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1 Executive Summary 

¢Ƙƛǎ ǊŜǇƻǊǘ ǎǳƳƳŀǊƛȊŜǎ ǘƘŜ ŦƛǊǎǘ ƛƴǘŜǊƛƳ ŜǾŀƭǳŀǘƛƻƴ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ǎǘŀǘŜǿƛŘŜΣ ƻǇǘ-in time-of-use (TOU) 

pricing pilots implemented by Pacific Gas and Electric Company (PG&E), Southern California Edison 

Company (SCE) and San Diego Gas and Electric Company (SDG&E). These pilots were implemented in 

response to California Public Utilities Commission (CPUC) Decision 15-07-001. A key objective of the 

pilots is to develop insights that will guide the IOUs applications to be filed in January 2018 proposing 

the implementation of default TOU pricing for all residential electricity customers ŀƴŘ ǘƘŜ /t¦/Ωǎ ǇƻƭƛŎȅ 

decisions regarding default pricing.   

Collectively, the pilots implemented across the three investor owned utilities (IOUs) are testing nine 

different TOU rate options. For eight of the nine options, more than 50,000 households were enrolled 

and assigned to one of the TOU rates or retained in the study on the standard tiered rate (the otherwise 

applicable tariff, or OAT) to act as a control group for those who were placed on the new tariffs. The 

ninth rate option is a complex, dynamic rate that SDG&E is testing on a very small group of customers. 

Recruitment for this rate began in late August and evaluation of the rate is not included in this report.   

All eight TOU pilot tariffs have peak periods that primarily cover late afternoon and evening hours year 

round. Most of the ǊŀǘŜǎ ƘŀǾŜ ǇŜŀƪ ǇŜǊƛƻŘǎ ŜƴŘƛƴƎ ŀǘ ф ta ŀƴŘ ǎƻƳŜ ƘŀǾŜ ǇŜŀƪ ǇŜǊƛƻŘǎ ǘƘŀǘ ŘƻƴΩǘ ǎǘŀǊǘ 

until 6 PM. As such, these pilots are among the first in the industry to study the magnitude of load 

reductions during evening hours.  

Another key focus of the pilot tariffs is the willingness and ability of consumers to respond to time-

varying price signals that vary across more than two daily rate periods and across more than two 

seasons. Low prices in midday in the springτwhen excess supply conditions sometimes existτis also 

something that has not been previously tested. Some of the tariffs have the same pricing structure on 

weekends as on weekdays, which is yet another atypical tariff feature. For most other existing TOU 

tariffs, off-peak prices apply on the weekend. In short, these pilots are breaking new ground both in 

California and in the industry with regard to the timing of peak periods, the use of TOU pricing on 

weekends in addition to weekdays, the frequency of price changes, and the response of customers to 

low daytime prices during excess supply conditions. 

In addition to assessing the impacts of each tariff, these pilots are also studying the impact of selected 

technologies and information services. These include estimating TOU load impacts for households with 

ǎƳŀǊǘ ǘƘŜǊƳƻǎǘŀǘǎ ƛƴ {/9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ŀƴŘ ƘƻǳǎŜƘƻƭŘǎ ǘƘŀǘ ǊŜŎŜƛǾŜ ǳǎŀƎŜ ŀƭŜǊǘǎ Ǿƛŀ ŜƳŀƛƭ ƛƴ 

{5Dϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅΦ Lƴ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅΣ ¢h¦ ŎǳǎǘƻƳŜǊǎ ǿŜǊŜ ƻŦŦŜǊŜŘ ǘƘŜ ƻǇǘƛƻƴ ƻŦ 

downloading a smart phone app that conveys a variety of useful information to TOU participants. 

1.1 Experimental Design 

A key objective of any pilot or experiment is to establish a causal link between the experimental 

treatments (e.g., TOU rates, enabling technology, etc.) and the outcomes of interest (e.g., load impacts, 

changes in bills, customer satisfaction, etc.). The best way to do this is through what is referred to as a 

randomized control trial (RCT) research design. With this approach, participants are offered a treatment 

and, after they agree to accept it, are randomly assigned to either the treatment or control condition. 

This ensures that treatment and control customers are identical in every way except for exposure to the 

treatment and any difference that might occur due to random sampling error. As such, any observed 
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difference in load during the peak period between treatment and control customers, for example, is due 

either to the treatment of interest (e.g., TOU pricing) or random chance. An RCT design was used in 

these pilots. 

A key challenge in designing the pilots was deciding how to gain insights from residential opt-in TOU 

pilots that might help inform policy decisions for residential default TOU pricing. Default TOU pricing 

cannot be implemented prior to January 2018, even as a pilot rate. An important difference between 

opt-in and default conditions is the mix of customers that are enrolled under each condition. With 

default enrollment, there are three types of customers who remain on the tariff: those who would enroll 

on the tariff if it was marketed on an opt-ƛƴ ōŀǎƛǎ όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŀƭǿŀȅǎ ǘŀƪŜǊǎέύΤ ǘƘƻǎŜ ǿƘƻ ŀǊŜ 

unaware that their tariff changed; and those who are aware and would not have enrolled on an opt-in 

basis but, for a variety of reasons (e.g., inertia, transaction costs associated with switching out, etc.), do 

not opt out from default enrollment. This latter groupτǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŎƻƳǇƭŀŎŜƴǘǎέτis likely to be less 

engaged than the always takers, thus reducing average load reductions per participant compared with 

traditional opt-in enrollment. However, aggregate load reductions could be much higher under default 

pricing if the lower average load reduction was offset by significantly higher enrollment.   

In order to better represent the mix of customers that are likely to be enrolled under default conditions, 

ǘƘŜ Ǉƛƭƻǘǎ ǿŜǊŜ ƛƳǇƭŜƳŜƴǘŜŘ ǘƘǊƻǳƎƘ ǿƘŀǘ ŎŀƳŜ ǘƻ ōŜ ŎŀƭƭŜŘ ŀ άǇŀȅ-to-Ǉƭŀȅέ όt¢tύ ǊŜŎǊǳƛǘƳŜƴǘ 

strategy. Under this approach, rather than recruit customers onto a specific rate by educating them 

about the features and potential customer benefits associated with the rate, as would be done for a 

typical opt-in pilot or program, prospective participants were offered an economic incentive for 

agreeing to be in the pilot and were then randomly assigned to one of three1 rate options or to the 

control condition after agreeing to participate. Since a key motivation for enrolling on the study is likely 

to be the PTP incentive rather than the attractiveness of any particular rate feature, this approach may 

enroll a reasonable number of participants who would likely be complacents, and even some who might 

be unaware, under a default enrollment strategy. 

Another important aspect of the pilot design concerns assessment of whether TOU rates may cause 

unreasonable hardship for selected customer segments. Public Utility Code Section 745 requires that the 

CPUC ensure that any default TOU rate schedule does not cause unreasonable hardship for senior 

citizens or economically vulnerable customers in hot climate regions. In order to provide insights on this 

important issue, a stratified sampling and recruitment plan was developed. Each IOU service territory 

was divided into three climate regions designated as hot, moderate, and cool. Within the hot regions for 

PG&E and SCE, senior households2 and CARE/FERA3 customers with incomes greater and less than 100% 

of Federal Poverty Guidelines (FPG) were oversampled for one rate in each service territory. 

hǾŜǊǎŀƳǇƭƛƴƎ ǿŀǎ ƴƻǘ ǇƻǎǎƛōƭŜ ƛƴ {5Dϧ9Ωǎ Ƙƻǘ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴ ōŜŎŀǳǎŜ ǘƘŜ ǊŜƎƛƻƴ ƻƴƭȅ Ŏƻƴǘŀƛƴǎ ŀōƻǳǘ 

16,000 customers.  

                                                
1
 For SDG&E, participants were assigned to one of two rate options or the control group. 

2
 Senior households are defined as households with one or more members aged 65 or older.  

3
 California Alternate Rates for Energy (CARE) and Family Electric Rate Assistance (FERA). 
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1.2 Pilot Evaluation 

Evaluation of the opt-in pilots focused on a number of important research objectives, including: 

Á Determining the change in electricity use in different time periods for different customer 
segments from each rate treatment and in response to the various technology and information 
treatments summarized above; 

Á Estimating the distribution of bill impacts associated with each rate option both before and after 
enrolling on the TOU rates; 

Á Assessing the extent to which the TOU rates cause unreasonable hardship among selected 
customer segments such as seniors and economically vulnerable customers in hot climate areas; 

Á Determining satisfaction with and perceptions about, understanding of and reported changes in 
behavior associated with different treatment options.  

Load impacts for each rate and technology treatment were estimated by comparing loads for customers 

randomly assigned to each TOU tariff (e.g., treatment customers) with loads for customers randomly 

assigned to the OAT (e.g., control customers). The difference in loads between treatment and control 

customers in each rate period before customers are placed on the TOU rate (e.g., the pretreatment 

period) is subtracted from the difference after customers are placed on the rate (e.g., the treatment 

period) to ensure that there is no bias in the estimated impact due to random chance. This is referred to 

ŀǎ ŀ άŘƛŦŦŜǊŜƴŎŜ-in-dƛŦŦŜǊŜƴŎŜǎέ ό5ƛ5ύ ŀƴŀƭȅǎƛǎΦ ²ƘŜƴ ŀǇǇƭƛŜŘ ǘƻ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ǘƘǊƻǳƎƘ ŀƴ w/¢ ŘŜǎƛƎƴΣ 

DiD analysis produces the most accurate load impact estimates possible through experimental research.  

Bill impacts were estimated in a similar manner to load impacts in that a DiD analysis was conducted in 

order to control for exogenous factors that might impact bills between the pre- and post-treatment 

periods.  

Assessing the extent to which TOU rates cause unreasonable hardship among selected customer 

segments such as seniors and economically vulnerable customers in hot climate regions is done 

primarily through survey questions designed to measure hardship. Responses between treatment and 

control customers are compared to determine if TOU rates significantly increase the percent of 

customers that report hardship conditions. Satisfaction with, perceptions about, understanding of and 

reported changes in behavior associated with different rate and other treatment options are also 

determined through surveys. The entire treatment and control group population was surveyed using an 

email, mail, and phone (EMP) mixed-mode survey approach. Response rates varied across customer 

segments and treatment cells but were excellent in all cases. The lowest response rate was around 65% 

and the highest exceeded 90%. The survey was designed, managed, and analyzed by Research Into 

Action (RIA).  

1.3 Overall Findings 

This evaluation covers only a few summer months following shortly after customers were enrolled onto 

the new rates in June and July of 2016. As such, while this evaluation has produced a large volume of 

ǇǊŜƭƛƳƛƴŀǊȅ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ǿƛƭƭ ōŜ ǳǎŜŦǳƭ ƛƴ ƎǳƛŘƛƴƎ /ŀƭƛŦƻǊƴƛŀΩǎ ǇǊƛŎƛƴƎ ǎǘǊŀǘŜƎȅΣ ƛǘ Ƴǳǎǘ ōŜ ƪŜǇǘ ƛƴ ƳƛƴŘ 

that the findings are preliminary and both load and bill impacts are going to differ significantly during 

winter months. The actions and perceptions of TOU pilot participants may be quite different over the 
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course of a full year and even over the course of summer 2017 when customers will have had the 

experience of summer 2016 to rely on for input to their behavioral decisions.  

It is also important to note that when interpreting results, policymakers must keep in mind that 

statistically significant differences do not necessarily translate into material differences. This is especially 

true for survey findings since the large sample sizes for program participants, combined with the 

decision to survey all participants, means that even very small differences in survey metrics can be 

found to be statistically significant. For example, a difference in an average survey rating of 6.0 and 6.5 

on an 11 point scale might prove to be statistically significant but have little practical significance.   

With these cautions in mind, the remainder of this section provides a high level summary of key 

findings. 

 Load Impacts 1.3.1

Key findings for load impacts include the following: 

Á As previously mentioned, all eight tariffs tested in these pilots had a substantial portion of the 
peak period covering key evening hours. Indeed, the common hours across all eight tariffs are 
from 6 to 8 PM. Some tariffs had peak periods extending until 9 PM and some had shoulder 
periods extending until midnight. A key finding from the pilots is that customers can and will 
respond to TOU price signals during evening hours. Statistically significant load reductions were 
found for all rates tested for each IOU service territory as a whole and for all climate regions. 
Table 1.1-1 summarizes the percentage and absolute peak period load reductions for each rate 
and service territory.4 As seeƴΣ ǘƘŜ ƭƻǿŜǎǘ ƭƻŀŘ ƛƳǇŀŎǘ ƻŎŎǳǊǊŜŘ ŦƻǊ {/9Ωǎ wŀǘŜ оΣ ǎƘƻǿƛƴƎ ŀƴ 
ŀǾŜǊŀƎŜ ǊŜŘǳŎǘƛƻƴ ƻŦ нΦт҈ ŀƴŘ лΦло ƪ²Σ ŀƴŘ ǘƘŜ ƘƛƎƘŜǎǘ ƻŎŎǳǊǊŜŘ ŦƻǊ tDϧ9Ωǎ wŀǘŜ нΣ ǿƘƛŎƘ ƘŀŘ 
an average percentage reduction of 6.1% and 0.06 kW.  

Table 1.1-1: Peak Period Load Reductions 

Utility Metric Rate 1 Rate 2 Rate 3 

PG&E 

Peak Period Hours 4-9 PM 6-9 PM 4-9 PM 

% Impact 5.8% 6.1% 5.5% 

Absolute Impact (kW) 0.06 kW 0.06 kW 0.06 kW 

SCE 

Peak Period Hours 2-8 PM 5-8 PM 4-9 PM 

% Impact 4.4% 4.2% 2.7% 

Absolute Impact (kW) 0.06 kW 0.06 kW 0.03 kW 

SDG&E 

Peak Period Hours 4-9 PM 4-9 PM N/A 

% Impact 5.4% 4.6% N/A 

Absolute Impact (kW) 0.04 kW 0.04 kW N/A 

 

                                                
4
 The values in the table represent the average reduction for each peak period for each rate. They do not represent average 

reductions for a common set of hours. As such, variation in average load reductions across rates may be due to a differences in 
the peak-to-off-peak price ratios as well as differences in the length and timing of the peak period. 
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Á Another important policy question given shifting load patterns at some utilities is the magnitude 
of peak period load reductions on weekends. Peak period load reductions on weekends and the 
pattern of load reductions across rate periods on weekends were generally similar to weekday 
impacts. That is, customers can and will respond to TOU price signals on weekends. 

Á Also often of interest when examining TOU rates is whether peak period reductions consist 
primarily of load shifting or load reductions without significant shifting. TOU rates may even 
increase usage during the low cost off-peak hours more than the reduction during peak hours, 
thus leading to an overall increase in usage. The preliminary findings covering the initial summer 
period found that changes in daily usage ranged from very small negative values (e.g., an 
increase) to reductions as high as 4%. 

Á For PG&E, absolute reductions in peak period energy use were largest in the hot climate 
region, second largest in the moderate region and smallest in the cool region and differences 
across regions were statistically significant for all three PG&E rates. Percentage reductions also 
followed this pattern at PG&E but the differences were not always statistically significant. This 
pattern was also found at SDG&E. However, at SCE, the pattern of load reductions was not the 
same. In general, the differences across regions were smaller than at PG&E or SDG&E and in 
some cases, the largest load reductions were found in the cool climate region and the smallest 
ƛƴ ǘƘŜ Ƙƻǘ ǊŜƎƛƻƴΦ Lǘ ƛǎ ƴƻǘŜǿƻǊǘƘȅ ǘƘŀǘ {/9Ωǎ Ƙƻǘ ǊŜƎƛƻƴ Ƙŀǎ Ƴŀƴȅ ƳƻǊŜ Ƙƻǘ Řŀȅǎ ǘƘŀƴ tDϧ9Ωǎ 
Ƙƻǘ ǊŜƎƛƻƴ ŀƴŘ {/9Ωǎ ƳƻŘŜǊŀǘŜ ǊŜƎƛƻƴ ƛǎ ƳǳŎƘ ƘƻǘǘŜǊ ǘƘŀƴ tDϧ9 ƻǊ {5Dϧ9Ωǎ moderate region. 
This, ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǎƻƳŜ ƻŦ {/9Ωǎ ǊŀǘŜǎ ƘŀŘ ƭƻƴƎ ǎƘƻǳƭŘŜǊ ǇŜǊƛƻŘǎ ŘǳǊƛƴƎ ǿƘƛŎƘ 
prices were higher than during the off-peak period may have made it difficult for customers in 
hot regions to reduce energy use and still stay reasonably comfortable.   

Á For the service territory as a whole for all three utilities, CARE/FERA customers had lower 
average percent and absolute peak period load reductions than non-CARE/FERA customers for 
all rates. This pattern was typically (although not universally) true at PG&E and SDG&E for all 
rates and climate regions. Once again, SCE had a different result for some rates and climate 
regions. In selected cases, CARE/FERA customers even had larger load reductions than non-
/!w9κC9w! ŎǳǎǘƻƳŜǊǎ ƛƴ {/9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅΦ 

Á {ŜƴƛƻǊ ƘƻǳǎŜƘƻƭŘǎ ƛƴ ōƻǘƘ tDϧ9Ωǎ ŀƴŘ {/9Ωǎ Ƙƻǘ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴ ƘŀŘ ƭƻŀŘ ǊŜŘǳŎǘƛƻƴǎ ǾŜǊȅ 
similar to those for the general population in the hot climate region. This was true for senior 
households overall as well as for senior households that were and were not on CARE/FERA rates.  

Á Households with incomes below 100% of the Federal Poverty Guidelines (FPG) in hot climate 
ǊŜƎƛƻƴǎ ŘƛŘ ƴƻǘ ǊŜŘǳŎŜ ǇŜŀƪ ǇŜǊƛƻŘ ƭƻŀŘǎ ƛƴ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ōǳǘ ƘŀŘ ƭƻŀŘ ǊŜŘǳŎǘƛƻns 
similar to those of ǘƘŜ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǘƛƻƴ ƛƴ {/9Ωǎ Ƙƻǘ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴΦ   

Á SCE recruited customers who already owned smart thermostats into the study and randomly 
assigned these customers to rate and treatment groups to estimate the magnitude of load 
impacts for customers with smart thermostats. Absolute load impacts for smart thermostat 
owners were similar to those for the general population even though they had larger usage 
overall and, therefore, might be expected to have larger load reductions. SCE plans to work 
with the smart thermostat provider in the lead-up to summer 2017 to see if an offer to optimize 
usage in light of being on TOU rates might produce larger load reductions.   

Á SDG&E tested whether delivery of weekly summaries of usage and bills to TOU customers would 
produce greater load reductions compared with households on TOU rates that did not receive 
this information. Differences in load impacts between customers who did and did not receive 
Weekly Alert Emails ƛƴ {5Dϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ were not statistically significant. 
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Á PG&E offered a smart phone app that would provide a variety of information to those who 
downloaded it that might help them to manage their energy use. The number of customers 
who successfully downloaded the app was quite low and there were not enough users to 
determine whether the app had an impact. 

 

 Bill Impacts 1.3.2

Key findings concerning bill impacts include the following: 

Á At both PG&E and SCE, average monthly bills during this summer period were higher for all 
TOU rates than they would have been on the OAT for all customer segments and all climate 
regions. Average monthly bill increases over three summer months ranged from a low of 
roughly $5 to as much as $40. Most segments on average were only able to offset a small 
proportion of the structural bill increase by reducing or shifting usage. It is important to keep 
in mind that these bill increasers are likely to be the worst that will occur over any time period 
during the pilots. It should also be noted that some of the increases would be largely or 
completely offset by enrollment bill credits that were distributed during the summer as part of 
the pay-to-play recruitment package. 

Á Absolute bill impacts were typically largest in the hot climate region, second largest in the 
moderate region and smallest in the cool region.  

Á Bill impacts at SDG&E were quite different from those at PG&E and SCE, with very small 
structural impacts and with some customer segments being able to more than offset small 
structural bill increases with load shifting or conservation behavior and, thus, had slightly lower 
bills even during the summer period than they would have had on the OAT.   

The stark contrast between the relatively large bill increases for TOU customers during the summer 

months at PG&E and SCE relative to SDG&E is noteworthy and should be examined carefully as the IOUs 

develop pricing strategies for default enrollment starting in 2019. This significant difference did not stem 

from SDG&E having significantly more modest peak-to-off-peak price differentials or smaller 

ŘƛŦŦŜǊŜƴǘƛŀƭǎ ōŜǘǿŜŜƴ ǇŜŀƪ ǇǊƛŎŜǎ ŀƴŘ ǘƘŜ h!¢ ǇǊƛŎŜ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ƻǘƘŜǊ ǘǿƻ ǳǘƛƭƛǘƛŜǎΦ LƴŘŜŜŘΣ {5Dϧ9Ωǎ 

price differentials were larger than for several of the pilot rates at PG&E and SCE. Rather, the much 

more modest bill impacts at SDG&E had to do with the fact that ōƻǘƘ {5Dϧ9Ωǎ h!¢ ŀƴŘ ¢h¦ ǊŀǘŜǎ ŀǊŜ 

seasonally price differentiated, with higher prices in the summer than in the winter. {/9 ŀƴŘ tDϧ9Ωǎ 

OATs are not seasonally differentiated, but their TOU rates are. As a result, the summer bill differentials 

ōŜǘǿŜŜƴ ǘƘŜƛǊ ¢h¦ ŀƴŘ h!¢ ǊŀǘŜǎ ǿŜǊŜ ƳǳŎƘ ƎǊŜŀǘŜǊ ǘƘŀƴ {5Dϧ9ΩǎΦ 

Another point to keep in mind is that bill volatility across seasons can be managed through tools 

designed specifically to address bill volatility, such as balanced payment plans, which allow customers to 

pay the same bill each month based on historical usage and current rates (with periodic true-ups). The 

extent to which this option might mute TOU price signals is subject to debate but will be examined in 

the default pilots that the IOUs will implement in 2018.  

A final point to keep in mind as default tariff options are designed is that all customers who will be 

defaulted onto TOU rates in 2019 will receive bill protection for the first full year on the new tariff. As 

such, while summer bills may be higher than under the OAT, customers who stay for a full year will not 

pay a higher bill than they would under the OAT.  
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In summary, while bill volatility is a legitimate concern in light of the relatively large bill increases 

experienced by many pilot participants over the few summer months covered by this initial evaluation 

period, it is not at all clear that a good solution to this problem is to mute the TOU price signal. Seasonal 

bill volatility exists even under the OAT in California due to tiered pricing and variation in usage over 

ǎŜŀǎƻƴǎΦ LƳǇƻǊǘŀƴǘƭȅΣ {5Dϧ9Ωǎ Ǉƛƭƻǘ ǘŀǊƛŦŦǎ ƘŀŘ ¢h¦ ǇǊƛŎŜ ǎƛƎƴŀƭǎ ƘƛƎƘŜǊ ǘƘŀƴ ǎƻƳŜ ƻŦ ǘƘŜ tDϧ9 ŀƴŘ {/9 

pilot rates that were associated with much higher bill volatility. Designing TOU tariffs that account for 

the seasonal differentiation in the OAT (or lack thereof), and offering balanced payment programs, 

combined with first year bill protection, may be better solutions that will protect customers while 

improving economic efficiency through TOU prices that more accurately reflect cost causation.    

 Customer Attrition 1.3.3

Customer attrition is driven by three very different factors. One is customers who move, referred to as 

customer churn. Another is customers who become ineligible as a result of factors such as installing 

solar, going onto medical baseline, or switching to service from a Community Choice Aggregator (CCA). 

The final factor is customers who consciously opt out of the rate because they are unhappy being on a 

TOU rate. Key findings concerning customer attrition include the following: 

Á Cumulative opt-out rates between the enrollment date and the end of December have been 
quite low for nearly all rates and customer segments. For PG&E, the cumulative percent of 
treatment customers who dropped off the rate was between 1% and 2% and at SCE it was 
between 1.5% and 3%.  

Á There is no material difference in the cumulative percent of opt outs across tariffs at PG&E or 
SDG&E. At SCE, the cumulative percent of opt outs for Rate 3 was 3% for the service territory as 
a whole but was much higher, roughly 10%, for CARE/FERA customers in the hot climate region.  

Á The number of customers dropping off the TOU rates was highest in the hot region, second 
highest in the moderate region and lowest in the cool climate region for all tariffs (but still very 
ƭƻǿ ƛƴ ŀƭƭ ŎŀǎŜǎ ŜȄŎŜǇǘ ŦƻǊ {/9Ωǎ wŀǘŜ о ƛƴ ǘƘŜ Ƙƻǘ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴύΦ 

Á hǇǘ ƻǳǘ ǊŀǘŜǎ ǿŜǊŜ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊ ŦƻǊ /!w9κC9w! ŎǳǎǘƻƳŜǊǎ ƛƴ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ŎƻƳǇŀǊŜŘ 
with non-CARE/FERA customers and the opposite ǿŀǎ ǘǊǳŜ ƛƴ {/9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ōǳǘ ǘƘŜ 
differences were small in all cases except for Rate 3 at SCE. 

Á Overall attrition ranged from as low as 4% to as high as 18% with the highest being for 
/!w9κC9w! ŎǳǎǘƻƳŜǊǎ ƛƴ {/9Ωǎ Ƙƻǘ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴ ƻƴ wŀǘŜ оΦ DƛǾen that the pilot planning 
assumption was that total attrition would be roughly 25% over the course of the two summer 
periods, this segment may be at risk of having sample sizes that are lower than ideal by summer 
2017. 

Á Attrition has also been high in PG&EΩǎ ƳƻŘŜǊŀǘŜ ŀƴŘ Ŏƻƻƭ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴǎ ŦƻǊ ǎƻƳŜ ǎŜƎƳŜƴǘǎ 
ŘǳŜ ǇǊƛƳŀǊƛƭȅ ǘƻ ŎǳǎǘƻƳŜǊǎ ǎǿƛǘŎƘƛƴƎ ǘƻ //!ǎΣ ǿƘƛŎƘ ŀǊŜ ǉǳƛǘŜ ŀŎǘƛǾŜ ƛƴ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅΦ 
With CCA growth expected to continue, some sample sizes at PG&E may also be at risk of being 
smaller than required to meet target levels of statistical precision by summer 2017. However, 
there is some cushion in these sample size estimates and unless the pace of CCA recruitment 
increases dramatically over current projections, this problem should be manageable.  
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 Survey Findings 1.3.4

Key findings from the surveys that were administered include the following: 

Á An important policy question is whether TOU rates might increase economic hardship for 
selected customer segments in the hot climate region for PG&E and SCE and the moderate 
climate region for SDG&E. The surveys included questions pertaining to economic hardship and 
responses to several questions were combined to produce an economic index. The value of this 
index was compared between treatment and control customers to determine whether the TOU 
rates increase the value of the index. There were no statistically significant differences in the 
economic index values between treatment and control customers for segments of interest at 
PG&E or SDG&E. At SCE, Rate 3 CARE/FERA customers and Rate 2 customers with incomes 
between 100% and 200% of FPG had higher economic index scores when compared with 
control group customers. For context, the size of the difference in the economic index score is 
equivalent to the difference in value of the index from using one additional non-income based 
method to pay bills or from having difficulty paying one additional bill over the summer.   

Á The surveys also asked customers whether they had sought medical attention due to excessive 
heat and these responses were compared between treatment and control customers. These 
comparisons were made only for customers who reported requiring air conditioning due to a 
medical condition. No difference in the health index between treatment and control 
customers was found at PG&E or SDG&E. At SCE, about 10% more Rate 1 and Rate 3 
CARE/FERA customers reported seeking medical attention due to excessive heat when 
compared with control customers. 

Á At PG&E and SCE, satisfaction ratings with the TOU rate and with the utility were typically 
slightly lower for TOU rate customers than for control customers and these differences were 
sometimes statistically significant but they were always less than 1 point on an 11 point scale. 
Put another way, none of these differences are likely to be judged as material. At SDG&E, 
customers on the TOU rates sometimes had higher satisfaction ratings than control customers.  

Á The surveys revealed that a very large percent of customers on TOU rates received summer 
bills that were higher than expected. This is also true of control customers since summer bills 
are typically higher for many customers in California. However, the percentage difference on 
this metric between treatment and control customers was statistically significant for the 
majority of rates, customer segments, and climate regions at PG&E and SCE. For some 
segments, rates and climate regions, more than 50% of customers said their bills were higher 
than expected. This is an important finding that should influence not only the timing of 
enrollment for customers on TOU rates (e.g., enrolling customers during fall or winter, not in 
late spring or early summer) but also the content of ME&O materials, which could do a better 
job of preparing customers for higher than expected bills in the summer period (while reminding 
them about lower bills at other times of the year).  

Á The surveys also showed a significant disparity in understanding of the timing of the peak 
period between CARE/FERA and non-CARE/FERA customers. For some rates and climate 
regions, between 30% and 40% of CARE/FERA customers could not identify a single hour that 
fell in the peak period rate window, while the percent of non-CARE/FERA customers that had 
the same level of misunderstanding was often significantly lower or even in the single digits. This 
disparity could partly be due to the fact that more CARE/FERA customers have English as a 
second language, but there may be other explanations. Nexant recommends that this issue be 
carefully addressed and studied further in the upcoming default pilots where there is a much 
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greater emphasis on and opportunity to develop and test ME&O options and content for all 
segments. 

Á For all three utilities, customers on TOU rates were more likely to take time-specific actions 
than customers on the OAT. For example, while a similar proportion of customers from control 
and treatment groups indicated they turned off their lights to conserve energy, a larger 
proportion of treatment customers indicated they shifted doing laundry and running the 
dishwasher during peak hours. This trend suggests that while fewer treatment customers 
understood the nuances of their rates, they did know and act on actions that helped them shift 
use. 
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2 Introduction 

In Decision 15-07-001, the California Public Utilities Commission (CPUC or the Commission) ordered 

/ŀƭƛŦƻǊƴƛŀΩǎ ǘƘǊŜŜ ƛƴǾŜǎǘƻǊ ƻǿƴŜŘ ǳǘƛƭƛǘƛŜǎ όLh¦ǎύ ǘƻ ŎƻƴŘǳŎǘ ŎŜǊǘŀƛƴ άǇƛƭƻǘέ ǇǊƻƎǊŀƳǎ ŀƴŘ studies of 

residential Time-of-Use (TOU) electric rate designs (TOU Pilots and Studies) beginning the summer of 

2016, and to file applications no later than January 1, 2018 proposing default TOU rates for residential 

electric customers. The IOUs were also directed to form a working group (TOU Working Group) to 

address issues regarding the TOU pilots and to hire one or more qualified independent consultants to 

assist with the design and implementation of the TOU Pilots and Studies. The TOU Working Group (WG) 

was comprised of 37 entities and included almost 100 people. Nexant, Inc. was engaged as the 

independent consultant.  

On December 17, 2015, Nexant delivered a detailed report summarizing the design of the proposed opt-

in pilots.5 This report was relied upon by and incorporated into the Advice Letters filed by each IOU 

requesting approval of and funding for the pilots that each IOU would implement.6 In February and 

March, 2016, the Commission issued resolutions approving the pilot designs and funding, with 

modifications from the original plan.7  

At the outset of the WG process, the WG developed the following objectives to help guide pilot design: 

Á Consider treatment options and pilot designs for 2016/2017 that will provide useful insights for 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ Lh¦Ωǎ WŀƴǳŀǊȅ мΣ нлму application for default pricing that may begin as early 
as 2019; 

Á Estimate load impacts by rate period for different tariff structures that vary in terms of 

-  the timing and length of rate periods 

-  the number of rate periods 

-  changes in rate periods and price ratios across seasons  

-  possible other features such as low or negative prices during excess supply conditions; 

Á Assess customer understanding/acceptance/engagement/satisfaction with various TOU 
rate options; 

Á Calculate bill impacts for customers on each pilot TOU rate relative to the otherwise applicable 
tariff (OAT); 

Á Assess the degree of hardship that might result from default TOU rates on senior citizen 
households and economically vulnerable customers (and perhaps others) in hot areas as 
directed by Public Utilities Code Section 745;    

Á Assess the incremental effect of enabling technology on load impacts, bill impacts, and 
customer satisfaction;  

Á Assess adoption rates for enabling technology for customers on TOU rates; and 

Á Assess the effectiveness of alternative information, education, and outreach options. 

                                                
5
 George, S., Sullivan, M., Potter, J., & Savage, A. (2015). Time-of-Use Pricing Opt-in Pilot Plan. Nexant, Inc. (hereafter referred 

to as the TOU Pilot Design Report). 

6
 SCE: Advice Letter 3335-E; PG&E: Advice Letter 4764-E; and SDG&E: Advice Letter 2835-E. 

7
 SCE: Resolution E-4761; PG&E: Resolution E-4762; and SDG&E: Resolution E-4769. 
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Focus on Evening Peak Periods 

While numerous TOU tariffs have been 
examined in pilot settings and through 
evaluation of full scale programs, few 
historical studies have included tariffs 
with peak periods that extend well into 
the evening period when most 
household members are home and 
when cooling loads diminish in many of 
the populous climate zones in 
California. Most of the tariffs included 
in the pilots evaluated in this report 
have peak periods that primarily cover 
the evening hours. Determining the 
magnitude of demand reductions 
during evening hours will provide 
useful insights for setting pricing 
policies that help manage load 
increases in evening hours when 
output from solar resources drops.  

Collectively, the pilots implemented across the three IOUs 

are testing nine different TOU rate options. For eight of 

the nine options, more than 50,000 households were 

enrolled and assigned to one of the TOU rates or retained 

in the study on the standard tiered rate to act as a control 

group for those who were placed on the new tariffs. The 

ninth rate option is a complex, dynamic rate that SDG&E is 

testing on a very small group of customers. Recruitment 

for this rate began in late August and led to enrollment of 

roughly 65 customers.  

All eight TOU pilot tariffs have peak periods that primarily 

cover late afternoon and evening hours year round. This 

later peak period is driven by the increasing penetration of 

solar in California and is a significant departure from the 

vast majority of pilots and tariffs that have been 

implemented previously in California and elsewhere. With 

most of the rates having peak periods ending at 9 PM and 

ǎƻƳŜ ǿƛǘƘ ǇŜŀƪ ǇŜǊƛƻŘǎ ǘƘŀǘ ŘƻƴΩǘ ǎǘŀǊǘ ǳƴǘƛƭ с taΣ ǘƘŜǎŜ 

pilots will be among the first in the industry to study the 

magnitude of load reductions during evening hours.  

Another key focus of the pilot tariffs is the willingness and ability of consumers to respond to time-

varying price signals that vary across more than two daily rate periods and across more than two 

seasons. Low prices in midday in the springτwhen excess supply conditions sometimes existτis also 

something that has not been previously tested. Some of the tariffs have the same pricing structure on 

weekends as on weekdays, which is yet another atypical tariff feature. For most other existing TOU 

tariffs, off-peak prices apply on the weekend. In short, these pilots will break new ground both in 

California and in the industry with regard to the timing of peak periods, the use of TOU pricing on 

weekends in addition to weekdays, the frequency of price changes, and the response of customers to 

low daytime prices during excess supply conditions. 

In addition to assessing the impacts of each tariff, these pilots are also studying the impact of various 

technologies and information services. These include estimating TOU load impacts for households with 

smart thermosǘŀǘǎ ƛƴ {/9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ and households that receive usage alerts via email in 

{5Dϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅΦ Lƴ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅΣ ¢h¦ ŎǳǎǘƻƳŜǊǎ ǿŜǊŜ ƻŦŦŜred the option of 

downloading a smart phone app that conveys a variety of useful information to TOU participants, 

including: pricing information; TOU-specific performance feedback; bill projections, and energy saving 

tips informed by user specific end use load disaggregation, in order to encourage energy savings. SCE is 

ŀƭǎƻ ǘŜǎǘƛƴƎ ǿƘŜǘƘŜǊ άŜƴƘŀƴŎŜŘέ ŜŘǳŎŀǘƛƻƴ ŀƴŘ ƻǳǘǊŜŀŎƘ ǘƻ ŎǳǎǘƻƳŜǊǎ ƻƴ ¢h¦ ǊŀǘŜǎ ƛƴŦƭǳŜƴŎŜǎ ŘŜƳŀƴŘ 

response and customer satisfaction.  



Introduction 

 12 

A Unique, Internally Valid  
Experimental Design 

The opt-in pilots are randomized control 
trials (RCTs), which ensures that the 
estimated load impacts are internally 
valid. A unique aspect of the pilot 
design is that customers were asked to 
enroll into the pilot with the knowledge 
that they would be randomly assigned 
to one of several rate options. They 
were given limited information about the 
specific structure of the rate options. 
Enrollment was encouraged through 
payment of financial incentives. It is 
believed that this ñpay-to-playò 
approach will induce a larger number of 
ñcomplacentò customers who are 
prevalent when default enrollment is 
used.  

2.1 Experimental Design8 

A key objective of any pilot or experiment is to establish a causal link between the experimental 

treatments (e.g., TOU rates, enabling technology, etc.) and the outcomes of interest (e.g., load impacts, 

changes in bills, customer satisfaction, etc.). The best way to do this is through what is referred to as a 

randomized control trial (RCT) research design. With this approach, participants are offered a treatment 

and, after they agree to accept it, are randomly assigned to either the treatment or control condition. 

This ensures that the treatment and control customers are identical in every way except for exposure to 

the treatment and any difference that might occur due to random sampling error. As such, any observed 

difference in load during the peak period between treatment and control customers, for example, is due 

either to the treatment of interest (e.g., TOU pricing) or random chance.  

A key challenge faced by the TOU Working Group was 

deciding how to gain insights from residential 

opt-in TOU pilots that might help inform policy 

decisions for residential default TOU pricing. An 

important difference between opt-in and default 

conditions is the mix of customers that are enrolled 

under each condition. With default enrollment, there 

are three types of customers who remain on the tariff: 

those who would enroll on the tariff if it was marketed 

on an opt-ƛƴ ōŀǎƛǎ όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŀƭǿŀȅǎ ǘŀƪŜǊǎέύΤ 

those who are unaware that their tariff changed; and 

those who are aware and would not have enrolled on 

an opt-in basis but, for a variety of reasons (e.g., 

inertia, transaction costs associated with switching 

out, etc.), do not opt out from default enrollment. This 

latter groupτǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŎƻƳǇƭŀŎŜƴǘǎέτis likely 

to be less engaged than the always takers. Unaware 

customers are, by definition, unengaged. Because of 

the presence of complacent and unaware customers, average load reductions have been found to be 

lower under default enrollment compared with opt-in enrollment. However, aggregate load reductions 

could be much higher under default pricing if the lower average load reduction was offset by 

significantly higher enrollment.9   

In order to better represent the mix of customers that are likely to be enrolled under default conditions, 

the TOU Working Group decided to implement what is being called ŀ άǇŀȅ-to-Ǉƭŀȅέ όt¢tύ ǊŜŎǊǳƛǘƳŜƴǘ 

strategy. Under this approach, rather than recruit customers onto a specific rate by educating them 

about the features and potential customer benefits associated with the rate, as would be done for a 

typical opt-in pilot or program, prospective participants were offered an economic incentive for 

                                                
8
 More details on pilot design and the reasons underlying the design decisions can be found the TOU Pilot Design Report. 

9
 SmartPricing Options Final Evaluation. September 5, 2014. https://www.smartgrid.gov/files/SMUD-

CBS_Final_Evaluation_Submitted_DOE_9_9_2014.pdf  

https://www.smartgrid.gov/files/SMUD-CBS_Final_Evaluation_Submitted_DOE_9_9_2014.pdf
https://www.smartgrid.gov/files/SMUD-CBS_Final_Evaluation_Submitted_DOE_9_9_2014.pdf
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agreeing to be in the pilot and were then randomly assigned to one of three10 rate options or to the 

control condition after agreeing to participate. Since a key motivation for enrolling on the study is likely 

to be the PTP incentive rather than the attractiveness of any particular rate feature, this approach may 

enroll a reasonable number of participants who would likely be complacents, and even some who might 

be unaware, under a default enrollment strategy. 

Another important aspect of the pilot design concerns assessment of whether TOU rates may cause 

unreasonable hardship for selected customer segments. Public Utility Code Section 745 requires that the 

CPUC ensure that any default TOU rate schedule does not cause unreasonable hardship for senior 

citizens or economically vulnerable customers in hot climate regions. In order to provide insights on this 

important issue, a stratified sampling and recruitment plan was developed. Each IOU service territory 

was divided into three climate regions designated as hot, moderate, and cool.11 Within the hot regions 

for PG&E and SCE, senior households12 and CARE/FERA13 customers with incomes greater and less than 

100% of Federal Poverty Guidelines (FPG) were oversampled for one rate in each service territory. 

Oversampling waǎ ƴƻǘ ǇƻǎǎƛōƭŜ ƛƴ {5Dϧ9Ωǎ Ƙƻǘ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴ ōŜŎŀǳǎŜ ǘƘŜ ǊŜƎƛƻƴ ƻƴƭȅ Ŏƻƴǘŀƛƴǎ ŀōƻǳǘ 

16,000 customers. For the ǊŜƳŀƛƴƛƴƎ ǊŀǘŜǎ ƛƴ tDϧ9 ŀƴŘ {/9Ωǎ Ƙƻǘ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴǎ ŀƴŘ ŦƻǊ ŀƭƭ ǊŀǘŜǎ in the 

mild and cool climate regions for all three utilities, an equal number of CARE/FERA and non-CARE/FERA 

customers were recruited, which means that CARE/FERA customers were oversampled in those zones as 

well since they make up less than half of the regional population. 

2.2 Pilot Evaluation 

Evaluation of the opt-in pilots focused on a number of important research objectives, including: 

Á Determining the change in electricity use in different time periods for different customer 
segments from each rate treatment and in response to the various technology and information 
treatments summarized above; 

Á Estimating the distribution of bill impacts associated with each rate option both before and after 
enrolling on the TOU rates; 

Á Assessing the extent to which the TOU rates cause unreasonable hardship among selected 
customer segments such as seniors and economically vulnerable customers in hot climate areas; 

Á Determining satisfaction with and perceptions about, understanding of and reported changes in 
behavior associated with different treatment options.  

Load impacts for each rate and technology treatment were estimated by comparing loads for customers 

randomly assigned to each TOU tariff (e.g., treatment customers) with loads for customers randomly 

assigned to the OAT (e.g., control customers). The difference in loads between treatment and control 

customers in each rate period before customers are placed on the TOU rate (e.g., the pretreatment 

period) is subtracted from the difference after customers are placed on the rate (e.g., the treatment 
                                                
10

 For SDG&E, participants were assigned to one of two rate options or the control group. 

11
 See Appendix Volume I for a summary of the geographic regions included in the hot, moderate, and cool climate regions for 

each IOU.  

12
 Senior households are defined as households with one or more members aged 65 or older.  

13
 California Alternate Rates for Energy (CARE) and Family Electric Rate Assistance (FERA). 
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This Is An Interim Evaluation 

When considering the key findings 
summarized in this report, it is important 
to keep in mind that the results 
represent impacts during the initial few 
summer months of a longer term pilot. 
Estimates of load, bill, economic and 
health impacts will almost certainly 
differ during non-summer months or 
over the course of a full year. 

period) to ensure that there is no bias in the estimated 

impact due to random chance. This is referred to as a 

άŘƛŦŦŜǊŜƴŎŜ-in-ŘƛŦŦŜǊŜƴŎŜǎέ ό5ƛ5ύ ŀƴŀƭȅǎƛǎ. When applied 

to data collected through an RCT design, DiD analysis 

produces the most accurate load impact estimates 

possible through experimental research.  

Bill impacts were estimated in a similar manner to load 

impacts in that a DiD analysis was conducted in order to 

control for exogenous factors that might impact bills 

between the pre- and post-treatment periods. Bill 

impacts were estimated as the difference between bills using pre- or post-treatment loads based on the 

TOU tariff compared with the OAT. Average bill impacts are reported as well as changes in the percent 

of customers who experience bill impacts above a certain threshold. It is important to note that bill 

impacts for this interim evaluation are being reported for the summer rate period when the majority of 

ŎǳǎǘƻƳŜǊΩǎ ōƛƭƭǎ ǿƛƭƭ ōŜ ƘƛƎƘŜǊ ǳƴŘŜǊ ¢h¦ ǊŀǘŜǎ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘhe OAT. Average bill impacts over the 

course of a year will be significantly lower than those reported here.  

Assessing the extent to which TOU rates cause unreasonable hardship among selected customer 

segments such as seniors and economically vulnerable customers in hot climate areas is done primarily 

through survey questions designed to measure hardship. Responses between treatment and control 

customers are compared to determine if TOU rates significantly increase the percent of customers that 

report hardship conditions. Satisfaction with, perceptions about, understanding of, and reported 

changes in behavior associated with different rate and other treatment options are also determined 

through surveys. The entire treatment and control group population was surveyed using an email, mail, 

and phone (EMP) mixed-mode survey approach. Response rates varied across customer segments and 

treatment cells but were excellent in all cases. The lowest response rate was around 65% and the 

highest exceeded 90%. The survey was designed, managed, and analyzed by Research Into Action (RIA).  

2.3 Report Organization 

The remainder of this report is organized as follows. Section 3 contains a summary of the evaluation 

methodologies that were used to produce the results reported in subsequent sections. A more detailed 

methodological discussion for the load and bill impacts is contained in Appendix Volume I, which is 

comprised of the detailed Load Impact Evaluation Plan that was produced by Nexant in October 2016. 

Appendix Volume II contains a detailed discussion of the survey approach and implementation process 

written by RIA.  

Sections 4, 5 and 6 summarize the load impact, bill impact and survey results for PG&E, SCE, and SDG&E, 

respectively. Each section starts with a brief summary of ǘƘŜ ǘǊŜŀǘƳŜƴǘǎ ƛƴŎƭǳŘŜŘ ƛƴ ŜŀŎƘ ǳǘƛƭƛǘȅΩǎ ǇƛƭƻǘǎΣ 

the sampling plan, the recruitment process, and other elements of pilot implementation. More detailed 

discussion of these implementation efforts is contained in Appendix Volume I. Following this summary, 

load impacts by rate period are presented for each rate option and relevant customer segment. The 

next subsection discusses bill impacts and this is followed by a summary of key survey findings. The 

survey discussion focuses on key research issues such as hardship and does not contain a full accounting 
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of all survey research findings. A detailed summary of the responses to each survey question is 

contained in Appendix Volume II. The final subsections of Sections 4 through 6 provide a high level 

summary and synthesis of the impact and survey results for each IOU.  

Section 7 provides a comparison of results across the utilities as well as overall conclusions that can (or 

cannot) be drawn from the entire body of research. While the pilots were designed jointly and are 

meant to be complementary, they were not designed specifically to allow cross-utility comparisons in 

most instances. For example, it is not appropriate ǘƻ ŎƻƳǇŀǊŜ wŀǘŜ м ŦǊƻƳ {/9Ωǎ Ǉƛƭƻǘ ǘƻ wŀǘŜ н ŦǊƻƳ 

tDϧ9Ωǎ Ǉƛƭƻǘ ŀƴŘ ŎƻƴŎƭǳŘŜ ǘƘŀǘ ƻƴŜ ǊŀǘŜ ǇǊƻŘǳŎŜŘ greater load impacts than the other due to 

differences in rate structure because differences in other factors, such as climate, customer 

demographics, customer satisfaction, perceptions about the utility, economic conditions and perhaps 

others may partially or fully explain any observed differences in the load impacts between the two rate 

options. Nevertheless, cross-utility comparisons are likely to be made by reviewers and some 

comparisons are more valid than others. As such, we provide a brief comparison of some key findings 

across utilities in this final section.  

Appendix A to this report contains a list of Microsoft Excel files that have been filed as electronic tables 

in conjunction with the primary report. These electronic tables allow the reader to access the underlying 

data that created the figures and tables in the report, and to determine actual values for data points 

within the figures. 

A large volume of supplemental and useful information is contained in two appendix volumes. As 

mentioned above, Appendix Volume I contains the load and bill impact evaluation plan report that was 

produced in October 2016. This 200 page report contains more detailed descriptions of the 

implementation process for each pilot, including copies of most of the marketing, education and 

outreach materials used by each utility. This appendix also contains a detailed validation analysis that 

was conducted by Nexant to determine if the internal validity of the experimental design was retained 

through implementation (it was for nearly all treatments). Finally, this volume assesses the extent to 

which each utility met the very specific requirements of the resolutions issued by the CPUC approving 

the pilot designs and budgets.  

Appendix Volume II, written by RIA, provides a detailed discussion of the design and implementation of 

the surveys that were conducted. It also contains summaries of responses to each survey question.  

Interested readers may also wish to review the TOU Pilot Design Report,14 which contains a detailed 

discussion of research issues and explanations for the design decisions that were made by the TOU 

Working Group. The IOU advice letters15 and the CPUC resolutions may also contain information of 

interest.16    

  

                                                
14

 George, S., Sullivan, M., Potter, J., & Savage, A. (2015). Time-of-Use Pricing Opt-in Pilot Plan. Nexant, Inc. 

15
 SCE: Advice Letter 3335-E; PG&E: Advice Letter 4764-E; and SDG&E: Advice Letter 2835-E. 

16
 SCE: Resolution E-4761; PG&E: Resolution E-4762; and SDG&E: Resolution E-4769. 
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3 Methodology 

As discussed in Section 2, this interim report provides load impacts and bill impacts for each of eight rate 

treatments tested across the three IOUs for various customer segments and climate regions. The 

ƛƴŎǊŜƳŜƴǘŀƭ ƭƻŀŘ ƛƳǇŀŎǘǎ ŦƻǊ {5Dϧ9Ωǎ ²ŜŜƪƭȅ !ƭŜǊǘ 9Ƴŀƛƭǎ ŀƴŘ ŦƻǊ {/9Ωǎ ŜƴƘŀƴŎŜŘ ŜŘǳŎŀǘƛƻƴ ǘǊŜatment 

are also estimated. Analysis of survey data assessing hardship, customer satisfaction and other variables 

of interest is also provided. This section summarizes the methodological approaches used to estimate 

the metrics of interest for each pilot treatment. The discussion is organized into three broad sections 

summarizing the approach for estimating load impacts, bill impacts, and survey analysis.     

3.1 Load Impact Analysis 

The estimation of load impacts by rate period and changes in annual and seasonal energy use for each 

pilot rate are key pilot objectives. Estimating load impacts for other pilot treatments, such as smart 

thermostats and usage alerts, is also important. Also of interest is how load impacts vary across 

customer segments, both those that were incorporated into the pilot design and sampling plan (e.g., 

impacts for CARE/FERA and non-CARE/FERA customers and for seniors and others in the hot climate 

ȊƻƴŜύ ŀǎ ǿŜƭƭ ŀǎ ǎŜƎƳŜƴǘǎ ǘƘŀǘ ǿŜǊŜƴΩǘ ōǳƛƭǘ ƛƴǘƻ ǘƘŜ Ǉƛƭƻǘ Ǉƭŀƴ ōǳǘ ǘƘŀǘ Ŏŀƴ ōŜ ƛŘŜƴǘƛŦƛŜŘ ǘƘrough 

surveys or from IOU databases.  

The approach used to estimate load impacts for the eight rate treatments spread across the three IOUs 

and for each customer segment that was oversampled rigorously adheres to the RCT design, which 

ensures that the impacts are internally valid. Internal validity means that the treatments being studied 

(e.g., TOU rates) are the cause of any observed difference in loads by rate period between the treatment 

and control conditions.  

The analysis method used is referred to as difference-in-differences (DiD) analysis. This method 

ŜǎǘƛƳŀǘŜǎ ƛƳǇŀŎǘǎ ōȅ ǎǳōǘǊŀŎǘƛƴƎ ǘǊŜŀǘƳŜƴǘ ŎǳǎǘƻƳŜǊǎΩ ƭƻŀŘǎ ŦǊƻƳ ŎƻƴǘǊƻƭ ŎǳǎǘƻƳŜǊǎΩ ƭƻŀŘǎ ƛƴ ŜŀŎƘ 

hour or rate period after the treatments are in place and subtracts from this value the difference in 

loads between treatment and control customers for the same rate period in the pretreatment period. 

With random assignment to treatment and control conditions, this straightforward analysis ensures that 

any estimated impacts are internally valid. Subtracting any difference between treatment and control 

customers prior to the treatment going into effect adjusts for any difference between the two groups 

that might occur due to random chance.  

The DiD analysis can be done by hand using simple averages or by using regression analysis. Customer 

fixed effects rŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎ ŀƭƭƻǿǎ ŜŀŎƘ ŎǳǎǘƻƳŜǊΩǎ ƳŜŀƴ ǳǎŀƎŜ ǘƻ ōŜ ƳƻŘŜƭŜŘ ǎŜǇŀǊŀǘŜƭȅΣ ǿƘƛŎƘ 

reduces the standard error of the impact estimates without changing their magnitude. Additionally, 

standard regression software allows for the calculation of standard errors, confidence intervals, and 

significance tests for load impact estimates that correctly account for the correlation in customer loads 

over time.17 Implementing a DiD through simple arithmetic would yield the same point estimate but it 

would not generate confidence intervals. A typical regression specification for estimating impacts using 

an RCT design is shown in equation 3.1-1:  

                                                
17

 More accurately, they account for the correlation in regression errors within customers over time. 
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Ὧὡȟ ‌ ‎ÐÏÓÔ‍ÔÒÅÁÔÐÏÓÔȟ  ὺ  ‐ȟ Equation 3.1-1 

In Equation 3-1, the variable Ὧὡȟ equals electricity usage during the time period of interest, which 

might be each hour of the day, peak or off-peak rate periods, daily usage or some other period. The 

index i refers to customers and the index t refers to the time period of interest. The estimating database 

would contain electricity usage data during both the pretreatment and post-treatment periods for both 

treatment and control group customers. The variable post is equal to 1 for days after the TOU rate has 

been implemented and a value of 0 for days during the pretreatment period. The treatpost term is the 

ƛƴǘŜǊŀŎǘƛƻƴ ƻŦ ǘǊŜŀǘ ŀƴŘ Ǉƻǎǘ ŀƴŘ ƛǘǎ ŎƻŜŦŦƛŎƛŜƴǘ ʲ ƛǎ ŀ ŘƛŦŦŜǊŜƴŎŜǎ-in-differences estimator of the 

ǘǊŜŀǘƳŜƴǘ ŜŦŦŜŎǘ ǘƘŀǘ ƳŀƪŜǎ ǳǎŜ ƻŦ ǘƘŜ άpretreatmentέ ŘŀǘŀΦ ¢ƘŜ ǇǊƛƳŀǊȅ ǇŀǊŀƳŜǘŜǊ ƻŦ ƛƴǘŜǊŜǎǘ ƛǎ ʲΣ 

which provides the estimated demand impact of TOU during the relevant period. The parameter ὥ is 

equal to mean usage for each customer for the relevant time period (e.g., hourly, peak period, etc.). The 

ὺ term is the customer fixed effects variable that controls for unobserved factors that are time-

invariant and unique to each customer. In the evaluation, Equation 1 was estimated using ordinary least 

squares regression (or weighted least squares in situations where oversampled cells are combined with 

random samples so that the estimated impacts represent the relevant populations) with clustered 

robust standard errors to account for serial correlation that is likely to be present in the data.18 

Customer attrition is an important factor to address in the load impact analysis. Customer attrition 

stems from three factors; customers who move (referred to as churn); customers who become ineligible 

after enrolling in the pilot; and customers who drop off the pilot because they are unhappy being on the 

TOU rate. Customer churn and changes in eligibility should stay the same for both treatment and control 

customers. As such, dropping customers from both treatment and control groups due to churn and 

changes in eligibility do not introduce selection effects. That is, dropping these customers maintains the 

integrity of the RCT design. On the other hand, dropout rates will differ between treatment and control 

customers since, aside from completing a few surveys, there is no real reason for a control customer to 

drop off the pilot. As such, dropping these customers from the estimating sample will introduce a 

selection bias into the estimated impacts if they are analyzed as an RCT.  

In order to address the differential opt-out rates between the treatment and control group, the load 

impact analysis was conducted as if the experiment was based on a Randomized Encouragement Design 

(RED). With a RED design, the behavior of two randomly-chosen groups of customers who were 

subjected to different levels of encouragement to take up a treatment is observed. In a typical RED 

design, the treatment customers are encouraged to enroll in a pilot, and only a certain percentage of 

customers actually sign up. In this case, all of the treatment group customers were enrolled on a TOU 

rate, but some chose to drop out after some period of time. In both cases, the end result is that a 

portion of customers originally assigned to the treatment group do not actually receive the treatment in 

some periods. However, in order to maintain the initial randomization and internal validity of the 

experimental design, all customers assigned to the treatment group must be retained as treatment 

                                                
18

 Serial correlation certainly exists in the variable of interest (treatpost) and is very likely to be present in the dependent 
variable (period average load). If unaddressed, serial correlation will lead to standard errors that are systematically too small. 
This results in overstating the precision of the impact estimate and misleading inference. To adjust for serial correlation, we 
follow the best practices described by Bertrand, et al. (2002), Wooldridge (2003), and Cameron (2010).  
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customers for purposes of the analysis. This ensures that the treatment and control groups still have the 

same expected characteristics prior to the experiment and allows for estimation of the effect of the 

treatment on customers who were affected by the encouragement, as summarized below.  

One fundamental difference between the analyses used for RCTs and for REDs is that with RCTs all 

customers in the treatment group are enrolled and therefore are assumed to be affected by the 

treatment, and none in the control group are affected. In contrast, for REDs, the treatment group 

consists of all customers who received some form of encouragement toward a treatment (in this case 

customers who were enrolled on a TOU rate) and the control group consists of customers who received 

less encouragement or no encouragement (in this case these are the control group customers who were 

not enrolled on a TOU rate). This means the RED treatment group will potentially contain some 

customers who are assumed to be unaffected by the treatment because they declined or in this case 

opted-out of the treatment. This introduces the potential for confusion in terminology when discussing 

REDs because it is often convenient to consider the treatment group of an experiment to be the group 

of all customers who are directly affected by the treatment of interest (e.g., all customers who actually 

enrolled in the TOU pilot).  

For a RED there are two treatments of interest, each vital to producing the final treatment impact 

estimate. First, there is the encouragement treatment, which gives a RED its name. In this case, that 

treatment consists of a customer being enrolled on a TOU rate. Second, there is the impact of the 

treatment itself. That is, the impact for those who do not opt-out (i.e. accept the treatment).  

The same regression specification shown in Equation 3.1-1 for an RCT design can be used to estimate 

the first stage impact, which estimates the impact of the encouragement.19 The estimating database 

includes all customers who were offered the treatment, whether or not they accepted itτmeaning it 

includes those who actually opt-out at some point.20 It also includes the control group. The impact in 

this case represents the average for all customers that received an offer (were enrolled onto a TOU 

rate), not the average for customers who accepted the offer (customers who stayed on the TOU rate). 

This initial load impact estimate is often referred to as the intention-to-treat (ITT) effect. Under the 

reasonable assumption that those who opt-out revert to their pretreatment behavior once they return 

to the OAT, the intention-to-treat estimate can be transformed into the effect of the treatment on those 

who stay compliers by dividing the intention-to-treat estimate by the fraction of the population enrolled 

on the pricing plan in that period. This scaled up effect is often referred to as the local average 

treatment effect (LATE) or, alternatively, the treatment effect on the treated. 

The model shown in Equation 3.1-1 is a simple and transparent specification that produces unbiased 

impact estimates with precise standard errors. It does not incorporate variables such as weather, time, 
                                                
19

 Through the research plan review process Nexant received a suggestion that rather than using the RED analysis approach as 
ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΣ άƻǇǘ-outs could be included in the analysis dataset if the variable treatpost was given a value of 0 once a 
ŎǳǎǘƻƳŜǊ ƘŀŘ ŜȄƛǘŜŘ ǘƘŜ ǇƛƭƻǘέΦ It was suggested that ǘƘƛǎ ǿƻǳƭŘ άŜƭƛƳƛƴŀǘŜ ǘƘŜ ƛǎǎǳŜ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜƭŦ-selecting out of the 
treatment group (they remain as part of the analysis), but allow the ɼ ŦǊƻƳ 9ǉǳŀǘƛƻƴ м ǘƻ ƳƻŘŜƭ ǿƘŀǘ ǿŜΩǾŜ ƛƴǘǳƛǘƛǾŜƭȅ ŎƻƳŜ ǘƻ 
ŜȄǇŜŎǘ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ¢h¦ ǊŀǘŜǎέΦ Nexant conducted some simulation analysis comparing the two approaches 
and found the differences in estimates to be small. This analysis as well as the reasons for staying with the approach outlined 
here are summarized in Appendix Volume 1 (Section 5.3)  

20
 As indicated above, movers will be removed from the estimation database for both treatment and control customers.  
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day of week, customer segment, or other factors that can influence hourly loads. Adding additional 

variables like these can reduce variation in loads over time, thus increasing the precision of the 

estimated impacts. Doing so can also allow for determining whether impacts vary across customer 

characteristics by using interaction terms and observing whether the estimated coefficients are 

statistically significant. Finally, such models can be used to predict what impacts would be for other 

populations or other conditions than those experienced during the pilot. In spite of these potential 

advantages, this approach was not taken for the following reasons.  

Á Lack of transparency: The simple DiD model summarized in Equation 3.1-1 is very easy to 
understand and quite transparent compared with a model that incorporates multiple interaction 
terms. Given the keen interest of many stakeholders in the results from these pilots, we believe 
the transparency and simplicity of the proposed model is important. 

Á Sample size determination was based on the same simple model: As such, given that the target 
sample sizes were met, the target level of precision can be achieved without adding variables to 
the model to try and improve precision. While greater precision is always desirable, the 
potential errors that could be introduced by specification error (see next bullet) must be 
considered. 

Á Potential specification error: Introducing additional terms in the model in order to improve 
precision can lead to specification error and potential bias. For example, if the relationship 
between interaction terms and load is non-linear but a linear specification is used, the estimated 
coefficients would be biased and potentially misleading, especially across values at the extremes 
of the distribution.  

Á The correlation between impacts and customer characteristics can be determined differently 
while maintaining transparency and avoiding specification error: This can be done by 
partitioning the data for treatment and control customers into segments (e.g., a/c owners, 
usage stratum, pretreatment load shapes, etc.) and then using the simple DiD regression to the 
segmented data (assuming the segments of interest are large enough).  

The load impact estimates reported here conform to the requirements for ex post evaluation of non-

ŜǾŜƴǘ ōŀǎŜŘ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ǊŜǎƻǳǊŎŜǎ ŀǎ ƛƴŘƛŎŀǘŜŘ ƛƴ /ŀƭƛŦƻǊƴƛŀΩǎ 5ŜƳŀƴŘ wŜǎǇƻƴǎŜ [ƻŀŘ LƳǇŀŎǘ 

Protocols.21 These protocols require that load impacts in each hour be developed for the average 

weekday and monthly system peak days for each month of the year. Although not explicitly required by 

the protocols, load impacts for the average weekend day are also developed for each month of the year 

given that the TOU rates are also effective on the weekends. As this is an ex post evaluation, average 

weekday impacts are based on the observed customer load pooled across the weekdays in each month, 

and similarly for weekend days. Monthly system peak day impacts are estimated based on loads that 

occur on the historical monthly system peak days. Weather normalized results, such as those conducted 

for demand response ex ante load impacts, are not currently in scope for this evaluation. Load impacts 

are presented in both nominal (kWh) and proportional (%) terms. 

Figure 3.1-1 displays an image from an Excel spreadsheet containing the output that is produced for 

each IOU, rate treatment, customer segment, climate region, day type, and month covered by this 

interim analysis. These Excel spreadsheets are available upon request through the CPUC. Pull down 

                                                
21

 http://www.calmac.org/events/FinalDecision_AttachementA.pdf  

http://www.calmac.org/events/FinalDecision_AttachementA.pdf
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menus in the upper left hand corner of the spreadsheet allow users to select different customer 

segments, climate regions, day types (e.g., weekdays, weekends, monthly peak day) and time period 

(individual months or the average of July, August and September). In this written report, tables and 

graphs are presented that report estimated load impacts by treatment, rate period, customer segment, 

and day type for the summer period.  

As discussed in Section 2.1, the experimental design and sampling were constructed so that load 

impacts and other metrics can be reported for selected customer segments and climate regions. For the 

segments around which the pilots were designed, load impacts are estimated using the model 

represented in Equation 3.1-1 for the data partitioned by segment (for both treatment and control 

customers). These estimates are internally valid by virtue of the RCT/RED design and DiD analysis.  

There is also interest in knowing whether load impacts might vary across numerous other customer 

segments. Characteristics of potential interest might include psychological personas, load shape (e.g., 

peaky versus non-peaky loads), usage stratum (e.g., high and low usage customers), whether or not a 

customer was a structural benefiter or non-benefiter, whether or not a customer owns central air 

ŎƻƴŘƛǘƛƻƴƛƴƎΣ ǎŜƴƛƻǊ ƘƻǳǎŜƘƻƭŘǎ ƛƴ ŎƻƻƭŜǊ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴǎΣ ŎǳǎǘƻƳŜǊǎ ǿƘƻ Řƻ ŀƴŘ ŘƻƴΩǘ ŜȄǇŜǊƛŜƴŎŜ 

economic index based on survey questions, highly satisfied or less satisfied customers and others. 

Whether or not a DiD RCT analysis can be used to produce unbiased, internally valid load impact 

estimates for these ex post customer segments depends on several factors. A discussion of the 

conditions under which such analysis is valid is contained in Appendix Volume 1, Section 5.3.3. Analysis 

for segments other than those for which the pilot was designed is not provided in this interim report. 
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Figure 3.1-1: Average Hourly Load Impact Estimates for PG&Eôs TOU Pilot Rate 1 

Segment All Period
Reference 

kW
Treat kW Impact

Percent 

Impact

Hour 

Ending

Reference 

kW
Treat kW Impact

Percent 

Impact
Price Period

Rate Rate 1 5 Peak 1.04 0.98 0.06 5.8% 0.06 0.06 1 0.51 0.51 0.00 -0.1% -0.01 0.01 $0.28 Off Peak

Month July, August, September 2016 0 Partial Peak N/A N/A N/A N/A N/A N/A 2 0.45 0.45 0.00 -0.3% -0.01 0.00 $0.28 Off Peak

Day Type Average Weekday 19 Off Peak 0.59 0.59 0.00 -0.4% 0.00 0.00 3 0.41 0.41 0.00 0.0% -0.01 0.01 $0.28 Off Peak

Treated Customers 6,428 0 Super Off Peak N/A N/A N/A N/A N/A N/A 4 0.39 0.39 0.00 0.8% 0.00 0.01 $0.28 Off Peak

24 Daily kWh 16.43 16.17 0.26 1.6% 0.22 0.30 5 0.39 0.39 0.00 0.8% 0.00 0.01 $0.28 Off Peak

6 0.42 0.41 0.00 1.1% 0.00 0.01 $0.28 Off Peak

7 0.48 0.48 0.00 -0.2% -0.01 0.01 $0.28 Off Peak

8 0.53 0.54 -0.01 -1.6% -0.02 0.00 $0.28 Off Peak

9 0.54 0.54 -0.01 -1.2% -0.01 0.00 $0.28 Off Peak

10 0.55 0.56 -0.01 -1.7% -0.02 0.00 $0.28 Off Peak

11 0.57 0.58 -0.01 -1.5% -0.02 0.00 $0.28 Off Peak

12 0.61 0.62 -0.01 -1.3% -0.02 0.00 $0.28 Off Peak

13 0.67 0.67 -0.01 -1.0% -0.02 0.00 $0.28 Off Peak

14 0.73 0.73 -0.01 -0.9% -0.02 0.00 $0.28 Off Peak

15 0.80 0.80 -0.01 -0.7% -0.02 0.00 $0.28 Off Peak

16 0.89 0.89 0.00 0.4% -0.01 0.01 $0.28 Off Peak

17 0.98 0.93 0.05 5.2% 0.04 0.06 $0.37 Peak

18 1.06 1.00 0.06 6.0% 0.05 0.07 $0.37 Peak

19 1.09 1.02 0.07 6.4% 0.06 0.08 $0.37 Peak

20 1.05 0.99 0.06 5.7% 0.05 0.07 $0.37 Peak

21 1.01 0.96 0.06 5.5% 0.05 0.07 $0.37 Peak

22 0.92 0.91 0.01 1.3% 0.00 0.02 $0.28 Off Peak

23 0.77 0.77 0.00 -0.5% -0.01 0.00 $0.28 Off Peak

24 0.62 0.62 0.00 -0.2% -0.01 0.01 $0.28 Off Peak

Daily kWh 16.43 16.17 0.26 1.6% 0.22 0.30 N/A N/A

90% Confidence 

Interval

90% Confidence 

Interval

$0.00

$0.10

$0.20

$0.30

$0.40

$0.50

$0.60

$0.70

-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1.20

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

P
r
ic

e
 p

e
r
 k

W
h

k
W

Hour Ending

Price per kWh Reference kW Treat kW Impact 90% Confidence Interval



Methodology 

 22 

3.2 Bill Impact Analysis 

¢ƘŜ ƛƳǇŀŎǘ ƻŦ ¢h¦ ǊŀǘŜǎ ƻƴ ŎǳǎǘƻƳŜǊǎΩ ōƛƭƭǎ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ƳŜǘǊƛŎ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ ƳǳƭǘƛǇƭŜ ǎǘŀƪŜƘƻƭŘŜǊǎ. 

A key design requirement for the TOU pilots and one of the primary objectives delineated in the Advice 

Letters and the Commission resolutions is to estimate bill impacts based on both pre- and post-

treatment usage for a variety of customer segments. In hot climate regions, these segments include: 

seniors; CARE/FERA customers; households with incomes less than 100% of Federal Poverty Guidelines 

(FPG); and households with incomes between 100% and 200% of FPG. The bill impacts of TOU rates on 

CARE/FERA and non-CARE/FERA households in the moderate and cool climate regions is also of interest.  

From a policy standpoint, what is of primary inteǊŜǎǘ ƛǎ Ƙƻǿ ƳǳŎƘ ƛƴŘƛǾƛŘǳŀƭ ŎǳǎǘƻƳŜǊǎΩ ōƛƭƭǎ ŎƘŀƴƎŜ ŀǎ ŀ 

result of being placed on a TOU rate after they adjust their behavior (or choose not to) in response to 

the time-varying price signals associated with the rate. However, it is not valid to compare an 

ƛƴŘƛǾƛŘǳŀƭΩǎ ōƛƭƭ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ ǘƘŜȅ ŀǊŜ ǇƭŀŎŜŘ ƻƴ ŀ ¢h¦ ǊŀǘŜ ōŜŎŀǳǎŜ ǘƘŜǊŜ ŀǊŜ ƳȅǊƛŀŘ ǊŜŀǎƻƴǎ ǿƘȅ 

such bills might change that have nothing to do with the new rate. A specific household might have 

gained or lost a household member, had a teenager go away to (or return from) college, made an 

addition to the house, purchased an electric vehicle, changed one or more appliances, or made any of a 

number of other changes that could cause very significant changes to usage and bills that have nothing 

to do with the rate change. As such, a key challenge is determining how best to answer the key policy 

ǉǳŜǎǘƛƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ōƛƭƭ ƛƳǇŀŎǘǎ ǿƛǘƘƻǳǘ ǊŜƭȅƛƴƎ ƻƴ άōŜŦƻǊŜ-and-ŀŦǘŜǊέ ŎƻƳǇŀǊƛǎƻƴǎ ƻŦ ōƛƭƭǎ ŦƻǊ 

individual customers.  

The basic approach used to examine the distribution of bill impacts for both treatment and control 

customers based on both pre- and post-treatment usage. By estimating bill impacts based on 

pretreatment usage, it is possible to identify the percent of customers in segments of interest that are 

structural benefiters and non-benefiters. It is also possible to determine, for example, the percent of 

customers in each segment that would see bill increases of, say, 10% or more or $20 dollars or more, if 

they didƴΩǘ ŎƘŀƴƎŜ their usage in response to the new rate. However, as indicated above, comparing this 

distribution based on pretreatment usage with a similar distribution or metric based on post-treatment 

usage for participants does not produce a valid estimate of the impact of a price-induced change in 

behavior on bill impacts because some or all of the observed change could result from some exogenous 

factors, such as differences in weather or a slowdown in the economy, or a change in the number of 

people in the household. Put another way, if we found that 25% of customers would see bill impacts 

greater than $20 based on pretreatment usage but only 20% would see a bill impact of $20 or more 

based on post-ǘǊŜŀǘƳŜƴǘ ǳǎŀƎŜΣ ǿŜ ǿƻǳƭŘƴΩǘ ƪƴƻǿ ƛŦ ǎƻƳŜ ƻŦ ǘƘŀǘ ƻōǎŜǊǾŜŘ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ǇŜǊŎŜƴǘ ƻŦ 

customers experiencing high bill impacts resulted from a cooler than normal summer period with less 

load used during high priced periods.  

To address this issue, we compare the change in the bill distribution and other metrics for treatment 

and control customers to determine how much of the observed change in the distribution is driven by 

price-induced behavior change and how much is driven by exogenous factors. Suppose, for example, we 

found that the percent of control group customers experiencing a bill impact greater than $20 was the 

same if calculated based on usage in both the pre- and post-treatment periods. Given this, we could say 

with confidence that the drop from 25% to 20% in the percent of customers in the treatment group 

experiencing bill impacts above $20 was due to a change in behavior for these customers in response to 
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the TOU pricing and not due to some exogenous factor. Alternatively, if we found that the percent of 

control customers experiencing a bill increase based on post-treatment usage was down from 25% to 

23%, then we could attribute 3 percentage points (60%) of the observed 5 percentage point change in 

the percent of treatment customers experiencing a $20 or more bill impact to a change in usage 

behavior and the remaining 2 percentage points (40%) to some exogenous factor such as weather. 

Conceptually, this approach is equivalent to a difference-in-differences calculation. Bill impacts based on 

the DiD approach as defined above were estimated for a set of metrics including an estimation of the 

average bill impact due to changes in usage, estimation of the total bill impact due to differences in the 

tariffs (holding usage constant) and behavior change, and the change in the distribution of bill impacts 

due to behavior change. 

The calculation of bill impacts is quite straightforward. The primary challenge in this instance is to 

determine the best way to present the analysis so that it clearly answers the policy questions of interest. 

Based on iterative discussions with stakeholders, the following four analyses were conducted: 

Á Structural benefiter/non-benefiter analysis based on pretreatment usage- Displaying the 
proportions of structural benefiters and non-benefiters for each rate and relevant customer 
segment based on pretreatment data on an annual and summer season basis; 

Á Estimation of the average bill impact due to changes in usage- Displaying the average bill 
impact  resulting from changes in behavior in response to the new price signals for each rate and 
relevant customer segment (after controlling for exogenous factors); 

Á Estimation of the total bill impact due to differences in the tariffs (holding usage constant) and 
behavior change- Displaying the bill impact for each rate and relevant customer segment due to 
structural differences in the rate mitigated by changes in behavior; 

Á Change in the distribution of bill impacts due to behavior change- Displaying the distribution 
curves of bill impacts (percentage of customers with bill impacts within $10 incremental bins) 
with and without behavior change in the same graph to illustrate if the distribution 
for participants shifted to the left or changed shape compared with the distribution for control 
customers without behavior change. 

The following subsections provide detailed descriptions of the analysis methods implemented in each of 

the four billing impact analyses. Given the number of terms and variation in the equations used for each 

analysis, a common set of abbreviations used below are defined in Table 3.2-1. 
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Table 3.2-1: Terms Used in Billing Analysis Equations 

Abbreviation Term / Definition 

PRE 
Pre-Treatment Period ςThe period of time prior to 
enrollment on the TOU rate 

POST 
Post-Treatment Period ς The period of time after 
enrollment on the TOU rate 

OAT 
Otherwise Applicable Tariff ς The rate a customer would 
ōŜ ƻƴ ƛŦ ǘƘŜȅ ǿŜǊŜƴΩǘ ŜƴǊƻƭƭŜŘ ƻƴ ǘƘŜ ¢h¦ ǊŀǘŜ 

TOU Time-of-use Rate ς The TOU rate for the Pilot 

TREAT Treatment Group ς Customers on the TOU rate 

CTRL Control Group ς Customers on the OAT rate 

CUST Customers 

 

 Structural Benefiter/Non-Benefiter Analysis Based on Pretreatment 3.2.1
Usage 

The structural benefiter analysis was conducted for the summer and annual time periods using 

pretreatment data for the treatment group for each rate and relevant customer segment. Annual 

impacts are based on hourly load data from May 2015 through April 2016 for all three utilities. This time 

period was selected to ensure that customer energy use was as close to the present time as possible, 

ōǳǘ ǿŀǎƴΩǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǳǘƛƭƛǘƛŜǎΩ communications with customers about the pilot. 

Summer impacts are based on June 2015 through September 2015 for PG&E and SCE, and May 2015 

through October 2015 for SDG&E due to their longer summer period. 

Average monthly bills are estimated for each treatment group customer on the OAT and TOU rate using 

the hourly load data. Prior to estimating any structural bill impacts, the monthly bills generated from the 

hourly load data were compared to the actual bills generated by the utilities for validation. After 

working with the utilities to understand any discrepancies, all rates for all utilities ultimately passed the 

validation test. The difference between the TOU rate and the OAT rate determined if a customer was a 

structural benefiter or non-benefiter, as shown in Equation 3.2-1. 

Equation 3.2-1: Structural Benefiter / Non-Benefiter  

(PRE, TREAT, TOU)22 ς (PRE, TREAT, OAT) 

On some rates a significant portion of the customers exhibited differences that were close to zero. As 

such, it could appear that a large share of customers were structural benefiters or non-benefiters even 

when bill impacts for a large number of customers are quite small. To address this, a neutral category of 

                                                
22

 Each parenthetical term in the equation contains three acronyms which were defined in Table 3-2. The first acronym refers to 
the time period (i.e. pre- or post-enrollment), the second to the customer group (control or treatment), and the third to the 
rate (OAT or TOU). For example, (PRE, TREAT, TOU) refers to the bill amount based on pretreatment usage for treatment 
customers using the TOU tariff.  
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+/- $3 per month was defined. The neutral category helps ensure that the assignment to the structural 

benefiter or non-benefiter category is more meaningful and not overly influenced by customers who 

would experience a difference in bills of only a few dollars.  

Similar to the load impact analysis, in some instances, customers are allowed to be represented in 

multiple segments. For example, a senior customer on CARE in the hot climate region is allowed to 

represent CARE customers and senior customers. This is accomplished using a weighting scheme where 

ŜŀŎƘ ǎŜƎƳŜƴǘΩǎ ǇǊƻǇƻǊǘƛƻƴ within the general population is known. If a segment happens to be over-

sampled, its weight is scaled accordingly so that in the final calculations, it was properly represented. 

The weights used for each segment and treatment cell are shown in Sections 4.2, 5.2 and 6.2 for PG&E, 

SCE, and SDG&E, respectively. 

The final results from the structural benefiter / non-benefiter analysis are presented in column graphs 

and shown as percentages for the summer season and on an annual basis. For each rate and relevant 

segment, the percentage of customers who are non-benefiters, neutral (+/- $3), or benefiters based on 

their average monthly bills for the time period of interest are shown as individual columns. The three 

columns within each rate and segment combination total 100%, thus showing the distribution of 

structural benefiters and non-benefiters for each rate and segment of interest. 

 Estimation of the Average Bill Impact Due to Behavior Change 3.2.2

The average bill impact due to customers changing their behavior in response to the TOU rates is 

estimated by first calculating bills for both the treatment and control group under the TOU rate during 

the pre-and post-treatment periods. A difference-in-differences (DiD) fixed effects model, similar to that 

used for estimating load impacts, is then used to estimate the average bill impact for the rate and 

segment of interest. The DiD analysis can be expressed by Equation 3.2-2.23 

Equation 3.2-2: Average Bill Impact Due to Changes in Usage 

[(POST, CTRL, TOU) - (POST, TREAT, TOU)] - [(PRE, CTRL, TOU) - (PRE, TREAT, TOU)] 

In simplified terms, the estimated value equals the difference between the control group and the 

treatment group bills calculated on the TOU rate using post-treatment usage minus any pre-existing 

differences between the control and treatment group bills based on pretreatment usage. The control 

group bill calculated on the TOU rate represents the bill that would be expected if a customer was billed 

ƻƴ ǘƘŜ ¢h¦ ǊŀǘŜΣ ōǳǘ ŘƛŘƴΩǘ ŎƘŀƴƎŜ ǘƘŜƛǊ ŜƴŜǊƎȅ ǳǎŜ ōŜƘŀǾƛƻǊΦ ¢ƘŜ ōƛƭƭ ŦƻǊ ǘƘŜ ǘreatment group 

customers on the TOU rate reflects any behavioral changes in response to being on the TOU rate. By 

ǎǳōǘǊŀŎǘƛƴƎ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƎǊƻǳǇΩǎ ŀǾŜǊŀƎŜ ōƛƭƭ ŦǊƻƳ ǘƘŜ ŎƻƴǘǊƻƭ ƎǊƻǳǇΩǎ ŀǾŜǊŀƎŜ ōƛƭƭτand removing any 

pre-existing differencesτwe are able estimate the average bill impact attributable to the treatment 

ƎǊƻǳǇΩǎ ŎƘŀƴƎŜ ƛƴ ōŜƘŀǾƛƻǊ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ŜȄǇƻǎǳǊŜ ǘƻ ǘƘŜ Ǉƛƭƻǘ ǊŀǘŜΣ ŀŦǘŜǊ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ ŜȄƻƎŜƴƻǳǎ 

factors. A positive impact indicates that customers successfully reduced their bills relative to the control 

group who did not respond to a TOU rate.  

                                                
23

 In practice this is estimated via an econometric model, and some of the terms drop out. However, this equation is provided in 
order to present the concept of the calculations that are involved with the analysis. The outcome of this equation and the 
econometric model are identical, but the econometric model also produces standard errors which are used to determine if the 
results are statistically significant. 
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Bill impacts are presented on a column graph and shown as dollar impacts for the average summer 

monthly bill across July, August, and September for PG&E and SCE24; October is included for SDG&E due 

to their longer summer season. Impacts are organized by rate, climate region, and segment. The bill 

impact in percentage terms that corresponds to the dollar amount is also reported. It should also be 

noted that small bill impacts do not necessarily indicate that customers did not change their behavior. 

Bill impacts depend on the combination of changes in usage in each rate period. Customer may reduce 

use during the peak period but increase it in the off-peak period not just due to load shifting but also 

due to increased end-use activity. Depending on the relative magnitude of these changes and the rate 

differentials, significant behavior changes could lead to minimal changes in the total bill.  

 Estimation of the Total Bill Impact Due to Differences in the Tariffs 3.2.3
(Holding Usage Constant) and Behavior Change 

Total bill impacts experienced by customers on a TOU rate can be decomposed into two components: 

the structural impact, and the behavioral impact. The structural impact represents the change in 

customer bills based solely on the change in the underlying structure and prices for the rate. In this case, 

it is the change from the OAT to the time-differentiated TOU pilot rates. The behavioral impact 

represents how the customer changed their energy usage in response to the new pricing structure of 

the rateτwhich includes higher prices in the afternoon and evening and lower prices at other times of 

the day. During the summer period, most customers experienced a structural increase in their bills due 

to transitioning to the TOU rate. However, customers also had an opportunity to offset that increase by 

changing their energy use behavior in response to the new price signals. As noted above, it is the 

combination of the structural and behavioral impacts that produces the total bill impact experienced by 

the average study participant. 

The estimation of the total bill impact requires the calculation of three components: 

Á No Change in Behavior or Tariff [1]: Estimate bills for control group customers based on post-

treatment usage and the OAT and adjust for any small pretreatment difference in bills between 

control and treatment customers. 

Equation 3.2-3: No Change in Behavior or Tariff 

(POST, CTRL, OAT) - [(PRE, CTRL, OAT) ς (PRE, TREAT, OAT)] 

ī This represents what the treatment group bills would have been in the post-treatment 

period if they were on the OAT and had not changed their behavior. 

ī It adjusts for exogenous factors that might affect bills such as differences in weather, 

economic conditions, or the like.  

Á No Change in Behavior, Change in Tariff [2]: Estimate bills for control customers based on the 

TOU tariff using post-treatment usage and adjust for any small pretreatment differences in bills 

between control and treatment customers. 

                                                
24

 July is omitted for SCE Rate 3 customers due to the timing of customers being transitioned onto the rate during that month. 
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Equation 3.2-4: No Change in Behavior, Change in Tariff 

(POST, CTRL, TOU) - [(PRE, CTRL, TOU) ς (PRE, TREAT, TOU)] 

ī This represents what the treatment group bills would have been in the post-treatment 

period if they were on the TOU rate and had not changed their behavior. 

Á Change in Behavior and in Tariff [3]: Estimate bills for treatment customers based on the TOU 

tariff using post-treatment usage. 

Equation 3.2-5: Change in Behavior and in Tariff 

(POST, TREAT, TOU) 

ī This represents what the treatment group bills were in the post-treatment period on the 

TOU rate with a change in behavior 

Based on the components defined above, the following metrics are calculated: 

Á The difference between [1] and [2] is the structural bill impact;  

Á The difference between [1] and [3] is the bill impact due to structural differences in the rates, 

but mitigated by changes in behavior; 

Á The difference between [2] and [3] is the amount customers were able reduce their bills by 

changing their behavior. 

The results from this analysis are presented as the average summer monthly bills for July, August, and 

September for PG&E and SCE25 τOctober is included for SDG&E due to their longer summer seasonτ

for [1], [2], and [3] as defined above. Presenting the total expected bill amount helps to provide context 

for the magnitude of the differences. In this exercise, one of the major factors is the relationship 

between the structural bill impacts, and how customers were able to respond. This relationship is 

ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ άǇŜǊŎŜƴǘŀƎŜ ƻŦ ǎǘǊǳŎǘǳǊŀƭ ƭƻǎǎ ƳƛǘƛƎŀǘŜŘ ōȅ the change in behŀǾƛƻǊέΦ tǳǘ ŘƛŦŦŜǊŜƴǘƭȅΣ 

this percentage represents how much of the bill increase from the TOU rate the customers are able to 

offset. Results are reported by rate, climate region, and segment; similar to the other bill impact analysis 

sections. 

 Change in the Distribution of Bill Impacts Due to Behavior Change 3.2.4

The fourth analysis presents the distribution of bill impacts for customers with and without behavioral 

change, and is designed to show how the distribution shifts in when customers respond to the rate by 

changing behavior. Similar to the other analyses, impact distributions are based on the average summer 

monthly bills for July, August, and September for PG&E and SCE25 and October is included for SDG&E 

due to their longer summer season. The distributions are developed by estimating the percentage of 

customers who fall into bill impact ranges or bins, organized in $10 increments.26 The underlying 

calculations used to develop the distributions are based on a DiD approach that compares the bills for 

                                                
25

 July is omitted for SCE Rate 3 customers due to the timing of customers being transitioned onto the rate during that month. 

26
 It should be noted that there is uncertainty associated with this distribution because calculations are not made at the 

individual customer level. There is also uncertainty associated with this calculation because the pilot itself is a sample and not 
the entire population. 
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treatment and control customers using both pre- and post-treatment usage. This analysis involves the 

following steps. 

Equation 3.2-6: Steps for Calculating Change in Distribution of Bill Impacts27 

Á Develop bill distributions: For each range from $X to $Y in $10 increments, the percentage of 
customers experiencing bill impacts is calculated with and without a behavior change. 

-  With change in behavior: 

Á (POST, TREAT, $X, $Y) 

-  No change in behavior: 

Á (POST, CTRL28, $X, $Y)- [(PRE, CTRL, $X, $Y) - (PRE, TREAT, $X, $Y)] 

Á Underlying calculations: (by bins or range from $X to $Y)  

-  (PRE, CTRL, $X, $Y) = % of segment where:  

$X < [(PRE, CTRL, TOU) - (PRE, CTRL, OAT)] < $Y 

-  (PRE, TREAT, $X, $Y) = % of segment where: 

$X < [(PRE, TREAT, TOU) - (PRE, TREAT, OAT)] < $Y  

-  (POST, CTRL, $X, $Y) = % of segment where: 

$X < [(POST, CTRL, TOU) - (POST, CTRL, OAT)] < $Y 

-  (POST, TREAT, $X, $Y) = % of segment where: 

$X < [(POST, TREAT, TOU) - (POST, TREAT, OAT)] < $Y. 

Structural bill impacts are estimated for two cases, with and without behavior change, using the four 

terms defined above. Customers are segmented into bill impact bins. The percentage of customers in 

each $10 increment (with and without behavior change) is used to produce the two distributions of bill 

impacts.  

The two distributions are presented on a line graph, with the height of the line at any given $10 

increment representing the percentage of customers experiencing a bill impact of the corresponding 

dollar amount. An example is provided in Figure 3.2-1. In this case, the bill impact is measured as the 

difference between the TOU bill and the OAT bill. For example, if the point on the line graph in the $21 

to $30 range is at 25% for the group without behavior change, it indicates that 25% of customers in the 

group could expect to see an increase of between $21 and $30 per month on their bill if they switched 

ŦǊƻƳ ǘƘŜ h!¢ ǘƻ ŀ ¢h¦ ǊŀǘŜ ŀƴŘ ŘƛŘƴΩǘ ŎƘŀƴƎŜ ǘƘŜƛǊ ōŜƘŀǾƛƻǊΦ LŦ ǘƘŜ ƭƛƴŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ ǿƛǘƘ behavior 

change is to the left of the line representing the group with no change in behavior, it shows that at least 

some customers were able to lower their bills by modifying their energy use. It is important to note that 

customers could move up or down through the incremental impact bins, and could potentially move 

                                                
27

 It should be noted that the estimate is based on a difference in differences calculation done arithmetically (as opposed to a 
regression analysis) and, therefore, confidence intervals cannot be estimatedΦ IƻǿŜǾŜǊΣ ǘƘŀǘ ŘƻŜǎƴΩǘ ƳŜŀƴ ǘƘŀǘ ǘƘŜǊŜ ƛǎƴΩǘ 
uncertainty involved in the estimate because the reference load itself is an estimateΦ ¢ƘŜǊŜŦƻǊŜ ǘƘŜ άǘǊǳŜέ ƛƳǇŀŎǘ ŎƻǳƭŘ ōŜ 
ǎƳŀƭƭŜǊ ƻǊ ƭŀǊƎŜǊ ǘƘŀƴ ǿƘŀǘΩǎ ŀŎǘǳŀƭƭȅ ōŜƛƴƎ ǊŜǇƻǊǘŜŘΦ 

28
 The calculations for estimating bill impacts for the control group are based on the bills for individual customers, not an 

estimated reference load as seen in the load impacts section. This allows customers to be slotted into each of the dollar 
segments. After the difference in difference is calculated, there are no longer any individual customer data points. 



Methodology 

 29 

more than one binτmeaning that a customer could potentially experience a bill increase due to their 

behavioral response, or they could jump down several bins and go from a $21 to $30 per month bill 

impact down to $1 to $10 impact, for example.  

Given customers can shift anywhere along the curve on the graph, the key take away from this analysis  

is to observe the changes in the shape of the distribution of the line representing the group who 

changed their behavior, relative to the line representing no change in behavior. The interpretation of 

the changing shape of the distributions will be discussed in more detail in the results sections where 

actual results are presented. 

Figure 3.2-1: PG&E Rate 1 Change in the Distribution of Bill Impacts  
Due to Behavior Change 

 

3.3 Survey Design and Analysis 

In addition to estimating load and bill impacts, key objectives for the TOU pilots included research 

questions that could only be addressed through customer surveys. An integral part of pilot design was to 

conduct two surveys, one at the end of the first summer and the other at the end of the first full year on 

ǘƘŜ ¢h¦ ǊŀǘŜǎΦ ! ǎǳōǎǘŀƴǘƛŀƭ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ άǇŀȅ-to-Ǉƭŀȅέ ƛƴŎŜƴǘƛǾŜǎ ǳǎŜŘ ǘƻ ǊŜŎǊǳƛǘ ŎǳǎǘƻƳŜǊǎ ƛƴǘƻ ǘƘŜ 

study were tied to completion of the surveys to obtain high response rates for both treatment and 

control customers, which is essential to obtaining valid insights regarding some of the key research 

issues of interest. The remainder of this section provides an overview of the key research questions 

being studied through the initial survey, survey design and implementation, analytical methods that 

were applied to obtain key research findings, and other implementation and methodological issues 

useful for understanding and interpreting the survey findings presented in Sections 4 through 6. The 

survey was conducted and analyzed by Research Into Action (RIA).  
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 Survey Design 3.3.1

RIA, in collaboration with the TOU working group, developed a 20-minute survey to answer the 

following key research questions: 

Á What motivated respondents to participate in the study? 

Á How satisfied are respondents with their study rate and their utility? 

Á Do respondents understand key elements of how their study rate works? 

Á Did customers experience issues with paying their bills because of their study rate? 

Á Did their study rate increase economic or health hardship? 

Á What actions did they take to shift use on their study rate? 

Á Did respondents use study websites, apps, or tools to help manage their electricity use? 

The 2016 survey specifically assessed differences in responses between those customers on the control 

rate (OAT) and those on the TOU rates for the summer months of the pilot. In addition to addressing the 

key research questions listed above, the survey included questions on demographics, housing 

characteristics, and attitudes toward and awareness of energy efficiency and demand response to help 

explain the survey findings. See Appendix Volume II for the survey guide and mapping of survey 

questions to the key research questions.  

To manage survey length and respondent burden, the number of questions for mail and phone 

respondents was limited (see Figure 3.3-1). To determine which questions to leave out of the mail and 

ǇƘƻƴŜ ǎǳǊǾŜȅΣ ǘƘŜ ǎǳǊǾŜȅ ǉǳŜǎǘƛƻƴǎ ǿŜǊŜ ŘƛǾƛŘŜŘ ƛƴǘƻ άŎƻǊŜέ ŀƴŘ άƴƻƴ-ŎƻǊŜέ ǉǳŜǎǘƛƻƴǎΦ /ƻǊŜ ǉǳŜǎǘƛƻƴǎ 

contained all questions necessary to address regulatory requirements, including all hardship questions, 

welcome kit messaging questions, rate and utility satisfaction, motivations for participation, 

understanding of the rate, and actions taken in response to the rate. Non-core items included IOU-

specific questions, website and smartphone application questions, and smart thermostat use questions. 

All core questions were included in each survey mode and non-core questions were added to the web 

survey. Because 81% of survey responses were completed via the web, the non-core questions were 

answered by the majority of respondents.  

Figure 3.3-1: Breakdown of Questions by Survey Mode 
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High Response Rates Ensure Valid 
Results 

A mixed-mode (email, mail, and phone) 
survey methodology was employed to 
help ensure high response rates and 
minimize response bias. This, 
combined with the incentives paid for 
survey completion, produced response 
rates by segment ranging from a low of 
66% to a high of 96%. Importantly, 
response rates were very similar 
between control and treatment groups, 
which ensures the internal validity of 
key findings based on comparisons 
across groups.  

 Survey implementation 3.3.2

An email, mail, and phone (EMP) mixed-mode survey 

approach was used for all segments in the pilot to 

achieve a high response rate from pilot participants.29 

An attempt was made to reach a complete census of all 

pilot participants. Pilot participants with email 

addresses received a mail invitation letter with a web 

link, then two email invitations. Non-responders 

received a mailed questionnaire and a phone call. Pilot 

participants without email addresses received a mail 

invitation letter with web link, followed by an additional 

invitation. Non-responders received a mailed 

questionnaire, a follow-up postcard reminder, and, 

finally, a phone call (Figure 3.3-2). All participants who 

did not respond via email or mail were called. See 

Appendix Volume II for examples of invitation letters 

and survey booklets. 

Figure 3.3-2: EMP Process for 2016 Survey 

 

²ŀǎƘƛƴƎǘƻƴ {ǘŀǘŜΩǎ Social and Economic Sciences Research Center (SESRC) fielded the survey between 

October and December 2016. An overall response rate of 82% and a 94% cooperation rate were 

obtained across the three IOUs. Table 3.3-1 shows a detailed disposition table with counts and rates for 

each IOU and for the three IOUs combined. The response rates were sufficiently high to minimize non-

response bias. In addition, most respondents to the survey (88% to 95%) reported that their name is on 

the bill they receive from their IOU.  

                                                
29

 {ǳǊǾŜȅ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǿŀǎ ōŀǎŜŘ ƻƴ 5ƛƭƭƳŀƴΩǎ ¢ŀƛƭƻǊŜŘ 5ŜǎƛƎƴ aŜǘƘƻŘΦ Dillman, Don A., Smyth, Jolene D., Christian, Leah 
Melani. 2014. Internet, Phone, Mail, and Mixed-Mode Surveys: The Tailored Design Method, 4th edition. John Wiley: Hoboken, 
NJ. 
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Table 3.3-1: Disposition Table for 2016 Survey30 

Disposition Code PG&E SCE SDG&E Total 

Completes 

Phone completes 843 553 195 1,591 

Mail completes 2,613 2,594 1,485 6,692 

Web completes 12,731 12,740 10,804 36,275 

Phone partial completes 168 88 42 298 

Web partial completes 234 206 228 668 

Eligible - Not Surveyed 

Refusal 338 195 82 615 

Non-contact 429 376 154 959 

Answering machine 1,874 2,057 940 4,871 

Deceased respondent 10 6 5 21 

Physically or mentally unable 12 5 8 25 

Language problem 422 667 236 1,325 

Unknown Eligibility - Not Surveyed 

Always busy 41 32 20 93 

No answer 197 178 66 441 

Call blocking 53 72 23 148 

USPS: Returned to sender  64 14 13 91 

Not Eligible - Not Surveyed 

Number not working, disconnected, changed 348 286 414 1,048 

Other 52 39 17 108 

Total Counts 

Total phone numbers used 20,429 20,108 14,732 55,269 

Complete Interviews 16,187 15,887 12,484 44,558 

Partial Interviews 402 294 270 966 

Refusal and break off 338 195 82 615 

Non-contact 2,303 2,433 1,094 5,830 

Other 444 678 249 1,371 

Response Rates 

Response Rate - Completes only 81% 80% 87% 82% 

Response Rate - Full and partial completes 83% 82% 89% 84% 

Cooperation Rates 

Cooperation rate - All respondents 93% 93% 95% 94% 

Cooperation rate - All eligible 98% 99% 99% 99% 

 

                                                
30

 The American Association for Public Opinion Research (AAPOR) standard disposition definitions was used for this disposition 
table. http://www.aapor.org/AAPOR_Main/media/publications/Standard-Definitions20169theditionfinal.pdf  

http://www.aapor.org/AAPOR_Main/media/publications/Standard-Definitions20169theditionfinal.pdf


Methodology 

 33 

 Survey Data Validation Checks 3.3.3
To ensure that the internal validity of the RCT remained intact, response rates between the control and 

TOU rate groups were compared for each customer segment. Segment response rates varied from a low 

of 66% to a high of 96%. Lower-income, hard to reach populations had lower response rates; however, 

all response rates were sufficiently high to minimize non-response bias. Further, there are few 

differences in the response rates between participants in the control condition and those in the 

treatment condition, with differences in response rates between RCT groups ranging from 1% to a 

maximum of 6%. Because of the large sample sizes in the segments, several comparisons between 

response rates across RCT groups are statistically significant;31 however, these differences may not be 

meaningful.  

Response Rates for the PG&E Pilot: Table 3.3-2 shows the survey response rates for PG&E. 

Response rates ranged from a low of 66% for respondents with incomes below 100% of the federal 

poverty guide (FPG) in the hot climate region assigned to Rate 1 to a high of 92% for Non-CARE/FERA 

customers in several rate groups. When comparing response rates between control and TOU rate 

treatment groups in the hot region, three segments exhibited significant differences: those with 

incomes above 200% of FPG, seniors, and non-CARE/FERA customers. Although these differences are 

statistically significant, the response rates for these segments are high ς 80% and above - and 

differences between response rates are 3% or less.  

Table 3.3-2: PG&E Response Rates by Segment and RCT Group1 

 
1
 Asterisks (*) indicate a significant difference in the response rate across RCT groups for that segment.  

                                                
31

 Chi-square tests were used to test the number of respondents versus non-respondents across RCT groups by segment. Those 
flagged as significant indicate a chi-square significant at the 95% confidence level.  

PG&E Control Rate 1 Rate 2 Rate 3 Overall Sparkline Largest p

Hot

All 82% 80% 81% 80% 81% 2%*

Non-CARE/FERA 90% 87% 88% 87% 88% 3%*

CARE/FERA 76% 75% 73% 73% 75% 3%

Below 100% FPG 67% 66% 68% 67% 67% 2%

100 to 200% FPG 82% 78% 78% 78% 80% 4%

Seniors 84% 81% 82% 81% 82% 3%*

Moderate

All 81% 79% 78% 81% 80% 3%

Non-CARE/FERA 92% 88% 88% 88% 89% 4%

CARE/FERA 71% 69% 68% 74% 71% 6%

Cool

All 85% 82% 84% 80% 83% 4%

Non-CARE/FERA 92% 90% 92% 89% 91% 4%

CARE/FERA 76% 72% 74% 71% 73% 5%

All Climate Zones

Overall 83% 80% 81% 81% 81% 2%
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Response Rates for the SCE Pilot: Table 3.3-3 shows the survey response rates for SCE. Response 

rates ranged from a low of 66% for respondents with incomes below 100% of the FPG in the hot climate 

region assigned to Rate 3 to a high of 92% for non-CARE/FERA customers assigned to Control in the 

moderate climate region, and Control and Rate 2 in the cool climate region. Two segments showed 

significant differences in response rates (seniors and CARE/FERA segments) in the hot region when 

comparing response rates between control and rate treatment groups. While statistically significant, 

response rates for these segments are high (70% and above) and differences between response rates 

are 6% or less.  

Table 3.3-3: SCE Response Rates by Segment and RCT Group1 

 
1
 Asterisks (*) indicate a significant difference in the response rate across RCT groups for that segment. 

  

SCE Control Rate 1 Rate 2 Rate 3 Overall Sparkline Largest p

Hot

All 82% 84% 79% 80% 81% 5%*

Non-CARE/FERA 88% 90% 87% 87% 88% 3%

CARE/FERA 76% 75% 71% 73% 74% 5%*

Below 100% FPG 71% 69% 67% 66% 69% 4%

100 to 200% FPG 83% 80% 78% 80% 80% 5%

Seniors 85% 87% 81% 83% 84% 6%*

Moderate

All 82% 79% 79% 81% 80% 3%

Non-CARE/FERA 88% 88% 87% 91% 89% 4%

CARE/FERA 75% 71% 70% 70% 72% 5%

Cool

All 82% 79% 80% 79% 80% 3%

Non-CARE/FERA 90% 89% 88% 89% 89% 2%

CARE/FERA 73% 67% 71% 68% 70% 6%

All Climate Zones

Overall 82% 81% 79% 80% 80% 3%*
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Response Rates for the SDG&E Pilot: Table 3.3-4 shows the survey response rates for SDG&E. 

Response rates ranged from a low of 77% for CARE/FERA respondents to a high of 96% for non-

CARE/FERA respondents in the cool region. One segment showed a significant difference in response 

rates ς CARE/FERA customers in the cool region when comparing response rates between control and 

TOU treatment groups. While statistically significant, response rates for these segments are high ς 75% 

and above - and differences between response rates was 5%.  

Table 3.3-4: SDG&E Response Rates by Segment and RCT Group1 

 
1
 Asterisks (*) indicate a significant difference in the response rate across RCT groups for that segment.  

For another survey validation check, response rates were compared across survey modes (i.e., web, 

mail, or phone) for each IOU sample. Three comparisons were made for each survey question (web vs. 

mail, web vs. phone, and mail vs. phone) using regression models controlling for RCT group, climate 

region, CARE/FERA enrollment, FPG, household income, level of education, race, and age. Across all 

IOUs, web and mail survey respondents weǊŜ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ŎƘƻƻǎŜ ά5ƻƴΩǘ ƪƴƻǿέ ŀƴŘ ǘƻ ǎƪƛǇ ǉǳŜǎǘƛƻƴǎ 

compared to phone respondents. Phone respondents were more likely to choose extreme answers on 

scale questions (i.e., choosing 9 or 10 on a 0-10 scale) compared to web and mail respondents. These 

findings align with previous research showing that respondents to interviewer-administered surveys 

όŜΦƎΦΣ ǇƘƻƴŜύ ŀǊŜ ƭŜǎǎ ƭƛƪŜƭȅ ǘƻ ŀŘƳƛǘ ǘƘŜȅ ŘƻƴΩǘ ƪƴƻǿ ŀƴ ŀƴǎǿŜǊ ǘƻ ŀ ǉǳŜǎǘƛƻƴΣ ŀǊŜ ƭŜǎǎ ƭƛƪŜƭȅ ǘƻ ǎƪƛǇ 

questions, and are likely to give higher or lower ratings on scale questions compared to respondents to 

self-administered surveys (e.g., web or mail).32 The differences across survey mode are small and do not 

impact the overall validity of the survey results.  

                                                
32

 Dillman, Smyth, & Christian (2014). Internet, Phone, Mail, and Mixed-Mode Surveys: The Tailored Design Method, 4
th

 ed. 
HoboƪŜƴΣ bWΥ WƻƘƴ ²ƛƭŜȅ ϧ {ƻƴǎ LƴŎΦΤ YǊƻǎƴƛŎƪ ϧ tǊŜǎǎŜǊ όнлмлύΦ άvǳŜǎǘƛƻƴ ŀƴŘ vǳŜǎǘƛƻƴƴŀƛǊŜ 5ŜǎƛƎƴΣέ ƛƴ Handbook of Survey 
Research, Marsden & Wright (eds.). Bingley, UK: Emerald Group Publishing Ltd, pgs. 263-314. 

SDG&E Control Rate 1 Rate 2 Total Overall Largest p

Hot

All 91% 91% 0%

Moderate

All 87% 86% 85% 86% 1%

Non-CARE/FERA 93% 93% 93% 93% 0%

CARE/FERA 80% 78% 77% 78% 2%

Cool

All 88% 87% 86% 87% 2%

Non-CARE/FERA 94% 96% 95% 95% 2%

CARE/FERA 82% 78% 77% 79% 5%*

All Climate Zones

Overall 87% 87% 86% 87% 1%
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 Data cleaning 3.3.4

To clean the survey data, respondents who answered seven or fewer (5.4% or less) of the 129 survey 

items asked of all respondents (n=259 of 45,524, or 0.6%) were removed from the dataset. The team 

also removed the respondents who provided the same answer for each item (i.e., straight-lining) in all 

three of the multi-item questions that had more than four items on the list (n=77 of 45,524, or 0.2%).  

Also removed from the dataset were: 

Á Respondents who straight-lined a multi-item question with four or more items; 

Á Respondents who selected all ƛǘŜƳǎ ƛƴ ŀ ΨǎŜƭŜŎǘ-all-that-ŀǇǇƭȅΩ ǉǳŜǎǘƛƻƴ ƛƴ ǿƘƛŎƘ ƴƻǘ ŀƭƭ ŀƴǎǿŜǊ 
categories are mutually exclusive; and 

Á Outliers to the survey questions about year of birth and number of household members.  

CƛƴŀƭƭȅΣ Ψ5ƻƴΩǘ YƴƻǿΩ ǊŜǎǇƻƴǎŜǎ ŦƻǊ Ƴŀƴȅ ǎǳǊǾŜȅ ƛǘŜƳǎ ǿŜǊŜ ǊŜŎoded using the following rules:  

Á Ψ5ƻƴΩǘ YƴƻǿΩ ǊŜǎǇƻƴǎŜǎ ǿŜǊŜ ŜȄŎƭǳŘŜŘ from all the rating questions and some of the 
demographic questions, like race, housing type, number of bedrooms.  

Á Ψ5ƻƴΩǘ Yƴƻǿ ǊŜǎǇƻƴǎŜǎ ǿŜǊŜ ŎƻŘŜŘ ŀǎ ΨNoΩ for most of the recall questions, like recall 
participation and welcome packet, and some of the characteristics questions, like type of 
cooling equipment in the home.  

Á Ψ5ƻƴΩǘ YƴƻǿΩ responses were kept for questions in which it is a meaningful response, like the 
test questions, reasons IOUs are changing to TOU rates, and the economic and health 
hardship/status questions. 

 Estimating Household Income and CARE/FERA eligibility 3.3.5

This section describes the steps taken to estimate customers who are currently not participating in IOU 

CARE/FERA programs, but are still eligible to participate based upon their income and household size. 

The following steps were taken to identify additional CARE/FERA eligible participants: 

1. Gathered income data for as many survey respondents as possible 

2. Imputed income data using prior enrollment or IOU purchased data if necessary 

3. Used household size responses from the survey paired with income data from the survey or the 

imputed income data to identify respondents eligible but not currently participating in the 

CARE/FERA program.  
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Estimating Household Income 

Table 3.3-5 shows the frequency of responses for household income from the 2016 survey.  

Table 3.3-5: Household Income Categories from 2016 Survey 

Household Income Categories  Count Percent 

Less than $12,000 3,736 8% 

$12,000 to less than $17,000 3,609 8% 

$17,000 to less than $21,000 2,669 6% 

$21,000 to less than $25,000 2,908 6% 

$25,000 to less than $29,000 2,186 5% 

$29,000 to less than $33,000 2,303 5% 

$33,000 to less than $37,000 1,770 4% 

$37,000 to less than $41,000 1,762 4% 

$41,000 to less than $50,000 3,313 7% 

$50,000 to less than $100,000 8,973 20% 

$100,000 or more 8,300 18% 

Total survey responses to income question 41,529 92% 

Don't know 2,386 5% 

No answer 1,273 3% 

Total left to impute 3,659 8% 

Grand total survey responses in dataset 45,188 100% 

 

!ŎǊƻǎǎ ŀƭƭ ǘƘǊŜŜ Lh¦ǎΣ у҈ ƻŦ ǊŜǎǇƻƴŘŜƴǘǎ ŘƛŘ ƴƻǘ ǇǊƻǾƛŘŜ ŀ ǾƛŀōƭŜ ǊŜǎǇƻƴǎŜ όр҈ ŎƘƻǎŜ άŘƻƴΩǘ ƪƴƻǿέ ŀƴŘ 

о҈ ŘƛŘ ƴƻǘ ŀƴǎǿŜǊύΦ ¢ƻ ƳƛƴƛƳƛȊŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƳƛǎǎƛƴƎ ŀƴŘ ŘƻƴΩǘ ƪƴƻǿ ǊŜǎǇƻƴǎŜǎ ƛƴ ǘƘŜ ŀƴŀƭȅǎŜǎΣ 

income data was imputed from either the enrollment survey or purchased IOU data. Both 

supplementary data sources included two types of income data: one containing six income categories 

and one containing eleven categories. Table 3.3-6 displays the improvements in missing income data 

following each imputation step. 

Table 3.3-6: Improvements in Missing Income Data Following Imputation 

 

Percent missing 

Raw survey responses 8.10% 

Following first imputation (11 category enrollment survey data) 4.38% 

Following second imputation (11 category IOU data) 3.09% 

Following third imputation (6 category enrollment survey data) 3.07% 

Following final imputation (6 category IOU data) 3.05% 
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The eleven-category variables match the categories shown in Table 3.3-5, and were prioritized for 

imputing income data. However, for the 3.1% of respondents that still lacked income data following this 

initial imputation, the six-category data was used to impute household income. Since the six-category 

data did not perfectly match one of the categories in the survey, the midpoint of the values in each 

category was mapped into the corresponding category in the survey question (Table 3.3-7). This second 

round of imputation picked up an additional 0.2% of respondents, ultimately providing 97% of survey 

respondents with income data.  

Table 3.3-7: Household Income Imputation Map 

Six-Category Household Income Items 
Midpoint 

(if categories differed) 

Value Imputed to 11-Category 

Household Income 

Less than $12,000 -> Less than $12,000 

$12,000 to < $25,000 $18,500 $17,000 to < $21,000 

$25,000 to < $37,000 $31,000 $29,000 to < $33,000 

$37,000 to < $50,000 $43,500 $41,000 to < $50,000 

$50,000 to < $100,000 -> $50,000 to < $100,000 

$100,000 or more -> $100,000 or more 

 

Estimating CARE/FERA Eligibility 

CARE/FERA eligibility is based on both household size and income, as shown in Table 3.3-8. The 

ƳŀȄƛƳǳƳ ƘƻǳǎŜƘƻƭŘ ƛƴŎƻƳŜ ǘƻ ƘƻǳǎŜƘƻƭŘ ǎƛȊŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ǇǳōƭƛŎƭȅ ŀǾŀƛƭŀōƭŜ ƻƴ ŜŀŎƘ Lh¦Ωǎ ǿŜōǎƛǘŜ 

were used. 

Table 3.3-8: CARE/FERA Eligibility Requirements 

Number of Persons in 
Household 

 Maximum Household Income 

CARE FERA 

1 to 2 Up to $32,040 Not Eligible 

3 Up to $40,320 $40,321 - $50,400 

4 Up to $48,600 $48,601 - $60,750 

5 Up to $56,880 $56,881 - $71,100 

6 Up to $65,160 $65,161 - $81,450 

7 Up to $73,460 $73,461 - $91,825 

8 Up to $81,780 $81,781 - $102,225 

Each additional person $8,320 $8,320 - $10,400 
Source: https://www.sce.com/wps/portal/home/residential/assistance/care-fera/   

  

https://www.sce.com/wps/portal/home/residential/assistance/care-fera/
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Using household size survey data and the income data described earlier, CARE and FERA eligibility was 

estimated by mapping the respective income qualification guidelines to the closest corresponding 

income bracket from the survey options, as summarized in Table 3.3-9. 

Table 3.3-9: CARE and FERA Eligibility 

Number in Household CARE Income Requirement FERA Income Requirement 

1 to 2 $29,000 to less than $33,000 -- 

3 $37,000 to less than $41,000 $41,000 to less than $50,000 

4 $41,000 to less than $50,000 
$50,000 to less than $100,000 

5+ $50,000 to less than $100,000 

 

The results indicate an estimated 57% of respondents were eligible for CARE or FERA. Due to missing 

income or household size survey data, CARE/FERA eligibility for 3% of the sample could not be 

estimated. To identify the number of non-participating but eligible CARE/FERA respondents present in 

the data, the overlap between those currently participating in CARE/FERA programs and those 

estimated to be eligible to do so was calculated. As shown in Table 3.3-10 , 27% of non-CARE/FERA 

customers in the sample were eligible for CARE/FERA. To test the validity of the eligibility estimates, the 

ratio of those determined to be eligible to participate to those currently participating in CARE/FERA was 

calculated. Ideally, 100% of current CARE/FERA participants would be determined to be eligible. In fact, 

94% of respondents flagged as CARE/FERA participants by the IOUs were also flagged as CARE/FERA 

eligible using survey data, a substantial amount of overlap. Possible explanations for the 6% error rate 

include:  

Á CARE/FERA income qualification guidelines slightly differed from the income brackets used in 
the survey.33 

Á The status of some CARE/FERA customers may have changed over the six-month period 
between pilot enrollment and when customers took the survey.  

Table 3.3-10: CARE/FERA Enrollment vs Eligibility1 

Current CARE/FERA 
status 

Eligible for CARE/FERA 

Count Percent 

Not participating 6,809 27% 

Participating 18,772 73% 

Total 25,581 100% 
1
 Reported values are unweighted and aggregated across all IOUs. 

  

                                                
33

 ¢ƘŜ ƳŀȄƛƳǳƳ ƛƴŎƻƳŜ Řŀǘŀ ƛǎ άϷмллΣллл ƻǊ ƳƻǊŜέ ŀƴŘ /!w9 ŜƭƛƎƛōƛƭƛǘȅ ŦƻǊ мм ƘƻǳǎŜƘƻƭŘ ƳŜƳōŜǊǎ ƛǎ ϷмлсΣтплΦ ¢Ƙƛǎ ƭƛƳƛǘǎ ǘƘŜ 
ability accurately compute eligibility for CARE/FERA households with more than 10 members. 
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 Section 745 Analytical Methods 3.3.6

Reasoning for Metric Development 

The following sections describe the steps used to develop Economic and Health indices that help to 

capture these complex concepts. Using psychometric theory, the most relevant metrics from the opt-in 

survey data were identified to inform what effect TOU rates might have on the economic or health 

outcomes of participants. Since both economic and health outcomes are complex and potentially 

incorporate multiple behaviors, the aim was to create two separate indices that merge related questions 

reflecting economic outcomes in one index and health outcomes in another. This process makes 

assessing differences between groups simpler and more valid since the goal is to evaluate the larger 

ŎƻƴŎŜǇǘǎ ƻŦ άŜŎƻƴƻƳƛŎ ŘƛŦŦƛŎǳƭǘȅέ ƻǊ άƘŜŀƭǘƘ difficultyέΦ Due to the complexity of these concepts, 

evaluating a series of individual questions can provide misleading and sometimes contradictory 

outcomes. Given the questions in the survey, different approaches were taken for each index.   

1. The economic index was formed using Exploratory Factor Analyses (EFA) to explore the 
underlying connections between questions targeted at economic and financial issues -- including 
an index created by the Consumer Financial Protection Bureau -- and questions obtained from 
other research conducted in California.34 The EFA identified items that correlated with one 
another, and demonstrated coverage of several underlying aspects of ǘƘŜ άŜŎƻƴƻƳƛŎ 
difficultiesέ ŎƻƴŎŜǇǘΦ It was validated and confirmed that this scale measured economic difficulty 
(as discussed further below). 

2. The health index contains a single question, the number of times a customer sought medical 
attention because it was too hot in their home.35 Responses to household characteristics 
questions were used to identify customers for which this question was most relevant (e.g., 
customers who have air conditioning and who have a disability that requires their home to be 
cool). Rather than creating a scale, as was done for economic difficulty, the related questions 
were used to identify the sub-sample where the question is relevant.36 

The next two sub-sections describe, in detail, the process used to create the economic and health 

indices. 

Economic Index Development 

One of the primary purposes of this study is to assess whether TOU rates cause unreasonable economic 

hardship for particularly vulnerable households, such as seniors or low income customers living in hot 

climate regions. To do this, it was necessary to create a valid, reliable economic index metric using 

established methods. Table 3.3-11 summarizes the steps generally used when developing a new metric 

and the methods used here for that step. More detail on steps three through six is provided below. 

                                                
34

 These questions were extensively developed and discussed in close collaboration with the TOU Working Group to ensure 
they would adequately measure economic hardship. 

35
 This survey question was similarly developed in collaboration with the TOU Working Group to ensure that it would generate 

the information necessary to evaluate the impact of TOU rates on health and safety during the summer. 

36
 The 2017 survey will focus some additional space to create a more statistically versatile health index, but the current health 

index identifies groups with increased health effects due to TOU rates sufficiently well to inform 745c decision. 
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Table 3.3-11: Steps to Create a Valid and Reliable Scale37 

Established Method Methods used 

Step 1: Generate Items Combination of new and established items in survey 

Step 2: Gather Data Survey implementation (October to December) 

Step 3: Reduce Data to a Model 9ȄǇƭƻǊŀǘƻǊȅ ŦŀŎǘƻǊ ŀƴŀƭȅǎƛǎ ŀƴŘ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ 

Step 4: Confirm Model Confirmatory factor analysis 

Step 5: Assess Validity Confirmatory factor analysis 

Step 6: Replicate Findings Dataset splitting and rerunning steps 3, 4, and 5 

Steps 1 and 2 ï Generate items and gather data: To generate items, survey questions were 

ŘŜǎƛƎƴŜŘ ǘƻ ŀǎǎŜǎǎ ƳǳƭǘƛǇƭŜ ŀǎǇŜŎǘǎ ƻŦ ŜŎƻƴƻƳƛŎ ŘƛŦŦƛŎǳƭǘȅΣ ǎǳŎƘ ŀǎ ŀ ǇŜǊǎƻƴΩǎ ŎƻƴŎŜǊƴ ŦƻǊ ōŜƛƴƎ ŀōƭŜ ǘƻ 

pay their bills, the methods used to pay bills, and the difficulty customers had paying their bills during 

the summer. Questions were also included from previously validated metrics of financial health, such as 

the Consumer Financial Protection Bureau (CFPB). The abbreviated CFPB index question used in the 

customer survey is comprised of five Likert scale items.38 For the first three items, respondents are 

ŀǎƪŜŘ Ƙƻǿ ŜŀŎƘ ŘŜǎŎǊƛōŜǎ ǘƘŜƛǊ ǎƛǘǳŀǘƛƻƴ ǳǎƛƴƎ ŀ ǎŎŀƭŜ ƛƴŎƭǳŘƛƴƎ άƴƻǘ ŀǘ ŀƭƭΣέ άǾŜǊȅ ƭƛǘǘƭŜΣέ άǎƻƳŜǿƘŀǘΣέ 

άǾŜǊȅ ǿŜƭƭΣέ ŀƴŘ άŎƻƳǇƭŜǘŜƭȅΦέ CƻǊ ǘƘe last two items, respondents are asked how often each applies to 

ǘƘŜƳ ǳǎƛƴƎ ŀ ǎŎŀƭŜ ƛƴŎƭǳŘƛƴƎ άƴŜǾŜǊΣέ άǊŀǊŜƭȅΣέ άǎƻƳŜǘƛƳŜǎΣέ άƻŦǘŜƴΣέ ŀƴŘ άŀƭǿŀȅǎΦέ ¢ƘŜ /Ct. ƛǘŜƳǎ ŀǊŜΥ 

Á Because of my money situation, I feel like I will never that the things I want in life. 

Á I am just getting by financially. 

Á L ŀƳ ŎƻƴŎŜǊƴŜŘ ǘƘŀǘ ǘƘŜ ƳƻƴŜȅ L ƘŀǾŜ ǿƻƴΩǘ ƭŀǎǘΦ 

Á I have money left over at the end of the month. 

Á My finances control my life. 

Using newly developed questions in concert with previously validated ones helped ensure that both 

traditional views on financial health and elements of financial hardship specific to rate design were 

covered. The survey from was conducted during October, November and December 2016 and data was 

obtained from 44,558 pilot participants.  

Step 3 ï Reduce data to a model: To prepare the data for step 3, all questions in the survey related 

to economic or financial status were identified and interval-level indices were created out of ordinal or 

categorical survey items as described below:  

Á Calculated the CFPB financial well-being index using five Likert scale items. Scores ranged from 
19 to 90, with a score of 90 corresponding to a very financially secure respondent. 

                                                
37

 Adapted from Hinkin, T. R. (1998). A brief tutorial on the development of measures for use in survey questionnaires. 
Organizational Research Methods, 2(1), 104-121. DOI: 10.1177/109442819800100106. 

38 
The Consumer FinŀƴŎƛŀƭ tǊƻǘŜŎǘƛƻƴ .ǳǊŜŀǳΩǎ ƳŜǘƘƻŘǎ ŦƻǊ ǘƘŜ ŀōōǊŜǾƛŀǘŜŘ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜƛǊ άCƛƴŀƴŎƛŀƭ ²Ŝƭƭ-Being Scaleέ were 

followed. See the following documentation for full methodological details: 
http://files.consumerfinance.gov/f/201512_cfpb_financial-well-being-user-guide-scale.pdf  

http://files.consumerfinance.gov/f/201512_cfpb_financial-well-being-user-guide-scale.pdf


Methodology 

 42 

Á Summed the response values for three 0 to 10 Likert scale items related to how the 
respondeƴǘΩǎ ǊŀǘŜ Ǉƭŀƴ ǿƻǊƪǎ ŦƻǊ ǘƘŜƳΦ39 Scores range from 0 to 30, with 30 interpreted as high 
agreement that the rate works well for the respondent. 

Á Summed the response values for the number of times respondents had trouble paying both 
their electricity bill and other important household bills.40 Scores range from 0 to 6, with a score 
of 6 corresponding to six or more times the respondent had trouble paying their important 
household bills. 

Á Summed the number of different methods a respondent used to pay their household bills 
outside of using their current monthly income. Scores range from 0 to 10, with a score of 10 
interpreted as the respondent using ten alternative methods (e.g., borrowing money from a 
friend) to pay their bills. 

Á Kept one stand-alone 0 to 10 Likert scale item indicating concern about paying bills as-is, with a 
10 meaning a respondent is very concerned about paying their bills.  

The transformed data was analyzed using exploratory factor analysis (EFA).41 EFA methods serve two 

purposes: 1) as a data reduction method to identify items that are not useful; and 2) as a tool to reveal 

ǳƴŘŜǊƭȅƛƴƎΣ ƻǊ άƭŀǘŜƴǘέΣ ǇŀǘǘŜǊƴǎ ƛƴ ǘƘŜ ǎǳǊǾŜȅ ŘŀǘŀΦ 9C!ǎ ŀǊŜ ƛŘŜŀƭ ŦƻǊ ŜȄǇƭƻǊƛƴƎ ǇƻǘŜƴǘƛŀƭ ƳŜǘǊƛŎǎ 

ōŜŎŀǳǎŜ ǘƘŜ ƳŜǘƘƻŘ ƎǊƻǳǇǎ όάƭƻŀŘǎέύ ǊŜƭŀǘŜŘ ƛǘŜƳǎ ǘƻƎŜǘƘŜǊ ƛƴǘƻ άŦŀŎǘƻǊǎέΦ  

Because the range of possible values on the items used in the EFAs varied considerably, respondent 

values for these variables were standardized into z-scores, in which a score of zero reflects the sample 

mean and a score of one is one standard deviation away from the mean. By standardizing responses, it is 

possible to compare responses across items and understand that a z-score response of 3.2 is much more 

extreme than a response of 0.74.  

Throughout this process, statistical models were estimated using 30% and 50% of the full dataset of 

respondents. This was done for two reasons: 1) to ensure that the same factors loaded on different 

sized random subsamples of the data (vs. the full dataset) and 2) to reduce the excessive statistical 

power stemming from the very large sample sizes obtained through the survey.  

Because EFA is an exploratory method, initial models were run that included potentially relevant survey 

items that were not included in the final model. The final model included four items as shown in Table 

3.3-12 and explains 67% of the variance in answer choices.42  

  

                                                
39 
/ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ Ґ ΦфмΦ /ǊƻƴōŀŎƘϥǎ ŀƭǇƘŀ ƳŜŀǎǳǊŜǎ ǘƘŜ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅ ƻŦ ǘƘŜ ǎƻǳǊŎŜ ǾŀǊƛŀōƭŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƛƴŘŜȄΦ  

40
 /ǊƻƴōŀŎƘΩs alpha = .84. 

41
 To create a metric useful across California, survey responses were pooled across IOUs, climate zones, segments, and RCT 

groups. 

42
 67% of the variance explained means that these four items explain 67% of the variability in answer choices used in the model. 

Typically, the variance explained from models using survey results range from 20% to 40%. A model that explains 67% of the 
variability in answer choices suggests a very good fitting model.  



Methodology 

 43 

Table 3.3-12: EFA Results1 

Item Factor Loading KMO Stat % Variance Explained 

Concern for bill payment 0.869 0.8 67% 

Problems paying bills 0.847   

CFPB Financial well-being -0.669 Goodness of Fit 

# of alt. ways used to pay bills 0.569 ˔2=50.8, df=2, p<0.001 
1
 A Maximum Likelihood extraction method was used. 

Steps 4 and 5 ï Confirm and validate the model: Confirmatory factor analysis (CFA) was used to 

confirm and validate the EFA results. Figure 3.3-3 shows the path diagram depicting the four items 

ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǎǘŜǇ о ŀƴŘ ǘƘŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƛƴǇǳǘǎ ŀƴŘ ǘƘŜ ƭŀǘŜƴǘ ά9ŎƻƴƻƳƛŎ LƴŘŜȄέ ǾŀǊƛŀōƭŜΦ 

The statistics confirm that the model fits the data well.43  

Figure 3.3-3: Confirmatory Factor Analysis Output 

 

To assess convergent validity, the Average Variance Extracted (AVE) was calculated, by averaging the 

squared factor loadings. The above model results in an AVE score of 0.58. A value above .5 is acceptable. 

¢ƻ ŀǎǎŜǎǎ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƛǘŜƳǎ ƛƴ ǘƘŜ ƳƻŘŜƭΣ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ŀƴŘ /ƻƳǇƻǎƛǘe Reliability (CR) scores 

ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ƻŦ Φуп ŀƴŘ /w ƻŦ Φуп ƛƴŘƛŎŀǘŜ ŀ ƎƻƻŘ ƳŜŀǎǳǊŜ ƻŦ ƛƴǘŜǊƴŀƭ 

consistency between the four items the EFA identified as potential inputs to the economic index metric.  

To calculate the final economic index scores, the four items were combined into one metric. For this 

multi-step process, the z-scored values from the financial well-being index were inverted to match the 

direction of the other three variables to be included in the index (where higher scores mean higher 

economic difficulty). Values from these four items were then added into an initial score. To make the 

metric more transparent, the metric was normalized such that a score of zero means the absence of 

economic difficulty and 10 means complete economic difficulty as measured by the survey. The 

following formula was used for normalizing the economic index metric: 

                                                
43

 ʋ
2
=1.29, df=1, p=0.165 (a non-significant chi-square indicates a good model fit), RMSEA=0.007 (an RMSEA of less than 0.01 

also indicates a good fit), CFI = almost 1 (a CFI over .95 indicates good fit). 
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ὉὧέὲέάὭὧ ὌὥὶίὬὭὴ ὛὧέὶὩ
ὍὲὭὸὭὥὰ ὍὲὨὩὼ ὛὧέὶὩὓὭὲ ὕὦίὩὶὺὩὨ ὍὲὨὩὼ ὛὧέὶὩ

ὓὥὼ ὕὦίὩὶὺὩὨ ὍὲὨὩὼ ὛὧέὶὩὓὭὲ ὕὦίὩὶὺὩὨ ὍὲὨὩὼ ὛὧέὶὩ
ρzπ 

Figure 3.3-4 shows the distribution of economic index scores for all 2016 survey respondents.  

Figure 3.3-4: Histogram of Economic index scores for All 2016 Survey Respondents 

 
Most respondents (84%) provided responses to all questions necessary to calculate the economic index. 

Non-CARE/FERA customers had higher response rates than CARE/FERA or other targeted segments, but 

overall the question-level response rates were very high across all segments (Table 3.3-13).  

Table 3.3-13: Response Rates for Economic Index Score Questions by Segment 

 

Climate Segment

84%

Non-CARE/FERA 88%

CARE/FERA 77%

CARE/FERA - on or eligible 79%

Below 100% FPG 78%

100 to 200% FPG 78%

Seniors 80%

Non-CARE/FERA 88%

CARE/FERA 78%

CARE/FERA - on or eligible 79%

Non-CARE/FERA 89%

CARE/FERA 79%

CARE/FERA - on or eligible 80%

Hot

Moderate

Cool

% Responding to All 

Hardship Questions

Total
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Step 6 - Replicate findings: Throughout steps 3 through 5, models were run using a separate subset 

of the data to replicate findings in real time. This was possible because the sample of data collected for 

this evaluation was large enough to allow for partitioning the data while still maintaining a large amount 

of statistical power.  

Health Index Development 

One of the primary purposes of this study is to assess whether TOU rates increase health-related 

incidents (resulting from reduced air conditioning use) for particularly vulnerable households, such as 

seniors or low income customers living in hot climate regions. To test this hypothesis, information on 

health-related incidents was gathered by asking respondents to report the number of times since June 

2016 that they sought medical attention because it was too hot in their homes. Table 3.3-14 summarizes 

the responses to this question for the full survey sample. 

Table 3.3-14: Number of Times Needed Medical Attention Due to Excessive Heat1  

Response Option Count Percent 

Never 40,663 92.7% 

One 1,065 2.4% 

Two 599 1.4% 

Three 345 0.8% 

Four 211 0.5% 

Five 233 0.5% 

Six 185 0.4% 

Seven 163 0.4% 

Eight 136 0.3% 

Nine 78 0.2% 

Ten 69 0.2% 

More than ten times 99 0.2% 

Total 43,846 100% 
1
 Question asked in survey: Since June 2016, how often, if ever, did you or any members of your household need medical 

attention because it was too hot inside your home? Please select only one 

DƛǾŜƴ ǘƘŜ ǎƳŀƭƭ ƴǳƳōŜǊ ƻŦ ǊŜǎǇƻƴŘŜƴǘǎ ǘƘŀǘ ŎƘƻǎŜ ŀƴ ƻǇǘƛƻƴ ƻǘƘŜǊ ǘƘŀƴ άƴŜǾŜǊέΣ ŀƴ index was 

ŎƻƴǎǘǊǳŎǘŜŘ ƛƴŘƛŎŀǘƛƴƎ ǿƘŜǘƘŜǊ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘΩǎ ƘƻǳǎŜƘƻƭŘ ƘŀŘ ŀǘ ƭŜŀǎǘ ƻƴŜ ƳŜŘƛŎŀƭ ŜǾŜƴǘ ŘǳŜ ǘƻ 

excessive heat, which served as the dependent variable for the analysis of health issues (Table 3.3-15).  

Table 3.3-15: Proportion of Sample with at least One Heat-Induced Medical Event, by IOU1 

  

PG&E SCE SDG&E 

Count Percent Count Percent Count Percent 

No medical events 14,968  94% 14,413  92% 11,282  92% 

At least one medical event 967  6% 1,190  8% 1,026  8% 

Total 15,935  100% 15,603  100% 12,308  100% 
1
 The data were intentionally not weighted during index development to keep indices relevant for the sample measured.  

The health analysis was guided by the following two questions in accordance with P.U. Code 745(c)(2): 

Á Do senior citizens in hot climate regions experience unreasonable hardship related to health and 
safety resulting from reduced air conditioning use?  
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Á Do customers eligible for CARE/FERA (economically vulnerable customers) in hot climate regions 
experience unreasonable hardship related to health and safety resulting from reduced air 
conditioning use? 

To answer these research questions, responses to the health metric for customers that met the 

following criteria were analyzed:  

Á Reported having some type of air conditioning at home.44  

Á Noted they had a disability that required their home to be cooled. 

By limiting the analysis of the health index to customers with air conditioning and those who noted they 

had a disability that required their home to be cooled, the ability to observe health effects caused by 

TOU rates is maximized. For example, Table 3.3-16 shows the number and percent of customers citing 

they had at least one medical event over the summer. The orange shading indicates the group of 

customers identified as most relevant to assess health effects due to TOU rates. While customers 

without air conditioning in their home but with a disability that requires cooling also have a higher 

proportion of medical events across RCT groups, they are less likely to be affected by TOU rates.  

Table 3.3-16: Health Index by AC in Home and  
Whether Customer Has Disability Requiring Cooling1 

 
1
 The data were intentionally not weighted during index development to keep indices relevant for the sample measured.  

To statistically investigate whether TOU rates caused health difficulty due to reduced air conditioning 

use, two-proportion z-tests were used to determine if the treatment and control groups differed 

significantly in the proportion that had at least one medical event due to excessive heat in their home.  

 Question-Level Analytical Methods 3.3.7

Different statistical tests were used to analyze different types of survey questions. CƻǊ άȅŜǎ-ƴƻέ 

questions, a z-test for proportions was used to determine differences across RCT groups. For 0-to-10 

Likert scale questions, t-tests were used to determine differences across RCT groups (e.g. mean ratings 

between control respondents and rate 1 respondents). For Likert questions that used fewer levels of 

ǊŀǘƛƴƎΣ ǎǳŎƘ ŀǎ άƴŜǾŜǊέΣ άǎƻƳŜǘƛƳŜǎέΣ άŀƭǿŀȅǎέΣ ŎƘƛ-square statistics were used to compare the number 

                                                
44

 These included ducted air conditioning, room air conditioning, or heat pumps. 

N % N % N % N %

No medical events 4,301       97% 253          81% 8,077          97% 1,429       80%

At least one medical event 128           3% 60            19% 284             3% 352           20%

Total 4,429       100% 313          100% 8,361          100% 1,781       100%

No medical events 1,435       95% 116          69% 10,068       96% 1,944       80%

At least one medical event 75             5% 52            31% 419             4% 487           20%

Total 1,510       100% 168          100% 10,487       100% 2,431       100%

No medical events 2,940       95% 196          64% 6,733          96% 888           74%

At least one medical event 154           5% 108          36% 299             4% 320           26%

Total 3,094       100% 304          100% 7,032          100% 1,208       100%

IOU

SDG&E

PG&E

SCE

No Disability that 

Reqs Cooling

Has Disability that 

Reqs Cooling

No Disability that 

Reqs Cooling

Has Disability that 

Reqs Cooling

Health Index

No AC in Home AC in Home
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Statistically Significant Differences 
May Not be Meaningful Differences 

The large survey sample sizes obtained 
for this evaluation provide an unusually 
high degree of statistical power. As 
such, even quite small differences in 
two values may be found to be 
statistically significant. However, such 
differences may have little practical 
significance.   

ƻŦ ǊŜǎǇƻƴŘŜƴǘǎ ƛƴ ŜŀŎƘ άƭŜǾŜƭέ ŀŎǊƻǎǎ w/¢ ƎǊƻǳǇǎΦ CƻǊ ŀƭƭ ŀƴŀƭȅǎŜǎΣ ǘŀōƭŜ ƴƻǘŜǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ǘƻ ƛƴŘƛŎŀǘŜ 

the statistical test and alpha level that applies. Statistical details are provided in IOU-level electronic 

Appendices E-Table 4.5-1, E-Table 5.5-1, and E-Table 6.5-1.  

In addition, many of the survey questions are about the respondent who completed the survey 

(respondent-specific) while other questions are about the whole household (household-specific).45 For 

example, the satisfaction rating questions are respondent-specific and the health index questions are 

household-specific. In the discussion of the survey results, it is noted if the results are reported for the 

whole household or only the respondent. Respondent-specific results do not provide the ability to infer 

if the results apply to the whole household. For example, the questions about understanding TOU rates 

are respondent-specific and it cannot be determined if other household members have a different level 

of understanding than the respondent. 

 Caution on Sample Sizes and Statistical Significance 3.3.8

For individual question analyses, please interpret statistically 

significant results with caution. There are many respondents 

in each cell of this study and many questions yielded 

statistically significant results that are not meaningful. For 

example, statistically significant differences were found 

between average ratings of 6.7 and 6.1 for a control versus 

rate group t-test. A difference of 0.6 on an 11-point rating 

scale is not meaningful. 

Further, in the analysis across IOUs, climate region, and 

segments, more than 5,500 tables were generated and over 

13,500 statistical tests were conducted. An alpha level of 0.05 was used to assess statistical significance, 

and ǊŜǎǳƭǘǎ ƛƴ ŀōƻǳǘ ŀ ŦƛǾŜ ǇŜǊŎŜƴǘ ŜǊǊƻǊ ǊŀǘŜ ǿƘŜƴ άŘƛŦŦŜǊŜƴŎŜǎέ ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ ōŜǘǿŜŜƴ ƎǊƻǳǇǎΦ {ƻ 

many statistical tests, and so many respondents, mean some reported differences that, while 

statistically significant in the sample, are not significant in the real world. It is recommended to look at 

overall patterns across rate groups and segments to identify meaningful differences that are caused by 

TOU rates.  

 Understanding the Economic Index Metric 3.3.9

To facilitate understanding of the economic index scores, a series of Classification and Regression Tree 

(CART) analyses were done ǘƻ ǎƘƻǿ Ƙƻǿ ǘƘŜ ŜŎƻƴƻƳƛŎ ƛƴŘŜȄ ƳŜǘǊƛŎ ŎƻǊǊŜǎǇƻƴŘǎ ǿƛǘƘ ǊŜǎǇƻƴŘŜƴǘǎΩ 

demographics and the original component questions. Because the economic index is a new metric, CART 

analysis can be used to show average scores broken down by more concrete questions like income and 

presence of children in the home. Respondent scores ranged from a low of zero to a high of 10, which 

are the minimum and maximum scores anyone can get with this metric.  
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 Between 88% and 95% of respondents reported that their name is on the bill they receive from their IOU. 
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Table 3.3-1746 shows the relationship between the economic index metric and its component questions. 

The average group index scores observed here range from a low of 0.86 to a high of 7.15, suggesting the 

component items optimally differentiate economic index scores. The CART output also shows that the 

number of times respondents had difficulty paying their bills and their concern rating about paying bills 

help to differentiate index scores the most. Cutting back on essentials also served to distinguish subsets 

of respondents with higher than average economic index scores. Further, for respondents with very high 

economic index scores, whether a respondent left bills unpaid at the end of the month helped to further 

ŘƛŦŦŜǊŜƴǘƛŀǘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ǎŎƻǊŜǎΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ respondents who had difficulty paying their bills three 

or more times since June 2016, worried about paying their bills, and had to leave bills unpaid at the end 

of the month have the highest economic index scores. 

Table 3.3-18 shows the relationship between key demographic questions and the economic index 

metric. Customers who make less money, have a medical condition, or have children are more likely to 

have higher economic index scores than respondents who make more money, have a higher education, 

or do not have children living with them. The group with the highest average score in this analysis 

consists of respondents who make between $17,000 and $25,000 dollars a year, have a medical 

condition that requires them to be home during the day, and who have one or more children living at 

home (average index score of 5.26 compared to the grand mean of 2.99). 
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 These tables are descriptive only. Statistical comparisons for TOU rate and control groups for each IOU are provided in 
Sections 4, 5 and 6. 
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Table 3.3-17: CART Breakdown of the Economic Index by Component Questions 

 

Parent Split Values
Avg. Econ 

Score 
Graph Parent Split Values

Avg. Econ 

Score 
Graph

2.99 -- 4.38

-- 1.81 Worry about paying bills - Not at all 2.81

Did not cut back on essentials 1.53 Worry about paying bills - 1 3.29

Just getting by = Not at all agree 0.86 Worry about paying bills - 2, 3 3.76

Just getting by = Very little 2.09 Did not cut back on essentials 3.27

Just getting by = Somewhat; Very well 1.54 Cut back on essentials 4.08

Just getting by = Completely 2.60 Worry about paying bills - 4, 5 4.23

Cut back on essentials 2.94 Did not cut back on essentials 3.86

Worry about paying bills - Not at all 2.26 Cut back on essentials 4.50

Worry about paying bills - 1 2.50 Worry about paying bills - 6, 7 4.66

Worry about paying bills - 2, 3 2.86 Did not cut back on essentials 4.12

Worry about paying bills - 4, 5 3.44 Cut back on essentials 4.93

Worry about paying bills - 6, 7 3.81 Worry about paying bills - 8, 9 5.13

Worry about paying bills - > 7 4.41 Did not cut back on essentials 4.72

-- 3.47 Cut back on essentials 5.35

Worry about paying bills - Not at all 2.26 Worry about paying bills - 10 5.61

Did not cut back on essentials 2.00 Did not cut back on essentials 5.11

Cut back on essentials 2.84 Cut back on essentials 6.00

Worry about paying bills - 1 2.69 -- 5.68

Worry about paying bills - 2, 3 3.03 Worry about paying bills - 0, 1 3.75

Did not cut back on essentials 2.66 Did not cut back on essentials 3.38

Cut back on essentials 3.44 Cut back on essentials 4.09

Worry about paying bills - 4, 5 3.58 Worry about paying bills - 2, 3 4.35

Did not cut back on essentials 3.16 Reduced electricity use 4.60

Cut back on essentials 3.94 Did not reduce electricity use 4.17

Worry about paying bills - 6, 7 4.12 Worry about paying bills - 4, 5 4.90

Did not cut back on essentials 3.70 To pay bills - Did NOT use credit card 4.66

Cut back on essentials 4.37 To pay bills - Used credit card 5.49

Worry about paying bills - 8, 9 4.62 Worry about paying bills - 6, 7 5.49

Worry about paying bills - 10 5.15 Did not cut back on essentials 5.00

Cut back on essentials 5.74

Worry about paying bills - 8, 9 5.98

To pay bills - Able to pay HH bills 5.54

To pay bills - Left bills HH unpaid 6.64

Worry about paying bills - 10 6.66

To pay bills - Able to pay HH bills 6.12

To pay bills - Left bills HH unpaid 7.15
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Table 3.3-18: CART Breakdown of Economic Index by Key Demographics 

 

Income Variable
Avg. Econ 

Score
Graph Income Variable

Avg. Econ 

Score
Graph

2.99 2.99

-- 4.63 -- 3.11

Medical cond. that needs cooling 5.04 No children under 18 2.83

Receives disability payments 5.17 Rents house 3.10

Does NOT get disability payments 4.93 Owns house 2.70

No medical cond. that needs cooling 4.40 One or more children under 18 3.96

No children under 6 4.28 Rents house 4.34

One or more children under 6 5.17 Owns house 3.54

-- 4.10 -- 2.46

No children under 18 3.90 No children under 18 2.19

Medical cond. that needs cooling 4.40 Medical cond. that needs cooling 2.92

No medical cond. that needs 3.71 No medical cond. that needs cooling 2.09

One or more children under 18 4.70 One or more children under 18 3.41

-- 3.97 No medical cond. requiring being home 3.29

No medical cond. requiring being home 3.73 Medical cond. requiring being home 3.87

No children under 6 3.60 -- 1.54

One or more children under 6 4.49 No children under 18 1.45

Medical cond. requiring being home 4.47 Not employed full time 1.29

No children under 18 4.26 Employed full time 1.54

One or more children under 18 5.26 One or more children under 18 1.83

-- 3.60 Technical, Four-year, High school 1.90

No children under 18 3.33 Graduate or professional degree 1.66

No room AC 3.26 Some college, no degree; Two-year 2.20

Has room AC 3.53 -- 2.58

One or more children under 18 4.30 Rents house 3.43

-- 3.56 No medical cond. requiring being home 3.24

No children under 18 3.27 Medical cond. requiring being home 3.85

Rents house 3.74 Owns house 2.19

Owns house 2.99 Medical cond. that needs cooling 2.88

One or more children under 18 4.27 No medical cond. that needs cooling 2.03

Medical cond. that needs cooling 4.96

No medical cond. that needs cooling 4.09
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Figure 3.3-5 shows an example set of responses to the questions included in the economic index for a score of 2.48 ς a typical non-CARE/FERA 

score.  

Figure 3.3-5: Response Example for Low Economic Index Score (Typical of a Non-CARE/FERA response) 

 

  

Q12 Q15

 Since June 2016, how well does this statement describe you and 

your situation? Please select one for each statement.
Response

How did your household afford to pay electricity bills and/or other basic 

needs this summer?

Put 1 for each 

used

Because of my money situation, I feel like I will never have the 

things I want in life
Very little ¦ǎŜ ȅƻǳǊ ƘƻǳǎŜƘƻƭŘΩǎ ǎŀǾƛƴƎǎ ƻǊ ƻǘƘŜǊ ƛƴǾŜǎǘƳŜƴǘǎ

I am just getting by financially Very little Cut back on non-essential spending for things your household wants

L ŀƳ ŎƻƴŎŜǊƴŜŘ ǘƘŀǘ ǘƘŜ ƳƻƴŜȅ L ƘŀǾŜ ǿƻƴΩǘ ƭŀǎǘVery little Reduce your household energy usage 1

Borrow money from family, friends, or peers

How often does this statement apply to you? Response Borrow money using a short term loan

I have money left over at the end of the month Often Use a credit card that you can't pay off right away

My finances control my life Rarely Leave rent/mortgage unpaid

Leave some household bills unpaid past the due date

AgeEnter your age (Below age 62 will yeild slightly higher scores) 48 Received emergency assistance from [IOU NAME]

Received emergency assistance from other city or regional programs

Q14

Since June 2016, how many times, if at all, has your household 

had difficulty paying your bills? 
Response

Electricity bill None
Item

(0 = not at all agree, 10 = completely agree)
Enter 0 to 10 

Bills for other basic needs such as food, housing, medicine, and 

other important bills
None I often worry whether there is enough money to pay my electricity bill. 6

Economic Index Score 2.48
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Figure 3.3-6 below shows an example set of responses to the questions included in the economic index for a score of 4.17 ς a typical CARE/FERA 

score. 

Figure 3.3-6: Response Example for High Economic Index Score (Typical of a CARE/FERA response) 

Q12 Q15

 Since June 2016, how well does this statement describe you and 

your situation? Please select one for each statement.
Response

How did your household afford to pay electricity bills and/or other basic 

needs this summer?

Put 1 for each 

used

Because of my money situation, I feel like I will never have the 

things I want in life
Somewhat ¦ǎŜ ȅƻǳǊ ƘƻǳǎŜƘƻƭŘΩǎ ǎŀǾƛƴƎǎ ƻǊ ƻǘƘŜǊ ƛƴǾŜǎǘƳŜƴǘǎ

I am just getting by financially Somewhat Cut back on non-essential spending for things your household wants 1

L ŀƳ ŎƻƴŎŜǊƴŜŘ ǘƘŀǘ ǘƘŜ ƳƻƴŜȅ L ƘŀǾŜ ǿƻƴΩǘ ƭŀǎǘSomewhat Reduce your household energy usage 1

Borrow money from family, friends, or peers

How often does this statement apply to you? Response Borrow money using a short term loan

I have money left over at the end of the month Rarely Use a credit card that you can't pay off right away

My finances control my life Often Leave rent/mortgage unpaid

Leave some household bills unpaid past the due date

AgeEnter your age (Below age 62 will yeild slightly higher scores) 48 Received emergency assistance from [IOU NAME]

Received emergency assistance from other city or regional programs

Q14

Since June 2016, how many times, if at all, has your household 

had difficulty paying your bills? 
Response

Electricity bill 1 time
Item

(0 = not at all agree, 10 = completely agree)
Enter 0 to 10 

Bills for other basic needs such as food, housing, medicine, and 

other important bills
None I often worry whether there is enough money to pay my electricity bill. 8

Economic Index Score 4.17
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Emphasis on Evening Peak Periods 

All three of PG&Eôs pilot tariffs have 
peak periods that include the prime 
evening hours from 6 to 9 PM. 

4 PG&E Evaluation 

This report section summarizes the design, implementation, and evaluation of the PG&E pilot. It begins 

with a summary of the rate and other treatments that were tested in the pilot. This is followed by a brief 

overview of the pilot implementation process, which includes a discussion of enrollment rates and 

customer attrition. Section 4.3 presents the load impact estimates for each rate and complementary 

treatment and Section 4.4 summarizes the bill impacts. Section 4.5 presents the survey results, including 

key findings regarding hardship for selected customer segments. The final section contains a high level 

summary and synthesis of the survey and impact findings. 

4.1 Pilot Treatments 

PG&E filed its Advice Letter (AL) 4764-E on December 24, 

2015 describing its plan to implement opt-in TOU pilots 

as required under Decision 15-07-001. The Commission 

ŀǇǇǊƻǾŜŘ tDϧ9Ωǎ ![ ǿƛǘƘ some modifications on 

February 25, 2016 (Resolution 4762-9ύΦ tDϧ9Ωǎ Ǉƛƭƻǘ Ǉƭŀƴ 

involves testing three TOU rate plans, which vary with respect to the number of rate periods and the 

prices in each period, as summarized in Table 4.1-1 and Figures 4.1-1 through 4.1-3.  

Table 4.1-1: Summary of PG&Eôs TOU Rates 

Rate Description Rate 1 Rate 2 Rate 3 

Rate Periods 

Summer 2 3 2 

Winter 2 2 2 

Spring N/A N/A 3 

Highest Price 
Differential (¢) 

Summer 10.3 14.9 28.6 

Winter 1.9 2.6 1.9 

Spring N/A N/A 18.0 

Peak Period 4-9 PM 6-9 PM 4-9 PM 

Duration of Peak 5 Hours 3 Hours 5 Hours 

Super Off-Peak? No No Yes 

Super On-Peak? No No No 
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Figure 4.1-1: TOU Pilot Rate 1 (Hour Ending)47 

 

Figure 4.1-2: TOU Pilot Rate 2 (Hour Ending) 

 

Figure 4.1-3: TOU Pilot Rate 3 (Hour Ending) 

 

Prices in the figures do not reflect the baseline credit of 11.71¢/kWh. This credit is applied to usage up 

to 100% of the baseline quantity in each climate region. The baseline credit significantly reduces average 

prices, especially for lower usage customers. 

Rate 1 is a simple, two-period rate with weekday peak period from 4 to 9 PM all year long and off-peak 

prices in effect on all other weekday hours and for all hours on weekends. The tier-2, peak-to-off-peak 

price ratio in the summer is roughly 1.3 to 1 and is very modest in the winter (non-summer months).  

wŀǘŜ н ƛǎ ǎƭƛƎƘǘƭȅ ƳƻǊŜ ŎƻƳǇƭŜȄ ǘƘŀƴ wŀǘŜ м ŀǎ ƛǘ ŀŘŘǎ ŀ ǎǳƳƳŜǊ άtŀǊǘƛŀƭ-tŜŀƪέ ǇŜǊƛƻŘ covering the two 

hours immediately preceding and the one hour immediately following the three-hour Peak period that 

runs from 6:00 to 9:00 PM on weekdays and weekends. In order to offset the additional complexity 

incurred with a third TOU period, PG&E kept the same prices in effect on both weekdays and weekends. 

                                                
47

 The prices included in theǎŜ ŦƛƎǳǊŜǎ ŀǊŜ ǘŀƪŜƴ ŦǊƻƳ tDϧ9Ωǎ ŦƛƭƛƴƎ ŀƴŘ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ŀŘƧǳǎǘƳŜƴǘǎ ǘƘŀǘ Ƴŀȅ ƻŎŎǳǊ ŦƻǊ tDϧ9Ωǎ 
Rate 1 over the course of the pilot.  

Tariff Season 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 24:00

Summer

Winter

Spring

Summer

Winter

Spring

Weekend

Off-Peak (31.67¢)

Off-Peak (27.1¢)

Off-Peak (27.1¢)

Off-Peak (27.1¢)

Weekday

Off-Peak (31.67¢) Peak (41.97¢)

Off-Peak (27.1¢) Peak (28.98¢)

Peak (28.98¢)

Tariff Season 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 24:00

Summer

Winter

Spring

Summer

Winter

Spring

Weekend

Partial Peak 

(39.27¢)
Peak  (44.48¢)

Off Peak (26.99¢)                                                                                                                                                                    Peak  (29.6¢)

Off Peak (26.99¢)                                                                                                                  

Weekday

Off Peak (29.59¢)

Off Peak (26.99¢)                                                                                                                                                              Peak  (29.6¢)

Peak  (29.6¢)

Off Peak (29.59¢)
Partial Peak 

(39.27¢)
Peak  (44.48¢)

Off Peak (26.99¢)                                                                                                                                                  Peak  (29.6¢)

Tariff Season 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 24:00

Summer

Winter

Spring

Summer

Winter

Spring

Weekend

Weekday

Off-Peak (28.59¢)

Off-Peak (27.08¢)

Off-Peak (28.59¢) Peak (57.19¢)

Off-Peak (27.08¢) Peak (28.97¢)

Super Off-Peak (18.02¢)

Off Peak (26.74¢) Super Off-Peak (18.02¢)

Peak (36.05¢)Off Peak (26.74¢)
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Rate 3 is more complex than Rates 1 and 2. It includes TOU pricing in the spring (from March until May) 

that differs from pricing in the winter in order to allow for lower prices during low-cost hours from 10:00 

am until 4:00 PM ǘƻ ōŜ ŎƘŀǊƎŜŘ ƛƴ ŀ ά{ǳǇŜǊ-Off-tŜŀƪέ ǇŜǊƛƻŘΦ ¢ƘŜ ά{ǳǇŜǊ-Off-tŜŀƪέ ǇŜǊƛƻŘ ŎƻƛƴŎƛŘŜǎ 

with the period CAISO identifies as being at high risk for excess supply in the future. Rate 3 has the same 

design as Rate 1 for the summer and winter seasons, with peak times from 4:00 to 9:00 PM and all other 

hours being off-peak. In the spring, the peak hours are also the same as Rate 1, but the remaining hours 

are divided into off-peak and super-off-peak periods.  

In addition to the rate treatments summarized above, PG&E also offered a smartphone app to 

approximately half of all pilot participants on one of the three rate plans (control group not included). 

The HomeBeat app by Bidgely provides a means to visualize electricity usage data. In order to encourage 

energy reductions, the app conveys a variety of useful information to TOU participants, including: pricing 

information; TOU-specific performance feedback; bill projections, and energy saving tips informed by 

user specific end use load disaggregation, in order to encourage energy savings.  

The objective of this treatment is to assess the impact that the application has on customer acceptance, 

engagement, satisfaction, and understanding of TOU rates and also to estimate load impacts of the 

smartphone app if a sufficient number of pilot participants chose to use it. PG&E implemented the study 

by randomly assigning customers into two groups, and offering the app to only one of the two groups. 

Roughly 300 customers out of 7,016 who were invited to download the app successfully did so, 

completed registration and connected the app to their accounts.  

4.2 Implementation Summary 

TƘŜ ǎŀƳǇƭƛƴƎ Ǉƭŀƴ ŦƻǊ tDϧ9Ωǎ Ƙƻǘ ŎƭƛƳŀǘŜ ȊƻƴŜ ƻǾŜǊǎŀƳǇƭŜŘ ǎŜƭŜŎǘŜŘ ŎǳǎǘƻƳŜǊ ǎŜƎƳŜƴǘǎ ǎǳŎƘ ŀǎ ƭƻǿ 

income and senior households and oversampled CARE/FERA customers in climate regions designated as 

hot, moderate, and cool. Table 4.2-1 summarizes the target enrollment for various treatments and 

customer segments that was designed to meet the requirements in PG&E Resolution E-4762. PG&9Ωs 

Rate 1 was the pilot tariff designated for oversampling in the hot climate zone for purposes of assessing 

hardship for seniors and low income households. The sampling strategy in the hot climate region 

involved a combination of recruitment from the general population as well as segment specific targeting 

ƻŦ ǎŜƴƛƻǊǎ ŀƴŘ ƭƻǿ ƛƴŎƻƳŜ ŎǳǎǘƻƳŜǊǎ ōŀǎŜŘ ƻƴ ƛƴŦƻǊƳŀǘƛƻƴ ŎƻƴǘŀƛƴŜŘ ƛƴ tDϧ9Ωǎ 9ȄǇŜǊƛŀƴ ŘŀǘŀōŀǎŜ. 

Recruiting customers according to the plan in Table 4.2-1τand using the Experian data and assumptions 

about the incidence rate of customers that meet the various income and age characteristics defined in 

the resolutionτwould result in a distribution of enrolled customers by microsegment in the hot climate 

region as shown in the ŎƻƭǳƳƴ ƭŀōŜƭŜŘ ά/ƻǳƴǘέ ƛƴ Table 4.2-2. The right hand column in the table shows 

the required sample sizes for each segment from the Resolution. As seen, this would result in 

enrollment that exceeds the required sample sizes in all cases. CARE/FERA customers were oversampled 

in all climate regions.  
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Table 4.2-1: PG&E Sampling Plan 

Climate 
Zone 

Segment 

Random Sample Targeted 

Rate 1 Rate 2 Rate 3 Control 
Rate 

1 
Control Total 

Hot 

CARE/FERA 725 600 600 725 1,000 1,000 4,650 

Non-CARE/FERA 1,150 600 600 1,150 500 500 4,500 

Total 1,875 1,200 1,200 1,875 1,500 1,500 9,150 

Moderate 

CARE/FERA 600 600 600 600 τ τ 2,400 

Non-CARE/FERA 600 600 600 600 τ τ 2,400 

Total 1,200 1,200 1,200 1,200 τ τ 4,800 

Cool 

CARE/FERA 600 600 600 600 τ τ 2,400 

Non-CARE/FERA 600 600 600 600 τ τ 2,400 

Total 1,200 1,200 1,200 1,200 τ τ 4,800 

All CARE/FERA 1,925 1,800 1,800 1,925 1,000 1,000 9,450 

 Non-CARE/FERA 2,350 1,800 1,800 2,350 500 500 9,300 

 Total 4,275 3,600 3,600 4,275 1,500 1,500 18,750 

 

Table 4.2-2: Distribution of Enrolled Customers on Rate 1 in PG&Eôs Hot Climate Zone 
by Customer Segment 

Customer Segment Count Requirement 

Seniors < 100% FPG 335 313 

Seniors > 100% FPG 1,132 313 

CARE/FERA < 100% FPG 507 313 

CARE/FERA > 100% FPG 1,218 313 

100ς200% FPG 790 313 

Seniors 1,466 625 

CARE/FERA 1,725 625 

< 100% FPG 633 625 

100ς200% FPG 790 625 

Prior to pulling the recruitment sample, selected customers were screened out from participating in the 

pilot. A detailed accounting of all exclusion criteria is contained in Section 3.1 of Appendix Volume 1. 

After applying all exclusions, PG&E had an eligible population of roughly 3.6 million customers. 

 Customer Recruitment 4.2.1

In order to determine the size of the recruitment sample needed to meet the enrollment targets 

summarized above, and to assess the costs of various recruitment options, PG&E conducted a pre-test in 

January 2016. The pretest varied the delivery mode (FedEx versus USPS), the total incentives paid out 

and the timing of the incentive amounts (e.g., more upfront versus more tied to survey completion). 

Eight different combinations of delivery mode and incentive combinations were tested on a sample of 

1,970 customers. Response rates varied from a low of roughly 3% to a high of 13% with the average 

response rate across all eight options equaling roughly 8%. While response rates for FedEx were more 

than twice those for USPS, the cost was more than 10 times higher. As such, USPS delivery was chosen 
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for pilot recruitment. Based in part on its own pretest results as well as those of the other two IOUs, 

PG&E decided to offer a $200 enrollment incentive for the pay-to-play recruitment, with $75 paid after 

enrollment, $50 for completion of the first survey in Fall 2016 and $75 for completion of the second 

survey in Summer 2017. 

Based on input from the pretests, PG&E decided to mail out roughly 350,000 invitation letters over a 

four-day period starting on April 1, 2016. The solicitation emphasized the importance of the study, the 

financial incentive participants would receive, what was expected from participants and what they could 

expect over the course of the pilot, and the fact that participation was risk free due to bill protection. It 

also set a cutoff date for enrollment of April 22. TOU rates were described in very general terms but the 

specific rates included in the pilot were not described in detail as customers were to be randomly 

assigned to the rate options after agreeing to be in the study.  

The engagement letter provided a toll free phone number, a link to the PG&E TOU website, as well as a 

postage paid enrollment card/form that customers could fill out and return to PG&E. The enrollment 

form acted as a survey aimed at gathering important data regarding income, senior status, email 

addresses, and a few other variables. Customers for whom PG&E had email addresses (approximately 

1/3 of the sample) also received an email solicitation in about a week after the letter was sent. The 

recruitment email conveyed the same messaging as the solicitation letter, and included a link to the 

PG&E TOU website, as well as a Pilot hotline for enrollment. 

Table 4.2.1-1 shows the number of customers that received solicitations in each segment, the number 

who accepted the offer, and the acceptance rate. The overall acceptance rate for the non-app treatment 

groups was 7%. Acceptance rates for the tariff treatment varied from a low of 5% for non-targeted, non-

CARE individuals in hot climate region, to a high of 11% for CARE individuals in cool climate region. 

Importantly, the acceptance rates across groups are not directly comparable. For some sub-segments 

that were under the target level by the April 22 close date, PG&E allowed enrollment to extend beyond 

that date while cutting off those that exceeded the enrollment target. For one group, non-CARE 

customers in the moderate climate zone, recruitment was far enough below the target level that PG&E 

conducted outbound calling to meet the enrollment requirements. As such, the acceptance rates for 

each group reflect a combination of different time periods and, in one case, a mixed mode recruitment 

process near the end of the recruitment period. Given this, one cannot draw conclusions about how 

acceptance rates differ across segments by simply comparing the rates in Table 4.2-3.  

Table 4.2-3: PG&E Offers and Acceptances by Partition and Strata 

Category 

Hot Climate Region 

Non-Targeted Targeted 

CARE Non-CARE CARE Non-CARE 

Offers 66,534 87,890 49,999 25,000 

Acceptances 4,393 4,144 4,442 1,815 

Acceptance Rate 7% 5% 9% 7% 
 

Category 
Moderate Climate Region Cool Climate Region 

Pretest Total 
CARE Non-CARE CARE Non-CARE 

Offers 30,164 30,601 30,119 30,413 1,972 350,720 

Acceptances 2,866 2,434 3,204 2,644 191 25,942 

Acceptance rate 10% 8% 11% 9% 10% 7% 



PG&E Evaluation 

 58 

In July 2016, roughly 50% of all customers who were enrolled on pilot rates received an invitation to 

ŘƻǿƴƭƻŀŘ ǘƘŜ IƻƳŜ.Ŝŀǘ ŀǇǇ ōȅ .ƛŘƎŜƭȅΦ ¢ƘŜ ƛƴǾƛǘŀǘƛƻƴ ƻǳǘƭƛƴŜŘ ǘƘŜ ŀǇǇΩǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅΣ ǎǘŜǇ-by-step 

instructions for download, as well as contact information for Bidgely and the TOU study phone line. The 

invitation was sent by both email and mail, with very similar designs. As previously mentioned, 

acceptance rates for the smart phone app were quite low.  

 Rate Assignment and Enrollment 4.2.2

Not all customers who agreed to participate in the pilot were actually placed on a TOU tariff or assigned 

to the control group. There were several reasons why customers were not placed on one of the rate 

treatments or assigned to the control group. First, their eligibility might have changed between the time 

they were selected into the recruitment sample and when they accepted the offer, or between the time 

they were assigned to a treatment condition and when enrollment was scheduled to occur, which was 

on the first billing cycle date to occur after June 1. For example, a customer might have closed their 

account, become a net metered customer, or enrolled into the medical baseline program during this 

period, all of which would lead to being declared ineligible for the study.  

Another reason why some customers who accepted the offer were not enrolled was due to over 

recruitment. As indicated in Table 4.2-1, PG&E targeted to enroll 18,750 customers, but almost 26,000 

customers accepted the pilot offer. In most strata, save for Non-CARE individuals in the moderate 

climate region (which had a lower acceptance rate and proved difficult to meet the target), PG&E 

accepted more than the target level of enrollees. Overall, PG&E accepted almost 21,000 customers into 

the pilot and turned away 4,600 customers due to over enrollment. Both those declined due to over 

enrollment or due to a change in eligibility were sent a decline notice and offered a 4-pack of LED light 

bulbs as recompense.  

Table 4.2-4 shows the progression of customers from acceptance to enrollment. Once ineligible 

customers were eliminated and those who were declined due to over recruitment were purged from the 

sample, the remaining customers were randomly assigned to treatment or control conditions. Another 

change that occurred during this process was that some customers were reassigned to segments based 

on data gathered through the enrollment survey. The original sample for targeted segments such as 

seniors above and below the poverty level was based on information on income and the age of the 

PG&E accountholder contained in PDϧ9Ωǎ 9ȄǇŜǊƛŀƴ Řŀǘŀōŀǎe. However, data on these variables was 

collected from the vast majority of participants at the time of enrollment. As such, the enrollment 

survey data was used first to classify customers, with the Experian data only used in the rare instances 

when the respondent did not provide demographic data in their enrollment survey. In addition, 

customers were reclassified using an alternative definition of senior households from the one used to 

draw the original sample. The original sample was based on a definition of seniors tied to the age of the 

customer of record on the account. Subsequently, the Commission directed the IOUs to define senior 

households as any household where one or more people were aged 65 or older. This change increased 

the number of senior households in the sample by about 10 percent.
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Table 4.2-4: Distribution of PG&E Customers from Acceptance to Enrollment 

Category 

Hot 
Climate 
Zones, 
CARE 

Customers 

Hot 
Climate 
Zones, 

Non-CARE 
Customers 

Hot Targeted 
Climate 

Zones, CARE 
Customers 

Hot Targeted 
Climate 

Zones, Non-
CARE 

Customers 

Moderate 
Climate 
Zones, 
CARE 

Customers 

Moderate 
Climate 

Zones, Non-
CARE 

Customers 

Cool 
Climate 
Zones, 
CARE 

Customers 

Cool 
Climate 
Zones, 

Non-CARE 
Customers 

Total 

Offers 66,534 87,890 49,999 25,000 30,164 30,601 30,119 30,413 350,720 

Acceptances 4,393 4,144 4,442 1,815 2,866 2,434 3,204 2,644 25,942 

Acceptance rate 7% 5% 9% 7% 10% 8% 11% 9% 7% 

Ineligible Prior to Rate Assignment 53 50 35 8 21 31 23 27 248 

Moved 43 36 20 7 19 29 17 25 196 

Medical 0 0 0 0 0 0 0 0 0 

NEM 0 0 0 0 0 0 0 0 0 

Participation in Rate Program 3 8 6 0 0 1 5 1 24 

Other 7 6 9 1 2 1 1 1 28 

Opt-Out Prior to Rate Assignment 1 2 0 0 0 0 1 0 4 

Random Over Enrollment Declines 1,316 319 1,486 662 192 28 643 44 4,690 

Assignments 3,023 3,773 2,921 1,145 2,653 2,375 2,537 2,573 21,000 

Customers Assigned to a Pilot Rate 3,023 3,773 2,921 1,145 2,653 2,375 2,537 2,573 21,000 

Rate 1 827 1,239 1,461 573 664 595 635 644 6,638 

Rate 2 685 648 0 0 664 594 634 643 3,868 

Rate 3 685 648 0 0 663 593 634 643 3,866 

Control 826 1,238 1,460 572 662 593 634 643 6,628 

Target enrollment 2,650 3,500 2,000 1,000 2,400 2,400 2,400 2,400 18,750 

% of Target achieved 114% 108% 146% 115% 111% 99% 106% 107% 112% 

Customers Sent to Rate Transition Process 3,007 3,746 2,909 1,138 2,645 2,370 2,528 2,566 20,909 

Customers Successfully Transitioned to a 
Pilot Rate 

2,952 3,692 2,897 1,130 2,626 2,356 2,514 2,546 20,713 
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Opt-Out Rates Were Quite Low 

Only about 2% of customers dropped 
off the pilot rates over the roughly six 
month period from enrollment in June 
through the end of December. Opt-out 
rates were slightly higher in the hot 
climate region compared with the 
moderate and cool regions, and slightly 
higher for non-CARE/FERA customers 
than for CARE/FERA customers, but all 
differences across regions and 
customer segments are small. There is 
no meaningful difference in the opt-out 
rates across the three pilot tariffs.  

Once the cell assignments were made, customers were notified of their acceptance into the pilot 

through the Welcome Package that was sent to customers. Study participants began receiving Welcome 

Kits in mid-May, 2016 dependent on their individual treatment status. The treatment groups 

(designated as, Time-of-day Study 4 to 9 pm, Time-of-day Study 6 to 9 pm and Time-of-day Study Three 

Seasons for Rates 1, 2 and 3 respectively) received similar welcome kits outlining the entire study 

timeframe, incentive requirements and schedules and bill protection and providing a telephone number 

and treatment specific website for any inquiries. The welcome kits effectively illustrated Peak, Partial 

Peak, Off-Peak, and Super Off-Peak periods using study-specific infographics, color-coded clocks, and 

seasonal timelines. The welcome kits outlined an effective strategy for study participants to lower or 

maintain their electricity bills by shifting usage from peak to off-peak times.  

The control group also received a Welcome Kit explaining that they were to remain on their current 

monthly rate plan throughout the study. The mailer included an outline of the entire study timeframe, 

incentive requirements and schedules, as well as a telephone line for study inquires. Energy 

conservation tips were also included in the mailer alongside a website link for further information.  

 Customer Attrition 4.2.3

Table 4.2-5 shows customer attrition from the pilot 

between when customers were assigned to a rate in May 

and December 31, 2016. Attrition over that period was 

the result of changes in eligibility, customers closing 

their account due to moving (e.g., customer churn), and 

customers actively choosing to opt out of the pilot. 

Attrition is divided into three periods:  the time between 

rate assignment/  notification and when customers were 

submitted for a rate change; the time during the rate 

transition process; and the time between transfer onto 

the rate and December 31.    

Over this period, 2,417 customers left the pilot due either to ineligibility, moving or proactively dropping 

out. Of this total, roughly 44% left because they moved location. Given that this period of time covered 

roughly seven months (mid-May through December), this equates to approximately 152 customers 

moving each month, or an annual churn rate of 1,824, or less than 10%. This is significantly less than the 

assumed churn rate underlying the sampling plan, which was in the 15% to 20% range.  

Out of the total attrition of 2,417, 2,178 (or 90%) occurred after customers were enrolled onto the rate. 

Drop outs occurring over the roughly six month period following transition onto a rate (or control) 

equaled 398, or 2.1% of the 18,583 customers who were enrolled onto a rate or placed into the control 

group. Almost twice that number (788) became ineligible during that same period. The vast majority of 

these were customers who switched their service to one of several Community Choice Aggregators 

ό//!ǎύ ǘƘŀǘ ŀǊŜ ŀŎǘƛǾŜ ƛƴ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ. [ƻǎǎŜǎ ǘƻ //!ǎ ŀǊŜ ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ tDϧ9Ωǎ ƳƻŘŜǊŀǘŜ 

and cool regions and are expected to continue over the course of the pilot. These losses may lead to 

sample sizes during the second summer of the study that dip below the minimum planning target in the 

moderate and cool regions but are not expected to significantly impact the hot climate region test cells. 
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Table 4.2-5: PG&E Customer Attrition 

 

Attrition Reason

Hot Climate 

Zones, 

CARE 

Customers

Hot Climate 

Zones, Non-

CARE 

Customers

Hot Climate 

Zones, Non-

Senior 

CARE 

Customers 

below FPL

Hot Climate 

Zones, Non-

Senior 

CARE 

Customers 

above FPL

Hot Climate 

Zones, 

Seniors 

below FPL

Hot Climate 

Zones, 

Seniors 

above FPL

Moderate 

Climate 

Zones, 

CARE 

Customers

Moderate 

Climate 

Zones, Non-

CARE 

Customers

Cool 

Climate 

Zones, 

CARE 

Customers

Cool 

Climate 

Zones, Non-

CARE 

Customers

None Total

Customers assigned to rate treatment or control 3,023 3,773 398 306 745 2,580 2,653 2,375 2,537 2,573 37 21,000
Customers transitioned to pilot rate (or control customers) 2,951 3,692 390 302 735 2,547 2,616 2,352 2,503 2,538 35 20,661
Customers enrolled as of 12-31-2016 2,621 3,394 332 264 678 2,423 2,278 2,038 2,337 2,190 28 18,583
Ineligible Post-Rate Assignment 68 44 7 3 18 30 212 175 69 223 3 852

Ineligibles, Prior to Rate Change Process 3 1 0 0 0 1 0 1 0 0 1 7
Ineligibles, During Rate Change Process 11 10 1 0 4 4 6 7 6 10 0 59
Ineligibles, Post-Rate Change 54 33 7 3 14 25 206 167 63 214 2 788

Moved Post-Rate assignment 251 177 51 33 36 70 130 101 110 107 4 1,070
Moves,  Prior to Rate Change Process 4 5 2 0 0 0 3 0 5 1 0 20
Moves, During Rate Change Process 12 9 0 2 0 3 12 5 7 8 0 58
Moves, Post-Rate Change 235 163 49 31 36 67 115 96 98 98 4 992

Opt-Out Post-Rate Assignment 83 158 8 6 13 57 33 61 21 53 2 495
Opt-Outs, Prior to Rate Change Process 9 21 1 0 2 11 5 4 4 6 1 64
Opt-Outs, During Rate Change Process 4 17 1 0 0 5 1 2 1 2 0 33
Opt-Outs, Post-Rate Change 70 120 6 6 11 41 27 55 16 45 1 398

Total 402 379 66 42 67 157 375 337 200 383 9 2,417
Attrition rate 13% 10% 17% 14% 9% 6% 14% 14% 8% 15% 24% 12%
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Figures 4.2-1 through 4.2-3 show the cumulative opt-out rates over time for each test cell and climate 

region. The cumulative number of opt-outs is highest in the hot region, second highest in the moderate 

region and lowest in the cool region. The number of control customers dropping out is very low in all 

climate regions. The cumulative opt-out rate in the moderate and cool regions is below 2% for all 

customer segments and rates. In the hot region, the opt-out rate exceeds 2% for four customer-

segment/rate combinations, all of them involving non-CARE/FERA customers. Almost 4.5% of non-

CARE/FERA customers on Rate 3 in the hot climate region have dropped out of the study. Overall, opt 

out rates were slightly higher for non-CARE/FERA customers than for CARE/FERA customers. While there 

is evidence of an upturn in the opt-out rates starting in late July, after the first bills were sent out, there 

is also evidence of a significant leveling off near the beginning of October, when customers were 

transitioned to the winter rate period.  

Figure 4.2-1: PG&E Opt Outs by Month ï Hot Climate Region 

 

Figure 4.2-2: PG&E Opt Outs by Month ï Moderate Climate Region 
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Figure 4.2-3: PG&E Opt Outs by Month ï Cool Climate Region 
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Figure 4.2-4 shows the cumulative percent of customers that opted out of each tariff for the CARE/FERA, non-CARE/FERA segments and for the 

ǘƻǘŀƭ ǇƻǇǳƭŀǘƛƻƴ ŀŎǊƻǎǎ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ŀǎ ŀ ǿƘƻƭŜΦ !ǎ ǎŜŜƴΣ ǘƘŜ ŎǳƳǳƭŀǘƛǾŜ ǇŜǊŎŜƴǘ ƻŦ ŎǳǎǘƻƳŜǊǎ ƻǇǘƛƴƎ ƻǳǘ ǿŀǎ ǉǳƛǘe low for all rates 

and segments. The lowest cumulative percent opt out was for CARE/FARE customers on Rate 3 and the highest was for Non-CARE/FERA 

customers on Rate 3. For the service territory as a whole, there is no meaningful difference in the cumulative percent of opt outs across the 

three rates. 

Figure 4.2-4:  Opt Outs by Rate and Customer Segment for the PG&E Service Territory 
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Figures 4.2-5 through 4.2-7 show the overall attrition rate over time for each climate region, customer 

segment, and TOU rate. As seen in Figure 4.2-4, the cumulative attrition is quite constant over time in 

the hot region, with the final attrition rate ranging from a low of roughly 4% for the non-CARE/FERA 

control group and a high of nearly 12% for CARE/FERA customers on Rate 3. The attrition in the 

moderate and cool climate regions have a very different shape over time, with a significant increase in 

attrition starting in August in the moderate region and in September in the cool region. These higher 

rates coincide with more active transitions of customers to CCAs during those periods.  

Figure 4.2-5: PG&E Attrition by Month ï Hot Climate Region 

 

 

Figure 4.2-6: PG&E Attrition by Month ï Moderate Climate Region 
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Figure 4.2-7: PG&E Attrition by Month ï Cool Climate Region 

 

 Education and Outreach Material 4.2.4

Study participants received Education and Outreach materials tailored to their individual treatment. The 

treatment groups (Three Seasons, 4 to 9 pm, and 6 to 9 pm) received similar outreach materials that 

reiterated the energy reduction tips, incentive requirements & schedules, peak and off-peak period 

definitions, and general usage shifting strategy that was presented in the Welcome Kits. Customers in 

ŜŀŎƘ ǘǊŜŀǘƳŜƴǘ ƎǊƻǳǇ ǊŜŎŜƛǾŜŘ ƻǳǘǊŜŀŎƘ ƳŀǘŜǊƛŀƭ ŜƴǘƛǘƭŜŘ ά/ŀǊŜŦǳƭ /ƻƴǎƛŘŜǊŀǘƛƻƴέ ŀƴŘ άPredict and 

/ƻƴǘǊƻƭέ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜƛǊ Ŏǳǎǘƻmer segment. The materials differed in their message regarding the 

ǇŀǊǘƛŎƛǇŀƴǘΩǎ ŀǘǘƛǘǳŘŜ ǘƻǿŀǊŘ ǘƘŜ ǎǘǳŘȅΦ ¢ƘŜ /ŀǊŜŦǳƭ /ƻƴǎƛŘŜǊŀǘƛƻƴ ƳŀǘŜǊƛŀƭ ǿŀǎ ŜƴǘƛǘƭŜŘ ά¢Ƙƛǎ ǎǳƳƳŜǊΣ 

ōŜŎƻƳŜ ŀ ǇŀǊǘ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ŎƭŜŀƴŜǊ ŜƴŜǊƎȅ ŦǳǘǳǊŜέ ǿƘŜǊŜŀǎ ǘƘŜ Predict and Control material was 

ŜƴǘƛǘƭŜŘ ά¢Ƙƛǎ ǎǳƳƳŜǊΣ ȅƻǳ ƘŀǾŜ ǘƘŜ ŎƻƴǘǊƻƭ ǘƻ ǎƘƛŦǘ ȅƻǳǊ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŀƎŜ ŀƴŘ ƳŀƴŀƎŜ ōƛƭƭǎέΦ ¢ƘŜ ǘƻƴŜ 

of the Careful Consideration leads the reader to believe they are involved in a larger effort to reduce 

emissions, whereas the Predict and Control material evokes a very practical or utilitarian message. 

 Operational Challenges and Lessons Learned 4.2.5

tDϧ9Ωǎ ŜȄǇŜǊƛŜƴŎŜ ƛƳǇƭŜƳŜƴǘƛƴƎ ǘƘŜ wŜǎƛŘŜƴǘƛŀƭ hǇǘ-in TOU pilot has generated a number of insights 

that may inform future pilots or the future transition of larger customer groups onto TOU rates. This 

subsection summarizes key lessons learned from the pilot thus far. The insights are divided into four 

sections: 1) general lessons learned that apply to all stages of pilot implementation, 2) lessons learned 

from the Planning and Initiation phase, 3) lessons learned from the Recruitment phase, and 4) lessons 

learned from the Operations phase. 

General 

Lessons learned: 

Á Clearly defined pilot objectives helped minimize scope creep. 

Á Close and disciplined coordination within PG&E helped enable an on-time and on-scope pilot 
launch 
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Á Tight timelines sometimes led to target completion dates for some milestones that were too 
optimistic. 

Á Collaboration across the three IOUs enabled the sharing of lessons learned in real-time, which 
proved useful throughout the implementation process.  

Objectives: The objectives of the Opt-in TOU pilot were clearly defined from the beginning, and it was a 

product of extensive collaboration among multiple stakeholders prior to the start of pilot 

implementation. The objectives, which are outlined in detail in the Nexant Time-of-Use Pricing Opt-in 

Pilot Plan,48 were a useful reference point that has helped govern the entire implementation process, 

from planning through operations. PG&E feels these objectives played a key role in keeping the pilot 

focused and limiting scope creep. 

Coordination: Implementing a pilot the size of the Opt-in TOU Pilot, particularly within such a short time 

frame, required a significant amount of disciplined coordination among internal stakeholders from 

multiple lines of business. From the beginning of the implementation process, PG&E held weekly 

meetings with representatives from each key line of business to discuss progress toward key milestones, 

issues, and risks. These meetings were critical in facilitating coordination across work streams, as it 

allowed individual contributors to discuss interdependent deliverables in real-time.  

Tight timelines: The project timeline was highly aggressive, with targets that were more optimistic than 

is typically expected for projects of similar scope and magnitude. While PG&E was able to meet the 

aggressive timeline and ensure a smooth customer experience, the project schedule led to elevated 

risks, inefficient processes (favoring on-time completion at the expense of more thoughtful planning), 

and little room for error. A more realistic timeline would have resulted in less manual work and stronger 

reporting systems. 

Collaboration: PG&E has also benefited from close collaboration with SCE and SDG&E. PG&E found it 

useful to maintain a regular cadence of cross-IOU meetings to raise issues and develop or share 

solutions given that the other two IOUs were also implementing pilots of similar scope on a similar 

schedule. Even greater collaboration across IOUs, specifically within particular work streams, from the 

start of the project would have been beneficial. 

Planning and Initiation Phase 

Lessons learned: 

Á The Ǉƛƭƻǘ ǊŜŎǊǳƛǘƳŜƴǘ άǇǊŜ-ǘŜǎǘέ generated extremely valuable insights that helped inform the 
broader recruitment campaign. 

Á Process maps helped establish a common understanding of the Opt-ƛƴ tƛƭƻǘΩǎ ƪŜȅ ƻǇŜǊŀǘƛƻƴŀƭ 
processes and facilitated the close coordination of activities across lines of business. However, 
due to timing and resource constraints, some of the processes were developed and socialized 
later during the project lifecycle than planned. More extensive and comprehensive process 
mapping during the early stages would have been useful to reduce the amount of 
troubleshooting during the operations phase. 

Á Each piece of marketing collateral required several versions, adding substantial complexity to 
the initiation process.  

                                                
48

 George, S., Sullivan, M., Potter, J., & Savage, A. (2015). Time-of-Use Pricing Opt-in Pilot Plan. Nexant, Inc. 
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The planning and initiation phase began in January 2016, after PG&E filed its advice letter with the 

CPUC, and extended to the start of the pilot launch in June 2016. During this period, PG&E developed its 

ƳŀǊƪŜǘƛƴƎ ƳŀǘŜǊƛŀƭǎΣ ƭŀǳƴŎƘŜŘ ŀ ǎƳŀƭƭ ǊŜŎǊǳƛǘƳŜƴǘ άǇǊŜ-ǘŜǎǘΣέ ŜǎǘŀōƭƛǎƘŜŘ ŀƴŘ ǘŜǎǘŜŘ ǘƘŜ ǊŜƭŜǾŀƴǘ L¢ ŀƴŘ 

operational processes, and trained customer service representatives in the lead-up to the pilot launch. 

! ƳŀƧƻǊ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ǇƭŀƴƴƛƴƎ ǇƘŀǎŜ ǿŀǎ ǘƘŜ Ǉƛƭƻǘ ǊŜŎǊǳƛǘƳŜƴǘ άǇǊŜ-ǘŜǎǘέ. The pre-test involved 

recruiting an initial small batch of customers onto the pilot ahead of the full recruitment campaign in 

order to test the impact of varying incentive amounts and pilot invitation delivery mechanisms on 

customer acceptance. PG&E sent pilot invitations to 1,970 customers, testing two incentive amounts 

($175 and $250) and two delivery mechanisms (FedEx and USPS) within this population. Of the 168 

initial acceptances, PG&E found that the higher incentive amount did not positively affect acceptance 

rates. While the FedEx invitations led to higher acceptance rates than USPS invitations (11.7% vs 5.5%), 

the difference was not large enough to warrant the higher cost of sending all invitations via FedEx. PG&E 

used the information from the pretest to settle upon a $200 incentive sent via USPS. The observed 

acceptance rates in the pre-test informed PG&EΩǎ Ǉƭŀƴ to send pilot invitations to 348,750 customers in 

its full recruitment campaign in order to safely generate the minimum number of acceptances to fulfill 

the sampling requirements of the pilot design.  

PG&E found that the pre-test was an extremely useful exercise that enabled PG&E to develop a cost-

effective offer that would incentivize participation without overspending. The pre-test also generated 

acceptance rates that helped PG&E calibrate the recruitment effort to avoid recruiting too few 

customers (which would have affecǘŜŘ tDϧ9Ωǎ ŀōƛƭƛǘȅ ǘƻ ƭŀǳƴŎƘ ƻƴ ǘƛƳŜ ǿƛǘƘ ǘƘŜ ƳƛƴƛƳǳƳ ƴǳƳōŜǊ ŀǎ 

required by the pilot design) or too many customers (which would have led to more customers being 

rejected from the pilot in order to keep total costs down).  

In preparation for the operations phase, PG&E developed several process maps to document the 

customer onboarding and support processes, including roles and hand-ƻŦŦǎ ŀŎǊƻǎǎ tDϧ9Ωǎ ƭƛƴŜǎ ƻŦ 

business and key aspects of the customer journey. Overall, PG&E stakeholders expressed satisfaction 

with the process mapping efforts and final deliverables, which provided significant detail into the 

various operational steps and interdependencies, and facilitated coordination across lines of business. 

However, the complexity of some processes, particularly those related to IT systems and reporting 

requirements, were initially underestimated, leading to the need for real-time troubleshooting. In 

addition, due to the short implementation timeline, some processes were socialized to key staff with 

minimal time to prepare and troubleshoot. Having more time to develop these processes and integrate 

ǘƘŜƳ ƛƴǘƻ tDϧ9Ωǎ ǎǘŀƴŘŀǊŘ ǘǊŀƛƴƛƴƎ ǇǊƻŎŜŘǳǊŜǎ ǿƻǳƭŘ ƘŀǾŜ ƭŜŘ ǘƻ ŀ ǎƳƻƻǘƘŜǊ Ǉƛƭƻǘ ƭŀǳƴŎƘΦ 

PG&E also found that the large number of versions for each piece of marketing collateral added a 

significant amount of time and complexity to the implementation process. With four treatment groups 

and the need to produce collateral in three languages, along with some marketing pieces that were 

tailored to specific persona groups, the number of versions multiplied quickly. Each unique piece of 

ŎƻƭƭŀǘŜǊŀƭ ǿŜƴǘ ǘƘǊƻǳƎƘ tDϧ9Ωǎ ƛƴǘŜǊƴŀƭ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ŀƴŘ ŀǇǇǊƻǾŀƭ ǇǊƻŎŜǎǎ ŀƴŘ ǿŀǎ ǎŜǇŀǊŀǘŜƭȅ 

tracked. This led to significant demands on internal resources and it is unclear whether the extra effort 

and expense brought commensurate benefit. PG&E will consider the impact of multiple collateral 

versions carefully in future, potentially much larger and more complex, customer transitions to TOU 

rates.  
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Recruitment Phase 

Lessons Learned: 

Á Having a single team dedicated to customer recruitment and enrollment helped ensure that 
PG&E could recruit the required number of customers within the short timeframe available. 

Á Recruitment required more labor hours than initially expected, largely due to customer 
questions ŀōƻǳǘ ǘƘŜ ǇƛƭƻǘΩǎ ŜƭƛƎƛōƛƭƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ƻǘƘŜǊ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ ǇƛƭƻǘΦ 

Recruitment began during the week of March 27, 2016, with the first batch of 348,750 letters 

distributed to customers that week, and enrollments were accepted through the first week of May 2016. 

PG&E successfully recruited a sufficient number of customers into each of the segments defined in its 

initial sampling plan and ultimately accepted 21,001 customers into the pilot. 

PG&E contracted with a third party consultant to serve as the first point of contact for all three 

enrollment channels: website, call center, and mail. This allowed for a well-coordinated and closely 

controlled recruitment process that could be initiated and wound down with relative speed and 

efficiency. PG&E received updated enrollment counts across all three channels daily, which enabled 

PG&E to closely monitor how quickly the customer segments were being filled. It also enabled PG&E to 

quickly close specific customer segments to new enrollment once the maximum numbers were reached. 

The arrangement also enabled data from the enrollment survey to be routed to a single database, which 

allowed for quick ad hoc analyses throughout the recruitment phase. 

While the recruitment process went smoothly overall, the labor requirements to complete the 

ǊŜŎǊǳƛǘƳŜƴǘ ŜȄŎŜŜŘŜŘ tDϧ9Ωǎ ƛƴƛǘƛŀƭ ŜȄǇŜŎǘŀǘƛƻƴǎΦ Lƴ ǇŀǊǘƛŎǳƭŀǊΣ tDϧ9 ǳƴŘŜǊŜǎǘƛƳŀǘŜŘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 

time that customer service representatives needed to spend on the phone with prospective pilot 

enrollees. A significant number of customers called in with questions about the seven eligibility 

requirements and other aspects of the pilot, such as bill protection after the first 12 months. While this 

led to some lag in enrolling customers, the issue was not severe enough to seriously affect the 

recruitment effort. 

Operations Phase 

Á Many processes and tools developed for the Opt-in Pilot are not scalable to a broader rollout of 
residential TOU rates. 

Á The rollout of the end of summer survey was hampered by technical bandwidth issues, which 
affected the customer experience. Survey delivery should be spaced out to mitigate these risks 
in the future. 

Á The need to produce several unanticipated customer communication pieces exacerbated 
tDϧ9Ωǎ ǊŜǎƻǳǊŎŜ ŎƻƴǎǘǊŀƛƴǘǎΦ 

Á The adoption rate of the smartphone app was much lower than anticipated. 

Given the short amount of time PG&E had to prepare for the pilot, as well as its temporary nature with 

discrete start and end dates, it was not possible, or necessarily desirable, to fully develop and integrate 

pilot-ǎǇŜŎƛŦƛŎ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǘƻƻƭǎ ƛƴǘƻ tDϧ9Ωǎ ƻǾŜǊŀƭƭ ƻǇŜǊŀǘƛƻƴŀƭ ǎȅǎǘŜƳǎΦ ¢ƘŜǊŜŦƻǊŜ ǎŜǾŜǊŀƭ ǘŜƳǇƻǊŀǊȅ 

operational processes and tools were developed to facilitate pilot operations.  

For example, PG&E established temporary online microsites for pilot participants that were not 

integrated with its primary website and customer portal, www.pge.com. In addition, many billing 

operations processes, such as identifying customers that become ineligible to continue participating in 

http://www.pge.com/
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the pilot (e.g. due to qualifying for a Medical Baseline Allowance or joining another PG&E program such 

ŀǎ {ƻƭŀǊ /ƘƻƛŎŜ ƻǊ {ƳŀǊǘwŀǘŜύΣ ƘŀŘ ǘƻ ōŜ ǇŜǊŦƻǊƳŜŘ ƳŀƴǳŀƭƭȅΦ ¢ƻ ŀŘŘ ǘƻ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅΣ ǘƘŜ ǇƛƭƻǘΩǎ 

unique reporting requirements, such as the need to document when customers became ineligible and 

ǘƘŜ ǊŜŀǎƻƴǎ ǿƘȅΣ ƭŜŘ ǘƻ ŀŘŘƛǘƛƻƴŀƭ Ƴŀƴǳŀƭ ǘǊŀƴǎŀŎǘƛƻƴǎΣ ǊŜǾƛŜǿΣ ŀƴŘ ǘǊƻǳōƭŜǎƘƻƻǘƛƴƎΦ ²ƘƛƭŜ tDϧ9Ωǎ ǎǘŀŦŦ 

Ƙŀǎ ōŜŜƴ ŀōƭŜ ǘƻ ƳŜŜǘ ǘƘŜ ǇƛƭƻǘΩǎ ōǳǎƛƴŜǎǎ ǊŜǉǳƛǊŜƳŜƴǘǎ ƎƛǾŜƴ ƛǘǎ ǎƛȊŜ ƻŦ нлΣллм ƛƴƛǘƛŀƭ ǇŀǊǘƛŎƛǇŀƴǘǎ, a key 

lesson learned is that the vast majority of these processes will need to be automated when the number 

of customers transitioning to TOU increases by several orders of magnitude.  

PG&E also found opportunities for improvement in the survey administration process. Pilot participants 

across all three IOUs received the end of summer 2016 survey at the same time, which overloaded the 

ǎǳǊǾŜȅ ŀŘƳƛƴƛǎǘǊŀǘƻǊΩǎ ǎŜǊǾŜǊǎ ŀƴŘ ŀŦŦŜŎǘŜŘ ŎǳǎǘƻƳŜǊǎΩ ŀōƛƭƛǘȅ ǘƻ ŎƻƳǇƭŜǘŜ ǘƘŜ ǎǳǊǾŜȅ ǳǇƻƴ ǊŜŎŜƛǇǘ ƻŦ 

their invitation. The survey administrator also did not anticipate the volume of calls that the survey 

ǿƻǳƭŘ ƎŜƴŜǊŀǘŜΦ ¢ƘŜ Lh¦ǎ ǳƴŘŜǊŜǎǘƛƳŀǘŜŘ ŎǳǎǘƻƳŜǊǎΩ ƛƴǘŜǊŜǎǘ ƛƴ ŀƴŘ ŘŜǎƛǊŜ ǘƻ ŎƻƳǇƭŜǘŜ ǘƘŜ ǎǳǊǾŜȅ ŀǎ 

soon as possible. Future surveys should be administered in waves to mitigate the risk of server issues.   

Additionally, PG&E did not in its initial planning account for all of the customer communications that 

would be needed throughout the project lifecycle. For example, customers who were declined from the 

pilot due to oversubscription and customers made ineligible to continue participating (for example, after 

defaulting onto Community Choice Aggregation) needed to be contacted via mail. PG&E was able to 

produce the necessary marketing collateral to ensure a quality customer experience, but improved 

planning of all marketing-related deliverables throughout the pilot would have led to a more accurate 

accounting of marketing resource needs and less ad hoc implementation. 

PG&E also found that adoption of the smartphone app has been low. Results from the most recent 

email marketing effort in January 2017 were disappointing with unique click-through rates of 1 ς 1.8%, 

which underperforms averages for both industry and PG&E residential email click-through rates. In 

addition, registration of the app is a somewhat complicated process, which led to some attrition. A total 

of 600 users (out of about 6,000 who were offered the app) downloaded the app, and only about half of 

them completed the registration process. PG&E is considering that the app may be a niche offering for 

some customers but may not be a tool for assisting a majority of customers to succeed on a Time of Use 

rate. 

4.3 Load Impacts 

This section summarizes the load impact estimates for the three rate treatments tested by PG&E. The 

CPU/ ǊŜǎƻƭǳǘƛƻƴ ŀǇǇǊƻǾƛƴƎ tDϧ9Ωǎ Ǉƛƭƻǘ requires that load impacts be estimated for the peak and off-

peak periods and for daily energy use for the following rates, customer segments, and climate regions: 

Á Seniors, CARE/FERA customers, non-CARE/FERA customers and households with incomes below 
млл҈ ƻŦ CtD ƛƴ tDϧ9Ωǎ Ƙƻǘ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴ for Rate 1; 

Á CƻǊ ŀƭƭ ǘƘǊŜŜ ǊŀǘŜǎ ŦƻǊ ŀƭƭ ŎǳǎǘƻƳŜǊǎ ƛƴ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ŀǎ ŀ ǿƘƻƭŜ ŀƴŘ ŦƻǊ ŀƭƭ ŎǳǎǘƻƳŜǊǎ 
ƛƴ tDϧ9Ωǎ Ƙƻǘ ŀƴŘ ƳƻŘŜǊŀǘŜ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴǎΤ and 

Á For CARE/FERA and non-/!w9κC9w! ŎǳǎǘƻƳŜǊǎ ƻƴ ŜŀŎƘ ǊŀǘŜ ŀŎǊƻǎǎ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ŀǎ ŀ 
whole.  

In addition to these required segments, Nexant estimated load impacts for CARE/FERA and non-

CARE/FERA customers for each rate for each climate region. Load impacts are reported here for each 
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rate period for the average weekday, average weekend and for the average monthly peak day for the 

summer months of July, August and September49 for each rate, climate zone and customer segment 

summarized above. Underlying the values presented in the report are electronic tables that contain 

estimates for each hour of the day for each day type, segment and climate zone and for each month 

separately. These values are contained in Excel spreadsheets that are available upon request through 

the CPUC. Figure 4.3-1 shows an example of the content of these tables for PG&E Rate 1 for all eligible 

customers in the service territory. Pull down menus in the upper left hand corner allow users to select 

different customer segments, climate regions, day types (e.g., weekdays, weekends, monthly peak day) 

and time period (individual months or the average of July, August and September). 

 

                                                
49

 Estimates were not produced for the month of June because enrollment changed dramatically from the beginning to the end 
of the month and the estimates would not be comparable to those for other months.  



PG&E Evaluation 

 72 

Figure 4.3-1: Example of Content of Electronic Tables Underlying Load Impacts Summarized in this Report 
(PG&E Rate 1, Average Summer Weekday, All Customers) 

 

Segment All Period
Reference 

kW
Treat kW Impact

Percent 

Impact

Hour 

Ending

Reference 

kW
Treat kW Impact

Percent 

Impact
Price Period

Rate Rate 1 5 Peak 1.04 0.98 0.06 5.8% 0.06 0.06 1 0.51 0.51 0.00 -0.1% -0.01 0.01 $0.28 Off Peak

Month July, August, September 2016 0 Partial Peak N/A N/A N/A N/A N/A N/A 2 0.45 0.45 0.00 -0.3% -0.01 0.00 $0.28 Off Peak

Day Type Average Weekday 19 Off Peak 0.59 0.59 0.00 -0.4% 0.00 0.00 3 0.41 0.41 0.00 0.0% -0.01 0.01 $0.28 Off Peak

Treated Customers 6,428 0 Super Off Peak N/A N/A N/A N/A N/A N/A 4 0.39 0.39 0.00 0.8% 0.00 0.01 $0.28 Off Peak

24 Daily kWh 16.43 16.17 0.26 1.6% 0.22 0.30 5 0.39 0.39 0.00 0.8% 0.00 0.01 $0.28 Off Peak

6 0.42 0.41 0.00 1.1% 0.00 0.01 $0.28 Off Peak

7 0.48 0.48 0.00 -0.2% -0.01 0.01 $0.28 Off Peak

8 0.53 0.54 -0.01 -1.6% -0.02 0.00 $0.28 Off Peak

9 0.54 0.54 -0.01 -1.2% -0.01 0.00 $0.28 Off Peak

10 0.55 0.56 -0.01 -1.7% -0.02 0.00 $0.28 Off Peak

11 0.57 0.58 -0.01 -1.5% -0.02 0.00 $0.28 Off Peak

12 0.61 0.62 -0.01 -1.3% -0.02 0.00 $0.28 Off Peak

13 0.67 0.67 -0.01 -1.0% -0.02 0.00 $0.28 Off Peak

14 0.73 0.73 -0.01 -0.9% -0.02 0.00 $0.28 Off Peak

15 0.80 0.80 -0.01 -0.7% -0.02 0.00 $0.28 Off Peak

16 0.89 0.89 0.00 0.4% -0.01 0.01 $0.28 Off Peak

17 0.98 0.93 0.05 5.2% 0.04 0.06 $0.37 Peak

18 1.06 1.00 0.06 6.0% 0.05 0.07 $0.37 Peak

19 1.09 1.02 0.07 6.4% 0.06 0.08 $0.37 Peak

20 1.05 0.99 0.06 5.7% 0.05 0.07 $0.37 Peak

21 1.01 0.96 0.06 5.5% 0.05 0.07 $0.37 Peak

22 0.92 0.91 0.01 1.3% 0.00 0.02 $0.28 Off Peak

23 0.77 0.77 0.00 -0.5% -0.01 0.00 $0.28 Off Peak

24 0.62 0.62 0.00 -0.2% -0.01 0.01 $0.28 Off Peak

Daily kWh 16.43 16.17 0.26 1.6% 0.22 0.30 N/A N/A
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Table 4.3-1 shows the weights used when aggregating CARE/FERA and non-CARE/FERA customers within 

each climate region and when aggregating across climate regions to produce estimates at the service 

territory as a whole. The weights are based on the eligible population contained in each customer 

segment and climate region.  

Table 4.3-1: Weights Used for Aggregating up to Climate Region and Service Territory 

Segment 
Eligible for 

Pilot 
Participation 

Population 
Weight 

Climate 
Region 
Weight 

Hot 
CARE 548,819 15.4% 39.2% 

Non-CARE 850,419 23.8% 60.8% 

Moderate 
CARE 220,803 6.2% 17.2% 

Non-CARE 1,059,794 29.7% 82.8% 

Cool 
CARE 192,156 5.4% 21.5% 

Non-CARE 700,745 19.6% 78.5% 

Total 3,572,736 100.0% n/a 

Table 4.3-2 shows the weights that were used to aggregate up from the customer subpopulations to the 

CARE/FERA populations in the hot climate region for each group of customers assigned to rate and 

control conditions. These weights are based on the number of customers that were enrolled into the 

study from the general population recruitment category in the hot climate region. Since customers in 

the sub-segments (e.g., below 100% of FPG, 100 to 200% of FPG, seniors) contained in this general 

population group were not over or under sampled, the shares of each sub-segment in this group are 

conceptually analogous to the shares in the CARE/FERA and non-CARE/FERA segments contained in 

other climate regions.  

The remainder of this section is organized by rate treatment ς that is, load impacts are presented for 

each relevant customer segment and climate region for each of the three rates. Following the summary 

for each rate, load impacts are compared across rates. This comparison is made only for the hours 

within each peak period that are common across all three rates (6 to 9 PM). Because the rates differ 

with respect to the length and timing of peak and off-peak periods, differences in load impacts across 

rates for any particular rate period may be due not only to differences in prices within the rate period 

but also due to differences in the length or timing of the rate periods.  

As discussed at the outset of Section 4, in addition to the three rate treatments, PG&E offered a smart 

phone app to a subset of roughly 7,000 customers. However, only a few hundred customers successfully 

downloaded the app. This small sample size does not support estimation of load impacts for this self-

selected group of customers. Survey information on customer perceptions about the smart phone app is 

summarized in Section 4.5.2.  



PG&E Evaluation 

 74 

Table 4.3-2: Weights Used to Aggregate Sub-segments Into CARE/FERA and Non-CARE/FERA Segments  
in the Hot Climate Region 

 

 

Assignment FPG Senior CARE

Sample 

Proportion 

(SP)

Proportion 

in "General 

Population" 

(GP)

Weight 

(GP/SP)
Assignment FPG Senior CARE

Sample 

Proportion 

(SP)

Proportion in 

"General 

Population" 

(GP)

Weight 

(GP/SP)

N 1.6% 2.3% 1.41 N 1.8% 2.3% 1.29

Y 11.3% 14.6% 1.30 Y 16.8% 14.6% 0.87

N 1.1% 1.1% 1.04 N 0.5% 1.1% 2.09

Y 11.7% 6.3% 0.54 Y 6.9% 6.3% 0.91

N 2.0% 3.3% 1.68 N 3.2% 3.3% 1.03

Y 6.9% 10.2% 1.47 Y 11.9% 10.2% 0.86

N 3.3% 3.3% 0.99 N 2.9% 3.3% 1.11

Y 18.4% 7.7% 0.42 Y 9.1% 7.7% 0.84

N 13.9% 24.2% 1.74 N 20.2% 24.2% 1.20

Y 2.3% 3.1% 1.33 Y 3.6% 3.1% 0.88

N 23.4% 22.0% 0.94 N 20.8% 22.0% 1.05

Y 4.1% 1.8% 0.45 Y 2.2% 1.8% 0.85

N 1.4% 2.3% 1.69 N 1.6% 2.3% 1.42

Y 11.5% 14.6% 1.27 Y 16.9% 14.6% 0.87

N 1.3% 1.1% 0.90 N 1.1% 1.1% 1.05

Y 11.6% 6.3% 0.54 Y 6.6% 6.3% 0.95

N 1.9% 3.3% 1.80 N 3.5% 3.3% 0.95

Y 7.6% 10.2% 1.35 Y 12.7% 10.2% 0.81

N 4.2% 3.3% 0.78 N 3.0% 3.3% 1.09

Y 17.8% 7.7% 0.43 Y 9.1% 7.7% 0.84

N 13.8% 24.2% 1.76 N 20.8% 24.2% 1.16

Y 1.8% 3.1% 1.70 Y 3.1% 3.1% 1.02

N 23.6% 22.0% 0.93 N 19.6% 22.0% 1.12

Y 3.6% 1.8% 0.51 Y 2.0% 1.8% 0.92
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Key Findings for PG&E Rate 1 

On average, customers on Rate 1 
reduced peak period usage by almost 
6%. The average load reduction was 
highest in the hot climate region, 
second highest in the moderate region 
and lowest in the cool region. 
CARE/FERA customers had lower 
average load reductions than non-
CARE/FERA customers. Senior 
households in the hot climate region 
had load reductions very similar to non-
senior households. Load reductions for 
households with incomes below 100% 
of FPG in PG&Eôs hot climate region 
did not produce statistically significant 
reductions in peak period loads.  

 Rate 1 4.3.1

tDϧ9Ωǎ wŀǘŜ м ƛǎ ŀ ǘǿƻ-period rate with a peak-period 

from 4 to 9 PM on weekdays. In summer, for electricity 

usage above the baseline quantity, prices equal 

roughly 42.0 ¢/kWh in the peak period and 31.7¢/kWh 

in the off-peak period. All usage on weekends is priced 

at the off-peak price. For usage below the baseline 

quantity, a credit of 11.7 ¢/kWh is applied.  

Figure 4.3-1 shows the average peak-period load 

ǊŜŘǳŎǘƛƻƴ ƛƴ ǇŜǊŎŜƴǘŀƎŜ ǘŜǊƳǎ ŦƻǊ wŀǘŜ м ŦƻǊ tDϧ9Ωǎ 

service territory as a whole and for each climate 

region. Figure 4.3-2 shows the absolute load impacts 

for each region. The lines bisecting the top of each bar 

in the figures show the 90% confidence band for each 

estimate. If the confidence band includes 0, it means 

that the estimated load impacts are not statistically different from 0 at the 90% level of confidence. If 

the confidence bands for two bars do not overlap, it means that the observed difference in the load 

impacts across the two bars is statistically significant. If they do overlap, it does not necessarily mean 

that the difference is not statistically significant.50 In these cases, t-tests were calculated to determine 

whether the difference is statistically significant.51   

Figure 4.3-1: Average Percent Load Impacts for Peak Period for PG&E Rate 152 
(Positive values represent load reductions) 

 

                                                
50

 For further discussion of this topic, see https://www.cscu.cornell.edu/news/statnews/stnews73.pdf. 

51 
The test was applied at the 90% confidence level which means that a t-value exceeding 1.65 indicates statistical significance.   

52 
PG&E Rate 1 summer impacts represent July through September 2016. 

https://www.cscu.cornell.edu/news/statnews/stnews73.pdf
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Figure 4.3-2: Average Absolute Load Impacts for Peak Period for PG&E Rate 1 
(Positive values represent load reductions) 

 

As seen in the figures, all of the average peak-period load impacts for the service territory as a whole 

and for each climate region are statistically significant at the 90% level of confidence. On average, pilot 

ǇŀǊǘƛŎƛǇŀƴǘǎ ŀŎǊƻǎǎ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ǊŜŘǳŎŜŘ ǇŜŀƪ-period electricity use by 5.8%, or 0.06 kW,53 

across the five-hour peak period from 4 to 9 PM. The average peak-period load reductions range from a 

high of 6.7% and 0.11 kW in the hot climate region to a low of 4.0% and 0.02 kW in the cool climate 

region. In the moderate climate region, load reductions equal 4.6%, or 0.04 kW. The variation in 

absolute impacts across climate regions is much greater than the variation in percent impacts due in 

large part to variation in electricity usage (e.g., the reference load) across regions and all differences 

across regions are statistically significant. For percentage impacts, the difference is statistically 

significant between the hot and moderate regions but not between the moderate and cool regions.  

Table 4.3-3 shows the average percent and absolute load impacts for each rate period for weekdays and 

weekends and for the average monthly system peak day for the PG&E service territory as a whole and 

for the participant population in each climate region. The percent reduction equals the load impact in 

absolute terms (kW) divided by the reference load. Shaded cells in the table contain load impact 

estimates that are not statistically significant at the 90% confidence level. The percentage and absolute 

values in the first row of Table 4.3-3, which represent the load impacts in the peak period on the 

average weekday, equal the values shown in Figures 4.2-1 and 4.2-2, discussed above.  

                                                
53

 The kW value represents the average kWh/hour across the five hour peak period. It is not an instantaneous measure of peak 
demand during the period. The value can be multiplied by the number of hours in the peak period to determine the total 
reduction in electricity use (kWh) that occurred over the period.  
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Table 4.3-3: Rate 1 Load Impacts by Rate Period and Day Type54 
(Positive values represent load reductions, negative values represent load increases) 

Rate 1 

Day Type Period Hours 

All Hot Moderate Cool 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Average Weekday 

Peak 4 PM to 9 PM 1.04 0.06 5.8% 1.58 0.11 6.7% 0.83 0.04 4.6% 0.49 0.02 4.0% 

Off Peak 
12 AM to 4 PM, 9 PM 

to 12 AM 
0.59 0.00 -0.4% 0.81 0.00 0.0% 0.51 0.00 -0.7% 0.36 0.00 -1.0% 

Day All Hours 0.68 0.01 1.6% 0.97 0.02 2.3% 0.58 0.01 0.9% 0.39 0.00 0.3% 

                              

Average Weekend 

Off Peak All Hours 0.71 0.01 1.2% 1.02 0.02 1.9% 0.60 0.00 0.6% 0.40 0.00 -0.5% 

Day All Hours 0.71 0.01 1.2% 1.02 0.02 1.9% 0.60 0.00 0.6% 0.40 0.00 -0.5% 

                              

Monthly System 
Peak Day 

Peak 4 PM to 9 PM 1.36 0.10 7.5% 2.11 0.16 7.5% 1.14 0.11 9.5% 0.51 0.00 0.9% 

Off Peak 
12 AM to 4 PM, 9 PM 

to 12 AM 
0.70 -0.01 -1.2% 1.01 -0.01 -1.0% 0.60 -0.01 -0.9% 0.36 -0.01 -3.3% 

Day All Hours 0.84 0.01 1.7% 1.24 0.03 2.1% 0.71 0.02 2.6% 0.39 -0.01 -2.2% 

                              

 

                                                
54

 Shaded values are NOT statistically significant at the 90% level of confidence.  
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The reference loads shown in Table 4.3-3 represents estimates of what customers on the TOU rate 

would have used if they had not responded to the price signals contained in the TOU tariff. As seen in 

the table, average hourly usage during the peak period is roughly 1 kW for the service territory as a 

whole, and around 0.68 kW over the 24 hour average weekday. In the hot climate region, average usage 

in the peak period is more than 50% larger, at 1.58 kW. Average usage in the moderate region is 0.83 

kW and in the cool region, at 0.49 kW, it is roughly one third what it is in the hot region.  

When examining the change in usage across rate periods, it is important to keep in mind a reduction in 

peak-period usage could result from conservation (e.g., using air conditioning during the period without 

doing any pre-cooling or without experiencing a snapback effect after the end of the period) or from 

load shifting (doing laundry in the off-peak period rather than the peak period). An increase in off-peak 

usage could be the result of load shifting from the peak to the off-peak period, from increased energy 

use during the off-peak period unrelated to load shifting (e.g., less careful attention to lighting usage 

because rates are lower in the off-peak period), or both.  

As seen in the Table 4.3-3, on the average weekday, there were small but statistically significant load 

increases in the off-peak period in the service territory as a whole and in the moderate and cool climate 

regions. In the hot region, there was no statistically significant change in average electricity use in the 

off-peak period.  

A reduction in daily electricity use (depicted by positive values in the row labeled Day in the table) 

means that the combination of changes in use across all rate periods resulted in less electricity use for 

the day as a whole. As seen in Table 4.3-3, for the service territory as a whole, there was a 1.6% 

reduction in daily electricity use on the average weekday. In the hot climate region, the estimated 

conservation effect equals 2.3% while in the moderate region, it is 0.9%. In the cool climate region, the 

estimated reduction in electricity use is not statistically significant.  

While the daily reduction in electricity use for Rate 1 is small in percentage and absolute terms, this 

average is spread over 24 hours each day, so the average reduction in electricity use on weekday equals 

roughly 0.26 kWh.55 Over three months, this adds up to about 16 kWh per customer. If this average 

conservation effect was provided under default conditions and, say, 90% of the eligible population of 

ǊƻǳƎƘƭȅ оΦр Ƴƛƭƭƛƻƴ ŎǳǎǘƻƳŜǊǎ ƛƴ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ǊŜƳŀƛƴŜŘ ƻƴ ǘƘŜ ǊŀǘŜΣ ǘƘŜ ǘƻǘŀƭ ǊŜŘǳŎǘion in 

electricity use over the three-month period would equal more than 57 Gwh. This is quite significant. It is 

roughly half of the total reduction of 107 Gwh obtained for the entire year from roughly 1.5 million 

ŎǳǎǘƻƳŜǊǎ ǿƘƻ ǊŜŎŜƛǾŜŘ tDϧ9Ωǎ IƻƳŜ 9ƴŜǊƎȅ Reports program in 2014.56      

hƴ tDϧ9Ωǎ wŀǘŜ мΣ ƻŦŦ-peak prices are in effect all day on the weekend. In spite of these lower prices, for 

the service territory as a whole, the load impact estimate indicates that participants reduced electricity 

usage on the weekend relative to what they would have used on the OAT. Statistically significant 

conservation savings are also seen on the weekend in the hot and moderate climate regions.  

                                                
55

 The value in the table, 0.01 kW, is actually 0.011 kW. When multiplied by 24 hours, the estimate kWh reduction equals 0.26 
kWh per day.  

56
 Sullivan, M., & Savage, A. (2016) 2014 Energy Efficiency Savings Estimates, Pacific Gas and Electric Company, Home Energy 

Reports Program. Nexant, Inc.  



PG&E Evaluation 

 79 

The monthly system peak day estimates represent the average across the three weekdays, one each in 

July, August, ŀƴŘ {ŜǇǘŜƳōŜǊΣ ǿƘŜƴ tDϧ9Ωǎ ǎȅǎǘŜƳ ǇŜŀƪŜŘ ƛƴ нлмсΦ ¢Ƙƛǎ Řŀȅ ǘȅǇŜ ƛǎ ŀ ǎǘŀƴŘŀǊŘ ƻƴŜ ŦƻǊ 

which impacts are estimated for all demand response programs and is included here so that results can 

be compared with other rate and demand response programs at PG&E. Reference loads are higher on 

these days than on the average weekday. For the service territory as a whole, the percent reduction in 

peak period loads, 7.5%, is greater than on the average weekday (5.8%) and the absolute load reduction, 

0.10 kW, is significantly greater than on the average weekday (0.06 kW).  

Figures 4.3-3 and 4.3-4, respectively, show the percentage and absolute peak period load impacts for 

Rate 1 for CARE/FERA and non-CARE/FERA customers for the service territory as a whole and for each 

climate region. For the service territory as a whole, and in the hot and cool climate regions, both the 

percent and absolute load impacts in the peak period are greater for non-CARE/FERA customers than for 

CARE/FERA customers, often significantly greater. For example, in the hot climate region, the average 

weekday peak period reduction is 8.7% and 0.14 kW for non-CARE/FERA customers whereas for 

CARE/FERA customers, the average reduction is 3.2% or 0.05 kW, which is only one third as much as for 

non-CARE/FERA customers. Load reductions in the cool climate region are significantly less than in the 

hot region for both segments and the difference between the two segments is also significant. 

Interestingly, in the moderate climate region, the difference between the two segments is small and is 

not statistically significant.  

Differences between the hot and cool climate regions and CARE/FERA and non-CARE/FERA are typically 

driven by the differing levels of discretionary load. As shown in Table 4.5-57, in hot climate regions more 

customers have air conditioning compared to the cool regions. Air conditioning temperature is 

something relatively easy to adjust and relatively small adjustments can produce a significant difference 

in electricity usage. Customers in the cool regions who ŘƻƴΩǘ ƘŀǾŜ air conditioning have fewer 

discretionary loads that can be adjusted to reduce energy usage. Similarly to the differences in 

discretionary load between the hot and cool climate regions, CARE/FERA customers with lower incomes 

typically have less discretionary load, and are less likely to have air conditioning within a given climate 

region, than non-CARE/FERA customers. ²ƘƛƭŜ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎ ƻǿƴŜǊǎƘƛǇ ƛǎƴΩǘ ǘƘŜ ƻƴƭȅ ŦŀŎǘƻǊ 

influencing the findings, it is an important example of a key driver.  
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Figure 4.3-3: Average Percent Load Impacts for Peak Period for PG&E Rate 1  
for CARE/FERA and non-CARE/FERA Customers 

(Positive values represent load reductions) 

 

Figure 4.3-4: Average Absolute Load Impacts for Peak Period for PG&E Rate 1 for  
CARE/FERA and non-CARE/FERA Customers 

(Positive values represent load reductions) 
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Table 4.3-4 shows the estimated load impacts for each rate period and day type by climate zone and for 

the service territory as a whole for non-CARE/FERA customers and Table 4.3-5 shows the estimated 

values for CARE/FERA customers. It should be noted that, for the service territory as a whole, 

CARE/FERA customers have average peak-period loads that are slightly larger than non-CARE/FERA 

customers (1.08 for CARE/FERA and 1.02 for non-CARE/FERA) but within each climate region, 

CARE/FERA customers use less electricity during the peak-period than non-CARE/FERA customers. In the 

hot, moderate, and cool climate regions, non-CARE/FERA households use 14%, 25%, and 10% more 

electricity during the peak period, respectively, than do CARE/FERA households. Similar ratios exist for 

average weekday daily electricity use. This pattern across and within climate regions reflects the fact 

ǘƘŀǘ ƛƴ tDϧ9Ωǎ ǎŜǊǾƛŎŜ territory, a greater percent of CARE/FERA customers live in the hot climate region 

than in the moderate and cool region but within each region, a greater share of CARE/FERA customers 

may live in smaller houses and perhaps have a higher concentration of multi-family housing than non-

CARE/FERA customers. 

For the service territory as a whole, both customer segments reduced average daily usage on weekdays 

by more than 1%. On weekends, non-CARE/FERA customers reduced electricity use by 1.4% while 

CARE/FERA customers had a smaller reduction in electricity use (0.6%). In the hot climate region, non-

CARE/FERA customers reduced electricity use on weekdays by 3%, nearly three times more than for 

CARE/FERA customers (0.9%). In the cool climate region, CARE/FERA customers had a small but 

statistically significant increase in daily electricity use on weekdays while non-CARE/FERA customers had 

a small, but statistically insignificant reduction in electricity use.  
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Table 4.3-4: Rate 1 Load Impacts by Rate Period and Day Type ï Non-CARE/FERA Customers 
(Positive values represent load reductions, negative values represent load increases) 

Rate 1 

Day Type Period Hours 

All, Non-CARE Hot, Non-CARE Moderate, Non-CARE Cool, Non-CARE 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Average Weekday 

Peak 4 PM to 9 PM 1.02 0.07 6.8% 1.66 0.14 8.7% 0.86 0.04 4.7% 0.50 0.02 4.6% 

Off Peak 
12 AM to 4 PM, 9 PM 

to 12 AM 
0.59 0.00 -0.6% 0.84 0.00 0.1% 0.53 -0.01 -1.4% 0.37 0.00 -0.8% 

Day All Hours 0.68 0.01 1.7% 1.01 0.03 3.0% 0.60 0.00 0.5% 0.40 0.00 0.6% 

                              

Average Weekend 

Off Peak All Hours 0.71 0.01 1.4% 1.07 0.03 2.7% 0.62 0.00 0.3% 0.42 0.00 -0.2% 

Day All Hours 0.71 0.01 1.4% 1.07 0.03 2.7% 0.62 0.00 0.3% 0.42 0.00 -0.2% 

                              

Monthly System 
Peak Day 

Peak 4 PM to 9 PM 1.36 0.12 9.1% 2.27 0.22 9.6% 1.20 0.13 10.7% 0.51 0.00 0.4% 

Off Peak 
12 AM to 4 PM, 9 PM 

to 12 AM 
0.70 -0.01 -1.6% 1.06 -0.01 -1.1% 0.62 -0.01 -1.3% 0.37 -0.01 -3.8% 

Day All Hours 0.84 0.02 2.0% 1.31 0.04 2.7% 0.74 0.02 2.7% 0.40 -0.01 -2.7% 
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Table 4.3-5: Rate 1 Load Impacts by Rate Period and Day Type ï CARE/FERA Customers 
(Positive values represent load reductions, negative values represent load increases) 

Rate 1 

Day Type Period Hours 

All, CARE Hot, CARE Moderate, CARE Cool, CARE 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Average Weekday 

Peak 4 PM to 9 PM 1.08 0.03 3.1% 1.46 0.05 3.2% 0.69 0.03 3.9% 0.46 0.01 1.4% 

Off Peak 
12 AM to 4 PM, 9 PM 

to 12 AM 
0.60 0.00 0.3% 0.76 0.00 -0.2% 0.45 0.01 3.3% 0.33 -0.01 -1.6% 

Day All Hours 0.70 0.01 1.2% 0.90 0.01 0.9% 0.50 0.02 3.5% 0.36 0.00 -0.8% 

                              

Average Weekend 

Off Peak All Hours 0.72 0.00 0.6% 0.94 0.00 0.5% 0.51 0.01 2.4% 0.36 -0.01 -1.8% 

Day All Hours 0.72 0.00 0.6% 0.94 0.00 0.5% 0.51 0.01 2.4% 0.36 -0.01 -1.8% 

                              

Monthly System 
Peak Day 

Peak 4 PM to 9 PM 1.36 0.04 3.3% 1.87 0.07 3.6% 0.85 0.02 1.9% 0.48 0.01 2.5% 

Off Peak 
12 AM to 4 PM, 9 PM 

to 12 AM 
0.71 0.00 -0.4% 0.93 -0.01 -0.7% 0.50 0.01 1.7% 0.34 0.00 -1.4% 

Day All Hours 0.85 0.01 0.8% 1.13 0.01 0.8% 0.58 0.01 1.8% 0.36 0.00 -0.4% 
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!ǎ ŘƛǎŎǳǎǎŜŘ ŜŀǊƭƛŜǊ ƛƴ ǘƘƛǎ ǎŜŎǘƛƻƴΣ ŎŜǊǘŀƛƴ ƎǊƻǳǇǎ ǿŜǊŜ ƻǾŜǊǎŀƳǇƭŜŘ ŀƴŘ ŀǎǎƛƎƴŜŘ ǘƻ wŀǘŜ м ƛƴ tDϧ9Ωǎ 

service territory. TƘŜ /ƻƳƳƛǎǎƛƻƴΩǎ wŜǎƻƭǳǘƛƻƴ ŀǇǇǊƻǾƛƴƎ tDϧ9Ωǎ Ǉƛƭƻǘǎ ǊŜǉǳƛǊŜŘ ǘƘŀǘ ƭƻŀŘ ƛƳǇŀŎǘǎ ōŜ 

estimated for Rate 1 in the hot climate region for senior households and for households with average 

incomes below 100% of FPG. Figure 4.3-5 shows the percent load reduction during the peak period on 

average weekdays for each of these customer segments and Figure 4.3-6 shows the load impacts in 

absolute terms. Table 4.3-6 shows the estimated values for other rate periods and day types for each 

segment and for the hot climate region as a whole. 

A comparison of the values in Figures 4.3-5 and 4.3-6 with those for the hot region in Figures 4.3-1 and 

4.3-2 shows that load impacts for senior households were very similar to the hot climate region, 

participant population as a whole in both percentage (7%) and absolute (0.10 kW) terms. The reference 

load for senior households (1.46 kW) is also similar to that of the general participant population in the 

hot climate region (1.58 kW). That is, senior households do not, on average, consume materially less 

ŜƭŜŎǘǊƛŎƛǘȅ ǘƘŀƴ ǘƘŜ ŀǾŜǊŀƎŜ ŎǳǎǘƻƳŜǊ ƛƴ tDϧ9Ωǎ Ƙƻǘ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴΦ 9ǎǘƛƳŀǘŜŘ load impacts in the off-

peak period, which were not statistically different from 0, and a 2.3% reduction in daily energy use on 

weekdays indicates that senior households did more conservation than load shifting. This conservation 

effect carried over into the weekend, which showed a 1.7% load reduction on average over the summer. 

Peak-period load reductions on the average monthly system peak day were the same in percentage 

terms (7%) as on weekdays but were higher in absolute terms because average reference loads were 

higher on the monthly system peak days.  

Peak period load impacts for senior households in the hot climate region on CARE/FERA rates equaled 

4.6%, or 0.06 kW while non-CARE/FERA seniors had average load reductions of 8.1% and 0.13 kW. These 

values were also quite similar to the values for all CARE/FERA and non-/!w9κC9w! ƘƻǳǎŜƘƻƭŘǎ ƛƴ tDϧ9Ωǎ 

hot climate region. 

Figure 4.3-5: Average Percent Load Impacts in the Peak Period on Weekdays 
 for PG&E Rate 1 for Senior Households and Households with Incomes Below 100% of FPG 

(Positive values represent load reductions) 
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Figure 4.3-6: Average Absolute Load Impacts in the Peak Period on Weekdays  
for PG&E Rate 1 for Senior Households and Households with Incomes Below 100% of FPG 

(Positive values represent load reductions) 

 

The load impacts for households with incomes less than or equal to 100% of FPG were quite different 

from those of senior households or the general population. These households did not reduce load at all 

during the peak period (the estimated values were not statistically different from 0). In fact, low income 

households increased usage significantly in the off-peak period on average weekdays, monthly system 

peak days and on the weekend. Daily electricity use increased by roughly 1.9% on weekdays and 1.6% 

weekends. It is also worth noting that reference loads for these households were nearly identical to 

loads for CARE/FERA customers in the hot climate region (as shown previously in Table 4.3-5) and were 

only about 7% lower than the overall population in the hot climate region. Put another way, low income 

ƘƻǳǎŜƘƻƭŘǎ ŀǊŜ ƴƻǘΣ ƻƴ ŀǾŜǊŀƎŜΣ ƭƻǿ ǳǎŜǊǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ tDϧ9Ωǎ Ƙƻǘ ŎƭƛƳŀǘŜ ǊŜƎƛƻƴ but they are low 

responders to TOU price signals in this instance.57

                                                
57

 As seen in Section 5, ǊŜǎǳƭǘǎ ƛƴ {/9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ŀǊŜ ǉǳƛǘŜ ŘƛŦŦŜǊŜƴǘΦ  
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Table 4.3-6: Rate 1 Load Impacts by Rate Period and Day Type for PG&E  
for Senior Households and Households with Incomes Below 100% of FPG 

(Positive values represent load reductions) 

Rate 1 

Day Type Period Hours 

Hot, Below 100% FPG Hot, Senior 

Ref. kW Impact kW % Impact Ref. kW Impact kW % Impact 

Average Weekday 

Peak 4 PM to 9 PM 1.47 -0.01 -0.4% 1.46 0.10 7.0% 

Off Peak 12 AM to 4 PM, 9 PM to 12 AM 0.80 -0.02 -2.6% 0.74 0.00 -0.1% 

Day All Hours 0.94 -0.02 -1.9% 0.89 0.02 2.3% 

                  

Average Weekend 

Off Peak All Hours 0.96 -0.02 -1.6% 0.92 0.02 1.7% 

Day All Hours 0.96 -0.02 -1.6% 0.92 0.02 1.7% 

                  

Monthly System Peak Day 

Peak 4 PM to 9 PM 1.88 -0.01 -0.6% 1.99 0.15 7.4% 

Off Peak 12 AM to 4 PM, 9 PM to 12 AM 0.97 -0.04 -3.9% 0.94 0.00 -0.4% 

Day All Hours 1.16 -0.03 -2.8% 1.16 0.03 2.4% 
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Key Findings for PG&E Rate 2 

Rate 2 has a shorter peak period than 
Rate 1, with peak hours covering just 
the evening hours from 6 to 9 PM, but 
has a shoulder period from 4 to 6 PM 
and 9 to 10 PM. TOU rates are also in 
effect on weekends. The average peak 
period load reduction was 6.1% across 
the PG&E service territory and the 
pattern of load reductions across 
climate regions and between 
CARE/FERA and non-CARE/FERA 
customers was similar to Rate 1. Load 
reductions on weekends were similar to 
weekday reductions in all rate periods. 

 Rate 2 4.3.2

tDϧ9Ωǎ wŀǘe 2 differs from Rate 1 in several important 

ways. First, Rate 2 has three rate periods on weekdays in 

the summer, rather than two rate periods. Second, the 

Rate 2 peak period is a shorter, with a three-hour peak 

period covering only the evening hours from 6 to 9 PM 

compared with the five-hour peak period from 4 to 9 PM 

in Rate 1. Rate 2 has a partial peak period from 4 to 6 

PM and from 9 to 10 PM. Finally, on weekends, the 

same three rate periods as on weekdays are in effect 

with Rate 2, whereas for Rate 1, all weekend hours are 

charged at the off-peak, weekday price. Rate 2 peak-

period prices above the baseline usage amount are 

about 2.5 ¢/kWh higher than Rate 1 peak period prices and the off-peak price for Rate 2 is roughly 2.0 

¢/kWh lower. The shoulder period price for Rate 2 is 39.3 ¢/kWh.  

Figures 4.3-7 and 4.3-8 show the percent and absolute load impacts for the weekday peak period for 

wŀǘŜ н ŦƻǊ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ŀǎ ŀ ǿƘole and for each climate region. From a policy perspective, it is 

important to note that there are statistically significant and materially significant load reductions in the 

Rate 2 peak period, which coincides completely with evening hours from 6 to 9 PM. The magnitude and 

pattern of load reductions across climate regions are similar for Rate 2 compared with Rate 1. The 

average weekday peak-period load reduction for Rate 2 equals 6.1% and 0.06 kW. The estimated 

impacts in the hot region (6.8% and 0.11 kW) are nearly identical to the Rate 1 reductions as are the 

estimates for the cool region. In the moderate climate region, the percent reduction in the peak period 

on weekdays for Rate 2, 5.8%, is higher than the 4.6% reduction for Rate 1 but this difference is not 

statistically significant. The difference in absolute load reductions across hot, moderate, and cool 

climate regions is statistically significant in all cases. The difference in percentage impacts is statistically 

significant between the moderate and cool regions but not between the hot and moderate regions.  

Table 4.3-7 contains load impact estimates for each rate period and day type for Rate 2. Importantly, 

peak-period load reductions are similar on weekends and weekdays. Peak-period reductions on the 

monthly system peak days are 50% larger in percentage terms and twice as large in absolute terms for 

the service territory as a whole. The biggest difference between average weekday and monthly peak day 

values occurs in the moderate climate region, where absolute load reductions nearly tripled on the 

monthly peak days compared with the average weekday. 

For the service territory as a whole, load reductions during the partial peak period were roughly half as 

large as peak period load reductions on weekdays and weekends, and about 33% lower on the average 

monthly peak day. All day types show statistically significant increases in off-peak usage for Rate 2. 

These increases were much larger than for Rate 1, and the difference between the two rates is 

statistically significant, even though the hours covered by the off-peak period are quite similar for both 

rates. The change in daily electricity use is also quite different between Rates 1 and 2, with the 

conservation effect being much less for Rate 2 (0.4%) compared with Rate 1 (1.6%) on the average 

weekday.  
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Figure 4.3-7: Average Percent Load Impacts for Peak Period for PG&E Rate 258 
(Positive values represent load reductions)  

 

 

Figure 4.3-8: Average Absolute Load Impacts for Peak Period for PG&E Rate 2 
(Positive values represent load reductions) 

 

                                                
58

 PG&E Rate 2 summer impacts represent July through September 2016 
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Table 4.3-7: Rate 2 Load Impacts by Rate Period and Day Type59 
(Positive values represent load reductions, negative values represent load increases) 

Rate 2 

Day Type Period Hours 

All Hot Moderate Cool 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Average Weekday 

Peak 6 PM to 9 PM 1.05 0.06 6.1% 1.55 0.11 6.8% 0.86 0.05 5.8% 0.54 0.02 3.9% 

Partial Peak 
4 PM to 6 PM, 9 PM 

to 10 PM 
0.99 0.03 3.1% 1.51 0.07 4.3% 0.79 0.01 1.8% 0.47 0.00 0.1% 

Off Peak 
12 AM to 4 PM, 10 

PM to 12 AM 
0.57 -0.01 -2.1% 0.78 -0.01 -1.8% 0.50 -0.02 -3.1% 0.35 0.00 -1.4% 

Day All Hours 0.68 0.00 0.4% 0.97 0.01 1.1% 0.58 0.00 -0.6% 0.39 0.00 -0.3% 

                              

Average Weekend 

Peak 6 PM to 9 PM 1.05 0.06 5.4% 1.55 0.10 6.2% 0.86 0.04 4.7% 0.54 0.02 3.0% 

Partial Peak 
4 PM to 6 PM, 9 PM 

to 10 PM 
1.02 0.03 3.3% 1.55 0.07 4.8% 0.82 0.01 1.5% 0.49 0.00 0.5% 

Off Peak 
12 AM to 4 PM, 10 

PM to 12 AM 
0.61 -0.01 -1.6% 0.84 -0.01 -0.6% 0.52 -0.02 -3.2% 0.37 -0.01 -1.8% 

Day All Hours 0.71 0.00 0.6% 1.02 0.02 1.7% 0.60 -0.01 -1.0% 0.40 0.00 -0.7% 

                              

Monthly System 
Peak Day 

Peak 6 PM to 9 PM 1.36 0.12 8.9% 2.06 0.16 7.6% 1.15 0.14 12.4% 0.55 0.03 5.9% 

Partial Peak 
4 PM to 6 PM, 9 PM 

to 10 PM 
1.29 0.08 6.2% 2.01 0.11 5.7% 1.08 0.10 9.0% 0.48 0.00 0.2% 

Off Peak 
12 AM to 4 PM, 10 

PM to 12 AM 
0.68 -0.01 -2.0% 0.98 -0.02 -2.2% 0.58 -0.01 -2.0% 0.35 -0.01 -1.4% 

Day All Hours 0.84 0.01 1.8% 1.24 0.02 1.4% 0.71 0.02 3.0% 0.39 0.00 0.1% 

                              

                                                
59

 Shaded values are NOT statistically significant at the 90% level of confidence.  



PG&E Evaluation 

 90 

Figures 4.3-9 and 4.3-10 show the estimated peak period load impacts for Rate 2 for CARE/FERA and 

non-CARE/FERA households for the service territory as a whole and for each climate region. All of the 

peak period load reductions are statistically significant except for CARE/FERA customers in the cool 

climate region. There are significant differences in load reductions between the two segments, with load 

reductions for non-CARE/FERA households being much larger in both percentage and absolute terms 

than for CARE/FERA households. All of the differences in impacts between the two segments within 

each climate region are statistically significant in both percentage and absolute terms, including the 

moderate climate region where the confidence bands for the percentage impacts overlap. 

Figure 4.3-9: Average Percent Load Impacts for Peak Period for PG&E Rate 2  
for CARE/FERA and non-CARE/FERA Customers 

(Positive values represent load reductions) 

 

Figure 4.3-10: Average Absolute Load Impacts for Peak Period for PG&E Rate 2  
for CARE/FERA and non-CARE/FERA Customers 

(Positive values represent load reductions) 
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Tables 4.3-8 and 4.3-9 show the load impacts for non-CARE/FERA and CARE/FERA customers, 

respectively, for each rate period and day-type. As a reminder, the values in the first row of each table 

are the same as those found in Figures 4.3-9 and 4.3-10. As with the peak period load impacts, there are 

differences in load impacts between the two segments in other rate periods. For example, while there 

are statistically significant load reductions in the partial-peak period for non-CARE/FERA customers, 

most of the load impacts in this rate period for CARE/FERA customers are not statistically significant. In 

the cool climate region, CARE/FERA customers on average actually increased use in the partial peak 

period. Furthermore, whereas average non-CARE/FERA customers produced statistically significantly 

daily reductions in energy use overall and in most climate regions, average CARE/FERA customers either 

showed no statistically significant change in daily electricity use or showed statistically significant 

increases in electricity use for some regions and day types. This result is different than for Rate 1, where 

there were quite small, but often statistically significant, reductions in daily electricity use for non-

CARE/FERA customers.  
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Table 4.3-8: Rate 2 Load Impacts by Rate Period and Day Type ï Non-CARE/FERA Customers 
(Positive values represent load reductions, negative values represent load increases) 

Rate 2 

Day Type Period Hours 

All, Non-CARE Hot, Non-CARE Moderate, Non-CARE Cool, Non-CARE 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Average Weekday 

Peak 6 PM to 9 PM 1.04 0.08 7.4% 1.64 0.15 9.0% 0.89 0.06 6.2% 0.55 0.03 4.7% 

Partial Peak 
4 PM to 6 PM, 9 PM 

to 10 PM 
0.97 0.04 4.0% 1.57 0.10 6.2% 0.81 0.02 2.0% 0.48 0.00 0.6% 

Off Peak 
12 AM to 4 PM, 10 

PM to 12 AM 
0.57 -0.01 -2.2% 0.81 -0.01 -1.4% 0.51 -0.02 -3.6% 0.36 -0.01 -1.4% 

Day All Hours 0.68 0.01 0.8% 1.01 0.02 2.2% 0.60 0.00 -0.8% 0.40 0.00 -0.1% 

                              

Average Weekend 

Peak 6 PM to 9 PM 1.05 0.07 6.5% 1.65 0.14 8.5% 0.89 0.04 4.7% 0.55 0.02 3.6% 

Partial Peak 
4 PM to 6 PM, 9 PM 

to 10 PM 
1.01 0.04 4.4% 1.64 0.12 7.2% 0.85 0.01 1.4% 0.50 0.00 0.9% 

Off Peak 
12 AM to 4 PM, 10 

PM to 12 AM 
0.60 -0.01 -1.8% 0.87 0.00 -0.4% 0.53 -0.02 -3.4% 0.38 -0.01 -1.9% 

Day All Hours 0.71 0.01 0.9% 1.07 0.03 2.8% 0.62 -0.01 -1.1% 0.42 0.00 -0.6% 

                              

Monthly System 
Peak Day 

Peak 6 PM to 9 PM 1.37 0.14 10.4% 2.23 0.19 8.7% 1.21 0.17 14.2% 0.57 0.04 6.8% 

Partial Peak 
4 PM to 6 PM, 9 PM 

to 10 PM 
1.29 0.10 7.6% 2.14 0.15 7.2% 1.13 0.12 10.4% 0.49 0.00 0.0% 

Off Peak 
12 AM to 4 PM, 10 

PM to 12 AM 
0.67 -0.01 -2.2% 1.02 -0.02 -2.3% 0.60 -0.01 -2.0% 0.36 -0.01 -2.1% 

Day All Hours 0.84 0.02 2.3% 1.31 0.03 2.0% 0.74 0.03 3.7% 0.40 0.00 -0.2% 
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Table 4.3-9: Rate 2 Load Impacts by Rate Period and Day Type ï CARE/FERA Customers 
(Positive values represent load reductions, negative values represent load increases) 

Rate 2 

Day Type Period Hours 

All, CARE Hot, CARE Moderate, CARE Cool, CARE 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Average Weekday 

Peak 6 PM to 9 PM 1.07 0.03 2.6% 1.41 0.04 2.8% 0.71 0.02 2.8% 0.49 0.00 0.3% 

Partial Peak 
4 PM to 6 PM, 9 PM 

to 10 PM 
1.05 0.01 0.7% 1.41 0.01 1.1% 0.67 0.00 0.6% 0.44 -0.01 -1.9% 

Off Peak 
12 AM to 4 PM, 10 

PM to 12 AM 
0.58 -0.01 -1.8% 0.74 -0.02 -2.3% 0.44 0.00 -0.1% 0.32 0.00 -1.3% 

Day All Hours 0.70 0.00 -0.5% 0.90 -0.01 -0.7% 0.50 0.00 0.5% 0.36 0.00 -1.1% 

                              

Average Weekend 

Peak 6 PM to 9 PM 1.04 0.02 2.2% 1.38 0.03 2.0% 0.69 0.03 4.4% 0.48 0.00 0.4% 

Partial Peak 
4 PM to 6 PM, 9 PM 

to 10 PM 
1.05 0.00 0.5% 1.41 0.01 0.4% 0.67 0.01 1.7% 0.44 0.00 -1.0% 

Off Peak 
12 AM to 4 PM, 10 

PM to 12 AM 
0.62 -0.01 -1.2% 0.78 -0.01 -0.9% 0.45 -0.01 -2.0% 0.33 0.00 -1.3% 

Day All Hours 0.72 0.00 -0.3% 0.94 0.00 -0.2% 0.51 0.00 -0.3% 0.36 0.00 -1.0% 

                              

Monthly System 
Peak Day 

Peak 6 PM to 9 PM 1.33 0.06 4.5% 1.80 0.10 5.5% 0.85 0.00 0.1% 0.51 0.01 2.3% 

Partial Peak 
4 PM to 6 PM, 9 PM 

to 10 PM 
1.31 0.03 2.4% 1.81 0.05 3.0% 0.83 0.00 -0.3% 0.45 0.01 1.1% 

Off Peak 
12 AM to 4 PM, 10 

PM to 12 AM 
0.69 -0.01 -1.7% 0.90 -0.02 -2.0% 0.49 -0.01 -2.3% 0.33 0.00 1.3% 

Day All Hours 0.85 0.00 0.3% 1.13 0.01 0.5% 0.58 -0.01 -1.5% 0.36 0.01 1.5% 
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Key Findings for PG&E Rate 3 

PG&Eôs Rate 3 is structurally similar to 
Rate 1 during the summer period but 
peak period prices are much higher. 
Average load impacts and the pattern of 
impacts across climate regions and 
customer segments were quite similar 
to Rate 1.   

 Rate 3 4.3.3

tDϧ9Ωǎ wŀǘŜ о ƛǎ ǎǘǊǳŎǘǳǊŀƭƭȅ ƛŘŜƴǘƛŎŀƭ ǘƻ wŀǘŜ м ƛƴ ǘƘŜ 

summer (and winter) periods, with a peak period from 

4 to 9 PM on weekdays and off-peak prices in effect for 

all hours on the weekends. In spring, Rate 3 has a super 

off-peak price in effect from 10 AM to 4 PM on 

weekdays to encourage increased electricity use during 

a time when high levels of hydroelectric generation 

combined with below average electricity use create 

minimum load issues for the CAISO. In summer the period price is significantly higher for Rate 3 than for 

Rate 1 (57.2 ¢/kWh for Rate 3 compared with 42.0 ¢/kWh for Rate 1), and the off-peak price is lower 

(28.6 ¢/kWh versus 31.7 ¢/kWh).  

Figures 4.3-11 and 4.3-12 show the peak period load reductions on average weekdays for Rate 3. Once 

again, the overall load reduction and the pattern in the load reductions across climate regions are very 

similar to Rates 1 and 2. There are no statistically significant differences in the load reductions between 

Rate3 and Rate 1 in spite of the significantly higher peak-to-off-peak price ratios (2.0 for Rate 3 versus 

1.3 for Rate 1). It may be that an even larger price ratio, say 3 or 4 to 1, is required in order to 

significantly increase peak-period load reductions. The differences in absolute load impacts across 

climate regions are all statistically significant and the difference in percentage impacts between hot and 

moderate regions is also statistically significant. The difference between moderate and cool percentage 

impacts is not statistically significant.  

Figure 4.3-11: Average Percent Load Impacts for Peak Period for PG&E Rate 360 
(Positive values represent load reductions)  

 

                                                
60

 PG&E Rate 3 summer impacts represent July through September 2016 
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Figure 4.3-12: Average Absolute Load Impacts for Peak Period for PG&E Rate 3 
(Positive values represent load reductions) 

 

Table 4.3-10 contains estimates of load impacts for all relevant rate periods and day types. On 

weekdays, the change in usage in the off-peak period differs across regions, with no statistically 

significant change in the hot region, a statistically significant increase in usage in the moderate region, 

and a reduction in usage in the cool region. For the service territory as a whole, there was no significant 

change in off-peak usage on the average weekday. There is an overall conservation effect of 1.6% for the 

service territory as a whole with a larger, 2.6%, reduction in the hot region. In the moderate climate 

region, there was no change in daily electricity use on weekdays. The reduction in daily electricity use on 

weekends is similar to the reduction on weekdays for the service territory as a whole and for the hot 

climate region.  
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Table 4.3-10: Rate 3 Load Impacts by Rate Period and Day Type 
(Positive values represent load reductions, negative values represent load increases) 

Rate 3 

Day Type Period Hours 

All Hot Moderate Cool 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Average Weekday 

Peak 4 PM to 9 PM 1.04 0.06 5.5% 1.58 0.11 6.8% 0.83 0.03 3.9% 0.49 0.01 2.9% 

Off Peak 
12 AM to 4 PM, 9 PM 

to 12 AM 
0.59 0.00 -0.2% 0.81 0.00 0.4% 0.51 -0.01 -1.7% 0.36 0.00 0.9% 

Day All Hours 0.68 0.01 1.6% 0.97 0.02 2.6% 0.58 0.00 0.0% 0.39 0.01 1.4% 

                              

Average Weekend 

Off Peak All Hours 0.71 0.01 1.4% 1.02 0.03 2.7% 0.60 0.00 -0.3% 0.40 0.00 0.2% 

Day All Hours 0.71 0.01 1.4% 1.02 0.03 2.7% 0.60 0.00 -0.3% 0.40 0.00 0.2% 

                              

Monthly System 
Peak Day 

Peak 4 PM to 9 PM 1.36 0.08 6.0% 2.11 0.12 5.5% 1.14 0.09 8.0% 0.51 0.01 2.7% 

Off Peak 
12 AM to 4 PM, 9 PM 

to 12 AM 
0.70 -0.01 -1.0% 1.01 -0.01 -1.1% 0.60 -0.01 -1.6% 0.36 0.00 1.1% 

Day All Hours 0.84 0.01 1.4% 1.24 0.02 1.2% 0.71 0.01 1.6% 0.39 0.01 1.5% 
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Figures 4.3-13 and 4.3-14 show the peak period load reductions on weekdays for non-CARE/FERA and 

CARE/FERA customers and Tables  4.3-11 and 4.3-12 show the load impacts for each rate period and day 

type for the two segments. As seen in the figures, there are large and statistically significant differences 

in peak period reductions between CARE/FERA and non-CARE/FERA customers in the service territory as 

a whole and in the hot region. However, the differences in the moderate and cool regions are much 

smaller and are not statistically significant.  

Figure 4.3-13: Average Percent Load Impacts for Peak Period for PG&E Rate 3  
for CARE/FERA and non-CARE/FERA Customers 

(Positive values represent load reductions) 

 

 

Figure 4.3-14: Average Absolute Load Impacts for Peak Period for PG&E Rate 3  
for CARE/FERA and non-CARE/FERA Customers 

(Positive values represent load reductions) 
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As seen in Tables 4.3-11 and 4.3-12 there are also significant differences in the load impacts between 

CARE/FERA and non-CARE/FERA customers for other rate periods and day types. For the service territory 

as a whole, non-CARE/FERA customers reduced daily electricity use by 2.3% and in the hot region, the 

reduction in daily usage was a very substantial 4.5%. CARE/FERA customers, on the other hand, showed 

no statistically significant reduction in usage for the service territory as a whole and showed small but 

statistically significant increases in usage in the hot climate region. In the moderate climate region, 

CARE/FERA customers had an average reduction in daily electricity use of 1.8%. 
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Table 4.3-11: Rate 3 Load Impacts by Rate Period and Day Type ï Non-CARE/FERA Customers 
(Positive values represent load reductions, negative values represent load increases) 

Rate 3 

Day Type Period Hours 

All, Non-CARE Hot, Non-CARE Moderate, Non-CARE Cool, Non-CARE 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Average Weekday 

Peak 4 PM to 9 PM 1.02 0.07 6.8% 1.66 0.16 9.5% 0.86 0.03 4.1% 0.50 0.02 3.1% 

Off Peak 
12 AM to 4 PM, 9 PM 

to 12 AM 
0.59 0.00 0.3% 0.84 0.02 2.0% 0.53 -0.01 -2.2% 0.37 0.00 1.2% 

Day All Hours 0.68 0.02 2.3% 1.01 0.05 4.5% 0.60 0.00 -0.3% 0.40 0.01 1.7% 

                              

Average Weekend 

Off Peak All Hours 0.71 0.01 2.0% 1.07 0.05 4.2% 0.62 0.00 -0.4% 0.42 0.00 0.2% 

Day All Hours 0.71 0.01 2.0% 1.07 0.05 4.2% 0.62 0.00 -0.4% 0.42 0.00 0.2% 

                              

Monthly System 
Peak Day 

Peak 4 PM to 9 PM 1.36 0.10 7.1% 2.27 0.16 6.9% 1.20 0.11 8.8% 0.51 0.01 2.6% 

Off Peak 
12 AM to 4 PM, 9 PM 

to 12 AM 
0.70 0.00 -0.6% 1.06 0.00 -0.2% 0.62 -0.01 -1.9% 0.37 0.01 1.3% 

Day All Hours 0.84 0.02 2.0% 1.31 0.03 2.3% 0.74 0.01 1.7% 0.40 0.01 1.7% 
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Table 4.3-12: Rate 3 Load Impacts by Rate Period and Day Type ï CARE/FERA Customers 
(Positive values represent load reductions, negative values represent load increases) 

Rate 3 

Day Type Period Hours 

All, CARE Hot, CARE Moderate, CARE Cool, CARE 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Ref. 
kW 

Impact 
kW 

% 
Impact 

Average Weekday 

Peak 4 PM to 9 PM 1.08 0.02 2.2% 1.46 0.03 1.9% 0.69 0.02 3.2% 0.46 0.01 2.3% 

Off Peak 
12 AM to 4 PM, 9 PM 

to 12 AM 
0.60 -0.01 -1.5% 0.76 -0.02 -2.3% 0.45 0.01 1.2% 0.33 0.00 -0.4% 

Day All Hours 0.70 0.00 -0.3% 0.90 -0.01 -0.8% 0.50 0.01 1.8% 0.36 0.00 0.3% 

                              

Average Weekend 

Off Peak All Hours 0.72 0.00 0.1% 0.94 0.00 0.0% 0.51 0.00 0.7% 0.36 0.00 -0.1% 

Day All Hours 0.72 0.00 0.1% 0.94 0.00 0.0% 0.51 0.00 0.7% 0.36 0.00 -0.1% 

                              

Monthly System 
Peak Day 

Peak 4 PM to 9 PM 1.36 0.04 2.9% 1.87 0.06 3.0% 0.85 0.02 2.4% 0.48 0.01 3.0% 

Off Peak 
12 AM to 4 PM, 9 PM 

to 12 AM 
0.71 -0.01 -2.0% 0.93 -0.03 -2.7% 0.50 0.00 0.3% 0.34 0.00 0.2% 

Day All Hours 0.85 0.00 -0.3% 1.13 -0.01 -0.8% 0.58 0.01 1.0% 0.36 0.00 0.9% 
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Comparison Across Rates 

Using a common set of hours from 6 to 
9 PM, there are no statistically 
significant differences in absolute or 
percentage peak period load reductions 
across PG&Eôs three pilot tariffs. 
However, there are statistically 
significant differences in average daily 
load reductions across tariffs. 

 Comparison Across Rates 4.3.4

Figures 4.3-15 and 4.3-16 compare the load impacts 

for the three rates tested by PG&E for the common 

set of peak-period hours, 6 to 9 PM, shared by all 

three tariffs. Using a common set of hours reduces 

differences in impacts across rates that might be due 

to differences in the number of hours included in the 

peak period or the timing of those hours. The hours 

from 6 to 9 PM define the peak period for Rate 2, 

which is a three period rate with a shoulder period from 4 to 6 PM and 9 to 10 PM. Rates 1 and 3 are 

two period rates with the same peak period, from 4 to 9 PM. Rate three has a higher peak to off-peak 

price ratio than Rate 1. As such, one would expect the peak-period load reductions to be higher for Rate 

3 than for Rate 1. The peak to off-peak price ratio for Rate 2 is in between the other two but the partial 

peak period and the shorter peak period makes it difficult to predict whether the load reductions might 

be greater or less than the other rates.  

As seen in the figures, there are no statistically significant differences in load impacts for the common 

hours from 6 to 9 PM across the three rates in either percentage or absolute terms overall or in any 

climate region. This is true in spite of the fact that the confidence bands are quite narrow.  

Figure 4.3-15: Average Percent Impacts from 6 to 9 PM Across Rates| 
(Positive values represent load reductions, negative values represent load increases) 
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Figure 4.3-16: Average Absolute Impacts from 6 to 9 PM Across Rates 
(Positive values represent load reductions, negative values represent load increases) 

 

Figures 4.3-17 and 4.3-18 show the average change in daily electricity use for each rate and climate 

region. Whether daily electricity use increases or decreases depends on whether consumers respond to 

the TOU price signals by conserving during the peak period and leaving their off peak usage unchanged,  

by shifting usage and keeping total usage constant, or by actually increasing consumption of end-uses 

during off peak periods more than they reduce during peak periods (e.g., are less careful about turning 

off lights during the lower priced periods or heat a spa to a higher temperature in light of the lower off-

peak prices). As seen in the figures, there are significant differences in the reduction in daily electricity 

consumption between Rate 2 and the other two rates, with the reductions for Rate 2 being significantly 

less than for the other two rates. Customers on Rates 1 and 3 reduced consumption by about 1.5% for 

the service territory as a whole and reduced usage between 2% and 2.5% in the hot climate region. 

Reductions for Rates 1 and 3 were much smaller in both percentage and absolute terms in the moderate 

and cool regions and in some cases were not statistically significant. Rate 2 also showed a small 

reduction in daily use in the hot climate region and overall but in the moderate climate region, the 

average customer on Rate 2 actually used more electricity than they would have on the OAT. In the cool 

region, the average Rate 2 customer may have increased electricity use slightly but the change is not 

statistically significant.   
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Figure 4.3-17: Average Percent Daily kWh Impacts Across Rates 
(Positive values represent load reductions, negative values represent load increases) 

 

 

Figure 4.3-18: Average Absolute Daily kWh Impacts Across Rates 
(Positive values represent load reductions, negative values represent load increases) 
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Summer Bills Increased for Almost 
all Participants 

Annually, the majority of customers 
would experience modest structural bill 
impacts for all three rates. However, 
during the summer period, nearly all 
customers experienced structural bill 
increases and the average customer 
was only able to mitigate these bill 
increases by a small amount through 
changes in usage. Many consumers 
can expect to see bill decreases in the 
winter period and annually. 

4.4 Bill Impacts 

This section summarizes the bill impact estimates for 

the three rate treatments tested by PG&E. The CPUC 

ǊŜǎƻƭǳǘƛƻƴ ŀǇǇǊƻǾƛƴƎ tDϧ9Ωǎ Ǉƛƭƻǘ ǊŜǉǳƛǊŜǎ ǘƘŀǘ ōƛƭƭ 

impacts be estimated for the following rates, customer 

segments, and climate regions:  

Á Seniors, CARE/FERA customers, non-CARE/FERA 
customers, households with incomes below 
100% of FPG, and households with incomes 
between 100% and 200% of FPG ƛƴ tDϧ9Ωǎ Ƙƻǘ 
climate region for Rate 1;  and 

Á For CARE/FERA and non-CARE/FERA customers 
ƻƴ ŜŀŎƘ ǊŀǘŜ ŀŎǊƻǎǎ tDϧ9Ωǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ŀǎ ŀ 
whole and for each climate region.  

In addition to these required segments, Nexant estimated bill impacts for seniors, households with 

incomes below 100% of FPG,  and households with incomes between 100% and 200% of FPG ƛƴ tDϧ9Ωǎ 

hot climate region for Rate 2 and Rate 3. Bill impacts are reported as the average monthly impact for the 

summer months of July, August, and September61 for each rate, climate zone, and customer segment 

summarized above. Following an iterative process with stakeholders to determine the best way to 

present the analysis so that it clearly answered the policy questions of interest, the following four 

analyses were conducted: 

Á Structural benefiter/non-benefiter analysis based on pretreatment usage- Displaying the 
proportions of structural benefiters and non-benefiters for each rate and relevant customer 
segment based on pretreatment data on an annual and summer season basis; 

Á Estimation of the average bill impact due to changes in usage- Displaying the average bill 
impact  resulting from changes in behavior in response to the new price signals for each rate and 
relevant customer segment (after controlling for exogenous factors); 

Á Estimation of the total bill impact due to both the difference in the tariffs (holding usage 
constant) and behavior change- Displaying the bill impact for each rate and relevant customer 
segment due to structural differences in the rate mitigated by changes in behavior; and 

Á Change in the distribution of bill impacts due to behavior change- Displaying the distribution 
curves of bill impacts (percentage of customers with bill impacts within $10 incremental bins) 
with and without behavior change in the same graph to illustrate if the distribution 
for participants shifted to the left or changed shape compared with the distribution for control 
customers without behavior change. 

A more detailed explanation of each type of analysis and how the analysis was conducted is contained in 

Section 3.7. The remainder of this section is organized according to the four analysis types summarized 

above ς that is, bill impacts are presented for each rate, relevant customer segment, and climate region 

for each of the four analyses.  

                                                
61

 Estimates were not produced for the month of June because enrollment changed dramatically from the beginning to the end 
of the month and the estimates would not be comparable to those for other months.  
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 Structural Benefiter/Non-Benefiter Analysis Based on Pretreatment 4.4.1
Usage 

The structural benefiter analysis was conducted for the summer and annual time periods using 

pretreatment data from the treatment group for each rate and relevant customer segment. Annual 

impacts were based on hourly load data from May 2015 through April 2016. Summer impacts were 

based on June 2015 through September 2015. Monthly bills were estimated for each treatment group 

customer on the OAT and TOU rate using the hourly load data. The difference in bills based on the TOU 

rate and the OAT determines if a customer is a structural benefiter, a structural non-benefiter, or falls in 

a neutral range defined as have a structural bill impact between ±$3.62 

Final results from the structural benefiter / non-benefiter analysis are presented in column graphs and 

shown as percentages for the summer season and on an annual basis. For each rate and relevant 

segment, the percentage of customers who are non-benefiter, neutral (+/- $3), or benefiters based on 

their average monthly bills for the time period of interest are shown as individual columns. The three 

columns within each rate and segment combination total to 100%, thus showing the distribution of 

structural benefiters and non-benefiters for each rate and segment of interest. 

Figure 4.4-1 presents the outcome of the structural benefiter analysis for Rate 1 at the aggregate level 

across climate regions for all customers as well as for CARE/FERA and non-CARE/FERA. The graph on the 

left presents the analysis on an annual basis and the graph on the right presents the findings for the 

summer period. Nearly all customers are structural non-benefiters in the summer season, which was 

expected. A higher proportion of CARE/FERA customers are structural non-benefiters than CARE/FERA 

customers. 

Figure 4.4-1: Rate 1 Structural Benefiter / Non-Benefiter Analysis 
All | CARE/FERA | Non-CARE/FERA 
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 See section 3.2.1 for additional details on the methodology. 
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Figure 4.4-2 presents the outcome of the structural benefiter analysis for Rate 1 at the detailed segment 

level by climate region. The findings at the aggregate level still hold, with nearly all customers as 

structural non-benefiters in the summer season. On an annual basis, the hot climate region had a 

greater proportion of structural non-benefiters than the moderate or cool regions. Finally, a higher 

proportion of non-CARE/FERA customers than CARE/FERA customers are non-benefiters within each 

climate region, which is also consistent with the aggregate findings. 

Figure 4.4-2: Rate 1 Structural Benefiter / Non-Benefiter Analysis 
Detailed Segments by Climate Region 

 

Figure 4.4-3 presents the outcome of the structural benefiter analysis for Rate 2 at the aggregate level 

across climate regions. Rate 2 differs from Rate 1 in several ways: the peak period is from 6 to 9 PM 

rather than 4 to 9 PM, it is a three period rate with a shoulder period from 4 to 6 PM and 9 to 10 PM, 

and prices are the same on weekends and weekdays. Overall, the general pattern of structural 

benefiters, non-benefiters, and neutrals is similar between Rate 1 and Rate 2. Nearly all customers are 

structural non-benefiters in the summer season, and there is a higher proportion of structural non-

benefiters among non-CARE/FERA customers than among CARE/FERA customers. 

Figure 4.4-3: Rate 2 Structural Benefiter / Non-Benefiter Analysis 
All | CARE/FERA | Non-CARE/FERA 
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Figure 4.4-4 presents the outcome of the structural benefiter analysis for Rate 2 at the detailed segment 

level by climate region. The findings at the aggregate level still hold, with nearly all customers as 

structural non-benefiters in the summer season. On an annual basis, the hot climate region had a 

greater proportion of structural non-benefiters than the moderate or cool regions. Finally, a higher 

proportion of non-CARE/FERA customers are non-benefiters than CARE/FERA customers in each climate 

region, which is also consistent with the aggregate findings. Overall the findings for Rate 2 at the 

detailed segment level are also very similar to the distribution of structural benefiters and non-

benefiters from Rate 1. 

Figure 4.4-4: Rate 2 Structural Benefiter / Non-Benefiter Analysis 
Detailed Segments by Climate Region 

 

Figure 4.4-5 presents the outcome of the structural benefiter analysis for Rate 3 at the aggregate level 

across climate regions. tDϧ9Ωǎ wŀǘŜ о Ƙŀǎ ǘƘŜ same peak period on weekdays as Rate 1 but has a higher 

peak-to-off-peak price ratio than Rate 1. Like Rate 1, and unlike Rate 2, all weekend hours are priced at 

the off-peak rate. Additionally, in the spring, Rate 3 has a super off-peak price from 11 AM to 4 PM. As 

with the other two rates, nearly all customers are structural non-benefiters in the summer season, and 

non-CARE/FERA customers have a higher proportion of non-benefiters than CARE/FERA customers  

Figure 4.4-5: Rate 3 Structural Benefiter / Non-Benefiter Analysis 
All | CARE/FERA | Non-CARE/FERA 
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Figure 4.4-6 presents the outcome of the structural benefiter analysis for Rate 3 at the detailed segment 

level by climate region. As with the other two rates, the findings at the aggregate level still hold. 

Figure 4.4-6: Rate 3 Structural Benefiter / Non-Benefiter Analysis 
Detailed Segments by Climate Region 

 

Overall, a general pattern of structural benefiters and non-benefiters emerged that was consistent 

across all three rates. Nearly all customers were non-benefiters in the summer season, regardless of 

climate region or customer segment. On an annual basis, the hot climate region had a greater 

proportion of structural non-benefiters than the moderate or cool regions, and non-CARE/FERA 

customers were more likely to be structural non-benefiters than CARE/FERA customers. As noted 

previously, the large proportion of non-benefiters on an annual basis is due in part to the fact that 

tDϧ9Ωǎ ƎƭƛŘŜ ǇŀǘƘ h!¢ ǘǊŀƴǎƛǘƛƻƴ Ƙŀǎ ōŜŜƴ ŘŜƭŀȅŜŘ ς the TOU rate was designed to be revenue neutral 

relative to the 2017 glide path rate but the OAT used here is the 2016 glide path tariff.  

The next section presents the analysis showing how much customers were able to reduce their bills as a 

result of behavior change. Section 4.4.3 combines the findings from the structural benefiter analysis 

with average bill impact findings to provide the full picture of how much of the structural loss customers 

were able to offset based on changing their energy use behavior. 

 Estimation of the Average Bill Impact Due to Changes in Usage 4.4.2

The average bill impact due to customers changing their energy usage in response to the TOU rate was 

estimated by calculating the difference in bills calculated using the TOU rate and post-enrollment usage 

for both the control and treatment group minus the difference in bills on the TOU rate using 

pretreatment usage for both the control and treatment groups. The control group bill calculated on the 

TOU rate represents the bill that would be expected if a customer wŀǎ ōƛƭƭŜŘ ƻƴ ǘƘŜ ¢h¦ ǊŀǘŜΣ ōǳǘ ŘƛŘƴΩǘ 

change their energy use behavior. The bill for the treatment group customers on TOU rate reflects any 

ōŜƘŀǾƛƻǊŀƭ ŎƘŀƴƎŜǎ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ōŜƛƴƎ ƻƴ ǘƘŜ ¢h¦ ǊŀǘŜΦ .ȅ ǎǳōǘǊŀŎǘƛƴƎ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƎǊƻǳǇΩǎ ŀǾŜǊŀƎŜ 

bill from the ŎƻƴǘǊƻƭ ƎǊƻǳǇΩǎ ŀǾŜǊŀƎŜ ōƛƭƭτand removing any pre-existing differencesτwe are able 

ŜǎǘƛƳŀǘŜ ǘƘŜ ŀǾŜǊŀƎŜ ōƛƭƭ ƛƳǇŀŎǘ ŀǘǘǊƛōǳǘŀōƭŜ ǘƻ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƎǊƻǳǇΩǎ ŎƘŀƴƎŜ ƛƴ ōŜƘŀǾƛƻǊ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ 
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exposure to the pilot rate, after controlling for exogenous factors. 63 A positive impact indicates that 

customers successfully reduced their bills relative to the control group who did not respond to a TOU 

rate.  

Bill impacts due to behavior change are presented in a column graph and shown as dollar impacts for 

the average summer monthly bill for July, August, and September 2016. The error bars on the graph 

represent the 90% confidence interval. Therefore, any impacts with error bars that cross below zero are 

not statistically significant at the 90% confidence level. Impacts are organized by rate, climate region, 

and segment. The bill impact in percentage terms that corresponds to the dollar amount is also included 

in the figure to provide context.  

It should be noted that the aggregate level results were weighted following the same approach used for 

the load impacts.64 The weights are representative of the mix of customers eligible to participate in the 

pilot, not just those who enrolled. Consequently, some of the individual segments shown in the detailed 

findings section may have more or less weight than other segments when they are combined together 

to develop the aggregate results. It is important to note that small bill impacts do not necessarily 

indicate customers did not change their behavior. As seen in the load impact section, load reductions in 

peak or shoulder periods, which would lead to lower bills all other things equal, are sometimes offset by 

load increases in the off-peak period. Depending on the relative magnitude of each change, bill impacts 

could go up, down, or remain largely unchanged even though customers made significant changes in 

behavior. It is also important to note that the values shown here represent changes in bills due to 

change in behavior ς they do not represent the total change in the bill (nearly all bills increased in the 

summer). The total changes in the bill will be presented in the next section. 

Figure 4.4-7 provides the overall results for customers on Rate 1. Through changing their energy use the 

average Rate 1 customer was able to reduce what their average monthly bill would have otherwise been 

by $1.90, or 1.6%. Though small, this result is statistically significant at the 90% confidence level. 

Average hourly peak period load impacts for Rate 1 customers were 5.8% or 0.06 kW. The relatively 

small bill impact is due, in part, to the relatively short peak period over which load reductions occur and 

the fact that there were small increases in usage on average in the longer off-peak period. For the five 

hour peak period, the average daily energy savings is approximately 0.3 kWh (5 hours times 0.06 kWh). 

If we assume four weeks in a month, and five days a week, the result is twenty days where we would 

expect to observe the peak period reductions. Multiplying 20 days by the 0.3 kWh we expect to find 

about 6 kWh savings from the peak period per month. When factoring in both the CARE/FERA and non-

CARE/FERA rates, the average summer weekday peak period price per kWh on Rate 1 is $0.37. An 

impact of 6 kWh per month at $0.37 per kWh equals a total estimated peak period bill reduction of 

$2.22. When factoring in slight increases in energy use during off-peak hours, the $1.90 monthly bill 

impact appears quite reasonable. Bill impacts due to behavior change for CARE/FERA customers were 

less than half of the average customer impact at $0.88 (1%) and were not statistically significant. Non-

CARE/FERA customer bill impacts were statistically significant at $2.28 (1.7%) per month. 

                                                
63

 See section 3.2.2 for additional details on the methodology. 

64
 See section 4.3 for a detailed discussion of the weighting approach. 
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Figure 4.4-7: Rate 1 Average Bill Impacts from Behavior Change 
All | CARE/FERA | Non-CARE/FERA 

 (Positive values represent bill reductions) 

 

Figure 4.4-8 provides the detailed results by climate region and segment for customers on Rate 1. Non-

CARE/FERA customers in the hot climate region exhibited the largest bill reduction due to changes in 

behavior at $5.87 per month (2.7%). Seniors and customers between 100% and 200% of FPG also 

exhibited statistically significant bill reductions due to behavior change of $3.56 (2.3%) and $4.10 (2.9%), 

respectively. Low income customers in the hot climate region saw statistically significant bill increases 

from behavior change. As seen in Table 4.3-6, low income customers increased usage on the TOU rate in 

all rate periods relative to the control group. This may be at least partially attributable to low income 

customers having a lower understanding of the rate design, as discussed in Section 4.5. As seen in Table 

4.5-33, almost 20% of the customers below 100% of FPG could not correctly identify a single hour that 

fell within the peak period compared with only 6% of non-CARE/FERA customers who could not identify 

a single correct peak period hour.  

Figure 4.4-8: Rate 1 Average Bill Impacts from Behavior Change 
Detailed Segments by Climate Region  

(Positive values represent bill reductions) 
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Figure 4.4-9 provides the overall results for customers on Rate 2, which are generally very similar to Rate 

1. Through changes in behavior, the average Rate 2 customer was able to reduce what their average 

monthly bill would have otherwise been by $1.54, or 1.2%. This result is statistically significant at the 

90% confidence level. Average hourly peak period load impacts for Rate 2 customers were 6.1% or 0.06 

kW. Bill impacts for CARE/FERA customers were negativeτƳŜŀƴƛƴƎ /!w9κC9w! ŎǳǎǘƻƳŜǊǎΩ ōƛƭƭǎ 

increased slightly as a result of their energy use behaviorτhowever, the impacts are not statistically 

significant. Similar to Rate 1, non-CARE/FERA customer bill impacts were statistically significant at $2.31 

(1.6%) per month. 

Figure 4.4-9: Rate 2 Average Bill Impacts from Behavior Change 
All | CARE/FERA | Non-CARE/FERA 

 (Positive values represent bill reductions) 

 

Figure 4.4-10 provides the detailed level results by climate region and segment for customers on Rate 2. 

Similar to Rate 1, non-CARE/FERA customers in the hot climate region exhibited the largest bill 

reductions due to changes in behavior at $6.64 per month (3.1%). No other segments exhibited 

statistically significant bill reductions due to changes in behavior. 

Figure 4.4-10: Rate 2 Average Bill Impacts from Behavior Change 
Detailed Segments by Climate Region  

(Positive values represent bill reductions) 
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Figure 4.4-11 provides the overall results for customers on Rate 3. tDϧ9Ωǎ wŀǘŜ о Ƙŀǎ ǘƘŜ ǎŀƳŜ ǇŜŀƪ 

period on weekdays as Rate 1 but has a higher peak-to-off-peak price ratio than Rate 1. In fact, Rate 3 

has the highest peak period price of all PG&E rates, and is significantly higher than Rates 1 and 2. Like 

Rate 1, and unlike Rate 2, all weekend hours are priced at the off-peak rate. Through changing their 

energy use, the average Rate 3 customer was able to reduce what their average monthly bill would have 

otherwise been by $2.92, or 2.4%. This result is statistically significant at the 90% confidence level and 

nearly twice the size of the bill impacts from Rates 1 and 2. Average hourly peak period load impacts for 

Rate 3 customers were 5.5% or 0.06 kW. Bill impacts due to behavior change for CARE/FERA customers 

ǿŜǊŜ ŎƭƻǎŜ ǘƻ ȊŜǊƻ ŀƴŘ ǿŜǊŜƴΩǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ. Non-CARE/FERA customer bill impacts were 

statistically significant at $4.03 (2.9%) per month.  

Figure 4.4-11: Rate 3 Average Bill Impacts from Behavior Change 
All | CARE/FERA | Non-CARE/FERA  

 (Positive values represent bill reductions) 

 

Figure 4.4-12 provides the detailed level results by climate region and segment for customers on Rate 3. 

Similar to Rates 1 and 2, non-CARE/FERA customers in the hot climate region exhibited the largest bill 

reductions due to changes in behavior at $10.41 per month (4.7%). No other segments exhibited 

statistically significant bill reductions due to changes in behavior. 

Figure 4.4-12: Rate 3 Average Bill Impacts from Behavior Change 
Detailed Segments by Climate Region  

 (Positive values represent bill reductions) 
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Overall, bill impacts due to behavior change across all of the rates appear to have been largely driven by 

the non-CARE/FERA customers in the hot climate region. Other segments, such as seniors in the hot 

climate region on Rate 1, also experienced statistically significant bill impacts, but for the most part, bill 

impacts for other segments, rates, and climate regions were very small and not statistically significant.  

 Estimation of the Total Bill Impact Due to Differences in the Tariffs 4.4.3
(Holding Usage Constant) and Behavior Change 

Total bill impacts experienced by customers on a TOU rate can be decomposed into two components: 

the structural impact, and the behavioral impact. The structural impact represents the change in 

customer bills based solely on the change in the underlying structure of the rate. In this case, it is the 

change from the OAT to the time-differentiated TOU pilot rates. The behavioral impact represents how 

the customer changed their energy usage in response to the new pricing structure of the rateτwhich 

includes higher prices in the afternoon and evening and lower prices at other times of the day. During 

the summer period, nearly all customers on the TOU rates experienced a structural increase in their 

bills. However, customers also had an opportunity to offset that increase by changing their energy use 

behavior in response to the new price signals. As noted above, it is the combination of structural and 

behavioral bill impacts that produces the total bill impact experienced by the average study participant 

on each rate.  

The results from this analysis represent the average monthly bill across the summer months of July, 

August, and September 2016. Three different bills were calculated for each customer segment:65 

Á No Change in Behavior or Tariff [1]: This represents what the treatment group bills would have 

been in the post-treatment period if they were on the OAT and had not changed their behavior 

Á No Change in Behavior, Change in Tariff [2]: This represents what the treatment group bills 

would have been in the post-treatment period if they were on the TOU rate and had not 

changed their behavior 

Á Change in Behavior and in Tariff [3]: This represents what the treatment group bills were in the 

post-treatment period on the TOU rate with a change in behavior 

Based off of components defined above, the following metrics were calculated: 

Á The difference between [1] and [2] is the structural bill impact (based on post-treatment usage 

after adjusting for any pretreatment difference between control and treatment customers);  

Á The difference between [1] and [3] is the bill impact due to structural differences in the rates, 

but mitigated by changes in behavior; and 

Á The difference between [2] and [3] is the amount customers were able reduce their bills by 

changing their behavior. 

  

                                                
65

 See section 3.2.3 for additional details on the methodology. 
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In the bill impact analysis, a major policy question was to better understand the relationship between 

the structural bill impacts, and how customers were able to respond. This relationship is represented by 

ǘƘŜ άǇŜǊŎŜƴǘŀƎŜ ƻŦ ǎǘǊǳŎǘǳǊŀƭ ƭƻǎǎ ƳƛǘƛƎŀǘŜŘ ōȅ ŎƘŀƴƎŜ ƛƴ ōŜƘŀǾƛƻǊέ ǎƘƻǿƴ ƛƴ ǘƘŜ Řŀǘŀ ǘable at the 

bottom of the figures below. Put differently, this percentage represents how much of the structural bill 

increase from the TOU rate the average customer was able to offset. Results are organized by rate, 

climate region, and segment; similarly to the other bill impact analysis sections. 

Figure 4.4-13 presents a set of three average monthly bills as defined above for all customers, 

CARE/FERA customers, and non-CARE/FERA customers on Rate 1. The blue bar represents a typical 

summer monthly bill for a customer still on the OAT and not responding to a TOU rateτ ƴƻǘŜŘ ŀǎ άNo 

Change in Behavior or TariffΦέ CƻǊ ǘƘŜ ŀǾŜǊŀƎŜ ŎǳǎǘƻƳŜǊ ƻƴ wŀǘŜ мΣ ǘƘƛǎ ŘƻƭƭŀǊ ŀƳƻǳƴǘ ǿŀǎ ϷмлпΦмпΦ ¢ƘŜ 

green bar represents what a typical summer monthly bill would be for a customer who was billed on a 

¢h¦ ǊŀǘŜΣ ōǳǘ ŘƛŘƴΩǘ ŎƘŀƴƎŜ ǘƘŜƛǊ ŜƴŜǊƎȅ ǳǎŜ ōŜƘŀǾƛƻǊτ ƴƻǘŜŘ ŀǎ άNo Change in Behavior, Change in 

TariffΦέ ¢Ƙƛǎ ŘƻƭƭŀǊ ŀƳƻǳƴǘ ƛǎ ϷмннΦтл ŦƻǊ ǘƘŜ ŀǾŜǊŀƎŜ wŀǘŜ м ŎǳǎǘƻƳŜǊΦ ¢ƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ 

values, $18.56, is the average increase a customer would see in their bills by changing from the OAT to 

wŀǘŜ мΣ ŀƴŘ ƴƻǘ ŎƘŀƴƎƛƴƎ ǘƘŜƛǊ ŜƴŜǊƎȅ ǳǎŜ ōŜƘŀǾƛƻǊΤ ǘƘƛǎ ƛǎ ŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ǎǘǊǳŎǘǳǊŀƭ 

ƭƻǎǎΦ ¢ƘŜ ƻǊŀƴƎŜ ōŀǊ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŀǾŜǊŀƎŜ wŀǘŜ м ŎǳǎǘƻƳŜǊΩǎ ōƛƭƭ ŀŦǘŜǊ ŦŀŎǘƻring in the change in rate 

from the OAT to the Pilot Rate 1, and then also taking into account any changes in energy use 

behaviorτ ƴƻǘŜŘ ŀǎ ά²ƛǘƘ Change in Behavior and TariffΦέ ¢Ƙƛǎ ōƛƭƭ ŀƳƻǳƴǘ ŀǾŜǊŀƎŜŘ ϷмнлΦул ŦƻǊ ǘƘŜ 

typical Rate 1 customer. Based off these values, it is possible to estimate the total change in bills 

including both the change in tariff and in behavior, which was a bill increase of $16.60 per month (16%). 

The total change in bill is calculated by subtracting the blue ($104.14) from the orange ($120.80).  

An additional important metric is the percent of the structural lossτincrease in the bills due strictly to 

the change in tariffτthat can be offset or mitigated by customers changing their energy use behavior. 

As noted above, the average structural loss for Rate 1 customers was $18.56. The amount customers 

were able to reduce their bills by changing their behaviorτcompared to what it would have been 

without any behavior changeτƛǎ ƻōǘŀƛƴŜŘ ōȅ ǎǳōǘǊŀŎǘƛƴƎ ǘƘŜ ƻǊŀƴƎŜ ōŀǊ όά²ƛǘƘ Change in Behavior and 

TariffέΥ ϷмнлΦулύ ŦǊƻƳ ǘƘŜ ƎǊŜŜƴ ōŀǊ όάNo Change in Behavior, Change in TariffέΥ ϷмннΦтлύΣ ǿƘƛŎƘ Ŝǉǳŀƭǎ 

$1.90. Based on these values, customers were able to offset $1.90 out of the $18.56 structural loss, or 

10.3%. This value is provided at the bottom of the data table in each figure for convenience.  

CARE/FERA customers experienced an average structural loss of $14.01 (20%). Through changes in 

energy use behavior they were able to offset $0.88 (6.3%), resulting in a total monthly bill increase of 

$13.30 (19%) after factoring in both changes in the tariff and behavior. It should be noted that the bill 

impact due to behavior change for CARE/FERA customers on Rate 1 was not statistically significant. 

Given the small dollar amount to begin with, and the lack of statistical significance, the key take away 

from this analysis is that the average CARE/FERA customer on Rate 1 did not change their energy use 

behavior sufficiently to mitigate any of the structural loss. 

Conversely, non-CARE/FERA customers were able to mitigate some of their structural loss, though only a 

relatively small portion at 11.3% ($2.28). The average structural loss for non-CARE/FERA customers was 

$20.23 (17%), resulting in a total monthly bill increase of $17.95 (15%) after factoring in changes in the 

tariff, and behavior. 
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Figure 4.4-13: Rate 1 Total Bill Impact Due to Differences in the  
Tariff and Behavior Change 

(All | CARE/FERA | Non-CARE/FERA) 

 

Figure 4.4-14 presents the three sets of average monthly bills as defined above for the detailed 

segments by climate region on Rate 1. CARE/FERA customers in the moderate region, non-CARE/FERA 

customers in the hot region, seniors in the hot region, and customers with incomes between 100 and 

200% of FPG in the hot region offset their structural bill increase by ~20% through behavior change. 

Behavioral offsets for the other customer segments were less than 5% and not statistically significant.  

Figure 4.4-14: Rate 1 Total Bill Impact Due to Differences in the  
Tariff and Behavior Change 

(Detailed Segments by Climate Region) 
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Figure 4.4-15 presents the three sets of average monthly bills for all customers, CARE/FERA customers, 

and non-CARE/FERA customers on Rate 2, which were similar in nature to Rate 1. The average Rate 2 

customer experienced a structural loss of $19.63 (18%). Through changes in energy use behavior they 

were able to offset $1.54 (7.9%), resulting in a total monthly bill increase of $18.09 (17%) after factoring 

in both changes in the tariff and behavior. CARE/FERA customers experienced an average structural loss 

of $14.23 (19%). They did not reduce energy usage compared to the control group, resulting in a total 

monthly bill increase of $14.76 (20%) after factoring in changes in the tariff and behavior. Non-

CARE/FERA customers were able to mitigate some of their structural loss, though only a relatively small 

portion at 10.7% ($2.31). The average structural loss for non-CARE/FERA customers was $21.62 (18%), 

resulting in a total monthly bill increase of $19.31 (16%) after factoring in the changes in the tariff, and 

behavior. 

Figure 4.4-15: Rate 2 Total Bill Impact Due to Differences in the  
Tariff and Behavior Change 

(All | CARE/FERA | Non-CARE/FERA) 

 

Figure 4.4-16 presents the three sets of average monthly bills for the detailed segments by climate 

region on Rate 2. Non-CARE/FERA customers in the hot region were the only segment to offset any 

portion of their structural bill increase through behavior change at 19.8%. Behavioral offsets for the 

other customer segments were less than 8% and not statistically significant; or even negative in some 

cases.  



PG&E Evaluation 

 117 

Figure 4.4-16: Rate 2 Total Bill Impact Due to Differences in the  
Tariff and Behavior Change 

(Detailed Segments by Climate Region) 

 

Figure 4.4-17 presents the three sets of average monthly bills for all customers, CARE/FERA customers, 

and non-CARE/FERA customers on Rate 3, which were similar to Rates 1 and 2. The average Rate 3 

customer experienced a structural loss of $21.97 (22%). Through changes in energy use behavior they 

were able to offset $2.92 (13.3%), resulting in a total monthly bill increase of $19.05 (19%) after 

factoring in the changes in the tariff and behavior. CARE/FERA customers experienced an average 

structural loss of $15.52 (21%). Similar to Rate 2, they did not reduce energy usage compared to the 

control group, resulting in a total monthly bill increase of $15.62 (22%) after factoring in the changes in 

the tariff and behavior. Non-CARE/FERA customers were able to mitigate some of their structural loss, 

though only a relatively small portion at 16.6% ($4.03). The average structural loss for non-CARE/FERA 

customers was $24.35 (22%), resulting in a total monthly bill increase of $21.31 (18%) after factoring in 

the changes in the tariff, and behavior. 
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Figure 4.4-17: Rate 3 Total Bill Impact Due to Differences in the  
Tariff and Behavior Change 

(All | CARE/FERA | Non-CARE/FERA) 

 

Figure 4.4-18 presents the three sets of average monthly bills for the detailed segments by climate 

region on Rate 3. Similar to Rate 2, non-CARE/FERA customers in the hot region were the only segment 

to offset any portion of their structural bill increase through behavior change at 27.0%. This was the 

largest offset among any customer segments. Behavioral offsets for the other customer segments 

varied, but were not statistically significant; and were even negative in the case of CARE/FERA 

customers in the hot climate region.  
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Figure 4.4-18: Rate 3 Total Bill Impact Due to Differences in the  
Tariff and Behavior Change 

(Detailed Segments by Climate Region) 

 

Overall, the average customer across each of the rates was able to offset a small portion of the 

structural bill impact by between 8% and 13%. However, the offsets were largely driven by the non-

CARE/FERA customers in the hot climate region who were able to offset between 20% and 27% of their 

structural loss. For the most part, the other segments were not able to offset much of their structural 

loss and many of the observed behavioral impacts were not statistically significant. 

 Change in the Distribution of Bill Impacts Due to Behavior Change 4.4.4

The fourth analysis presents the distribution of bill impacts66 for customers with and without behavioral 

change, and is designed to show how the distribution shifts when customers respond to the rates by 

changing behavior. Similar to the other analyses, impact distributions are based on the average summer 

monthly bills for July, August, and September. Bill impacts were estimated for two casesτwith and 

without behavior change. Both are based on the structural bill impact calculations; however, impacts 

with behavior change show how behavioral impacts are able to affect the structural impact distribution. 

Customers were segmented into ranges of bill impacts. The percentage of customers in each $10 

increment from negative $100 to positive $100 per month was determined with and without behavior 

change. The underlying calculations used to develop the distributions are based off of a difference-in-

differences approach that compares the treatment and control customers based on both pre- and post-

treatment bill impacts.67 

                                                
66

 Bill impacts without behavior change represent the structural bill impact distribution; bill impacts with behavior change show 
how behavioral impacts affect the structural bill impact distribution.  

67
 See section 3.2.4 for additional details on the methodology. 
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The two distributions are presented on a line graph, with the height of the line at any given $10 

increment representing the percentage of customers experiencing a bill impact of the corresponding 

dollar amount. In this case, the bill impact is measured as the difference between the TOU bill and the 

OAT bill. If the line for the group with changes in behavior is to the left of the line representing the 

group with no change in behavior, it shows that at least some customers were able to modify their 

energy usage such that they had lower total bill impacts compared to if they had not changed their 

behavior.  

Figure 4.4-19 presents the distribution of bill impacts with and without energy use behavior change. The 

blue line represents the structural bill impacts that result when customers are billed on the TOU rate 

and do not change their energy use behavior. The green line shows the total bill impacts when 

customers have responded to the TOU rate and, in some cases, changed their energy use behavior. Bill 

impacts are calculated as the difference between the TOU bill and the OAT bill. Each point along the line 

graph represents the percentage of customers within a specific bill impacts bin or range. For example, 

on Rate 1, approximately 30% of the customers have structural bill impact of $11 to $20 per monthτthe 

blue line. In other words, approximately 30% of the Rate 1 customers would experience an increase of 

$11 to $20 per month on Rate 1 compared to the OAT without changing their behavior. The green line 

represents the total bill impacts when customers have had the opportunity to respond to the TOU rate. 

In this case, the percent of customers experiencing an increase of $11 to $20 per month on Rate 1 

compared to the OAT is 29%, showing a slight reduction.  

It is important to note that customers could move up or down through the incremental impact bins, and 

could potentially move more than one binτmeaning that a customer could potentially experience a bill 

increase due to their behavioral response, or they could jump down several bins and go from a $21 to 

$30 per month bill impact down to $1 to $10 impact, for example. In the case of the average Rate 1 

customers, there is an increase in the percent of customers with a total bill impact of between $1 and 

$10 per month. With no change in behavior, 32% of customers were in this bin and with behavior 

change 34% of customers are now in this bin. Looking at the shape of the distributions and the table 

reporting the percentages, it is clear that with behavior change there were fewer customers in the $41 

ǘƻ Ϸрл ǊŀƴƎŜΣ ŀƴŘ ƛƴ ǘƘŜϷмм ǘƻ Ϸнл ǊŀƴƎŜΦ ²ƘƛƭŜ ƛǘ ƛǎƴΩǘ ŎƭŜŀǊ ŜȄŀŎǘƭȅ ǿƘŜǊŜ ǘƘƻǎŜ ŎǳǎǘƻƳŜǊǎ ƳƻǾŜŘΣ ƛǘ ƛǎ 

clear that ultimately some customers were able to make changes in their energy use behavior that 

resulted in offsetting some of the structural loss, as covered in the previous sections. While the 

percentage of customers in the $1 to $10 bin increased, it was because they were originally in higher bill 

impact ranges and have since transitioned down to a lower bin. 

As noted in the previous section, CARE/FERA customers on average did not offset any of the structural 

loss through behavior change. This is also apparent in the graph below, where there is very little 

separation between the green and blue lines. On the other hand, the non-CARE/FERA customers were 

able to slightly offset the structural bill impacts, and this can be observed in the graph where sections of 

the green line are to the left of or below the blue line. LǘΩǎ ŀƭǎƻ important to note that instances where 

the green line is to the right of or above the blue line in the lower bill impact ranges indicate more 

customers have moved into that bin, likely from higher impact bins. This is the case where there is a 

higher percentage of non-CARE/FERA customers in the $1 to $10 range after behavior change compared 

to before behavior change. 
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Figure 4.4-19: Rate 1 Change in the Distribution of Bill Impacts  
Due to Behavior Change 

All | CARE/FERA | Non-CARE/FERA 

 

 
 

Figure 4.4-20 provides the distribution of bill impacts for the detailed segments by climate zone. As 

noted above in section 4.4.2 , the only Rate 1 segments with statistically significant bill impacts due to 

behavior change were Seniors, 100% to 200% FPG, non-CARE/FERA customers in the hot region, and 

CARE/FERA customers in the moderate region. In each of those segments, it is possible to see how the 

ŘƛǎǘǊƛōǳǘƛƻƴ Ƙŀǎ ǎƘƛŦǘŜŘ ǎƭƛƎƘǘƭȅΦ LǘΩǎ ŀƭǎƻ ǿƻǊǘƘ ƴƻǘƛƴƎ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ƛƴstances such as non-CARE/FERA 

ŎǳǎǘƻƳŜǊǎ ƛƴ ǘƘŜ ƳƻŘŜǊŀǘŜ ǊŜƎƛƻƴ ǿƘŜǊŜ ǘƘŜǊŜ ǿŜǊŜƴΩǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ōƛƭƭ ƛƳǇŀŎǘǎΦ IƻǿŜǾŜǊΣ ƛǘΩǎ 

clear some shifting took place. Nevertheless, based on the outcomes it is apparent that not all of the 

shifting was into lower bill impact ranges given that the overall outcome for that segment was near zero 

and not statistically significant.  
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Figure 4.4-20: Rate 1 Change in the Distribution of Bill Impacts  
Due to Behavior Change 

Detailed Segments by Climate Region 
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Figure 4.4-21 provides the distributions of bill impacts for all customers and CARE/FERA and non-

CARE/FERA customers on Rate 2. The average Rate 2 customer was able to offset approximately $1.54 

(7.9%) of the structural loss through behavior change. Based on the graph, some customers with larger 

impacts in the $50 range were able to transition down to lower bins. On average, Rate 2 CARE/FERA 

customers were not able to offset any of the structural loss. However, it appears that at least some 

customers were able to move into lower bill impact bins. As with Rate 1, non-CARE/FERA customers 

show the largest behavioral bill impacts. This is shown where there is a notable reduction in the $50 per 

month bill impact range, and growth in the lower impact ranges. 
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Figure 4.4-21: Rate 2 Change in the Distribution of Bill Impacts  
Due to Behavior Change 

All | CARE/FERA | Non-CARE/FERA 
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Figure 4.4-22 shows the distribution of bill impacts for the detailed segments by climate zone for Rate 2. 

As noted above in section 4.4.2, the only Rate 2 segment with statistically significant bill impacts from 

behavior change was non-CARE/FERA customers in the hot region. This segment shows a dramatic shift 

in the distribution of bill impacts with and without behavior change. Some of the other segments, such 

as hot 100% to 200% FPG customers and moderate CARE/FERA customers show changes in the 

distribution. However, the bill impacts from behavior change for the remaining segments were not 

statistically significant. This indicates that while, on average, there were no behavioral bill impacts, there 

are customers within the segments that produced significant bill impacts due to behavior change. 

Figure 4.4-22: Rate 2 Change in the Distribution of Bill Impacts  
Due to Behavior Change 

Detailed Segments by Climate Region 
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Figure 4.4-23 shows the distribution of bill impacts for all customers and for CARE/FERA and non-

CARE/FERA customers on Rate 3. The average Rate 3 customer was able to offset approximately $2.92 

(13.3%) of the structural loss. Based on the graph, some customers with larger impacts in the $50 range 

were able to transition down to lower bins. On average, Rate 3 CARE/FERA customers were not able to 

offset any of the structural loss. As with Rates 1 and 2, non-CARE/FERA customers were the segment 

showing the largest behavioral bill impacts. This is shown where there is a notable reduction in the $50 

per month bill impact range, and growth in the lower impact ranges. 

Figure 4.4-23: Rate 3 Change in the Distribution of Bill Impacts 
 Due to Behavior Change 

All | CARE/FERA | Non-CARE/FERA 
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Figure 4.4-24 shows the distribution of bill impacts for the detailed segments by climate zone for Rate 3. 

As noted above in Section 4.4.2 , the only Rate 3 segment with statistically significant bill impacts was 

non-CARE/FERA customers in the hot region. This segment shows a dramatic shift, where the 

distribution with behavior change is clearly shifted. Some of the other segments such as the seniors in 

the hot climate region and the moderate CARE/FERA customers show changes in the distribution. 

However, the bill impacts for those and the remainder of the segments were not statistically significant. 

This indicates that while on average there were no behavioral bill impacts, there are customers within 

the segments that produced significant bill impacts due to behavior change. 

Figure 4.4-24: Rate 3 Change in the Distribution of Bill Impacts  
Due to Behavior Change 

Detailed Segments by Climate Region 
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4.5 Survey Findings 

This section summarizes the survey findings for the three rate treatments tested by PG&E. The CPUC 

ǊŜǎƻƭǳǘƛƻƴ ŀǇǇǊƻǾƛƴƎ tDϧ9Ωǎ Ǉƛƭƻǘ ǊŜǉǳƛǊŜǎ ǘƘŀǘ ǎǳǊǾŜȅ ŦƛƴŘƛƴƎǎ ōŜ ǊŜǇƻǊǘŜŘ for the following rates, 

customer segments, and climate regions: 

Á Seniors, CARE/FERA customers, non-CARE/FERA customers and households with incomes below 
млл҈ ƻŦ CtDΣ ŀƴŘ ƘƻǳǎŜƘƻƭŘǎ ǿƛǘƘ ƛƴŎƻƳŜǎ ōŜǘǿŜŜƴ млл҈ ŀƴŘ нлл҈ ƻŦ CtD ƛƴ tDϧ9Ωǎ Ƙƻǘ 
climate region for Rate 1, and  

Á CARE/FERA and non-CARE/FERA customers for each rate for each climate region.  

Sub-!ǇǇŜƴŘƛȄ / ƛƴ !ǇǇŜƴŘƛȄ ±ƻƭǳƳŜ м ŘŜǎŎǊƛōŜǎ ǘƘŜ ǊŜǇƻǊǘƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ tDϧ9Ωǎ ƻǇǘ-in pilot.  

 Findings Relevant to Section 745 Decisions 4.5.1

Descriptive Statistics of Economic/Health Scores 

To assess whether any of the pilot TOU rates caused economic changes, difference in average economic 

index scores were compared between the rate treatment and control groups for the segments shown in 

Table 4.5-1.  

Table 4.5-1: Segments Tested by Rate 

Climate Segment 
Control 

vs. Rate 1 
Control 

vs. Rate 2 
Control 

vs. Rate 3 

Hot 

Non-CARE/FERA  X X X 

CARE/FERA  X X X 

CARE/FERA - on or eligible X X X 

Below 100% FPG X     

100 to 200% FPG X     

Seniors X     

Moderate 

Non-CARE/FERA  X X X 

CARE/FERA  X X X 

CARE/FERA ς on or eligible X X X 

Cool 

Non-CARE/FERA  X X X 

CARE/FERA  X X X 

CARE/FERA ς on or eligible X X X 
 

Values for descriptive statistics provided in Table 4.5-2 and Figure 4.5-1 to Figure 4.5-3 are shown for all 

respondents combined, including control and treatment customers, with no weighting applied to adjust 

for oversampling of sub-segments in the hot climate region or oversampling of CARE/FERA customers in 

all climate regions. 

Table 4.5-2  provides the mean, median, and the 25th and 75th percentile economic index scores for all 

PG&E respondents and Figure 4.5-1 shows the histogram of economic index scores. The dotted line on 

the histogram shows the median, while the orange line shows the mean. Economic index scores can 

range from a low of 0 to a high of 10. The higher the score, the more economic difficulty a respondent 

has. PG&E pilot participants had a mean economic index score of 2.9 and median score of 2.5. The 

distribution of economic index scores is positively skewed. 
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Table 4.5-2: Measures of Central Tendency for Economic Index1,2  

Statistic 
All PG&E 
Sample 

Non-
CARE/FERA 

CARE/FERA Seniors 

Mean 2.94 2.14 3.98 2.73 

25th Percentile 1.42 1.05 2.56 1.35 

Median 2.49 1.70 3.89 2.31 

75th Percentile 4.24 2.82 5.32 3.87 
1
 Higher mean index scores = more economic difficulty. 

2
 Values are shown for all respondents combined, including control and treatment customers, with no weighting used to adjust 

for oversampling of sub-segments in the hot climate region or oversampling of CARE/FERA customers in all climate regions. 

Figure 4.5-1: Histogram of Economic Index Scores1, 2 

 
1
 Higher index scores = more economic difficulty. 

2
 Values are shown for all respondents combined, including control and treatment customers, with no weighting used to adjust 

for oversampling of sub-segments in the hot climate region or oversampling of CARE/FERA customers in all climate regions. 
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As shown in Figure 4.5-2, the distribution of economic index scores is different for CARE/FERA and non-

CARE/FERA groups. Both groups show a large spread of economic index scores, but the distribution of 

CARE/FERA scores is normally distributed, with equal distribution around the average score of 3.95. 

When comparing the two distributions, the reader is reminded that the CARE/FERA population depicted 

in the figure includes oversampling for households with incomes below 100% of FPG in the hot climate 

region and other non-random sampling across climate regions and does not accurately represent the 

distribution of economic index scores for CARE/FERA customers from the general PG&E population. 

Figure 4.5-2: Histogram of Economic Index Scores For  
CARE/FERA And Non-CARE/FERA Segments1, 2 

 
1
 Higher index scores = more economic difficulty. 

2
 Values are shown for all respondents combined, including control and treatment customers, with no weighting used to adjust 

for oversampling of sub-segments in the hot climate region or oversampling of CARE/FERA customers in all climate regions. 
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As shown in Figure 4.5-3, the distribution of economic index scores is very similar for households with a 

senior as a head of household versus a non-senior as a head of household. Both groups show a large 

spread of economic index scores and the distributions are both positively skewed. Once again, however, 

it is important to keep in mind that oversampling of seniors in the hot climate region means that the 

distributions displayed in the figure do not represent the distribution of scores for senior households 

from the general PG&E population. 

Figure 4.5-3: Histogram of Economic Index Scores for Seniors and Non-Seniors1,2  

 
1
 Higher index scores = more economic difficulty. 

2
 Values are shown for all respondents combined, including control and treatment customers, with no weighting used to adjust 

for oversampling of sub-segments in the hot climate region or oversampling of CARE/FERA customers in all climate regions. 
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Health Index: Table 4.5-3 shows the percent of respondents who reported a household member who 

sought medical attention due to excess heat from among the small minority of respondents who 

indicated that a household member had a medical condition that required keeping their house cool in 

the summer. All respondents in each segment also indicated that their home has some form of air 

conditioning. CARE/FERA customers and those with incomes below 100% of FPG were more likely to 

report a household member who sought medical attention because of excess heat than other segments. 

Also noteworthy, and surprising, is that more CARE/FERA respondents in the cool climate region 

reported a household member who sought medical attention for excess heat compared to customers in 

the moderate or hot regions. 

Table 4.5-3: Distribution of Health Index Responses from Customers with AC  
and a Disability that Requires Cooling by Segment1 

 
1
 Table includes all respondents who indicated someone in their household had a disability that required they keep their home 

cool during the summer and had a form of air conditioning in their home. Totals include all control and treatment respondents 
by segment. 

Economic and Health Changes ï Control versus Rate Comparisons 

This section compares the average values for the economic and health indices for control and TOU 

treatment customers for each customer segment, rate and climate region. Given the RCT design, any 

statistically significant differences between control and treatment customers can be attributed to the 

TOU rates (or random chance). Statistically significant differences between control and rate groups are 

highlighted in green. Color-coded triangles are also provided to facilitate interpretation of the results as 

shown in Figure 4.5-4. 

Figure 4.5-4: Example of Results Table with Color Coding 

 

Climate 

Region Segment Total in segment

Total seeking 

medical attention

% seeking medical 

attention

Non-CARE/FERA 238 43 18%
CARE/FERA 351 76 22%
CARE/FERA - on or eligible 459 105 23%
Below 100% FPG 322 85 26%
100 to 200% FPG 198 41 21%
Seniors 649 106 16%
Non-CARE/FERA 82 8 10%
CARE/FERA 136 30 22%
CARE/FERA - on or eligible 165 35 21%
Non-CARE/FERA 14 2 14%
CARE/FERA 57 19 33%
CARE/FERA - on or eligible 61 19 31%

Hot

Moderate

Cool
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Rate 1 

Economic Index: Table 4.5-4 shows the economic index scores for Rate 1 and control group 

customers by segment and climate region. There was no statistically significant increase in the economic 

index for customers on Rate 1 in any segment or climate region, including all low-income segments and 

seniors in the hot climate region. However, low-income segments and seniors in both the control and 

treatment groups had substantially higher economic index scores than compared with non-CARE/FERA 

households. For example, low income segments in hot climate region had almost twice as high average 

economic index scores (on average) compared with non-CARE/FERA households in the same climate 

region as shown in the table and Figure 4.5-5. 

Table 4.5-4: Comparison of Economic Index Means, Control vs. Rate 11 

 
1
 Higher mean index scores = more economic difficulty. 

Figure 4.5-5: Mean Economic Index Scores, Control vs. Rate 1  
for Targeted Segments in Hot Region1 

 
1
 Higher mean index scores = more economic difficulty. 

Health Index: Table 4.5-5 shows the health index proportions for control and treatment customers on 

Rate 1. The values in the table represent customers in the samples that have air conditioning and who 

reported a household member who required cooling due to a disability. The proportions shown in the 

table represent the percent of this population who reported a household member who sought medical 

attention because of excess heat. The health index proportion is lower for customers on Rate 1 relative 

Mean SD n Mean SD n

Mean 

Difference

Pooled 

SE DF t-stat

Non-CARE/FERA 2.4 1.7 672 2.5 1.8 624 0.01 0.10 1,294     0.12 0.901 p

CARE/FERA 4.3 1.8 339 4.4 1.8 332 0.12 0.14 669        0.84 0.403 p

CARE/FERA - on or eligible 4.0 1.9 563 4.0 2.0 538 0.05 0.12 1,099     0.42 0.672 p

Below 100% FPG 4.5 1.8 498 4.4 1.8 506 -0.12 0.11 1,002     -1.06 0.291 q

100 to 200% FPG 3.9 1.9 200 4.2 2.1 207 0.25 0.20 405        1.23 0.219 p

Seniors 2.8 1.8 1,625 2.8 1.8 1,535 0.01 0.07 3,158     0.21 0.830 p

Non-CARE/FERA 2.1 1.4 470 2.0 1.4 462 -0.09 0.09 930        -1.01 0.313 q

CARE/FERA 3.8 1.6 322 4.0 1.7 322 0.21 0.13 642        1.63 0.103 p

CARE/FERA - on or eligible 3.6 1.7 422 3.8 1.7 415 0.22 0.12 835        1.81 0.070 p

Non-CARE/FERA 1.9 1.4 548 1.8 1.3 535 -0.13 0.08 1,081     -1.65 0.100 q

CARE/FERA 3.7 1.8 351 3.7 1.8 336 -0.01 0.14 685        -0.07 0.941 q

CARE/FERA - on or eligible 3.5 1.8 475 3.4 1.8 440 -0.09 0.12 913        -0.79 0.432 q

Hot

Moderate

Climate 

Region
Segment

Control Rate 1 Statistics

p-value

Cool
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to the control group for five of the six customer segments in the hot climate region although none of 

these differences are statistically significant. In addition, the health index is higher for low-income 

segments compared to non-CARE/FERA and senior segments. Given the small sample sizes for some 

segments, relatively large differences between the proportions for those on Rate 1 and those in the 

control group are not statistically significant. 

Table 4.5-5: Comparison of Health Index Proportions, Control vs. Rate 11, 2 

 
1
 Table shows health index results for respondents who indicated someone in their household had a disability that required 

they keep their home cool during the summer and had air conditioning in their home. 

2
 The number of total customers that require cooling for a disability and have air conditioning in the moderate and cool climate 

region are very small. The results are included here for completeness, but the statistical outcomes are not valid due to small 
sample sizes. 

Rate 2 

Economic Index: Table 4.5-6 shows the economic index values for control and treatment customers 

ŦƻǊ tDϧ9Ωǎ wŀǘŜ нΦ ¢ƘŜǊŜ ǿŜǊŜ ƴƻ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ƛƴŘŜȄ ŦƻǊ ŀƴȅ ŎǳǎǘƻƳŜǊ 

segments in any climate region. As shown in the table and in Figure 4.5-6, the index value is nearly twice 

as high for CARE/FERA customers and CARE/FERA eligible customers compared with non-CARE/FERA 

customers. 

Table 4.5-6: Comparison of Economic Index Means, Control vs. Rate 21 

 
1
 Higher mean index scores = more economic difficulty. 

 

% with 

Event

Total 

N

% with 

Event

Total 

N

% 

Difference SE Z-stat

Non-CARE/FERA 19% 95 14% 57 -5% 0.06 0.78 0.44 q

CARE/FERA 25% 100 24% 96 -1% 0.06 0.17 0.87 q

CARE/FERA - on or eligible 26% 140 23% 124 -3% 0.05 0.57 0.57 q

Below 100% FPG 27% 138 31% 109 4% 0.06 0.76 0.45 p

100 to 200% FPG 28% 50 16% 62 -12% 0.08 1.52 0.13 q

Seniors 17% 262 16% 264 -0.9% 0.03 0.27 0.78 q

Non-CARE/FERA 7% 29 7% 14 0% 0.08 0.03 0.98 p

CARE/FERA 14% 35 24% 37 10% 0.09 1.08 0.28 p

CARE/FERA - on or eligible 14% 44 23% 43 10% 0.08 1.16 0.25 p

Non-CARE/FERA 25% 4 33% 3 8% 0.35 0.24 0.81 p

CARE/FERA 33% 12 35% 17 2% 0.18 0.11 0.91 p

CARE/FERA - on or eligible 31% 13 33% 18 3% 0.17 0.15 0.88 p

Moderate

Cool

Hot

Control Rate 1 Statistics

p-value

Climate 

Region Segment

Mean SD n Mean SD n

Mean 

Difference

Pooled 

SE DF t-stat

Non-CARE/FERA 2.4 1.66 672 2.6 1.82 469 0.12 0.10 1,139     1.11 0.266 p

CARE/FERA 4.3 1.8 339 4.4 1.8 394 0.06 0.13 731        0.47 0.637 p

CARE/FERA - on or eligible 4.0 1.88 563 4.1 1.87 535 0.18 0.11 1,096     1.59 0.113 p

Non-CARE/FERA 2.1 1.4 470 2.0 1.3 490 -0.10 0.09 958        -1.14 0.256 q

CARE/FERA 3.8 1.6 322 4.0 1.9 309 0.15 0.14 629        1.10 0.273 p

CARE/FERA - on or eligible 3.6 1.7 422 3.7 1.9 411 0.10 0.12 831        0.84 0.402 p

Non-CARE/FERA 1.9 1.39 548 1.9 1.41 547 -0.01 0.08 1,093     -0.07 0.948 q

CARE/FERA 3.7 1.81 351 3.7 1.80 341 -0.05 0.14 690        -0.34 0.730 q

CARE/FERA - on or eligible 3.5 1.80 475 3.4 1.82 448 -0.08 0.12 921        -0.66 0.508 q

Hot

Moderate

Cool

Climate 

Region
Segment

Control Rate 2 Statistics

p-value
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Figure 4.5-6: Mean Economic Index Scores, Control vs. Rate 2  
for Key Segments in Hot Region1 

 
1
 Higher mean index scores = more economic difficulty. 

Health Index: Table 4.5-7 shows the health index, or the proportion of respondents reporting at least 

one medical event due to heat in the summer. The data show no statistically significant increases in 

respondents reporting a household member who sought medical attention due to Rate 2. In addition, 

the health index is higher for low-income segments compared to non-CARE/FERA segments. However, 

the samples sizes for non-CARE/FERA and CARE/FERA eligible segments in the moderate and cool 

regions are too small to provide accurate results.  

Table 4.5-7: Comparison of Health Index Proportions, Control vs. Rate 21, 2 

 
1
 Table shows health index results for respondents who indicated someone in their household had a disability that required 

they keep their home cool during the summer and had air conditioning in their home. 

2
 The number of total customers that require cooling for a disability and have air conditioning in the moderate and cool climate 

region are very small. The results are included here for completeness, but the statistical outcomes are not valid due to small 
sample sizes. 






















































































































































































































































































































































































































































































































































































































































