into useful services,
the long-run elasticity will be higher. It is less certain, however,
that in moving from one price/quantity equilibrium to the next
whether the new technology makes customers any more capable

of responding to price changes in the short-run.
A More Robust Characterization of Price Response

The series of figures portray the temporal adjustment aspect of
price response, which is important for determining the ultimate
result of a sustained price increase, and the subsequent affect of
subsequent price changes. The discussion that follows addresses
other conditioning factors that influence how consumers adjust
electricity demand in response to price changes, especially in the

short-run.

B Reversibility. Price response works both ways. If a price in-
crease is temporary, for example due to a fuel-adjustment sur-
charge that lasts only a month or two, then when the price
reverts back to its original level, so does demand, other factors
constant. Alternatively if the price change affects only a very
few days, as is often the case under an RTP or CPP pricing
plan, the consumer’s adjustment may be undertaken for only
for those days, followed by a reversion back to the usage pat-
tern and level that prevailed before the price change. These
aspects of price response can be illustrated using demand

curves, as follows:

o In Figure 5, the price increase (from P° to P?) is de-

picted as first resulting in reduced demand to Q. As
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Figure 6. Reversibility of Price Response — Partial Adjustment

depicted in Figure 5, since the price reverts back to
its original level (P?), so does demand, back to QY

however,

o Ifthereversion price is higher than the original price
(before the change came about), the new equilibri-
um electricity demand would be lower. As depicted
in Figure 6, the original price increase is P° to P!,

but the newly restored price is P*’, higher than the

original price P°. In this case, after the price shock
has subsided, the new level of electricity demand is

lower, at QP

B Shifting as a price response. Price response for goods and ser-
vices is often portrayed as a transformation, implying that
there is a compensating change in the consumption of other
goods (or factors of production), assuming that household
income (business expenditure) is held constant. As intro-
duced above, in the case of a time-varying rate, the nature
of response involves shifting, not transformation. Figure 7

portrays graphically the character of the shifting process:

o DPanel A in Figure 7 depicts electricity demand under
a uniform rate, drawn the same as in Figure 1. A price
change causes a change in electricity usage, which re-
quires an accommodation in the level of consumption
of other goods and services. The demand curve D° de-
termines the impact on electricity price. The adjustment
in the level of other goods and services — many may be
affected — could be illustrated by a series of panels (but
is not so illustrated herein), one for each affected good,
each showing the initial consumption of the good and
the adjustment that results when the price of electricity

changes;

o Under a TOU rate, the consumer pays a different, higher
rate for electricity usage during some hours of the day, for
example the afternoon and early evening hours, and a low-
er price during other hours. Typically, these TOU sched-
ules remain at essentially the same nominal price levels
for an extended period, a year or more.! The result is that
electricity is a different good depending on which time
period its consumption takes place. Substitution between

these goods occurs when the TOU rate is introduced;

o As Panel B in Figure 7 shows, the result is that two de-
mand curves are required to characterize the price/quan-
tity relationship; one demand curve for off-peak electric-
ity usage (D°%) and another for peak electricity usage

(D[’cak);

1 The tariff may provide for routine adjustments in the TOU prices to reflect changes in actual
supply costs relative to the level embedded into the TOU energy rates. Generally, these chang-
es are relatively small, transitory, and therefore deminimus in terms of invoking a separate price

response.
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by quantity Q™*; and

—  The lower off-peak price (P°) results in consump-
tion of quantity Q°, as displayed in Panel B of Fig-

ure 7;

As drawn, the sum of the peak and off-peak usage (Q™
@) in Panel B equals that (Q°) used under the uniform
rate P° in Panel A. This is not necessarily always the case.
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ratio and the character of the consumer’s total, peak and
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Figure 7. Price Response under Time-varying Prices

off-peak demand curves. Some TOU performance evalu-
ations have found that total electricity usage goes up under
a TOU rate compared to that under a uniform rate, be-
cause the off-peak demand is more price elastic. For exam-
ple, a residential consumer might have set the thermostat
to control air conditioning at a single setting for all days
and nights under a uniform rate. However, under TOU
the lower off-peak rates might result in an increased use

of space conditioning during the off-peak hours (nights

January 2008

and especially weekend off-peak days), which results in
increased overall electricity usage. A business may find
moving electricity consumption from the peak to off-peak
period profitable (it lowers the cost of doing business as
usual) under a TOU rate and then uses some of the sav-
ings to increase its overall energy consumption without af-
fecting output. In some instances, the lower off-peak price
may induce business expansion, which was not feasible
under the uniform rate, resulting in a more substantial

overall increase in electricity usage.

Situational conservation. Some participants in dynamic pric-
ing programs, such as critical peak pricing (CPP) and real-
time pricing (RTP), report that their response is not charac-
terized by shifting or transforming. Instead, because the price
increases they are exposed to last for only a few hours and are
infrequent, they reduce the use of discretionary devices. This
behavior has been described in detail in studies of demand
response participants in New York (Neenan Associate et al.,
2003, Goldman et al., 2005). For example, dimming some
lights, shutting down or limiting the use of elevators, or low-
ering the thermostat during CPP or high-priced RTP event
hours may compromise inhabitant comfort minimally. The
result is that energy is conserved during these situations, thus
the designation situational conservation. This can be illus-
trated by reinterpreting Figure 2 whereby the demand curve
is shifted leftward during event hours reflecting that the con-
sumer achieves the same level of satisfaction at a lower level of
electricity usage, at least temporarily. The result is manifest in
Figure 2 by a shift in usage from Q° to say Q'. But, because
the price change is short-lived, the demand curve reverts back

to its original position, depicted as D° in Figure 2.

Stickiness and the secondary dynamic pricing effect. As por-
trayed above, a price change (all other factors constant) in-
duces a change in usage, the degree of which is determined by
the slope of the demand curve and the relative price of elec-
tricity. Moreover, what goes up, should come down following
the reversibility principle. However, in situ experience with
price changes indicates that there are other forces at work that
can intercede. They do not invalidate the principles laid our
above; they provide a more detailed characterization of the
nature of how and why customers respond to prices under

very highly specified conditions.
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Recently, some pilots that tested time-differentiated rates,
specifically TOU and CPP, reported that in addition to the
shifting effect, participants” overall consumption went down,
beyond what a conventional economic behavior model would
predict. TOU pilots like the California Statewide Pricing Pilot
(CA Trial) and the Ontario Energy Board Smart Price Pilot
(OEB Trial) reported that overall energy usage was reduced 4-
6%. A study of residential consumer response to RTP pricing
reported a 2-3% reduction in electricity usage (Summit Blue
2005). The CPP designs imposed very high prices on only a
few days (3-5) and hours (15-20) per year. Even if there was a
substantial reduction in peak usage those days (10-20% was
reported), with no shifting, the overall affect on annual usage
would amount to under 1% of annual usage.? The reversibility
aspect of price response suggests that after the price spike event,
electricity usage should revert to its normal level, rationalized
by the original price. The studies cited above report an overall
reduction in usage of 5% or more. This might be attributable

to several factors, including:

o Stickiness. Under the CPP influence, after responding to
a price change the consumer’s behavior may be influenced
in a way that causes it to act as though the price is now
sustainably higher, at least for a few hours or days after the

event even though prices are back to normal, and

o  Conservation, or the secondary dynamic pricing effect
refers to consumers using the higher peak price not only
for making shifting decisions, based on relative hourly
prices that day, but to drive decisions about how much
of their budget to allocate to electricity.® In some trials
(for example, the California SPP and Ontario TOU/
CPP pilot), the TOU prices were set so that the usage-
weighted average price was approximately equivalent to
the uniform rate the participants faced before the trial,
and would have paid had they not been on the trial.
(Charles River 2005, IBM 2007)). In effect consumers

2 If the consumer uses 10,000 kWh per year and during CPP event hours average 33.5 kW

per hour, and reduced that usage by 25% over 50 event hours, then the reduction in annual

usage would be about 1/3 of one percent.

3 The convention is to assume that consumers use this comparison to make transformation

decisions. If instead they use only the peak prices, which seem inappropriate, but perhaps is

compelling if most consumption occurs on peak, then the resulting price change, defined by the

relative prices, is larger and would warrant a transformation response.

faced the same relative price under CPP/TOU as under
their previous rate, so overall usage should be the same
under either; there was no explicit price change to influ-

ence consumption, just the relative time-period prices.

Why then do some consumers exhibit what appears to
be an own-price elasticity response, when prices do not
seem to warrant such action? This behavior is not easily
explained by the traditional demand model, and trials
that report this behavior offer no help in explaining it,
except to label it optimistically as a conservation effect,
presumably apart from what one would expect for the
imposition of dynamic pricing. Establishing that this
response persists, and is not a Hawthorne effect, is the
first step in rationalizing it. The Hawthorne effect refers
to the situation whereby some pilot participants exhibit
behaviors simply to please or win the approval of those
running the experiment, and therefore are not reflective

of what would transpire under normal circumstances.

For now, the conservation effect serves as a confounding
influence of potentially great importance. Is it possible
to achieve a 5% reduction in overall electricity usage
simply by implementing a TOU price structure? Does
the form (definition of peak periods hours and the rela-
tive or nominal peak and off-peak prices) influence the
level of the conservation effect? Is it possible to trigger
the conservation effect in a less costly way, for example
by implementing an inclining block rate, or by provid-
ing consumers with information about the character of
supply costs, appealing to a latent economic rebalancing

sentiment?

Thresholds to price response. The demand curves above were
drawn as continuous lines, which means that consumers re-
spond to price changes over the entire range of prices. Some
researchers, in particular Goldman et al. (2005) and Barbose
(2006), report that some consumers have indicated that there
are limitations to the extent to which they respond to price
changes. Some condition their response by imposing a price
threshold and others by imposing a quantity threshold, which
in both cases limits price response to a segment of the total

price/quantity range. Figure 8 provides an illustration that
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rationalizes these behaviors in terms of the shape of the de-

mand curve, as follows:

o Danel A of Figure 8 illustrates the case where the con-
sumer imposes a quantity threshold, below which it will
not (or can not) respond. It will adjust usage to price
changes moving along the downward-sloping segment
of demand curve (D) for usage above that threshold
quantity -- the quantity threshold is Q" in Figure 8,
Panel A. Bug, it does not respond to prices at quantities
below the threshold. The quantity threshold may reflect
minimum electricity needs that constitute vital safety or
occupant welfare needs, or it may be due to indivisibili-

ties in plant operations;

While some electricity usage is discretionary (at least
in the short-run) or can be shifted, other usage is vi-
tal to plant operations and if it is dropped, all produc-
tion drops. Paper plants on RTP rates have indicated
that they can reduce front-end usage for debarking and
grinding, and still keep the paper machine running us-
ing stored intermediate product. But, once those end-
uses have been curtailed, the remaining electricity usage
is associated with a continuous process that if stopped,
results in substantial shutdown and inconvenience costs.
Residences might be willing to reduce AC service and
turn off some lights and other discretionary usage. But
few are willing to have electric service disconnected

completely. This is consistent with consumers stacking

Panel A- Quantity Threshold Panel B — Price Threshold
Price )
($/kWh) Der ( ;:\fveh )
par
The consumer
exhibits price
response, but
is unwilling, or
unable, to
respond pT
beyond a
threshold level
of usage, Q. The consumer
T exhibits price
response, only
once price
reaches a
threshold level of
price, PT
QT auantity Quantity
(kWh) (kWh)

Figure 8. Impact of Quantity and Price Thresholds on Price Response
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Number of customers that would respond if price

rises above this level

end-uses from highest to lowest value, from left to right
in price/quantity space, resulting in the demand curve
reflecting the marginal value of each. Up to some point,
the threshold quantity, the marginal value is perceived to

be too high to justify responding to price changes;

o Danel B in Figure 8 illustrates a price threshold. The con-
sumer is willing to adjust usage to price changes, but not
until the price reaches a specified level, depicted as P*
in the Figure 8, Panel B. In some cases, the threshold
reflects the cost of operating an on-site generator to dis-
place electricity drawn from the network. In others, it
reflects transactions costs, makeup labor and electricity
costs, inconvenience costs, etc., that the consumer ex-
periences in curtailing electricity usage. As is the case
with a quantity threshold, a price threshold reflects the
marginal value of electricity services. Figure 9 displays
price thresholds reported by commercial and industrial
consumers that had been served under an RTP rate for
several years (Goldman et al., 2005). This study’s find-
ings suggest that the range of threshold values varies by

the type of business activity.

Lassitude and structurally inelastic demand. Some consum-
ers exhibit no change in usage in response to a price change.
It is important to differentiate between consumers that ex-
hibit virtually no price response because the inducement is

not sufficient given the character of demand, and consumers
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Figure 9. Reported Price Response Thresholds
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that by the nature of how they use electricity in effect can not

respond, at least in the short run:

o

Consumers may be practically capable of responding to
price changes, but do not do so for a number of reasons.
First and most importantly, as demonstrated above, the
lack of exhibited price response could be because the
consumer has not been subject to a price change that
exceeds its price threshold. Electricity price changes are
generally limited to single digit amounts at any one time
to protect consumers from the consequences. As a result,
the price changes that are implemented do not meet the
response threshold requirement. But, when faced with a
large price change, they may indeed exhibit a response

because it exceeds the threshold;*

If price response is based on observed behavior, then it can
appear that customers are non-responsive, when in fact the
conditions under which that behavior is compelling have
not been realized. Additionally, many consumers may
treat electricity as a necessity, for which there is no appar-
ent substitute, at least in the near-term. Therefore their
consumption is driven primarily by other factors, such as
income, weather, and lifestyle. Still others may simply be
unwilling to devote time and effort to managing electric-
ity usage closely, even though they are aware that opportu-
nities to respond are available and that the net savings are
tangible. Others may pay so little attention to electricity
consumption and bills that they do not realize that a price
change has occurred. This economic lassitude serves as a
barrier to investments by consumers in energy efficiency
devices and behaviors that by all outward appearances

would appear to be in their interest; and

Another reason a consumer does not respond to price
changes is that the conditions of its operation simply pre-
clude it from doing so. Researchers have reported that
some firms appear to be structurally incapable of adjust-
ing usage to prices (see example; Taylor et. al., 2005,
Boisvert et al., 2007). A compelling explanation is that

these firms operate processes where electricity is a used

4 Recent large (40-50%) price changes in Connecticut, lllinois, and Maryland are important

departures from that ratemaking principle, and provide an opportunity to explore more closely

the character of price response.

as an input in a fixed relationship with other inputs to
achieve a specified level of output, and therefore factor

substitution is not possible.

Event notice and duration. Consumers exhibit greater price
response, other factors constant, when they receive longer no-
tice (day ahead rather than one hour) of a price change and
when the duration of the price change is shorter (4-6 hours as
opposed to 10-12 hours). Several studies have confirmed this
compelling aspect of price response (for example: Boisvert et
al., 2005; Taylor et al., 2005). Basic research confirms that the
extent of perceived impact increases as the notice is shortened
(Lauton et al., 2003). As Figure 10 illustrates, advanced no-
tice provides more time for consumers to devise and execute a
strategy to respond to the price change, including advancing
the timing of activities like facility cooling, battery charging,
and building up stocks of intermediate process inputs, so they
are completed before the event starts. Shorter event durations
limit the consumer’s hardship when discretionary loads are
curtailed, and minimize transaction costs when the response
to the price change involves rearranging activities or operat-

ing on-site electricity generation equipment.
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Figure 10. Impact of Event Notice and Duration on Price Response
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Price Response Optics

Electricity demand curves are typically portrayed as straight lines
that intersect both the quantity and price axis. That has been
the practice herein. A linear demand representation however im-
plies that the relative price response (defined as price elasticity, the
next topic) depends on the nominal level of the price and quantity
change, since at each point on a linear demand curve the relative
response to a one percent change in price is different. At the mid-
point on a straight-line demand curve, the relative price response
(price elasticity) is one, as illustrated in Figure 11. Consumption is
adjusted exactly in proportion to the price changes that triggered it.
At quantities above that level, the relative price response decreases
in absolute value, approaching zero as consumption reaches it maxi-
mum level (the point where the demand line crosses the horizontal
axis). Moving away from the unit elasticity toward higher prices
and lower quantities, the elasticity value increases, approaching
infinity in absolute value where the demand curve intersects the
price (vertical) axis. As discussed below, empirical studies often as-
sume that price response is constant, which is inconsistent with a
linear demand curve representation. While a liner characterization
of demand serves to illustrate many of the characteristics of price
response, in practice the choice of form can make big difference in
the outcome. As long as it is understood that the liner representa-
tion is illustrative, then its use to convey the various aspects of price

elasticity is compelling for its simplicity.

Price
($/kWh)
&, With a straight-line demand curve, the
P=$1.00 \J N (9\9’/ elasticity values vary as the
N o’:@ price/quantity point changes
P=$.50

Q=800 Q=1600  Quantity
(kWh)

Figure 11. Price Response Optics
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Is it price response when the electricity usage change is invoked by

someone other than the consumer?

Price elasticity is the relative change in usage induced by a change
in price, other factors constant. But, what if the change in usage
is the result of a consumer’s enrollment in a program whereby it
turns over control of a device or devices to the utility (or other
entity), in return for a payment? A corollary is the situation where
the consumer agrees to curtail the device itself when so direct-
ed, in return for an up front payment, but is subject to penalty
if it fails to curtail. These arrangements are often referred to as
demand call options because the utility purchases the right (but
has no obligation) to curtail the consumer’s usage under specified
conditions. These circumstances are not fully analogous to those
of a consumer deciding for itself, based on the prevailing price it
pays per kWh, what level of electricity to use, as Goldman et al.
(2005) observed.

Two situations merit examination. At one extreme, if the consumer
has no control over the device during curtailment circumstances
(often referred to as direct load control), then it can not exhibit
price response in the conventional sense. For example, Florida
utilities have over 900,000 households enrolled in air conditioner
control programs. Participants receive an annual payment, and
in return the utilities can curtail the unit’s operation when they
deem it necessary to do so. The relevant behavioral issue is the re-
lationship between the level of incentive offered (the annual pay-
ment) to the consumer and its decision to participate, given that
participation involves a known benefit and an expected cost (the
cost associated with undertaking curtailments). Bu, that linkage
is complicated by the impact of the expected number, duration
and notice given for curtailments because they affect the con-
sumer’s expectation of the exposure to curtailment, the associated
compliance costs, and therefore expected net benefits. This sug-
gests that there is a common behavioral thread that rationalizes
these apparently different types of behavior: response to actual
price change and acceptance of a curtailment obligation for a fixed
price. However, an integrated demand model that explains both
price response and direct load control participation has proven

challenging to devise.

Alternatively, if the consumer controls the response — it is noti-
fied that a curtailment is demanded, but it decides how to comply

with that demand — and it faces a penalty for non-compliance,
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then it exhibits price response. The price in this case is the pen-
alty. Understanding and quantifying price response, however, re-
quires characterizing how consumers translate the penalty into a
corresponding price schedule, which determines the nature of the
demand curve, and hence the price elasticity. In many cases, the
penalty is non-linear, allowing for some degree of noncompliance
before it kicks in. In contrast to a penalty schedule that is constant
in the degree of noncompliance, or one where the penalty is more

severe as the days of noncompliance increase.

There is growing interest in demand response programs that in-
volve call options. Unfortunately, no behavioral structure has
been developed to equate the observed load curtailments to the
concept of price response in a way that would allow using knowl-
edge of one (for example, price elasticity under an RTP pricing
plan) to predict the consumer’s behavior under another (CPP or
device control program). The lack of an integrating behavioral
model may account for the practice of differentiating price re-
sponse plans, which post prices and let customers decide what to
consume, from those that pay consumers to curtail, which are re-
ferred to as demand response. The distinction is useful as long as
it does not lead practitioners to ignore the fact that consumers are
motivated by and respond to prices, and that understanding the
full character of that behavior is essential to comparing the relative

merits of price and demand response.

Measuring Price Response

Designing and implementing effective pricing programs requires
a metric that measures how consumers respond to electricity price
changes. As discussed above, price responsiveness can be decom-
posed into two basic elements: the ability of a consumer to adjust
its usage when the price it pays changes; and the inducement it-
self, the price change or financial incentive it is confronted with.
Uniform or flat electricity price structures are subject to only
occasional price changes. Accordingly, studies that estimated
short-run or long-run price transforming response generally have
focused on annual or monthly electricity price changes. Time-
of-use (TOU) or real-time pricing (RTP) plans render electricity
into two or more time-distinguished goods, which militates for
measuring how the price differentials induce shifting in relative
period usage. Some studies have attempted to estimate both the

influence of own-price elasticity associated with changes in the

nominal TOU prices, and the shifting effects of the relative peak
and off-peak prices. It is instructive to first categorize the body
of price elasticity estimation work to understand the differences
in context, and then synthesize the collective results to ascertain
how the results can be used to inform and electric direct electricity

pricing initiatives.

Own-Price Elasticity of Demand

Price elasticity is a normalized measure of a consumer’s reaction
to price changes. The own-price elasticity of electricity demand is
defined as the percentage change in electricity usage in response
to a one percentage change in the electricity price. Figure 12 il-
lustrates the standard formulation in two equivalent ways; the first
set of bracketed terms portray the standard elasticity formulation
consistent with differentiating a demand equation to derive the
implied elasticity. The second set of bracketed terms is that for-
mulation reorganized to emphasize that elasticity is a relative, per-
centage difference metric. In Figure 12, the symbols are defined
as follows: E°T is the own-price elasticity of demand; dQ is the
change in quantity consumed associated with a change in price
(dP), measured relative to the initial price (P*) and quantity (Q¥)

levels.

The own-price elasticity in this formulation captures the influence
of a price change, assuming that all other explanatory factors, such
as household income and the prices of substitutes, are assumed to
be constant. Assuming that electricity is a normal good (one for
which there are substitutes), a one-percent increase (decrease) in
electricity price will induce electricity usage to decline (increase),
all other things being equal. Accordingly, behaviorally consistent

estimates for own-price elasticity are negative values. Because it is

Own Price Elasticity of Demand
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Figure 12. Formulation of Own-price Elasticity of Demand
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a relative value — the elasticity involves the change in kWh divided
by the initial (per-price change) kWh — the own-price elasticity of
electricity takes on values between zero and a very large negative

number (in the limit, negative infinity).

The interpretation of an elasticity value of zero is obvious; the
consumer’s electricity use is insensitive to price changes. Very low
elasticity values, say around -0.10 indicate a relatively low degree
of price sensitivity. That is plausible for many consumers in the
short run because there are few immediate substitutes for electric-
ity to power household and business devices. But, if price changes
drastically or persistently, or both, the result can be a transforma-
tion of electricity demand that results in reducing electricity ex-
penditures and increasing other expenditures. As discussed above,
that transformation may involve changing out the stock of electric
devices for ones that provide the same or equivalent service, but
use less electricity in doing so. Or, it could result from the adop-
tion of renewable and other on-site generation technologies, in ef-

fect creating a substitute for grid-delivered electricity.

An elasticity value of one (absolute value) serves as a useful refer-
ence point. It indicates that the quantity change is exactly pro-
portional to the price change; price and quantity move together
in unison. An own-price elasticity value that exceeds one signi-
fies that a price change induces more than a proportional usage
change. Under these conditions, price is a potent driver of electric-

ity usage.

Substitution Elasticity of Electricity
Demand

If electricity is subject to hourly price changes (RTP) or follows
a diurnal price schedule (TOU), consumers may treat electricity
usage in different time periods as substitute goods. The degree
to which shifting of usage is induced by the price differential is

measured by the substitution elasticity.

The substitution elasticity indicates the percentage change in the
ratio of electricity usage between time periods that arises in re-
sponse to a one percentage change in the ratio of those period’s
electricity prices, all other factors held constant. Instead of indi-
vidual quantity and price values, which are how the own-price
elasticity is formulated, the operators in the substitution elasticity

are ratios of quantities and prices, as illustrated in Figure 13.
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The symbols in Figure 13 are defined as follows: Q" and Q© are
the peak and off-peak quantity of electricity, respectively; and P?
and P© are the peak and off-peak prices, respectively. As with the
own-price elasticity, the quantity and price change are measured
relative to reference values, in this case the quantity and price ra-

tios that were observed before the price change transpired.

Behaviorally consistent estimates for the elasticity of substitution
are positive because an increase in relative electricity price in one
period will induce the usage ratio to fall. This is because for a
given off-peak to peak price ratio the consumer chooses consump-
tion that defines the equilibrium peak to off-peak consumption
ratio. If the peak price were to increase, peak consumption is more
expensive, resulting in a decrease in the ratio of the off-peak price
to the peak price. Accordingly, off-peak consumption would be
substituted for peak consumption, thereby decreasing the peak to
off-peak consumption ratio. Both operators have negative signs
associated with the measured change, so the substitution elasticity

metric takes on positive values.

The interpretation of specific values is equivalent to that of the
own-price elasticity, but the focus is on the ratio of peak to off-peak
quantities and prices. If the elasticity of substitution is less than one,
a given percentage increase in off-peak to peak price ratio leads to
a less than proportional percentage increase in the peak to off-peak
consumption ratio. Generally, researchers report substitution ratios
to characterize shifting of electricity usage within a day, which is
consistent with a TOU price schedule. But as discussed below, some
have also characterized substitution of electricity usage among indi-

vidual hours of the day or among days of the week.

Formulation of the Substitution Elasticity
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Figure 13. Formulation of Substitution Elasticity of Demand
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Application of Price Elasticity Estimates

Price elasticity measures usage changes relative to price changes.
Once the elasticity has been estimated (for a consumer or a seg-
ment of consumers), it is instructive to rearrange the elasticity
formulation into one that allows the prediction of the quantity
change that can be expected given a price change, as illustrated
in Figure 14 for the own-price elasticity. It is composed of two
parts; the consumer’s ability to respond to prices (the price elas-
ticity, E°F) and its incentive to do so (the price change ratio,
dP/PR).

Operative form of Own Price Elasticity

dQ dP
= |/= E°P ‘ —
QR PR

Figure 14. Operative form of Own-Price Elasticity

Reliable estimates of electricity price elasticity are important to
utility system planners, rate designers, and marketing staff. Price
elasticity provides the means for forecasting how much a consum-
er (or a group of consumers) can be expected to adjust its (their)
electricity usage in response to a planned or unanticipated change
in the level of the price, for example a change (up or down) in a

uniform rate resulting from a fuel cost adjustment clause.

Price elasticity is a vital ingredient in designing TOU, RTP and

related pricing plans for several reasons, including:

1. Most dynamic pricing plans are offered as an alternative to
conventional uniform price tariffs. To attract participation,
reliable estimates of price elasticity are critical, especially for
highly dynamic pricing plans such as RTP (Barbose et. al.,
2005; Neenan, 2007). Consumers need to fully understand
the implications of the new rate and be able to forecast the
benefits of responding to prices and the consequences of not
responding. Utilities that have offered RTP-type rates that

are revenue neutral report that the expectation of no loss is

not by itself a sufficient inducement to participate (Barbose,
et al., 2005; Barbose et al., 2006);’

2. Changes in usage under dynamic pricing plans affect revenues
and costs, which must be incorporated into the utility’s finan-
cial system to support rate filings and ensure that forecasted
benefits rationalize implementing the pricing plan (Neenan,
2007 is an example of a study that was required by the Public
Service Commission as a condition of approving a residential

RTP rate);

3. Price response is important in determining what kinds of
pricing plans appeal to consumers with different capabilities
and inclinations to respond, a vital determinant in design-
ing an effective portfolio of pricing plans (see: Neenan et al.,
2005 for an example of a comparative analysis based on alter-

native levels of price elasticity);

4. Information on electricity price elasticities also allows elec-
tricity traders and analysts to provide better forecasts by ac-
counting for the impact of consumer response on wholesale

market prices;® and

5. More refined capacity planning to meet projected electricity
demands including considering treating price response as a

resource.

Over the past 15 years, EPRI has published several seminal re-
ports on consumer response to electricity price changes.” EPRI
co-funded an in-depth assessment of the techniques used to mea-
sure the own-price elasticity of demand for electricity (and other
energy sources) and compare and contrast the estimated values of
short-run and long-run price elasticity (Bohi, 1981). That study

concluded that the own-price elasticity of electricity demand post-

5 Most of the recent dynamic pricing pilots either design the rate to be revenue neutral, or offer
participants a cash reward, which in some cases exceed 5% of the annual bill, for participation.
Revenue neutrality is the property that under the experimental rate the consumer pays no more than

it would have under the otherwise applicable rate if its usage does not change. Some designs are
revenue neutral for each consumer and others for a segment of consumers. In the latter case, if the
segment is comprised of consumers with diverse usage patterns, then some gain simply by subscribing
(a windfall profit) while others would start off paying a premium before they even respond to price
stimuli. Barbose et al. (2005) provides a discussion of the structure and role of revenue neutrality in the
context of RTP designs.

6 An example of such a study is Neenan, et al.(2005).

7 See EPRI EM-5767, 1988, “DSM Consumer Response, Volume 1: Residential and Commercial
Reference Load Shapes and DSM Impacts,” EPRI CU-7131, 1991, “Consumer Response to Rate
Options,” and EPRI 1005945, 2001, “Consumer Response to Electricity Prices: Information to
Support Wholesale Price Forecasting and Market Analysis.”
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oil embargo was between -.3 and -.7, which was not much differ-

ent than the values reported in studies before that period.

An EPRI study in 1991 revisited that theme, but focused on the
interpretation of price elasticities in utility planning and rate-mak-
ing, and expanded the analysis to include shifting price response.
A subsequent study (EPRI, 2001) further expanded the analysis
of shifting behaviors and summarized more recent findings. The
report included price elasticity estimates for flat rates, TOU price
schedules, and hourly RTP rates. DOE (2005) provided a more

recent synopsis of price elasticity values.

A Fresh Look at Electricity Price Elasticity

This whitepaper extends the data and interpretations of those
reports by synthesizing the elasticity estimates of the collective
body of research into how customers respond to electricity prices.
Doing so reveals the range of elasticity values that have been re-
ported, yields insight into why they differ, and provides an overall-
perspective on the intensity of price response that can be expected
from pricing plans that are implemented today, and how those

results might differ in the future.

A far-reaching review revealed over 100 studies that provide es-
timates of price response. However, many of these report the av-
erage observed changes in usage associated with a price change,
but do not estimate the implicit or explicit price elasticity. This
is especially true of studies of demand response programs where
the price is implicit, not explicit; for example, residential AC or
thermostat control programs whereby the consumer allows the
utility to control the device in return for a lump-sum payment
or other concession. Unfortunately, such high-level analyses do
not provide a robust means for extrapolating the results to other
circumstances because they do not reveal anything about behavior
or price response over a range of implicit inducements or explicit

prices.

A larger, but untapped source of price response insight is the de-
mand and price response programs that ISO/RTOs have imple-
mented. They report over 24,000 MW of load that responds to
prices or price inducements (IRC Council 2007). However, no
comprehensive analysis of the implicit or explicit price elasticity
exhibited by the 1,000s of participants under a wide range of cir-

cumstances has been undertaken.

January 2008

Many other studies report arc or point elasticities, which are ad
hoc estimates of the underlying character of electricity demand.
These should be distinguished from price elasticities estimated us-
ing functional forms that are consistent with rational consumer
behavior (Goldman et. al., 2007). They provide no information
about the character of the underlying demand curve, just the re-
sponse over two points in space. As discussed earlier, the shape
and positioning of demand is of critical importance in character-

izing price response.

To develop a synthesis of price elasticity that provides the most
actionable results, studies for this synthesis were selected to satisfy

the following criteria:

®  The study employed a relatively high level of disaggregation
to reflect differences among customer circumstances, focused
on the results of a single customer group sharing common

characteristics, or involved several segments;

m  The study estimated price elasticity employing models or
methods that are consistent with economic theory and using

observed (not simulated or synthesized) price response; and

m  The study reported on observed consumer behavior in U.S.

electricity markets after the 1973 oil crisis.

This screening resulted in nine residential own-price elasticity
studies and 18 time-differentiated pricing studies, eight of which
involved residential consumers and the remainder either commer-
cial and industrial consumers. Missing are studies that report the
own-price elasticity for commercial and industrial consumers.® To
provide comparable estimates of commercial and industrial own-
prices elasticity estimates, values previously summarized by EPRI
were used (2001).°

Estimates of the Price Elasticity of
Demand for Electricity

Price elasticity estimates are summarized by category: those derived

from analyses of consumers on flat or uniform rates which produce an

8 While the selected estimates for the C&l sector are found in Kenney and Kershner (1980),
and Bernstein and Griffin (2006), the estimates vary widely and do not conform to the screen-
ing criteria.

9 See Table 2-1 in EPRI (2001)
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estimate of the own-price elasticity; and those that evaluated shifting
response to time-varying prices, which involved estimating the sub-
stitution elasticity. A few of the studies in the latter category also pro-

duced an estimate of the own-price elasticity of electricity demand.

Estimates of Own-Price Elasticities

The nine studies of residential own-price elasticity were further
categorized according to whether the estimates provided short-

run (7 studies) or long-run price elasticity estimates (2 studies):

m  Price elasticity estimates based on consumer behavior for a
single utility over a relatively short time-series (1-5 years) are
considered short-run under the assumption that the stock of
electricity devices does not change appreciably, so custom-
ers are limited to actions and behaviors available technology
allow. Some studies employ detailed equipment stock infor-
mation to account for differences among customers in stock

utilization intensity; and

®m  Studies that examine consumer behavior across several utilities
over a common time period are referred to as cross-sectional
studies. The resulting elasticities are interpreted as estimates
of long-run price elasticity because all the consumers are as-
sumed to have fully adapted their electric device investments to
the prevailing utility price. As a result, differences in electricity
usage patterns among consumers in different utilities (which

impose different prices) reflect long-term price adjustments.

Own-Price Elasticity Estimates

Table 1 summarizes the range of own-price elasticity reported in
the selected studies. In summarizing the results, the term mean
refers to the central tendency of the collective estimates subjec-
tively determined by this white paper’s authors. Low and high
values indicate the range of reported values. The values in Table

1 can be summarized as follows:"

®  The residential mean short-run own-price elasticity of elec-

10 The selected studies and their samples are as follows: Parti and Parti (1980) (San Diego
households), Dubin and McFadden (1982) (US households, Washington Center for Metropoli-
tan Studies - WCMS), Hirst, et al. (1982) (US households, National Interim Energy Consump-
tion Survey - NIECS), Archibald, et al. (1982) (US households, WCMS), Garbacz (1983) (US
households, NIECS), Dubin and McFadden (1984) (US households, WCMS), Henson (1984)
(households in WA, OR, ID, and MT, Pacific Northwest Residential Energy Survey), Munley, et
al. (1990) (renter-occupied households in Washington D.C. metropolitan area), and Reiss and

White (2002) (CA households, Residential Energy Consumption Survey).

20

tricity demand is -0.30, but study values range from slightly
below that level (-0.2) to twice that level (-0.6);

m  The residential mean long-run residential elasticity is three
times higher (-0.9) and subject to a even wider range of val-
ues, from -0.7 to -1.4. It is important to quantify the implica-
tions because they reflect only three elasticity estimates from

two dated studies;

m  The commercial and industrial mean short-run, own-price
elasticity estimates are -0.3 and -0.2, respectively, which are
close to that of the residential sector, but these sectors are
characterized by a tighter range of estimates value, especially

for the industrial sector;

®  The commercial and industrial mean long-run own-price
elasticity of demand is slightly higher than their residential
counterpart, -1.1 and -1.2, respectively, and the dispersion of

values is not substantial;

m  The diversity of short-run elasticity estimates likely reflects
systematic effects, like cultural factors, weather, and house-
hold appliance holding. Unfortunately, these differences are
not easily reconciled in a unified characterization of electric-
ity demand. Residential elasticity studies typically do not
provide individual customer estimates, but it seems likely that

there is considerable variability among customers; and

m  The large difference between short-run and long-run elastic-
ity values reflects the consequences of consumers having time

to adjust their consumption to persistent price changes.

Table 1. Own-price elasticities of electricity demand

neen [ ow | righ | woan | ton | g
Residential -0.3 0.2 0.6 -0.9 0.7 14
Commercial*  -0.3 0.2 0.7 -1.1 0.8 1.3

Industrial* -0.2 0.1 0.3 -1.2 0.9 14

* The estimates for the commercial and industrial sector are from EPRI (2001).

Based on these results, a fair summation is that in the short run,
response to changes in the overall level of electricity price is rela-
tively low; a doubling of all segment prices will probably result in

an overall reduction in consumption of under 30% for households,
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and below 20% for firms. However, given time to adjust to such a

price change, electricity consumption would fall proportionally.

A closer examination of the detail of these studies, organized by
sector, provides important insight into the source of the differ-

ences in their elasticity estimates.

Short-run Residential Own-Price Elasticity
Estimates

Estimates of residential own-price elasticities demand differ signifi-
cantly across markets. For instance, Bernstein and Griffin (2006)
found significant regional differences in price elasticities for residen-
tial consumers. They speculated that the difference might be attrib-
uted to climate, the level of substitute prices, and other demographic
variables. Archibald, et al. (1982) confirmed the seasonal variation
of residential electricity demand finding that the mean own-price
elasticity in peak (e.g. summer) months was -0.47 while that in off-

peak (e.g. winter) months was about half that level (-0.27).

The heterogeneity among consumers of the same segment is a com-
mon finding. For example, the study of California household price
response between 1993 and 1997 concluded that 44 percent of the
households exhibited no short-run price response (Reiss and White,
2002). The heterogeneity in household price elasticities was primar-
ily attributed to differences in appliance holdings: the own-price
elasticity for households without electric space heating or central
or room AC was reported to be was -0.08. Bug, if the household
had a central or room AC, it was eight times higher (-0.64 ), and

homes with electric space heating exhibited even higher elasticities
(-1.02).

Household income is also a driver of the intensity of price response.
Reiss and White’s analysis (2002) found that the price elasticity is
higher for households with lower electricity consumption than for
households with higher electricity consumption. They conclude
that as income rises, households become less price-inelastic because
they spend more on electricity uses that they deem to be largely

indispensable.

Short-run Own-Price Elasticities Estimates for
Businesses

In both the commercial and industrial sectors, price elasticities

vary widely across regions (Lyman, 1978). The differences reflect
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the regional differences in climate, substitute prices and especially
firm technology and business practices. Halvorsen (1978) provid-
ed industry-specific estimates for electricity price elasticities ac-
cording to business activity to reflect differences in the degree of
electricity intensity of production, as summarized in Table 2. The
average price elasticity of the most electricity-intensive group is
more than twice that of the least electricity-intensive group, with
the moderately intensive group elasticity lying in the midpoint of

those extreme values.

Table 2. Halvorsen’s aggregate-level estimates for industry long-run price

elasticities'
intensity elasticity
Intensive group*® -1.01
Moderately Intensive group™* * -0.78
Non-intensive group™ ** 0.41

* Textile mill products (22), paper and allied products (26), chemicals and allied
products (28), petroleum and coal products (29), stone, clay, and glass products (32),
and primary metal industries (33).

** Food and kindred products (20), rubber, misc. plastic products (30), fabricated
metal producfs (34), machinery, except electrical (35), electrical equipment and
supplies (36), and transportation and equipment (37)

*** Tobacco products (21), apparel, other textile products (23), lumber and wood
products (24), furniture and fixtures (25), printing and publishing (27), leather and
leather products (31), instruments and related products (38), and miscellaneous
manufacturing industries (39)

Some studies indicate that the price elasticity of industrial con-
sumers may also differ because of the differences in to what pur-
pose electricity is used. Kenney and Kershner (1980) reported
long-run own-price elasticity estimates: -1.77 for motor-driving,
-1.02 for heating, and -0.83 for lighting and space conditioning,
which suggests that firms that utilize processes with high pumping
and lifting requirements are more price responsive in the long run,
perhaps because they can take advantage of technological change

the makes available more energy efficiency machinery.

The majority of these studies were conducted before 1990 when
flac utility rates for larger commercial and industrial consumers
were commonplace. The Public Utility Regulatory Policies Act in
1978 spurred most utilities to adopt time-differentiated rates for
their largest consumers, like educational and health care campuses

and office buildings and most industrial firms. Some went beyond

11 Source: EPRI (2001)
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time-of use and implemented more highly time-differentiated rates
like RTP and CPP. Consequently, research interest in estimating
price response migrated to understanding price response under

dynamic rate offerings, which is the next topic of discussion.

Price Elasticity Under Time-Varying
Rates

Since the late 1970’s, utilities and regulators have shown increas-
ing interest in the deployment of time-varying rates such as TOU
and RTDP. Section 1252 of the Energy Policy Act of 2005 reaf-
firmed the earlier PURPA admonition: “...time-based pricing
and other forms of demand response, whereby electricity con-
sumers are provided with electricity price signals and the abil-
ity to benefit by responding to them, shall be encouraged.”? By
enabling consumers to face price signals that reflect the underly-
ing time-varying cost of wholesale electricity, Congress expects
that electricity consumers will adjust their behavior in ways that

benefit all electricity market stakeholders.

TOU electricity rates vary over time periods within a day, and
where warranted, they provide additional seasonal variation in
the rate schedule. By aligning its electricity prices with the cor-
responding pattern in supply cost, TOU rates induce beneficial

consumption changes.

RTPD rates, first adopted in the mid-1980s are somewhat preva-
lent, at least for larger firms (Barbose et al., 2005; Barbose et al.,
2006). RTP rates are more effective than TOU in reflecting the
dynamic character of the cost of electricity supply because they
employ an hourly price schedule, which is typically announced
in the afternoon of the previous day, to reflect dispatch costs that

can be highly volatile, even among the hours of a day.

Several derivatives of TOU and RTP rates have been used to
link usage decisions and prices to the underlying cost of sup-
ply. Critical peak pricing (CPP) plans often utilize a TOU rate
schedule as the standard condition of service, but have provi-
sion for replacing the scheduled peak price with a higher one
under specified conditions. When the critical peak period and

the replacement price are predetermined (for example a price of

$.50/kWH replaces the TOU peak price and is applicable to the

12 U.S. Congress 2005 Energy ACT.

22

TOU peak hours on specified days), the CPP plan is referred to
as CPP-Fixed. When the replacement price or event period, or
both, vary to reflect exigent supply circumstances, it is referred
to as CPP-Variable."?

Under time-varying rates, the predominant consumer behavior
is realigning usage to reflect the relative prices among time pe-
riods. Switching (substitution) elasticities for time-varying rates
have been estimated in several studies that include a variety of
pricing and customer circumstances. All of these studies evalu-
ated short-run shifting behaviors for either the residential, com-
mercial, or industrial sector, and in a few cases for sub-sectors.
A few of the studies reported own-price elasticity estimates as

well.

A summary of substitution elasticity estimates for the studies
selected for this synopsis is presented in Table 3." An illustra-
tion of the distribution of the reported ranges and frequencies is
presented in Figure 15.5 As the table details and the figure illus-
trates, estimates of the elasticity of substitution range from 0.04
to 0.40, with one exception — the Duke TOU pilot which reports

substitution values close to 1.0 (study number 6 in Table 3).

Insight into these estimates of substitution elasticities in response to
time-varying rates is best accomplished by separating the results by

sector, and then addressing the impact of conditioning variables.

Household Shifting Price Elasticities

Estimates of the elasticity of substitution for the residential sec-
tor vary widely, mainly attributable to differences in appliance
holdings (Caves, et al., 1984; Caves, et al., 1989). For instance,
the five residential TOU pilots funded by the U.S. DOE during
1977-1980 found that the typical within-day elasticity of substitu-
tion was 0.14, but that it varied by 50% in either direction (from
0.07 to 0.21) based on household appliance holdings (Caves et al.,
1984).

The residential TOU program deployed by Midwest Power Sys-
tems from 1991-1992 found that households with all major ap-

13 This convention seems to have started with the California Statewide Pricing Pilot (Charles
River Associates, 2005).

14 The values portrayed in Figure 15 summarize the individual elasticity estimates reported in
the studies in Table 3.

15 These estimates are for a portfolio of consumers, not for individual consumers. The elasticity

of substitution for individual consumers ranges from zero to over 5.0.
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Distribution of Estimates of the Elasticity of Electricity Demand
under Time-Varying Pricing - 18 Studies
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Figure 15. Distribution of Price Elasticity Estimates

pliances exhibited an elasticity of substitution 0.39,' while those
with no major appliances exhibited no shifting, resulting in an
estimated elasticity of substitution value of zero (Baladi and
Herriges, 1993). The recent large scale residential CPP-Fixed
experiments in California Statewide Pricing Pilot (SPP) report-
ed a statistically-significant elasticity of substitution of 0.11 for
households with central air conditioning, but a value of only
0.04 for those without (Charles River Associates, 2005).

Businesses Shifting Price Elasticities

The commercial and industrial (C&I) consumers exhibit con-
siderable heterogeneity in electricity price elasticity, based on the
selected studies summarized in this syntheses. The differences are
associated with variations in customer circumstances, like business
activity, peak and overall consumption level, and the availability of
on-site generation equipment. For example, the Niagara Mohawk
Power Company (NMPC)’s RTP pilot in 1985-7 involving large
(over 2 MW) industrial consumers found that the average elastic-
ity of substation was 0.09, but there was considerable variation
among participating firms, from zero to over 0.16. Moreover, 10%
of the firms provided most of the response (Herriges, et al., 1993),

and an equal percentage was deemed to be non-responsive.

16 Note that this estimate is quite higher than the others. This is potentially because they restrict-
ed the study to a single market with the same price change so that extraneous factors that affect
electricity usage were not so different across consumers. Studies that aggregate data from several
time periods and jurisdictions tend to exhibit lower estimates because price effect is difficult to be

sorted out of all the other systematic variations being correlated with the price effect.
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Goldman, et al. (2005) revisited the NMPC market about 15
years later to assess how these firms (over 2 MW) had adjusted to
RTP as the default service rate. They report that while the port-
folio (all participants) average elasticity of substitution was 0.11,
there was significant variation among business category: 0.16 for
manufacturing, 0.10 for government/education, 0.06 for commer-
cial/retail, 0.04 for health care, and 0.02 for public works. More-
over, they reported that 15-20% of consumers accounted for 80%
of the usage reduction. Duke Power’s RTP pilot involving larger
C&I firms confirmed both of these findings: they reported an av-
erage hourly own-price elasticity of 0.21 for textiles firms, but the
portfolio of over 100 consumers exhibited a substitution elasticity
almost 33% lower (0.15). Firms with an on-site generator or an arc
furnace, however, exhibited a substitution of elasticity 0.26 while
those without exhibited 0.02 (Taylor, et al., 2005).”” This is yet
another confirmation of the inherent heterogeneity among firms

price responsiveness.

The size-related heterogeneity is supported by the CPP-Variable
experiments for the small C&I sectors that were conducted in the
California Statewide Pricing Pilot (SPP). Charles River Associates
(2005) found that the firms with peak demands between 20 kW
and 200 kW showed an average elasticity of substitution of 0.07,
and for those with peak demands less than 20 kW the estimated
elasticity was almost identical (0.06). However, the elasticity in-
creased with the average daily usage of the latter group (large us-
age customer were more price responsive) but not nearly so much

in the case of former group.

Ownership of energy substitutes was found to have a significant
impact on price response in some studies. The aforementioned
Duke Power RTP pilot found that the average hourly own-price
elasticity was significantly higher when the firm operated an on-
site generator (Taylor, et al., 2005). Moreover, firms with on-site
generation exhibited significantly high estimates of within-day
elasticity of substitution, ranging from 0.26 to 0.32, while those
without it exhibited very little substitution capability (Schwarz,
et al., 2002). Goldman, et al., (2005) also found, based on the
NMPC’s RTP program, that consumers with on-site generation
exhibited higher exhibited price elasticities, in some cases twice

as high. O’Sheasy (1997) reported that larger firms served under

17 Substitution elasticities are reported here as positive values, although some researchers

report them as negative values.
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Table 3. Estimates for electricity price elasticity on time-varying pricing plans

Elasticity of Substitution (ES)*
No. Segment
1

Type of Region/ Year/

Own-Price Elasticity (OPE)
Cross-Price Elasticity (CPE)

program Participation

TOU Residential ~ Midwest Power ES 0.12~0.17 ranging across
Systems of seasons
lowa; 1991- Bet.-day ES 0.17~0.20 ranging
1992; voluntary across seasons
ES 0.14 for typical home
ES 0.39 for all electric home
ES Nil for non major appliances
2 TOU Residential PG&E; ES 0.37 for a typical consumer
1983~84;
voluntary
3 TOU Residential ~ DOE Utilities in ES 0.14 for summer typical
five states; ES 0.10 for winter typical
1977~80; ES 0.07~0.21 for summer depend-
mandatory & ing on appliance holdings
voluntary
4 TOU Residential DOE Utilities in OPE -0.06~-0.2 in the summer
three states; WI, peak
NC, CA; CPE 0.02~-0.02 in the summer
voluntary peak with ACs
5 TOU Residential DOE Utilities in ES 0.09 for LA
five states; ES 0.06 for SCE
1977~80; ES 0.11 for CP&L
mandatory & ES 0.21 for WI
voluntary
6 TOU for Residential Duke Power; OPE -0.38~-0.39 for max. demand
demand/ 1985,88; in June; increasing in years of
energy voluntary experience
CPE -0.83~-0.99 for peak energy
w.r.t. demand charges in June, and
increasing in years of experience.
7 TOU for Large C&l SCE; OPE -0.02~-0.09 for peak de-
demand/ 1978-80; man- mand; ranging across firms
energy datory
8 TOU for Small/Med. SCE; 1980- ES 0.11 for summer demand (kW)
demand / C&l 1982; voluntary  of larger consumers (200-500kW)
energy (20kW ES 0.04 for summer demand for
~500kW) overall consumers (0~500kW)
9 TOU for Large C&l 10 utilities in OPE -0.014 for peak demand
demand/ CA, Midwest, (kW)
energy NY; 1976,77;
mandatory
10 CPP-Fixed Residential GPU; 1997; ES 0.35 for the peak to off-peak
voluntary price ratio 2.8:1

ES 0.40 for the peak to off-peak
price ratio 4.6:1

* Unless denoted otherwise, “ES” represents the elasticity of substitution of off-peak for peak energy. The elasticity of

substitution has positive value, because an increase in the relative electricity prices will induce the usage ratio to fall.
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Comments

Baseline usage patterns played only a small Baladi, et al.
role in participation. Volunteers were not more (1998);
responsive to TOU prices than the mandatory ~ Baladi and
TOU consumers. Households with more appli- Herriges

ances were found to be better able to shift. (1993)

Consumer response fo TOU rates depended ~ Caves, et al.

upon appliance holdings and weather. (1989)
The response of the voluntary consumer was
substantially larger than that of consumers in
mandatory TOU.
ES increases with appliance holdings. Caves, et al.
ES was greater in warmer climates (1984)

ES decreased with the number of occupants.

Households having either pools or ACs had Kohler and

higher OPE. Michell

The study found net complementarily of de- (1984)
mand in periods adjacent to the peak period

and load shifting at hours farther from the peak
period.
Left uncorrected, voluntary programs (LA, SCE,  Aigner and
and CT) introduced an upward bias into the es-  Ghali (1989)
timation of response to mandatory TOU rates.
Experience with demand charges led to Taylor and
increases in OPE of maximum demand, CPE of Schwart
peak energy w.r.t. the demand charges, and (1990)
substitution of off-peak for peak energy.
Weak separability assumption between labor Tishler
and electricity is problematic. (1984)
TOU demand rate was more effective in elicit-  Aigner and
ing substitution of peak and off-peck usage Hirschberg
than the TOU energy rate. (1985)
Small but positive ES was estimated for the
summer season.
Average response differed significantly from Park and Ac-
industry to industry. ton (1984)

Significant consumer response was observed Braithwait

in the presence of interactive communication (2000)

equipment.
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Type of

program

11 CPP-Fixed

12 CPP-Variable

13 Day-ahead /
hour-ahead

RTP

14  Day ahead
RTP

15 Day ahead
RTP

16  Day ahead
RTP

17 Day ahead
RTP

18 Day-ahead
RTP

January 2008

Segment

Residential

Small C&l

Large C&l
(>TMW)

Large C&l
(>1TMW)

Large Indust.
(>TMW)

Large C&l
(2MW-
20MW)

Residential

Large Indust.
(2MW-
30MW)

Region/ Year/

Participation

CA-SPP
(PG&E, SCE,
and SDG&E);

2003~04;
voluntary

CA-SPP
(PG&E, SCE,
and SDG&E);

2003~04;
voluntary

Central and
Southwest
Service;
1998-2001
Summer; volun-
tary

Duke Power;
1994-2001;
voluntary

Duke Power
1994-1999;
voluntary

NMPC (Ni-
agara Mohawk,
a National Grid

Com.);

Summers of

2000-2004;

voluntary

Community En-
ergy Coop (IL);
2005; voluntary
NMPC; 1985;
voluntary

Elasticity of Substitution (ES)
Own-Price Elasticity (OPE)
Cross-Price Elasticity (CPE)

ES 0.09 average (Jul.~Sep.)
ES 0.04~0.12 ranging across
climate regions
Bet.-day ES: 0.04 average
(Jul.~Sep.)

Bet.-day ES 0.03~0.04 ranging
across climate regions

ES 0.05 for consumers with de-
mand below 20kW:
ES 0.06 for consumers with de-
mand bet. 20 and 200kW

ES 0.1~0.18 for peak hours;
ranging across length of peak on
day-ahead RTP
ES 0.2~0.27 for peak hours;
ranging across length of peak on
hour-ahead RTP

OPE -0.15 for peak period overall
consumers
OPE -0.27 for peak period with
generators or arc furnaces
OPE -0.03 for peak period with
none of them

ES 0.04 for aggregate hours
Bet.-day ES 0.03

ES 0.11 for peak hour average
ES 0.16 for manufacturing
Manufacturing, 0.10 for gov't/
education, 0.06 for commercial/
retail , 0.04 for health care, and
0.02 for public.

OPE -0.08 on average
OPE -0.05~-0.12 ranging across
housing types & AC ownership.

ES 0.09 for aggregate hours
Bet.-day ES 0.16

Comments

Statewide reduction in peak-period (normal
weekdays) energy use on critical days was
7.6% (-2.2%) in mild, -15.8 (-6.5%) in hot
climate, and -13.1 (-4.7%) on average.
Households with central ACs were more
responsive than households without ACs.
Load impacts were the lowest in the outer sum-
mer, but the highest in the inner summer.
The usage reduction during high-price periods
was almost exactly offset by increases in use
during off-peak periods. The peak-period
usage on critical days fell with peak-period
prices, but at a diminishing rate.

Peak-period reduction on critical days was
6% (1.5%) for consumers with demand below
20kW (bet. 20 and 200kW). Peak-period re-

duction on normal weekdays was 1.5% (2.4%)
for consumers with demand below 20kW (bet.

20 and 200kW). With smart thermostats,

peak-period reduction on critical days was

14.3% (13.8%) for consumers with demand

below 20kW (bet. 20 and 200kW).

75% of response was due to load shifting from
peak to off-peak periods. Price response was
the highest for high prices of short duration
and decreased dramatically as the duration of
the high prices increases.

RTP did not shift peak to an adjacent hour but
to hour 20-24. As more experienced, consum-
ers reduced peak hour load more.

Price threshold effect on elasticity was ob-
served. Only a subset of consumers responded
significantly to RTP.

Elasticity increased with year of RTP experi-
ence.

Considerable heterogeneity in price respon-
siveness was observed. 15-20% of consumers
accounted for 80% of the observed reductions.

OPE was lower during the day, and higher
during the late afternoon/evening.

RTP response was not uniform among partici-
pating firms, with two consumers providing the
bulk of the measured response.

Charles
River Assoc.

(2005)

Charles
River Assoc.
(2005)

Boisvert et al.
(2004)

Taylor, et al.
(2005)

Schwarz, et
al. 2002

Hopper, et
al.
(2006);
Goldman et
al. (2005)

Summit Blue

(2006)

Herriges, et
al. (1993)
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RTP at Georgia Power that had on-site generation exhibited a

higher level of price response.

Impact of Enabling Technologies on Price
Elasticity

Recent analyses of pilot results provide indications of the extent
to which enabling technologies enhance electricity price elastici-
ties. GPU’s residential CPP-Fixed program included a treatment
involving the installation of interactive controllable thermostats.
The estimated elasticity of substitution for the treatment group,
which were given thermostats, was approximately 0.38, 2-3 times
higher than that of the TOU-only treatment (Braithwait, 2000).

Analysis of the CPP-Fixed and CPP-Variable programs that were
implemented as part of the California SPP found that peak reduc-
tion impacts were significantly higher with smart thermostats than
those without the technology. In one instance, Charles River As-
sociates (2005) attributed about two-thirds of the peak reduction
to the enabling technology and the remainder to price-induced
behavioral response. American Electric Power (1992) reported
large load shifts with the aid of an interactive communication
technology called TransText (Faruqui and George, 2002). Both
of these pilots involved relatively few participants and produced
results whose elasticity estimates are in some cases characterized
by low statistical significance. They offer enticing, but as yet not
fully substantiated evidence of the role of available enabling tech-

nologies in the short run.

The Effects of Learning and Experience on Price
Elasticities

A few studies have examined how the price elasticities for time-
varying rates change with experience. Taylor and Schwarz (1990)
based on the analysis of time-series data from Duke Power’s
residential TOU rate (which involved both energy and demand
charges) found that over time participants exhibited an increase
in the own-price elasticity of maximum demand, in the cross-
price elasticity of peak energy with respect to the demand charge,
and in the substitution of off-peak for peak energy. Schwarz et al.
(2002), based on Duke Power’s eight years of RTP experience,
reported that the firms collectively exhibited an hourly elasticity
of substitution just under 0.2 in 1995, but it increased to 0.25 by
1999, which they attribute to learning.
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Price elasticities for electricity consumers on rate programs may
change as the institutional context of the programs changes over
time. An aggregated-level analysis for U.S. households on non-
TOU rates revealed that long-run own-price elasticity for elec-
tricity demand had declined steadily from -2.1 to -1.2 during the
period 1950~-87 (Chang and Hsing, 1991). This decline in price
response may reflect a growing dependency of households on
electric devices that provide convenience and entertainment, for
which there are few direct substitutes. But, a more comprehensive
study is needed to clarify how long-run adjustments to prices and

other factors affect short-run price response.

Faruqui and George (2005) note that current level of price elasticity
in California is lower than what was reported for California about
a quarter century ago. The reduction in price elasticities over time
may be attributable to California’s aggressive promotion of energy
efficiency measures, conservation programs, and load control pro-
grams, which lowered consumer capability or inclination for price
response. However, resolution of whether in the long run the elastic-

ity is lower or higher waits a more comprehensive study.

Impact of the Price Level on Price Elasticity

Many demand analyses employ a functional representation of
electricity demand that presumes (imposes on the statistical esti-
mation process) that electricity usage changes are due solely to a
change in the price ratio, and are not influenced by the nominal
level of price. This implies that the price response to off-peak and
peak prices of $.10/kWh and $.30/kWh, respectively, is the same
as the response to prices of $.20/kWh off-peak and $.60 peak/
kWh, because the price ratio in both cases is identical (1:3).

Recent developments in the measurement of price elasticity sug-
gest that price elasticity values may vary with the level of elec-
tricity prices, or be subject to price and quantity thresholds. This
may result because electricity consumers are only managing (in
response to price changes) a limited set of electricity-using de-
vices, for example those that are deemed to be discretionary. As
discussed previously, this is analogous to a kink in the demand
curve, resulting in constrained price response. If this is the case,
it is important to understand how that constraint is manifest in
order to predict how consumers respond to price changes over the

full range of prices.

January 2008





An EPRI White Paper for the Energy Efficiency Initiative

Gupta and Danielson (1998) found that consumers with on-site
generation responded significantly to RTP rates but only above
a specified price threshold. This threshold effect was also inves-
tigated by Schwarz, et al. (2002) regarding Duke Power’s RTP
program. They found that firms with on-site generation started to
respond to price only when the nominal level reached $0.05/kWh,
which resulted in estimated substitution elasticities of zero below
$.05/kWh and a substitution elasticity of 0.25 at prices in excess
of that level. Goldman, et al. (2005) found that a few (about 10%)
consumers exhibit higher price response at higher nominal prices,

but the difference was only 15% or less.

Comparative Anatomy of Price

Elasticity Under Time-Varying Pricing

Table 3 provides an in-depth summary of the individual study
results, highlighting key points of differentiation in the findings.
Bug, it does so at the expense of an over arching perspective on
what has been learned. Are the results of analyses of price response
under time-varying pricing so disparate that devising reliable poli-
cies is hopeless? Or, are there important themes and actionable
conclusions that might embolden those that want to expand the
proliferation of time-based pricing of electricity? Consolidating
and synthesizing these estimates of price response will contribute

to such a determination.

Figure 15 (on page 23) displays the frequency distribution of the
absolute value of all of the elasticity estimates, both one-price and
substitution, found in the studies that were synthesized (a total of
46 individual estimates). The medium value is around 0.12 (all
values are reported as absolute values to facilitate a comparison of
intensity). The largest is about three times the medium. Despite
the differences of circumstances under which they were estimated,
different segments, different time periods, different rate forms and

price levels, the dispersion is relative low.

Figure 16 expands the resolution to focus on the importance of
the ranges of values by segment and pricing plan. It plots for each
of the 18 studies included in this synthesis the range of reported
elasticity estimates and the central mass point.'"® The range of es-

timates for price response is indicated as a line for each study,

18 Note that, for simplification, Figure 16 uses the range of estimates for individual customer

samples reported in the literature.
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with the point on that line representing the central mass estimate.
The central mass is either 1) the average elasticity provided by the
study or 2) an interpretation of same made by the authors of this
study. For example, the first bar indicates that the range of esti-
mates for Study 1 (see Table 3 for the study reference) is .12 to .37,
and the central mass is about 0.17. Study 2 provided only a single
elasticity estimate, which is plotted in Figure 16 as a point with

no range indicator.

The colored-coded key at the bottom of Figure 16 delineates the

several aspects that distinguish the estimates, as follows:

m  The segment to which elasticity values apply, either house-

hold (HH) or business (B); and

m  The pricing structure from which they were derived: time-of
use (TOU), critical peak pricing (CPP), or real-time pricing
(RTD).

Most of the elasticities portrayed in Figure 16 are substitution
(shifting) elasticities, but in three cases they are estimates of the
own-price elasticity of demand, studies 4, 7, and 13 indicated in
the body of the figure. For convenience of exposition, all elasticity
values in Figure 16 are given as positive values, although some of

those listed represent own-price elasticities.

Some important insights about the level and character of electric-
ity price response to time-vary rates emerge from this portrayal.
First, despite the variety of factors that would seem to result in

considerable disparity among the values, when plotted together

Electricity Price Elasticity Estimates - Range and Mass Central
Points ( Absolute Values) for 18 Studies
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Figure 16. Topology of Price Estimated Price Response Elasticities
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the range of estimates is relative low; from near zero to around
40. These are short-term elasticities that reflect consumers’ and
firms’ ability and inclination to respond to price changes. Values
at the high end of that range primarily are attributed to enabling
technology, as is often the case for values at the upper end of indi-

vidual study value ranges.

Comparing the substitution values according to the pricing plans
they were derived from, the greatest dispersion of values is for CPP,
but the variance is associated with segment differences: a low of
around 0.04 (Business) to a high or 0.40 (Household). Recall that
these estimates represent a limited number of studies that have been
conducted on price response under the CPP design. It would be
helpful to have the findings of the other CPP pilots converted into

price elasticities to see if the dispersion is reduced or expanded.

The residential TOU central mass elasticity estimates, with one
exception, are quite tightly bunched around a central tendency
range of about 0.05 - 0.15. The outlier value (Study 2) comes from
amid-1980s study at PG&E involving voluntary TOU. The recent
California SPP trials found values about one-fifth as high. Perhaps
the earlier PG&E study did not control for all the influences that
affect how customers use electricity, or involved too high an ag-
gregation to allow sorting price effects, as Bohi anticipated (1981).
Or, as the authors of the latter study speculated, perhaps the char-
acter of electricity demand in California has been reshaped over
the past 20 years (Charles River 2005).

The business central mass substitution estimates are even more
tightly bunched and lower in value, and the range of reported
values is less, compared to those of residential consumers. The
ISO/RTO programs referenced earlier share many of the features
of CPP, and hundreds of small and medium sized business are
participating. Estimating price elasticities from those experiences
would contribute to understand the range and central mass of

likely substitution elasticities.

The central mass elasticity values estimated for RTP vary by over
a factor of 4 (0.04 to about 0.18). The most robust estimates, cor-
responding to studies #14, #15, and #17, involved a relatively large
(over 100) number of firms of similar size (over one MW) that
had paid RTP prices for several (five or more) years. They exhibit
a wide range of estimates, which the researchers attributable to

differences among individual customer responses: but at the port-
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folio level (all RTP participants), the average response for these

studies is about 0.12.

The increased interest in fostering price response was the primary
motivation for conducting the syntheses reported on herein. A
compelling conclusion is that a wide variety of consumers exhibit
price response when provided an opportunity to do so. While
there are differences among individuals and groups that are useful
for singling out those that are most likely to benefit (and should
be singled out for early participation), the relative tight bunching
of elasticity estimates from a variety of dynamic pricing pilots,
involving different customer segments under different market cir-
cumstances, suggests that price response impacts can be estimated
quite confidently and accurately. This should embolden those that
are already inclined to launch new pricing initiatives, and serve to
motivate those that have remained skeptical to take another hard

look at the benefits of efficient pricing of electricity.

Summary and Conclusions

Anticipating how consumers respond to price changes is essential
to the design and deployment of effective and attractive dynamic
pricing plans. The degree to which consumers respond to price
changes determines the stream of benefits the consumer realizes
for its effort. However, all consumers realize benefits when some
are price responsive, including improved system reliability, capac-
ity savings, short- and long-term reductions in price volatility, and
an overall improvement in societal use of resources. Less tangible
but perhaps equally important additional benefits accrue in the
form of increased consumer satisfaction, the result of empower-
ing them to control their electricity costs, and the abatement of

market power.

A synthesis of estimates of electricity price elasticity was under-
taken to summarize the findings of empirical studies to character-
ize and quantify price response. Price elasticities in these studies
were estimated to characterize how electricity price changes af-
fect the relative expenditures on electricity, using the own-price
elasticity of demand, or to reveal how consumers adjust diurnal
electric usage when faced with time-varying prices. The former
was the focus of research in the 1970s and early 1980s, owing
to the almost universal reliance on uniform electricity rates. The

latter responded to the many pilots and experiments launched to
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explore how customers respond to pricing plans like RTP, TOU,

and more recently, CPP.

Individually, the studies chosen for this synthesis demonstrate
that many factors other than price influence the degree of price re-
sponse, and the circumstances of individual pilots and the analyses
of their outcomes also influence the conclusion. Viewed close-up,
one might conclude that the considerable disparity of results casts
a cloud of subjectivity about price response, and as a result utilities

should proceed with caution until greater clarity is achieved.

However, when estimates of price elasticity are properly synthe-
sized, what emerges is a compelling case for proliferation of pric-
ing plans that foster price response. The synthesis reveals that a
doubling of the price results in 10-20% reduction for most situ-
ations. A consequence is that programs designed to achieve a
specific level of price response, for example a prescribed level of
electricity reduction during specified periods, using pricing plans
like TOU, RTP, and CPP, will have to resort to prices that are
3-4 times the current rate to achieved reductions much above 10-
20% per consumer The long-term implications of resorting to
such elevated prices have not been fully disclosed, and reconciling
elevated prices with overall revenue requirements is challenging
(Letzler 2006).

The outlook for fostering price response is neither bleak nor self-
evident. Over time, if provided the proper incentives, consumers
will change-out their stock of electricity-using devices for ones
that are both more efficient overall, and provide greater opportu-

nities for adjusting consumption in response to price changes.

Advancing dynamic pricing will require sustained and focused ef-

forts, including:

1. Identifying and characterizing the next generation of en-
abling technology. To realize long-run improvements in price
response, consumers must replace their stock of equipment
so that it is more efficient and provides more opportunities
to manage its operation. Consumers require certainty and
reliability when they invest, so it is essential to begin now to
establish the characteristics, performance standards, and cost

expectations of controllable and efficient electric devices;

2. Quantifying the impacts of enabling technology. Only a few
pilots have addressed the impact of technology rigorously, but

they produce encouraging results; the short-run elasticity is
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doubled or tripled with the availability of enabling technol-
ogy. A concerted and coordinated effort is needed to resolve
key ambiguities regarding the role of technology and infor-

mation in fostering consumer price response;

Coordinating pilots and trials conducted by utilities. This is
essential so that the data each generates can be used to ad-
vance the overall understanding of how and why consumers
use electricity. Too often pilots, which are expensive to run
and therefore few and far between, do little more than con-
firm what has already been quite well established, and fail to
provide the kinds of data, especially data that describe the
participating customers and their individual characteristics
and circumstances, that are needed to characterize in depth

the drivers of price response; and

Integrating energy efficiency and price response as mea-
sures of performance. Energy efficiency and price and de-
mand response currently are treated as alternatives, in large
part because there is no common and mutually compatible
framework for evaluating how these activities must work to-
gether to improve efficiency of electricity demand. A com-
mon framework for evaluating energy efficiency and price
response initiatives side-by-side is essential to ensuring that

investments by utilities and consumers are effective.
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