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[bookmark: _Toc348688751][bookmark: _Toc350519881]Executive Summary
[bookmark: _Toc321408471]The main objective of this study is to develop projections of the incremental load impacts from Pacific Gas and Electric’s (PG&E) implementation of mandatory time of use (TOU) rates for small and medium[footnoteRef:2] non-residential customers.[footnoteRef:3]  PG&E is in the process of transitioning nearly 500,000 commercial, industrial and agricultural customers from flat pricing structures to time-varying pricing and will be for the next few years.   [2:  For the purpose of this study small customers are those with maximum demand levels below 20 kW and medium customers are those with demand levels between 20 kW and 200 kW.]  [3:  Throughout this study the term customer is synonymous with service account.] 

While the ex ante impacts factor in the prior empirical evidence on TOU price response, there is substantial uncertainty concerning the magnitude of those impacts.  The uncertainty stems mainly from the fact that there is little precedent for mandatory placement of small and medium non-residential customers on TOU rates similar to those that are being implemented by PG&E.  Mandatory TOU rates for small customers have been tested in pilots (mostly in the 1980s), but have not been implemented on a utility-wide scale.  The remainder of the executive summary presents ex ante forecasts that incorporate current and future customer transitions to mandatory TOU rates.  
[bookmark: _Toc348688752][bookmark: _Toc350519882]TOU Ex Ante Impact Estimates
The existing literature on small and medium non-residential customer price response and the analysis of PG&E’s existing TOU rates was used to inform the ex ante impact estimates for the mandatory TOU rates.  TOU rates present a unique set of conditions.  Because TOU rates are in effect every day, the demand reductions for customers that have been on TOU rates for many years are already embedded into forecasts of system peak load that drive system planning.  As a result, it is necessary to distinguish between embedded impacts from customers already on TOU rates and incremental impacts from customers scheduled to transition to mandatory TOU rates.  
The aggregate incremental load impacts for small and medium non-residential customers are predicted to be modest, by virtue of the TOU rate design.  The total incremental TOU impacts range from 7.1 MW in 2013 to a peak of 12.0 MW in 2023.  Embedded impacts are already accounted for in planning and the current system loads, so they are of secondary interest.  They amount to a constant 168.9 MW for 2013-2023.


Table 1-1: Aggregate Embedded and Incremental TOU Load Impacts (MW) by Year
August Monthly Peak with 1-in-2 Weather Year Conditions
	Forecast Year
	Embedded 
	Incremental

	
	Large
	Medium
	 Small
	Total
	Large
	Medium
	 Small
	Total

	2013
	128.0
	31.9
	9.0
	168.9
	2.9
	2.5
	1.7
	7.1

	2014
	128.0
	31.9
	9.0
	168.9
	3.2
	4.3
	3.3
	10.8

	2015
	128.0
	31.9
	9.0
	168.9
	3.5
	4.5
	3.4
	11.3

	2016
	128.0
	31.9
	9.0
	168.9
	3.5
	4.6
	3.4
	11.4

	2017
	128.0
	31.9
	9.0
	168.9
	3.4
	4.6
	3.4
	11.5

	2018
	128.0
	31.9
	9.0
	168.9
	3.4
	4.7
	3.5
	11.6

	2019
	128.0
	31.9
	9.0
	168.9
	3.4
	4.8
	3.5
	11.7

	2020
	128.0
	31.9
	9.0
	168.9
	3.4
	4.8
	3.5
	11.8

	2021
	128.0
	31.9
	9.0
	168.9
	3.4
	4.9
	3.6
	11.8

	2022
	128.0
	31.9
	9.0
	168.9
	3.4
	5.0
	3.6
	11.9

	2023
	128.0
	31.9
	9.0
	168.9
	3.4
	5.0
	3.6
	12.0


The magnitude of the incremental demand reductions associated with TOU customers is highly uncertain.  While several pilots studied mandatory TOU rates for small and/or medium C&I customers, most of them are not sufficiently analogous to PG&E’s scheduled implementation of mandatory TOU rates or were unable to implement an ideal research design.  There is little precedent for mandatory placement of small and medium non-residential customers on TOU rates that are similar to those that are scheduled to be implemented by PG&E.  Each study has at least one critical component that differs from PG&E’s scheduled implementation of mandatory TOU rates; either the rate is substantially different, the enrollment process is not comparable, the underlying population differs or decades have elapsed since the study was completed.  In addition, the estimates of price responsiveness produced by these studies vary widely.  The incremental ex ante load impact estimates for non-residential TOU rates reflect this uncertainty and should be used with caution.  


[bookmark: _Toc348688753][bookmark: _Toc350519883]Introduction and Purpose of Study
In November 2012, PG&E began placing their small and medium non-residential, non-agricultural customers onto mandatory TOU rates.  These customers will be on the TOU rates for at least two years, at which time they will begin to be defaulted onto a dynamic pricing tariff – Peak Day Pricing (PDP) – with the option to opt out to a TOU rate.  On March 1, 2013, all small and medium agricultural customers with smart meters installed for a sufficient period of time will be placed onto mandatory TOU rates.  Consequently, PG&E has already begun or will soon begin transitioning roughly 400,000 small business customers, 40,000 medium business customers and 35,000 agricultural customers from flat pricing structures to time-varying pricing.  The main objective of this study is to estimate the incremental load impacts associated with these customers.
Forecasts of the demand reductions that can be expected from mandatory TOU rates have several sources of uncertainty.  The evidence regarding TOU price response from small and medium customers is limited.  More recent studies have focused on dispatchable dynamic pricing, such as critical peak pricing (CPP) rates, rather than TOU rates, which are in effect every weekday.  In addition, recent studies have typically analyzed customers who proactively enrolled on existing time-varying rates or pilots.  There is inherent uncertainty in applying price elasticities from recent voluntary CPP or TOU pilots to mandatory TOU rates.  Several studies from the 1980s focused on small and medium business price response to TOU rates and many of the studies simulated mandatory enrollment.  However, most of those pilots analyzed the short term, rather than the long run, response to TOU pricing.  In the long run, TOU rates can motivate decisions regarding the end-uses underlying a facility or operation schedules.  The few estimates of long term price response are usually from observational studies and not from controlled experiments or quasi experiments. 
The 2012 evaluation of PG&E’s non-residential TOU rates does not differ in any meaningful way from the 2011 evaluation.  Since no new data was available, it was decided that the analysis methods used for this year’s evaluation would be analogous to the methods used last year, including the data samples.  The detailed explanation of the methodologies used to calculate the ex ante impacts from last year’s evaluation is in Appendix A of this year’s evaluation for reference.  As such, this study is comprised solely of a brief overview of PG&E’s non-residential TOU rates and projected ex ante load impacts for these rates.
The ex ante impacts factor in the prior empirical evidence on TOU price response, however, there is substantial uncertainty concerning the magnitude of those impacts.  This is because there is little precedent for mandatory placement of small and medium non-residential customers on TOU rates similar to those that have been and are scheduled to be implemented by PG&E.  Mandatory rates for small customers have not been implemented on a utility-wide scale and have only been studied in pilots.  In contrast, mandatory TOU has been implemented for medium customers on a utility-wide scale.  However, the rate structures typically have included time-varying consumption charges, time-varying demand charges and the introduction of non-coincident demand charges.  Before presenting results, it is useful to review the challenges in estimating TOU impacts, particularly as they impact this analysis.
[bookmark: _Toc321408472][bookmark: _Toc348688754][bookmark: _Toc350519884]Challenges in Estimating TOU Price Response
Evaluating the impact of TOU rates is inherently more complex than evaluating event based programs and rates.  The key challenge is one of attribution.  Did the introduction of TOU rates cause a decrease in electricity consumption during peak periods when prices were higher or can the differences in peak period electricity use be explained by other factors?  To infer that TOU prices changed electricity use patterns, one must be able to systematically eliminate plausible alternative explanations for differences in electricity use patterns, including random chance. 
Evaluations of TOU rates are more complex than evaluating dynamic rates such as critical peak prices due to several factors:  
TOU rates are not event based.  Once a customer is enrolled on a TOU rate, it is not possible to observe their behavior absent time varying prices since the rate affects customers on a daily basis.  As a result, factors that coincide with the pre-enrollment or post-enrollment period and affect electricity use can be misattributed to TOU rates.  In contrast, with dynamic rates such as critical peak pricing it is possible to repeatedly observe the behavior of participants with and without the higher prices in effect and assess if the outcome – electricity consumption – changes in conjunction with the presence or absence of higher prices.  
Customers often self-select onto the rate or study.  For most TOU rates and pricing pilots customers who agree to enroll are, almost by definition, different from those who are offered participation but decline.  This is referred to as a selection effect.  These differences might be easily observed or they might be completely unobservable.  Comparing electricity use and load shapes for participants with those from a random group of customers who were not offered participation or, worse, with a group of customers who were offered participation but declined, can lead to incorrect conclusions.  For the comparison to be valid, it is critical that no systematic differences exist between the two groups (including unobservable differences).  Otherwise, one may incorrectly attribute differences in electricity use patterns to TOU rates when in fact they are due to differences between the customers who did and did not experience TOU rates. 
The causal relationship can be unclear, especially when data for pre-enrollment periods is unavailable.  A lack of pre-TOU data on load shapes raises the question of whether the load shapes changed because of the TOU rates or whether customers enrolled on the TOU rates because of their pre-existing load shapes. 
TOU prices are less concentrated, leading to weaker price signals and smaller effects that are more difficult to detect.  Smaller percent reductions are harder to distinguish from normal variations in electricity use.  Unless relatively large sample sizes are used, it is often difficult to eliminate the likelihood that observed differences are due to chance.  All else being equal, distinguishing a 3% difference from random chance is far more difficult than distinguishing a 15% difference from chance.
The long term effects of TOU prices may differ from those seen in the short term.  In the short term, the only way customers can typically alter their electricity use is by changing their day-to-day behavior.  In the long term, customers can alter electricity use patterns by their investment and operation decisions.  A straightforward example comes from the automotive industry.  When gasoline prices are high, customers do not cut back their driving by much, but the high prices often lead to purchases of more fuel efficient vehicles.
The best approach for evaluating TOU rates is to: 1) rely on random assignment of customers to TOU rates and flat rates (producing a control group); 2) use pre and post TOU enrollment data; 3) use relatively large sample sizes and/or larger price differentials; and 4) run the study for multiple years.  A control group can provide information about how TOU participants would have used electricity had they not been exposed to time-varying price signals.  However, on its own, the use of a control group does not guarantee accurate results.  Because TOU participants often self-select onto the rates, they are usually different from customers on flat rates, and it is necessary to account for these differences.  Random assignment helps ensure that the only systematic difference between the two groups is the fact that one group was exposed to TOU prices while the other group was not.  Pre-enrollment data allows for verification that the differences in load shapes were indeed caused by the introduction of TOU and were not pre-existing.  Large sample sizes and strong price differentials help by reducing the likelihood that observed differences are due to random chance.  Finally, a long term study provides a better understanding of the short and long term effect of TOU rates.
To be useful, the results of a study must also hold for the customer segments of interest, the process used to enroll customers and the TOU rate design under consideration.  For example, studies of TOU price response for very large customers (over 1 MW) provide little useful information about how small customers (20 kW or less) will respond to TOU prices.  Likewise, studies that require participants to proactively enroll on time-varying rates or pilots can produce valid findings that may not be applicable if customers are enrolled on a mandatory or default basis.  The results from valid studies of TOU rates also cannot be applied with confidence to rate designs that differ substantially from those in the study.  A study of price response to time varying demand charges (kW) provides limited information about how customers might respond to time varying consumption charges (kWh).  The inference is strongest when the TOU rates have similar time varying components and similar peak to off-peak prices as those in the existing studies.
Unfortunately, most studies of small and medium C&I response to TOU prices detailed in Appendix A are not sufficiently analogous to PG&E’s scheduled implementation of mandatory TOU rates, or suffer from weak research design.  Each study has at least one critical component that differs from PG&E’s scheduled implementation of mandatory TOU rates; either the rate is substantially different, the enrollment process is not comparable, or the underlying population differs.  While a number of studies have relied on control groups (some with random assignment some without), few have included pre-enrollment data and most relied on small sample sizes and/or small TOU price differentials.  Almost all TOU studies also focused on short run price response to TOU rates.  However, these studies provide a broad set of benchmarks for likely TOU impacts over a range of different rates and customer populations. 
[bookmark: _Toc321408474][bookmark: _Toc348688755][bookmark: _Toc350519885]Structure of Report
The remainder of this report is divided into two additional sections.  Section 3 summarizes PG&E’s non-residential TOU rates and population.  Section 4 documents the projected ex ante load impacts associated with PG&E’s implementation of mandatory TOU rates for small and medium non-residential customers.  It details how the body of evidence related to mandatory TOU rates was used to develop the projections and how different sources of uncertainty were accounted for in the estimates. 


[bookmark: _Toc324345447][bookmark: _Toc348688756][bookmark: _Toc350519886]Description of Rates and Population
Table 3-1 shows the current PG&E TOU rates available to customers.[footnoteRef:4]  The A1 and A10 TOU rates became mandatory for small and medium customers starting in November 2012, although customers could have voluntarily enrolled on those tariffs prior to the default date.  Starting in March 2013, the AG4A and AG4B rates will become mandatory for agricultural customers who have had hourly data available to them for a year or more.  Some of the rates have both time varying consumption and demand charges.  Both types of charges provide customers an incentive to reduce demand during peak hours and shift their consumption.    [4:  These rates were effective as of January 1, 2013.] 

In total, PG&E has approximately 400,000 and 85,000 small and medium business accounts, respectively.  Figure 3-1 illustrates the distribution of customers and total consumption by rate.  At the end of 2012, approximately 440,000 (90%) accounts were on flat rates, 40,000 (8%) were on TOU rates and 6,000 (<2%) received their power supply from a third party provider (direct access).  However, customers on PG&E’s TOU rates accounted for 25% of small and medium business summer consumption.  This indicates that customers who voluntary enrolled in TOU rates are generally larger than those who have not done so.
Table 3-1: PG&E TOU Rate Energy Prices
	Season
	Type of Charge/Credit
	Mandatory Rates (Starting 2013)
	Voluntary Rates

	
	
	Period
	A1
	A10
	A6
	E19
	AG4A
	AG4B

	Summer
	Energy Rates
	On-Peak
	$0.23
	$0.16
	$0.49
	$0.14
	$0.32
	$0.23

	
	
	Semi-Peak
	$0.22
	$0.15
	$0.24
	$0.10
	-
	-

	
	
	Off-Peak
	$0.20
	$0.13
	$0.14
	$0.07
	$0.14
	$0.12

	
	Demand Charges
	On-Peak
	N/A
	N/A
	
	$16.13
	
	$4.09

	
	
	Semi-Peak
	N/A
	N/A
	
	$3.74
	
	-

	
	
	Max Demand (Across all periods)
	N/A
	$12.57
	
	$11.79
	$5.56
	$7.44

	Winter
	Energy Rates
	On-Peak
	
	
	
	
	-
	-

	
	
	Semi-Peak
	$0.16
	$0.11
	$0.16
	$0.09
	$0.15
	$0.12

	
	
	Off-Peak
	$0.14
	$0.10
	$0.13
	$0.07
	$0.12
	$0.10

	
	Demand Charges
	On-Peak
	
	
	
	
	
	

	
	
	Semi-Peak
	
	
	
	$0.21
	
	-

	
	
	Max Demand (Across all periods)
	N/A
	$5.60
	N/A
	$11.79
	$0.80
	$1.65


The share of small and medium Agricultural customers voluntarily enrolled on TOU is larger than the share for commercial and industrial businesses.  In total, PG&E has 80,000 small and medium agricultural pumping accounts.  Figure 3-1 illustrates the distribution of customers and total consumption by rate.  Overall, 55% of small and medium Agricultural accounts were already enrolled on TOU rates – AG4A, AG4B, AG5A, AG5B, Other AG – in 2012.  Combined TOU participants accounted for about 85% of the total consumption by small and medium agricultural customers over the summer months.  
Figure 3-1: Small and Medium Commercial Business Distribution by Rate 
[image: ] 
Figure 3-2: Small and Medium Agricultural Customers Distribution by Rate
[bookmark: _Toc324345450][image: ]
[bookmark: _Toc348688757][bookmark: _Toc350519887]
Ex Ante Load Impacts 
This section presents ex ante load impact estimates for PG&E's non-residential TOU rates for 2013-2023.  The main purpose of ex ante load impact estimates is to reflect the load reduction capability of a DR resource under a standard set of conditions that align with system planning.  Whenever possible, ex ante load impacts should be grounded in analysis of historical performance.
TOU rates present a unique set of conditions.  Because TOU rates are in effect every day, the demand reductions for customers who have been on TOU rates for many years are already embedded into forecasts of system peak load that drive system planning.  As a result, it is necessary to distinguish between embedded impacts from customers already on TOU rates and incremental impacts from small and medium customers transitioning to mandatory TOU rates.  SMB customers began being defaulted onto TOU rates on November 1, 2012 while agricultural customers will default to TOU rates on March 1, 2013.  Customers who are already on TOU include all customers with maximum demand greater than 200 kW as well as voluntary TOU customers on A6, A10, E19 and applicable agricultural rates.
There are several sources of uncertainty regarding incremental TOU ex ante impacts:
Future enrollments are not known with certainty.  Although mandatory enrollment implies all customers, customers will first be placed on TOU rates and subsequently defaulted to CPP rates.  The CPP rates provide customers with a discount during peak periods on most summer weekdays in exchange for the ability to trigger higher prices for a limited number of events.  How many customers will move to CPP rates is uncertain.
The TOU rates may change over the course of the forecast period.  For simplicity, we assume that rates are similar to current rates over the forecast horizon.
The magnitude of price responsiveness is highly uncertain.  While the ex ante impacts factor in the prior empirical evidence of TOU price response, there is substantial uncertainty concerning the magnitude of those impacts.  In the eight studies summarized in the review, the estimates range widely and are not always directly comparable. 
Prior studies do not completely reflect PG&E’s implementation of TOU rates.  There is little precedent for mandatory placement of small and medium non-residential customers on similar TOU rates as those who are scheduled to be implemented by PG&E.  Mandatory TOU rates for small customers have been tested in pilots (mostly in the 1980s), but have not been implemented on a utility-wide scale.  While mandatory TOU rates have been implemented on a utility wide scale in a few cases, those rates have typically included time-varying demand charges and coincide with the introduction of non-coincident demand charges.  
Prior studies of small and medium TOU have focused on short run price response.  The short run price response to changes in electricity prices can differ from long run response, which can affect equipment and operation investment decisions that affect customer load shapes.  The long impact of TOU prices for small and medium customers (over 5 years) has not been studied. 
The ex ante impacts presented here are inherently uncertain and should be viewed cautiously.  The remainder of this section describes the enrollment forecasts, the process used to develop ex ante estimates and the forecasted demand response.  Given the inherent uncertainty regarding the magnitude of mandatory TOU price response, we also conduct sensitivity analysis that shows how ex ante impacts vary per customer under different price responsiveness scenarios.  
[bookmark: _Toc348688758][bookmark: _Toc350519888]Enrollment Forecasts
All of PG&E’s large customers (over 200 kW) are already on mandatory TOU rates and their impacts are embedded in system planning.  As documented in Section 3, a substantial share of PG&E’s small and medium accounts has already enrolled on existing TOU rates on a voluntary basis.  Voluntary TOU customers account for approximately 25% of the summer consumption among SMB customers and 85% of the summer consumption of small and medium agricultural pumping accounts. 
Enrollment estimates were developed by PG&E.  Table 4-1 shows the enrollment projections for non‑residential TOU customers through 2023, by customer size.  The enrollment forecasts take into account meter installation schedules and rules regarding the implementation of mandatory TOU rates.  The data sources, methods and assumptions underlying the forecasts are documented by PG&E.  While the forecasts show a sizeable increase in TOU enrollment, it is driven by smaller accounts, which do not account for a large share of the load.
In November, 2012 approximately 215,000 small and medium customers were identified as having met all the requirements to transition from their flat rates to TOU rates.  Transitioning service accounts must have interval metering, at least 12 months of interval data and access to online tools.  Previous Non-Residential TOU Ex Ante Load Impact Reports forecasted most of the enrollment growth to take place in 2013 only.  However, upon further analysis by PG&E, there were fewer customers who had actually met all the eligibility criteria in November 2012.  Approximately, 125,000 small and medium customers will meet all the eligibility requirements to allow for transition starting in November, 2013.
Table 4-1: PG&E’s Enrollment Projections for Non-residential TOU 
by Forecast Year, Embedded vs. Incremental, Sector and Size
	Forecast Year
	Embedded
	Incremental

	
	Large
	Medium
	Small
	Total
	Large
	Medium
	Small
	Total

	2013
	6,616
	33,596
	58,881
	99,093
	145
	19,274
	190,780
	210,199

	2014
	6,616
	33,596
	58,881
	99,093
	169
	33,281
	351,589
	385,039

	2015
	6,616
	33,596
	58,881
	99,093
	191
	34,545
	361,911
	396,647

	2016
	6,616
	33,596
	58,881
	99,093
	189
	35,124
	366,078
	401,391

	2017
	6,616
	33,596
	58,881
	99,093
	187
	35,730
	370,261
	406,179

	2018
	6,616
	33,596
	58,881
	99,093
	186
	36,303
	374,189
	410,678

	2019
	6,616
	33,596
	58,881
	99,093
	185
	36,814
	377,807
	414,806

	2020
	6,616
	33,596
	58,881
	99,093
	184
	37,292
	381,180
	418,656

	2021
	6,616
	33,596
	58,881
	99,093
	184
	37,768
	384,526
	422,477

	2022
	6,616
	33,596
	58,881
	99,093
	183
	38,232
	387,783
	426,198

	2023
	6,616
	33,596
	58,881
	99,093
	183
	38,678
	390,904
	429,765


[bookmark: _Toc326069961][bookmark: _Toc348688759][bookmark: _Toc350519889]Methodology
The demand reduction estimates produced compare estimates of customer loads with TOU rates and flat rates.  For customers on A1 and A10 flat rates, the estimates assume customers will be placed on the counterpart TOU rate.  For customers on the agricultural rates, AG1A and AG1B, the estimates assume they will transition to AG4A and AG4B, respectively, with the implementation of mandatory TOU.  The embedded demand reductions from customers already on TOU rates were calculated by comparing the TOU rate to the corresponding flat rate, when available.  Two rates for very large customers (above 500 kW), E20 and AG5B, lack a corresponding flat rate alternative.  In those cases, we calculated a revenue neutral equivalent flat rate.[footnoteRef:5] [5:  The rates were calculated based on E20 and AG5B hourly customer loads in 2011.  These rates are not official, but indicative of a counterfactual flat rate.  PG&E typically develops rates based on the load research sample and three years of data.  We used a different time frame and sample. ] 

The expected changes in electricity use patterns were estimated by applying price elasticity estimates to customer load shapes adjusted for 1-in-2 and 1-in-10 weather conditions.  Estimates were developed for the average weekday and monthly peak for each month.  While the mathematics of price elasticities can seem complex to readers not trained in economics, the process is fundamentally simple.  Given old usage patterns, old rates, alternate rates and estimates of price sensitivity, one can estimate the change in electricity use by rate period resulting from the transition to alternate rates. 
The impacts were calculated at the rate block level for the average hour in each rate block.  The mandatory TOU rates for large customers also include time-varying demand charges.  In contrast, for small and medium customers, the demand charges are the same under both the flat rate and TOU rate.  When time-varying demand charges were in place, we computed the equivalent kWh charges (concentrated in the same rate period) required to collect the same revenue (effective kWh).  While this practice is common, as noted earlier, it is not obvious that customers view or respond to consumption ($/kWh) and demand charges ($ per kW/month) in the same manner.  
Appendix B provides more detail about how the load shapes were standardized for 1-in-2 and 1-in-10 weather conditions.  Appendix C includes the effective kWh prices, by rate period, for the rates that have time-varying demand charges.  Appendix D provides more details about how the price elasticities were applied.  
Table 4-2 summarizes the price elasticities used for each customer class, by size, and the uncertainty range applied.  For C&I transitioning to mandatory rates, the price elasticities used factor in the empirical evidence of price response to mandatory TOU pricing in the relevant literature.  
For C&I customers already on TOU rates, whose impacts are embedded, we use price elasticities that are a third of the value resulting from the analysis of the existing TOU rates.  This is intentional.  As noted earlier, while the analysis eliminated a number of potential explanations for differences in load shapes between customers on TOU rates and those on flat rates, without pre-enrollment data the method used cannot guarantee that systematic differences between the TOU and control groups were not pre-existing. 
Price responsiveness estimates in the literature for small and medium business mandatory TOU rates vary substantially.  The values used are well within the range found in the literature and reflect the range of results observed in those studies.  Note that the uncertainty bands for small and medium C&I customers placed on TOU rates on a mandatory basis include the potential that no price response is observed.  That is, the low end of the range is zero.  There were no relevant studies of price response with mandatory TOU for small and medium agricultural customers.  As a result, we use the estimates of price responsiveness developed in the analysis of PG&E’s existing TOU rates and lower them to one third of the initial estimate.  The downward adjustment was applied for two reasons.  First, without pre-enrollment data, it is not plausible to entirely attribute the differences in electricity use patterns to TOU pricing.  Second, even if due to the TOU rates, the differences observed were for customers who elected to enroll on TOU rates.  These customers are likely to be more price responsive than customers placed on TOU on a mandatory basis.
Table 4-2: Price Elasticities and Uncertainty Used for Ex Ante Impacts
	Type of Impacts
	Enrollment
	Rate
	Elasticity of Substitution
	Daily Price

	
	
	
	p10
	Median
	p90
	p10
	Median
	p90

	Embedded
	Mandatory
	E20
	0.020
	0.050
	0.080
	-0.010
	-0.020
	-0.030

	
	
	E19
	0.020
	0.050
	0.080
	-0.010
	-0.020
	-0.030

	
	
	A10X
	0.020
	0.050
	0.080
	-0.010
	-0.020
	-0.030

	
	
	AG5B
	0.010
	0.030
	0.140
	-0.010
	-0.020
	-0.030

	
	
	AG5A
	0.020
	0.090
	0.140
	-0.010
	-0.020
	-0.030

	
	Voluntary
	E19V
	0.010
	0.033
	0.080
	-0.010
	-0.020
	-0.030

	
	
	A6
	0.020
	0.080
	0.080
	-0.010
	-0.020
	-0.030

	
	
	A10X
	0.010
	0.033
	0.080
	-0.010
	-0.020
	-0.030

	
	
	AG4A
	0.020
	0.107
	0.193
	-0.010
	-0.020
	-0.030

	
	
	AG4B
	0.020
	0.073
	0.127
	-0.010
	-0.020
	-0.030

	
	
	AG5A
	0.020
	0.090
	0.160
	-0.010
	-0.020
	-0.030

	
	
	AG5B
	0.010
	0.030
	0.050
	-0.010
	-0.020
	-0.030

	Incremental
	Mandatory
	A1X
	0.000
	0.030
	0.060
	-0.010
	-0.020
	-0.030

	
	
	A10X
	0.000
	0.030
	0.060
	-0.010
	-0.020
	-0.030

	
	
	AG1A
	0.000
	0.080
	0.160
	-0.010
	-0.020
	-0.030

	
	
	AG1B
	0.000
	0.080
	0.160
	-0.010
	-0.020
	-0.030


[bookmark: _Toc348688760][bookmark: _Toc350519890]Results
Table 4-3 summarizes the estimated load impacts by customer size and sector for the August monthly peak under 1-in-2 weather year conditions.  The table lists both the incremental and embedded impacts from the implementation of mandatory TOU.  The uncertainty estimates incorporate the assumptions about uncertainty in price responsiveness described in Table 4-2 and the uncertainty in enrollment forecasts.  The changes in the estimated demand reductions follow the wide-scale implementation of mandatory TOU for C&I customers in 2013 and 2014. 
The incremental load impacts illustrate the impact of defaulting of new and existing customers onto TOU rates.  The aggregate incremental load impacts are predicted to be small, by virtue of the TOU rates.  The total incremental TOU impacts range from 7.1 MW in 2013 to 12.0 MW in 2023.  Embedded impacts are already accounted for in planning, because they are embedded in the current system load, so they are of secondary interest.  Estimates of embedded impacts are a constant 168.9 MW for the years 2013-2023.
Table 4-3: Aggregate Embedded and Incremental TOU Load Impacts (MW) by Year
August Monthly Peak with 1-in-2 Weather Year Conditions
	Forecast Year
	Embedded 
	Incremental

	
	Large
	Medium
	 Small
	Total
	Large
	Medium
	 Small
	Total

	2013
	128.0
	31.9
	9.0
	168.9
	2.9
	2.5
	1.7
	7.1

	2014
	128.0
	31.9
	9.0
	168.9
	3.2
	4.3
	3.3
	10.8

	2015
	128.0
	31.9
	9.0
	168.9
	3.5
	4.5
	3.4
	11.3

	2016
	128.0
	31.9
	9.0
	168.9
	3.5
	4.6
	3.4
	11.4

	2017
	128.0
	31.9
	9.0
	168.9
	3.4
	4.6
	3.4
	11.5

	2018
	128.0
	31.9
	9.0
	168.9
	3.4
	4.7
	3.5
	11.6

	2019
	128.0
	31.9
	9.0
	168.9
	3.4
	4.8
	3.5
	11.7

	2020
	128.0
	31.9
	9.0
	168.9
	3.4
	4.8
	3.5
	11.8

	2021
	128.0
	31.9
	9.0
	168.9
	3.4
	4.9
	3.6
	11.8

	2022
	128.0
	31.9
	9.0
	168.9
	3.4
	5.0
	3.6
	11.9

	2023
	128.0
	31.9
	9.0
	168.9
	3.4
	5.0
	3.6
	12.0


[bookmark: _Toc348688761][bookmark: _Toc350519891]Sensitivity Analysis
Given the uncertainty in price responsiveness under mandatory TOU rates, in this section, we also include a sensitivity analysis, which provides per customer impacts for small and medium C&I customers as a function of price elasticity inputs.  Table 4-4 summarizes the sensitivity analysis for medium customers and Table 4-5 does the same for small customers.  For medium customers the tables assume customers will transition from the current A10 flat rate to the A10 TOU rates.  For small customers the table assumes customers will transition from the current A1 flat rate to the A1 TOU rates.


Table 4-4  Medium C&I Impacts per Customer (kW) for Different Price Elasticity Values
August Monthly Peak with 1-in-2 Weather Year Conditions
	Daily Own-Price Elasticity
	Elasticity of Substitution

	 
	0.000
	0.010
	0.020
	0.030
	0.040
	0.050
	0.075
	0.100
	0.150
	0.200

	0.000
	0.00
	-0.03
	-0.06
	-0.09
	-0.12
	-0.15
	-0.23
	-0.30
	-0.45
	-0.60

	-0.010
	0.00
	-0.03
	-0.06
	-0.09
	-0.12
	-0.15
	-0.23
	-0.30
	-0.45
	-0.60

	-0.020
	0.00
	-0.03
	-0.06
	-0.09
	-0.12
	-0.15
	-0.23
	-0.31
	-0.46
	-0.61

	-0.030
	-0.01
	-0.04
	-0.07
	-0.10
	-0.13
	-0.16
	-0.23
	-0.31
	-0.46
	-0.61

	-0.040
	-0.01
	-0.04
	-0.07
	-0.10
	-0.13
	-0.16
	-0.23
	-0.31
	-0.46
	-0.61

	-0.050
	-0.01
	-0.04
	-0.07
	-0.10
	-0.13
	-0.16
	-0.23
	-0.31
	-0.46
	-0.61

	-0.075
	-0.01
	-0.04
	-0.07
	-0.10
	-0.13
	-0.16
	-0.23
	-0.31
	-0.46
	-0.61

	-0.100
	-0.01
	-0.04
	-0.07
	-0.10
	-0.13
	-0.16
	-0.24
	-0.31
	-0.46
	-0.61

	-0.150
	-0.02
	-0.05
	-0.08
	-0.11
	-0.14
	-0.17
	-0.25
	-0.32
	-0.47
	-0.62

	-0.200
	-0.03
	-0.06
	-0.09
	-0.12
	-0.15
	-0.18
	-0.25
	-0.33
	-0.48
	-0.63


Table 4-5:  Small C&I Impacts per Customer (kW) for Different Price Elasticity Values
August Monthly Peak with 1-in-2 Weather Year Conditions
	Daily Own-Price Elasticity
	Elasticity of Substitution

	 
	0.000
	0.010
	0.020
	0.030
	0.040
	0.050
	0.075
	0.100
	0.150
	0.200

	0.000
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	-0.01
	-0.01
	-0.02
	-0.02

	-0.010
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	-0.01
	-0.01
	-0.02
	-0.02

	-0.020
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	-0.01
	-0.01
	-0.02
	-0.02

	-0.030
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	-0.01
	-0.01
	-0.02
	-0.02

	-0.040
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	-0.01
	-0.01
	-0.02
	-0.02

	-0.050
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	-0.01
	-0.01
	-0.02
	-0.02

	-0.075
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	-0.01
	-0.01
	-0.02
	-0.02

	-0.100
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	-0.01
	-0.01
	-0.02
	-0.02

	-0.150
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	-0.01
	-0.01
	-0.02
	-0.02

	-0.200
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	-0.01
	-0.01
	-0.02
	-0.02


[bookmark: _Toc348688762][bookmark: _Toc350519892]Comparison with 2011 Ex Ante Estimates
In 2011, the TOU ex ante report estimated 14.1 MW of incremental demand reduction by 2014.  The incremental impact estimated in this year’s evaluation is 10.8 MW for the same year.  The embedded impact this year, 168.9 MW for the 2014 annual peak, is greater than last year’s estimate of 153.8 MW.  Since the same exact methods and data used in last year’s evaluation were used this year, the only factor underlying the differences in the MW estimates is the enrollment forecast.  The enrollment forecast this year incorporates approximately 60,000 embedded customers who were left out last year because they are on TOU meters, not smart meters.  These customers are responsible for the 15.1 MW increase in aggregate embedded load impacts.  On the other hand, the incremental projections are about 100,000 customers short of the projections last year because of new default timing for some customers, data acquisition issues, and data availability.  Also, customers with MV90 meters don’t get defaulted, a detail missed in last year’s forecast, and so these customers are also left out of the forecasted enrollments.  These are the reasons for the substantial drop in load impacts between 2011 and 2012.  In summary, differences in the methodology and assumptions used to produce the 2011 and 2012 enrollment forecasts are the reason for the differences in the MW estimates between 2011 and 2012.  
[bookmark: _Toc348688763][bookmark: _Toc350519893]Conclusions
The magnitude of the incremental demand reductions associated with TOU customers is highly uncertain.  There is little precedent for mandatory placement of small and medium non-residential customers on TOU rates similar to those that are being implemented by PG&E.  While several pilots studied mandatory TOU rates for small and/or medium C&I customers, most of them are not sufficiently analogous to PG&E’s scheduled implementation of mandatory TOU rates.  Also, the researchers were frequently unable to implement an ideal research design.  Each study has at least one critical component that differs from PG&E’s implementation of mandatory TOU rates; either the rate is substantially different, the enrollment process is not comparable, the underlying population differs or decades have elapsed since the study was completed.  In addition, the estimates of price responsiveness produced by these studies vary widely.  The incremental ex ante load impact estimates for non-residential TOU rates reflect this uncertainty and should be used with caution.  
On a per customer basis, the estimated demand reductions are small.  Without pre-enrollment data and adequate control groups to eliminate alternative explanations, it is difficult to attribute changes in electricity use to the implementation of mandatory non-residential TOU rates.  And, the ability to measure the effect of TOU rates is not only a function of the research design, but also of the rates themselves.  PG&E’s mandatory TOU prices are less concentrated than CPP rates or voluntary TOU rates, leading to weaker price signals and, in theory, smaller effects that are more difficult to detect.  Smaller percent reductions are harder to distinguish from normal variations in electricity use, making it difficult to eliminate the likelihood that observed differences are due to chance.   


[bookmark: _Toc348688764][bookmark: _Toc350519894]Empirical Evidence of Small and Medium Non-residential Price Response to Mandatory TOU
This section summarizes the empirical studies of TOU price response by small and medium non-residential customers.  It also includes an analysis of PG&E's existing, voluntary TOU rates.  For both the prior research and new analysis, this section summarizes the study designs and findings, with an emphasis on how the rates and participant populations are similar to or different from PG&E’s mandatory TOU population and rates.  
The pricing studies reviewed as a basis for the ex ante impacts focused on small and medium sized customers (below 500 kW), TOU pricing structures and purely behavioral price response.  Sometimes, price response to different types of time-varying price signals such as critical peak pricing and peak time rebates are reported jointly with TOU rates, even though they are not in effect on a daily basis, rely on customer notification and have far stronger price signals.  We limited the review to studies that explicitly tested TOU rates.  It is not obvious that the price responsiveness to TOU rates is equivalent to responsiveness to CPP and PTR rates.  A number of studies analyzed impacts for time-varying rates in combination with enabling technology.  In reporting the results, the focus is on price response without enabling technologies since it is most analogous to PG&E’s implementation of mandatory TOU rates.  Given the wide range of TOU prices tested, price elasticities were employed as a common metric for comparison.  Elasticities are a convenient parameter used by economists to summarize the relationship between changes in price and changes in usage.
In the review, we considered key characteristics of each study – the use of control groups, availability of pre-enrollment data, sample size and TOU peak to off-peak price differences.  In addition, we summarize the results and factors that affect the applicability to PG&E’s implementation of mandatory TOU rates such as the location of the study and the enrollment process.  To be useful, the results of a study must also hold for the customer segments of interest, the process used to enroll customers and the TOU rate design under consideration.  The inference is strongest when the TOU rates have time varying components and peak to off-peak price ratios similar to those in the existing studies.  In total, eight studies were included in the review, although many additional less relevant studies were examined.  Five of the studies explicitly tested price response to mandatory TOU by small or medium customers, while the remaining studies relied on voluntary recruitment into the rate or pilot.  With one exception, all of the studies relied on a control group and four of them relied on random assignment of customers to either a TOU rate or the control group.  Most studies lacked pre-enrollment data, which allows the researcher to confirm if observed differences were due to the TOU rates and not pre-existing conditions or random chance.  With a couple of exceptions, most studies relied on small sample sizes and/or modest peak to off-peak price ratios.  While several studies analyzed mandatory TOU rates, almost all of them focused on short run price response to TOU rates rather than long term response.  This is an important distinction since over the long run, prices can influence not only operational decisions but also equipment purchases, which are not observable in short term studies.
Price elasticities in the studies vary widely.  Own price elasticities range from 0 to -0.08 and elasticities of substitution range from 0 to 0.21.  If we exclude a study of time-varying demand charges (Aigner 2005) and the California Statewide Pricing Pilot – where the authors urge caution due to the high estimates – the elasticities of substitution range from 0 to 0.07. 
For the 2011 evaluation, impacts were estimated for several of the existing PG&E TOU rates using control groups developed using statistical matching methods.  Estimates were developed for six of the TOU rates available to small or medium non-residential customers on a voluntary basis – E19V, A6, AG4A, AG4B, AG5A and AG5B.  The first two rates are available for commercial and industrial customers and the latter four are for agricultural pump loads.  All of the rates included are voluntary – either customers must proactively enroll on the rate or they have an option to opt-out of the rate to a TOU rate with substantially smaller TOU priced differentials.  Because customers have been enrolled on these rates for multiple years, their behavior reflects long-run response to TOU prices.
While the changes in electricity consumption from these PG&E-specific estimates are consistent with pricing theory, the estimated impacts are typically much larger than what was found in the literature.  The results for the small and medium business customers on A6 and E19 rates imply elasticities of substitution of 0.24 and 0.10, respectively.  The results for the agricultural customers imply elasticities of substitution of 0.32, 0.22, 0.27 and 0.09 for customers on the AG4A, AG4B, AG5A, AG5B rates, respectively.  These large values could be due to hidden selection bias, the voluntary nature of the rates (assuming volunteers on average will be more price responsive than customers placed on mandatory rates) or the fact that these volunteers have typically been on the rates for a long time (so the elasticities reflect equipment purchase decisions in addition to the behavioral changes that underlie impacts from short term pilots and recent volunteers).  The estimates might even reflect all three of the aforementioned possibilities.  Unfortunately, given the available data, it is impossible to determine which causal factors explain the large estimated price response.   
In light of the above, the analysis of PG&E’s voluntary TOU rates is not conclusive and should be used with caution.  The data available for the evaluation of PG&E’s TOU rates is not ideal and relies on control groups that are constructed after the fact using statistical matching methods.  While the control groups match the TOU customers well across observable characteristics, the lack of pre-enrollment data limits the ability to draw a causal conclusion.  Without it, we are unable to conclusively eliminate self-selection based on unobservable characteristics (hidden bias) as an explanation for differences in load shapes. 
[bookmark: _Toc348688765][bookmark: _Toc350519895]Prior Studies of Price Response Among Small and Medium Non-residential Customers  
A large number of residential TOU pilot studies have been conducted and their results have been studied in some detail.  Far fewer pilot TOU rate programs have been implemented for commercial and industrial customers with results reported publicly.  Most of these studies are focused on commercial and industrial customers with maximum demands above 500 kW (and usually much greater), not on small and medium business response to time-varying pricing.[footnoteRef:6]   [6:  The classification of C&I customers as medium or large differs across organizations and time, with some utilities basing the definition on annual consumption and others on maximum demand.  The SMB customers who will migrate to TOU at PG&E have a maximum demand of less than 200 kW.  ] 

The pricing studies summarized in this review focus on small and medium sized customers (below 500 kW), TOU rates and purely behavioral price response.  Studies of large customers (above 500 kW) are not included because they have limited relevance to estimating price response for the PG&E customers scheduled to transition to mandatory TOU rates.  Sometimes, price response to different types of time-varying price signals such as critical peak pricing and peak time rebates, are reported jointly with TOU rates – even though they are not in effect on a daily basis, rely on customer notification and have far stronger price signals.  We limit the review to studies that explicitly tested TOU rates.  It is not obvious that the price responsiveness to TOU rates is equivalent to responsiveness to CPP and PTR rates.  A number of studies analyzed various types of rates in combination with enabling technology.  In reporting the results, the focus is on price response without enabling technologies since it is most analogous to PG&E’s implementation of mandatory TOU rates. 
Methodology varies considerably across studies.  A number of the studies were done with control and treatment groups, while others relied on within-subjects analysis alone.  Furthermore, the range of peak to off-peak ratios varies across studies.  As such, the percentage reductions from such studies are often not comparable without standardizing them into estimates of price elasticities.  Most studies reviewed reported price-responsiveness using either own-price elasticities or the elasticity of substitution.  In some cases, the authors simply reported either the absolute or percent change in electricity use.
Elasticities are a convenient parameter used by economists to summarize the relationship between changes in price and changes in usage.  With an own price elasticity, a negative value indicates that consumption decreases as price increases.  A larger elasticity value indicates more price sensitivity.  In contrast, the elasticity of substitution reflects how the relative prices between two goods, in this case peak and off-peak energy, affect consumption patterns.  The higher the elasticity of substitution, the more price responsive are customers and the greater the predicted peak reduction and load shifting. 
Table A-1 summarizes key characteristics and results of the eight studies of commercial and industrial customer price response.  Many more studies were examined but were deemed to be less relevant than the eight summarized in the table.  The relevant details from each study are included.  Many of the studies are complex and test a number of rates and enabling technologies.  In each instance, the price responsiveness absent enabling technology is listed.  The reports were reviewed in detail to obtain the most accurate information pertaining to the analysis of PG&E’s TOU rates, but in some instances key technical details were not clear or were listed in companion reports that were not available.  All of the studies more or less estimated short run price response.  Further, in nearly every study, time varying demand charges were converted into the kWh equivalent price (concentrated in the same rate period) needed to collect the same revenue.  This conversion is referred to as an effective kWh price.  However, it is not obvious that customers view or respond to consumption ($/kWh) and demand charges ($ per kW/month) in the same way.  
Four of the studies (Aigner 1985, Aigner 1994, Woo 1986 and GEP 2011) relied on randomly assigning study participants to treatment and control groups.  Three additional studies used a control group (CRA 2005, Brattle 2009 and Jessoe & Rapson 2011) that was not developed through random assignment.  Although Jessoe & Rapson did not develop a control through random assignment, they restricted their analysis to customers above and below a mandatory cutoff rule that determined assignment, a design referred to as a regression discontinuity or a localized experiment.  As noted earlier, for a comparison to be valid, it is critical that no systematic differences (including unobservable differences) exist between customers on TOU rates and customers in the control group.  Otherwise, it is possible that differences in electricity use patterns may not be due to the TOU rates but due to differences between the customers who did and did not experience TOU rates.  
Except for the OG&E study (GEP 2011), none of the studies included pre-enrollment data, and as a result were not able to net out pre-existing differences between the TOU and control groups.  With random assignment, pre-enrollment data is not absolutely necessary, but including it allows for verification that differences in load shapes were pre-existing (due to chance), which is of concern when sample sizes are small.  Pre-enrollment data also improves the precision of the estimates by allowing the authors to control for pre-existing differences or net them out.  One study (CAEC 2005) did not use pre-enrollment data or a control group and instead relied on changes in electricity use that occurred in conjunction seasonal differences in the TOU prices. 
Except for the Israel Electric Company and Oklahoma Gas and Electric studies (Aigner 1994), the TOU price signals were small in comparison to price signals used in more recent studies that relied on dynamic pricing (CPP, PTR) rather than TOU.  For each study, Table A-1 reports a common measure of the strength of the incentive to reduce or shift electricity use – the peak to off-peak price ratio.  Aside from the aforementioned studies, peak to off-peak price ratios ranged from a low of 1.1 to a high of 3.2.

Table A-1: Summary of Small and Medium C&I Studies 
	Study
	Utility
	Rate Type
	Treatment sample size
	Control group sample size
	Enrollment Method
	Peak to Off-Peak Price Ratios
	Data used in analysis
	Own Price Elasticities
	Elasticity of Substitution

	
	
	
	
	
	
	
	
	On-Peak
	Off-Peak
	Daily
	

	1. Aigner & Hirschberg (1985)
	SCE
	TOU 
(Demand charges)
	290
	160
	Mandatory w/ qualified exemptions allowed 
	1.2 to 2.5
	Randomly assigned, control group, no pre-enrollment data
	-
	-
	-
	0 to .16

	
	
	TOU (Consumption charges)
	290
	160
	
	1.5 to 2.4
	
	-
	-
	-
	N.S.

	2. Woo (1985)
	PG&E
	TOU
	420
	140
	Mandatory
	Not stated
	Randomly assigned, control group
	-.02 to -.03 
	-.03 to -.07 
	-
	.01 to 0.05a 

	3. Aigner, Newman & Tishler (1994)
	Israel Electric Co.
	TOU
	290
	100
	Mandatory
	2 to 8
	Randomly assigned control group
	0 to -0.08
	-
	-
	-

	4. Charles River Associates (2005), Updated (2006)
	California Statewide Pricing Pilot (SCE)
	TOU
	140
	90
	Voluntary
	1.7 to 2.9
	Control group, no pre-enrollment data
	-
	-
	N.S.
	0 to 0.21b

	
	
	CPP/TOU (50% enabling tech)
	
	
	
	1.5 to 20
	
	 
	 
	N.S.
	0 to 0.04

	
	
	CPP/TOU (100% enabling tech)
	
	
	
	1.5 to 10
	
	-
	-
	N.S.
	 -.03 to 0.02

	5. The Brattle Group (2009)
	Connecticut Light & Power
	TOU
	190
	60
	Voluntary
	1.5 to 2.5
	Control group, no pre-enrollment data
	-
	-
	N.S.
	N.S.

	
	
	CPP
	190
	60
	
	5 to 15
	
	-
	-
	0
	0.02

	
	
	PTR 
	200
	60
	
	5 to 10
	
	-
	-
	0
	0

	6. Christensen Associated Energy Consulting (2005) 
	PG&E and SCE
	TOU
	>12,000
	N/A
	Mandatory
	1.1 to 3.2 
	Post enrollment data, seasonal change in TOU rates
	-.01 to -.03
	-
	-
	-

	7. Jessoe & Rapson (2011)
	United Illuminating
	TOU
	102
	Not stated
	Mandatory
	1.6
	Control group below mandatory cutoff, pre-enrollment data 
(lacked data on usage by rate period)  
	N.S.
	-
	-
	-

	8. Global Energy Partners (2011)
	OG&E
	CPP (w/ web portal and/or enabling technology)
	98
	240
	Voluntary
	6.4
	Randomly assigned, control group, pre-enrollment data
	-0.01 
to -.06c
	-
	-
	-


a Cross-price elasticity. 
b Results are statistically significant but authors caution that the magnitude of price elasticity estimates is outside of the range of prior studies.
c Price elasticities are reported for the weekday CPP/TOU scenario, excluding cells with automated thermostat response (Table 4-9).


All else being equal, weaker price signals lead to smaller effects that are more difficult to distinguish from normal variation in electricity use.  Unless relatively large sample sizes are used, it is often difficult to eliminate the likelihood that observed differences are due to chance.  Except for Woo (1985) and CAEC (2005), the studies employed sample sizes below 300 customers and control groups that were generally smaller.  Small sample sizes and lack of variation in price when compared with the inherently noisy nature of usage data can lead to statistically insignificant results.  A statistically insignificant result simply means that the authors are unable to eliminate random chance as explanation for the differences.  It does not mean customers are not price responsive.
Half of the studies above show small, but significant price response for smaller customers on TOU and CPP/TOU rates.  However, a few studies found that price response is not statistically significant or do not report statistical significance.  In the SCE study, Aigner found that results were statistically significant for time varying demand charges but not so for consumption charges.  In the Connecticut pilot, The Brattle Group (2009) also found that the estimated daily and substitution elasticities were not statistically significantly different from zero.  Jessoe & Rapson (2011) produced results that were mixed.  The authors lacked data on electricity consumption by rate period and instead analyzed whether the TOU rates affected the maximum demand observed over the course of a month during peak hours.  The initial results showed a weakly significant demand reduction of 4.6%.  The authors were concerned the reductions were really because of peak demand dropping back to normal levels after a transitory shock that pushed them above the mandatory TOU threshold; a phenomena known as mean reversion.  The authors use a false experiment (introduce a placebo) to determine if mean reversion occurred.  The placebo effect, a reduction of 2.2%, was not significantly different from zero (p. value of 0.24).[footnoteRef:7]  Nevertheless, the authors factored in the placebo results.  Once that was factored in, the results were not significant.  The California Statewide Pricing Pilot (CRA 2005) found statistically significant results for TOU that were larger than price responsiveness results from prior studies.  As a result, the authors cautioned against using those estimates.   [7:  The authors did not assess if the direction, magnitude and significance of the placebo effect varied as a function of the threshold at which it was introduced. ] 

Overall, in these studies, own price elasticity results ranged from 0 to -0.08 and the elasticity of substitution ranged from 0 to 0.21.  If we exclude the California Statewide Pricing Pilot and the study that solely included time-varying demand charges (Aigner 2005), the elasticity of substitution results range from 0 to 0.07.  With a couple of exceptions, most studies relied on small sample sizes and/or modest peak to off-peak price ratios.  The peak to off-peak price ratios for the TOU rates that will become mandatory for small and medium businesses is approximately 1.15.  This is at the lower end of the range of TOU rates tested in the above studies.  While several studies analyzed mandatory TOU rates, almost all of them focused on short run price response to TOU rates rather than long term response.  The sole exception is the CAEC 2005 study that analyzed impacts for customers who had been on mandatory TOU rates for approximately three years.  Together, these studies provide a broad set of benchmarks for likely TOU impacts over a range of different TOU prices and customer populations.
[bookmark: _Toc348688766][bookmark: _Toc350519896]PG&E’s Existing TOU Rates 
PG&E has several existing TOU rates.  Larger PG&E customers (above 200 kW) are required to be enrolled on a TOU rate.[footnoteRef:8]  To date, small and medium business customers have had the option of enrolling on TOU rates and many have done so.   [8:  Customers above 1 MW must be enrolled on rate E-20.  Those between 500 kW and 1 MW must be enrolled on E19.  Customers between 200 kW and 500 kW can choose between two different TOU rates, A10X and E19V, with approximately half choosing the stronger E19 rate.  However, all large customers can elect to receive their electricity supply from a provider other than PG&E, an option known as Direct Access (DA).  While PG&E still supplies T&D services, the third party suppliers set the prices for the electricity commodity and they may or may not vary by time of day.] 

The data available for 2012 cannot be used to evaluate TOU impacts for several reasons.  All customers enrolled on TOU rates prior to 2012 self-selected onto these rates and their demand reductions are already embedded in PG&E’s long term planning forecasts.  The voluntary TOU rates that currently enrolled SMB customers experience have considerably different price differentials than the mandatory TOU rates for SMB customers.  The price responsiveness of these customers is likely not indicative of what A1 and A10 customers will provide when faced with mandatory TOU.  Finally, the lack of pre-enrollment data for current TOU customers leads to an unclear causal relationship.  It raises the question of whether these customers enrolled on TOU rates because of their pre-existing load shapes or whether these participants changed their load shapes in response to TOU rates.  Without pre-enrollment data, even well-matched control groups are insufficient to infer causality.
For the previous non-residential TOU evaluation,[footnoteRef:9] FSC attempted to analyze impacts of six TOU rates available to small or medium non-residential customers on a voluntary basis – E19V, A6, AG4A, AG4B, AG5A and AG5B.  The first two rates are available for commercial and industrial customers and the latter four are for agricultural pump loads.  The evaluation results were not conclusive and should be used with caution.  Due to the lack of pre-enrollment data, it was not possible to attribute the differences in load shapes between customers on flat rates and those on TOU rates to the TOU rates.  As a reference, Table B-1 summarizes the results from the 2011 analysis.  For the details regarding the analysis methods and conclusions, please refer to the FSC report, "2011 Ex Ante Load Impacts for PG&E’s Non-residential TOU Rates." [9:  "2011 Ex Ante Load Impacts for PG&E’s Non-residential TOU Rates."  June 11, 2012.  (with Stephen George, Josh Bode, Sam Holmberg and Peter Malaspina)] 




Table B-1: 2011 Comparison of TOU and Control Groups – Differences in Electricity Use and Implied Elasticities of Substitution[footnoteRef:10] [10:  2011 Ex Ante Load Impacts for PG&E’s Non-residential TOU Rates.  June 11, 2012.  (with Stephen George, Josh Bode, Sam Holmberg and Peter Malaspina)] 

	Rate Type
	Rate
	Period
	TOU share of electricity use
	Control share of electricity use
	Difference (Percentage points)
	% Change
	t-stat
	Implied Elasticity of Substitution

	Commercial and Industrial
	A6 
(nt=1389, nc=929)
	Peak
	21.8%
	31.6%
	-9.7%
	-30.8%
	-15.23
	0.24

	
	
	Part-Peak 
	29.2%
	31.4%
	-2.2%
	-6.9%
	-5.59
	

	
	
	Off-Peak
	48.9%
	37.0%
	11.9%
	32.1%
	13.16
	

	
	E19 (nt=1319, 
nc =772)
	Peak
	28.0%
	31.8%
	-3.7%
	-11.7%
	-8.61
	0.10

	
	
	Part-Peak 
	31.0%
	32.6%
	-1.7%
	-5.1%
	-7.11
	

	
	
	Off-Peak
	41.0%
	35.6%
	5.4%
	15.1%
	8.97
	

	Agricultural
	AG4A 
(nt =597, 
nc =455)
	Peak
	19.9%
	27.9%
	-8.0%
	-28.6%
	-9.38
	0.32

	
	
	Off-Peak
	80.1%
	72.1%
	8.0%
	11.0%
	9.38
	

	
	AG4B 
(nt =335, 
nc =170)
	Peak
	23.8%
	28.5%
	-4.7%
	-19.8%
	-3.60
	0.22

	
	
	Off-Peak
	76.2%
	71.5%
	4.7%
	6.2%
	3.60
	

	
	AG5A 
(nt =156, 
nc =127)
	Peak
	22.0%
	26.6%
	-4.6%
	-17.2%
	-3.74
	0.27

	
	
	Off-Peak
	78.0%
	73.4%
	4.6%
	6.2%
	3.74
	

	
	AG5B 
(nt =353, 
nc =146)
	Peak
	26.1%
	29.7%
	-3.6%
	-12.0%
	-2.15
	0.09

	
	
	Off-Peak
	73.9%
	70.3%
	3.6%
	5.1%
	2.15
	





[bookmark: _Toc348688768][bookmark: _Toc350519897]Process to Standardize Load Shapes for 1‑in‑2 and 1-in-10 Weather Conditions
Developing representative non-residential load shapes for 1-in-2 and 1-in-10 weather conditions was a multi-step process.  For customers with maximum demand over 200 kW, interval data for the entire population was available.  Ex ante load impacts for these customers are based on data from the full population of large C&I customers.  Samples were used because there were far too many customers to obtain interval data for every customer in this segment of the PG&E population.  
The process to standardize load shapes for 1-in-2 and 1-in-10 weather conditions included the following steps:
1. Aggregate customer interval data and produce load profiles by local capacity and demand category.  This produced a full year of average customer electricity use for each date and hour for each of the segments.
2. Estimate regression models that explained electricity use as a function of weather conditions, day of week and season.
3. Store the regression parameters.  This includes parameters that describe customer hourly load patterns and weather sensitivity.  
4. Use the 1-in-2 and 1-in-10 weather year conditions for each local capacity.  For example, in predicting the 1-in-2 August Peak Day impacts in the Greater Bay Area, the weather patterns underlying normal July peak system loads were used. 
5. Replicate the same variables used in the regression models.
6. Predict the customer electricity use patterns given 1-in-2 and 1-in-10 weather conditions based on the regression parameters.
Mathematically, the models can be expressed as follows for each hour, t:
, 2, 3 … 24}
Table C-1 defines the variables used in the regression models.  
Table C-1: Regression Model Variables
	Variable
	Description

	kW
	Energy usage in each hourly interval t={1,2,3 …24} for each date, d

	Daytype
	Binary variable for the day type of the hourly observation (Sundays and holidays and Tuesday through Thursday are grouped together

	Month
	Binary variable indicating the month of the hourly observation

	CDD
	Cooling Degree Day – the max of zero and the mean temperature of the day of the hourly observation less a base value

	HDD
	Heating Degree Day – the inverse of CDD





[bookmark: _Toc348688769][bookmark: _Toc350519898]Effective kWh Prices by Rate and Rate Period
Table D-1: Effective kWh Prices by Rate and Rate Period
	 
	Effective kWh Prices ($/kWh)

	
	Summer
	Winter

	Rate
	Off-Peak 
	Semi-Peak
	Peak
	Off-Peak
	Semi-peak

	A1
	0.19304
	0.21303
	0.2196
	0.13798
	0.15205

	A6
	0.13849
	0.22507
	0.44004
	0.12849
	0.15256

	A10
	0.16135
	0.17919
	0.18506
	0.11527
	0.13057

	E19
	0.09888
	0.15527
	0.31779
	0.1018
	0.12024

	E20
	0.13555
	0.18384
	0.33141
	0.13642
	0.15356

	AG4A
	0.15367
	NA
	0.3232
	0.12491
	0.15042

	AG4B
	0.13539
	NA
	0.27138
	0.10787
	0.12595

	AG5A
	0.13905
	NA
	0.25218
	0.11327
	0.13242

	AG5B
	0.09386
	NA
	0.25504
	0.07576
	0.09732



[bookmark: _Toc348688770][bookmark: _Toc350519899]
Application of Price Elasticities
This appendix summarizes the application of price elasticities to estimate electricity use with TOU rates.  To estimate the use with TOU rates, we rely on old usage pattern, old rates and alternate rates by rate block as well as estimates of daily own-price elasticity and the elasticity of substitution.    Table E-1 defines the variables used in the formula to calculate usage patterns given the change in prices.
Table E-1: Definition of Variables in Price Elasticity Formulas
	Variable
	Definition

	d
	Daily own-price elasticity of demand

	b12
	EoS between the peak and semi-peak rate blocks

	b23
	EoS between the semi-peak and off-peak rate blocks

	k1
	Old peak usage

	k2
	Old semi-peak usage

	k3
	Old off-peak usage

	k
	Old daily usage

	k1'
	New peak usage

	k2'
	New semi-peak usage

	k3'
	New off-peak usage

	k'
	New daily usage

	p1
	Old peak price

	p2
	Old semi-peak price

	p3
	Old off-peak price

	p
	Old daily price

	p1'
	New peak price

	p2'
	New semi-peak price

	p3'
	New off-peak price

	p'
	New daily price


Using the above variables, the parameters a12 and a23 are defined as
 and
.
New usage is calculated first for the average hour across the whole day as
.
Using the calculation of daily usage for the average hour across the whole day, semi-peak usage is calculated as
,
Where hn is the number of hours in period n.  Peak period usage is calculated as 
.
And usage in the off-peak period is calculated as 

The final outputs from these calculations were percent impacts under TOU by rate block season and day type for customers in each profile split up by LCA and demand category.
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