
 
 

October 18, 2022 
 
 
Public Utility Commission of Oregon  
201 High Street, S.E., Suite 100 
P.O. Box 1088 
Salem, OR  97308-1088 
 
 
Re: UM 2141 PGE Flex Load Plan, Peak Time Rebates 2021/2022 Evaluation  

Enclosed is the year three evaluation of Peak Time Rebates, part of Portland General 
Electric Company’s (PGE’s) Residential Pricing and Behavioral DR Pilot (Flex 2.0). 
PGE contracted with a third-party evaluator (Cadmus) to evaluate and measure the 
effectiveness of Peak Time Rebates, identify areas for continuous improvements, and 
assess energy impacts on the system. Cadmus’ evaluation addresses results from the 
summer 2021 and winter 2021/2022 seasons. Previous Peak Time Rebate evaluations 
were filed in UM 1708, the Residential Pricing and Behavioral Demand Response Pilot 
deferral docket.   

Peak Time Rebates is a cornerstone of PGE's residential flexible load portfolio and 
delivers on our commitment to decarbonization while maintaining reliability and 
affordability. There is no up-front equipment investment making it the ideal platform by 
which to introduce our residential customers to the concept and value of DR, educate 
them about the role they can play in supporting a reliable, greener grid for the community, 
and reward them financially for their efforts. PTR serves as the gateway to a deeper 
engagement with PGE’s energy-shifting products and services. It is also our first 
behavior-based DR resource and is proving to be a reliable, consistent resource that will 
support PGE’s  Flexible Load, 2025 planning goal.  

PTR remains open to all customers. However, PGE focuses on tailoring its marketing 
approach to customers with the highest propensity to save energy to support customer 
satisfaction and optimize the load shift PTR can deliver. In addition, PGE encourages 
customers who may be more successful and satisfied with Direct Load Control offerings 
to migrate to those programs. To date, almost 6,000 PTR customers have moved to the 
Smart Thermostat program where they have an opportunity to earn higher rebates and 
PGE can expect higher DR value. 
 
Learnings from seasonal evaluation reports and surveys are informing PGE’s 
communication, education, and retention efforts and support our customer-focused data 
strategy. This year’s evaluation includes performance results from Summer 2021 when 
PTR was deployed during the record-setting heat dome event. PGE was also able to call 
three events during Winter season and test morning event calls for the first time under 
this pilot. Third year evaluation results have allowed PGE to explore findings around 
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different event calling scenarios and how these affect overall customer experience and 
satisfaction. For example, PGE: 

• Identified baseline modeling adjustments to increase rebate accuracy for event 
days with extreme heat conditions (Summer 2021 saw record-breaking 
temperatures as high as 114°). 

• Found that morning event results indicated performance is similar to afternoon 
events in terms of the amount of load customers are able to shift during the event. 
PGE also gauged customer sentiments and preferences around morning event 
calls.  

• Expanded customization of messaging to customers, including adding Spanish-
language event notifications and adding messaging that better matches 
customers’ experience when they earn only a small rebate.   

 
If you have any questions or require further information, please contact Chris Pleasant at 
(503) 503-464-2555. Please direct all formal correspondence and requests to the 
following email address pge.opuc.filings@pgn.com. 
 
 
Sincerely, 
 
 
 
Robert Macfarlane 
Manager, Pricing & Tariffs 

 
 
Enclosure 
 
cc: UM 1938 Service  
Eric Shierman, OPUC 
Nick Sayen, OPUC 
Sarah Hall, OPUC 
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Acronyms, Terms, and Definitions 
AMI Advanced metering infrastructure 

CIS Customer Information System, referring to PGE data containing customer-level attributes 

Comparison 
group 

Comparison group refers to non-enrollees matched to enrollees through propensity score 
matching (see Appendix A for details). The electricity demand of the comparison group 
provided a baseline for measuring the PTR event demand impacts.  

°F Degrees Fahrenheit 

Heat dome Extreme weather event between Friday, June 25, 2021 and Wednesday, June 30, 2021 
affecting Portland, Oregon and the Pacific Northwest.  Maximum daily temperatures in 
Portland, Oregon reached 108°F on Saturday, June 26, 112°F on Sunday, June 27, and 116°F 
on Monday, June 28. PGE called PTR events on Saturday and Monday. 

kW Kilowatt 

kWh Kilowatt-hour 

Microsegment Five PGE customer segments characterizing PTR demand response savings potential: Big 
Impactors, Fast Growers, Middle Movers, Borderliners, and Low Engagers (in order of 
highest to lowest savings potential) 

MW Megawatt 

Peak time event A period of high energy demand when PGE asks PTR enrollees to shift or reduce their 
electricity usage  

PGE Portland General Electric 

PTR Peak time rebates  

SGTB Smart Grid Test Bed, in reference to PGE’s SGTB project  

Test Bed Test Bed refers collectively to three local distribution substation service areas (Hillsboro, 
Milwaukie, and North Portland) participating in the Test Bed project. The majority of 
residential customers residing in the Test Bed were automatically enrolled in the PTR 
program. Throughout this document, reporting will differentiate between enrollees within 
the Test Bed (Test Bed PTR) areas and outside of the Test Bed (Flex PTR) areas. 

Treatment group Treatment group refers to enrollees in the Flex 2.0 PTR program, including self-enrollees in 
the program and customers automatically enrolled in the PTR program as part of the Test 
Bed project. 
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Executive Summary  
Starting in April 2019, Portland General Electric (PGE) enrolled residential customers in the Flex 2.0 Peak 
Time Rebates (PTR) pilot program. PTR is a behavioral demand response program that pays customers to 
reduce their electricity consumption during summer and winter peak demand events. PGE notifies 
enrollees in advance of events and pays them a rebate of $1 per kWh of savings. PGE calculates 
enrollees’ savings by comparing their metered consumption to an estimate of their baseline 
consumption during events.  

This impact evaluation presents results from the evaluation of the third year of the Flex 2.0 PTR 
program, covering summer 2021 and winter 2021/2022. PGE called seven summer PTR events and three 
winter events.1 The summer included two events during an unusual heat dome when temperatures 
reached extreme levels and one event during a weekend (a heat dome day) for the first time, and the 
winter included morning events for the first time since the launch of Flex 2.0. The evaluation estimates 
the PTR load impacts for PTR enrollees who opted into the program and those in PGE’s Smart Grid Test 
Bed (SGTB or Test Bed) project whom PGE automatically enrolled in PTR (starting in June 2019, if they 
had not previously self-enrolled).2 This report refers to the opt-in PTR program outside the Test Bed as 
Flex PTR and the PTR component of the SGTB project as Test Bed PTR.3  

Through regression analysis of PGE customer meter data, Cadmus assessed the load impacts of the PTR 
program. The impact evaluation covered these key objectives:  

• Track PTR customer enrollment and retention  

• Measure demand impacts of peak time events by season and microsegment 

• Assess the accuracy of the customer rebate calculations for savings during PTR events  

• Assess any differences in demand impacts between Flex PTR and Test Bed PTR enrollees  

 
1  PTR events were called for three hours each (5 p.m. through 8 p.m. or 8 a.m. through 11 a.m.) on these 

weekday, non-holiday dates in 2021 (June 21, June 26, June 28, July 29, August 3, August 12, and September 
9) and in 2022 (January 28, February 2, and February 23). 

2  Through summer 2021, SGTB customers received promotional and educational materials and event 
communications with different messaging content than PGE residential customers who opted into the Flex 2.0 
PTR. Starting in winter 2021/22, auto-enrolled and self-enrolled customers received communications with the 
same messaging content.  

3  Impact estimates for the SGTB project in this report pertain to all Test Bed PTR customers, whether they self-
enrolled or were automatically enrolled by PGE. There is a separate SGTB project evaluation that focuses on 
other Test Bed-specific research objectives. 
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Program Performance Overview 
The following are overarching takeaways from this Flex 2.0 PTR program evaluation, which address 
PGE’s goals of better understanding and increasing the capabilities of PTR as a peak demand resource.  

PGE learned more about the capabilities of PTR as a resource for managing system peak demand. It tested the 
performance of PTR during the unprecedented heat dome in summer 2021, and one of the summer events 
occurred on a weekend. During the heat dome events on Saturday, June 26 and Monday, June 28, Flex PTR 
delivered kW savings on par with savings on other, more typical summer event days, but the savings were 
smaller as a percentage of baseline demand. PGE also called Flex 2.0 PTR events during winter mornings for the 
first time. Compared to winter afternoon events, Flex PTR achieved approximately equal kW savings but higher 
percentage savings during morning events.   

Opportunities exist for PGE to increase the demand response capacity and capabilities of Flex PTR. PGE could 
enroll summer-only Smart Thermostat program enrollees in winter PTR, automatically re-enroll PTR customers 
who move residences when they open their new accounts, and selectively market PTR to customers with the 
highest expected savings.4  

 

Performance Metrics  
Summary statistics for PTR summer 2021 and winter 2021/2022 are shown in Table 1. All values are 
mean kW savings estimates per enrolled customer or savings as a percentage of baseline demand. Flex 
PTR saved about 6% of demand in summer and 6% in winter as well. Test Bed PTR saved less, about 4% 
in summer and 3% in winter.  

Table 1. PTR Event Demand Savings Results  

PTR 
Group 

Demand Savings 
Summer 2021  
(N=7 events) 

Winter 2021/22 – AM Events  
(N=2 events) 

Winter 2021/22 – PM Events  
(N=1 event) 

Mean 
kW % Max 

kW % Mean 
kW % Max 

kW % Mean 
kW % Max 

kW % 

Flex PTR 0.121 6.0% 0.156 6.8% 0.100 6.8% 0.102 7.4%  0.095 5.1% 0.095 5.1% 

Test Bed 
PTR 0.080 3.8% 0.134 5.3% 0.039 2.9% 0.041 3.3% 0.046 2.8% 0.046 2.8% 

 
To provide information about Flex 2.0 PTR’s performance that may be useful to PGE grid operators, 
Table 2 displays more detailed performance metrics from the summer 2021 and winter 2021/2022 
impact evaluations for all PTR enrollees (Flex PTR and Test Bed PTR). The table reports the mean, 
minimum, and maximum demand savings across Flex events by season, event type (morning vs. 
afternoon), and event hour including hours before and after the events.  

 
4  Beginning in January 2021, PGE resumed re-enrolling customers who moved within the service territory using 

customer service representatives.  
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Table 2. Peak Demand Savings Metrics for Summer 2021 and Winter 2021/2022 

Key Metrics  
Savings Per Enrolled Customer (kW) 

Summer 2021 Winter 2021/2022 – 
AM Events 

Winter 2021/2022 – 
PM Events 

Average kW Savings  

Event Hour 1 0.103 (5.1%) 0.080 (5.3%) 0.081 (4.8%) 

Event Hour 2  0.121 (5.8%) 0.097 (6.6%) 0.098 (5.2%) 

Event Hour 3  0.110 (5.4%) 0.099 (7.0%) 0.088 (4.6%) 

Min kW Savings  

Event Hour 1 0.066 (4.5%) 0.076 (5.5%) 0.081 (4.8%) 

Event Hour 2 0.073 (4.9%) 0.094 (6.0%) 0.098 (5.2%) 

Event Hour 3 0.052 (3.6%) 0.091 (6.2%) 0.088 (4.6%) 

Max kW Savings  

Event Hour 1 0.150 (6.6%) 0.083 (5.0%) 0.081 (4.8%) 

Event Hour 2 0.160 (6.9%) 0.099 (7.2%) 0.098 (5.2%) 

Event Hour 3 0.140 (6.2%) 0.107 (7.9%) 0.088 (4.6%) 

Change in Average kW Savings 
(difference from previous hour 
savings) 

Event Hour 1 to 2 0.018 (17.4%) 0.017 (21.3%) 0.017 (21.0%) 

Event Hour 2 to 3 -0.011 (-9.0%) -0.002 (-2.1%) -0.010 (-10.2%) 

Average kW Savings during Hour before Event Begins 0.021 (1.1%) 0.001 (0.1%) 0.009 (0.6%) 

Average kW Savings during Hour after Event Ends 0.036 (1.8%) 0.032 (2.3%) 0.019 (1.0%) 

Event Day Average Energy Savings (kWh) 0.421 (1.2%) 0.355 (1.1%) 0.167 (0.45%) 

Note: Mean savings is the average kW demand reduction per enrollee for the event hour across all events. Max kW is the 
maximum of the average demand reduction per enrollee for the event hour across all events, and min kW is the minimum of 
the average demand reduction per enrollee for the event hour across all events. The percentage savings are the kW savings 
divided by estimated baseline demand. All impact values are statistically significant at the 10% level. 

Conclusions and Recommendations 
The section includes conclusions, with supporting findings, from the Flex 2.0 PTR program impact 
evaluation for summer 2021 and winter 2021/2022, followed by Cadmus’ recommendations for future 
program cycles. 

In summer, the PTR program resulted in large kW and percentage reductions in demand during Flex 
events. In summer, the PTR program achieved large average demand savings per enrollee of 0.121 kW 
(6.0% of baseline consumption) for Flex PTR enrollees and 0.080 kW (3.8%) for Test Bed PTR enrollees. 
The PTR program averaged 0.111 kW per enrollee (5.4%) and total savings of 12.3 MW across all 
enrollees and summer event hours.  

PGE learned more about PTR performance in winter by calling three events in winter 2021/22 and 
calling two of those events in the morning for the first time since the launch of Flex 2.0. All winter PTR 
events reduced demand. The average demand savings per enrollee were 0.099 kW (6.3% of baseline 
consumption) for Flex PTR and 0.041 kW (2.9%) for Test Bed PTR. The PTR program saved an average of 
0.091 kW per enrollee (5.7%) and 11.14 MW across all winter event hours and enrollees. Compared to 
winter afternoons, winter morning Flex PTR events achieved approximately equal kW savings but higher 
savings as a percentage of baseline demand. PGE called more Flex 2.0 events in winter 2021/2022 than 
in previous winters but considerably fewer events than in summer 2021. PGE can learn more about 
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winter PTR capabilities by continuing to call more winter events. PGE did not call more events in winter 
2021/2022 because of the mild weather conditions. 

In summer and winter evenings, PTR savings spilled over to the hours immediately preceding and 
following events. In winter morning events, savings only spilled over to the hour immediately after 
the event. As in summers 2019 and 2020, PTR produced demand savings before and after events. The 
savings in the first hour after the events averaged 2% across all enrollees, which was less than half of the 
event period savings. The winter evening event also produced small but statistically significant spillover 
savings of 1% in the hour before and the hour after the event. There were no statistically significant 
savings in the hours before winter morning events, however. Unlike PGE’s Smart Thermostat program, 
Flex 2.0 PTR program does not generate an increase in electricity demand before and after demand 
response events.  

Summer and winter PTR delivered relatively constant savings across event hours and between events. 
In both seasons, kW savings were typically highest in the middle hour of the evening events (6 p.m. to 
7 p.m.), but these savings were only marginally higher than the first or last hours of the events. In 
contrast to the Smart Thermostat program, there was no degradation of savings across event hours. 
Also, Flex PTR savings as a percentage of baseline demand were fairly consistent across events, ranging 
from 5% to 7% in winter and 4% to 7% in summer. Test Bed PTR savings were also relatively consistent 
from 2% to 5%, with the exception of the last summer 2021 event, which yielded no savings. Reliable, 
consistent savings during event hours are a valuable attribute of PTR, which PGE grid operators should 
be aware of.  

The demand savings achieved during the two heat dome PTR events were approximately equal to 
savings during other summer 2021 PTR events. During the heat dome between Saturday, June 26 and 
Monday, June 28, maximum daily temperatures exceeded 100°F. The outside temperature averaged 
105°F during the Saturday and Monday PTR events. In addition, June 26 was the first PTR event called on 
a Saturday. Across the Flex PTR and Test Bed PTR groups, the PTR program saved 0.11 kW per enrollee 
on June 26 and 0.11 kW per enrollee on June 28, which equaled the average savings across all summer 
event hours. However, PTR savings as a percentage of baseline demand were smaller by about one 
percentage point during the heat dome events. 

In summer, demand savings from the Flex PTR group differed significantly between demand response 
microsegments, but less so in winter. For both Flex PTR and Test Bed PTR groups, the Big Impactors, 
Fast Growers, and Middle Movers microsegments (those with the highest savings potential) achieved 
much higher savings than the other microsegments. In general, the savings per enrollee of these groups 
averaged between two and four times the savings for Borderliners and Low Engagers. These differences 
also persisted in winter but were less pronounced—Big Impactors’ savings were at most about three 
times Low Engagers’. Differences between microsegments in the Test Bed PTR group were inconsistent 
because of small sample sizes and the automatic enrollment of customers with low motivation to save in 
each segment. 
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PGE could increase the average PTR savings per enrollee by continuing to target customers in the 
microsegments with the highest PTR savings potential. Currently, PTR enrollment is open to  all 
microsegments on an opt-in basis. The differences between microsegments suggest that PGE could 
increase the average savings per enrollee by marketing the program even more heavily to or 
automatically enrolling the highest expected savers. For example, PGE could focus its PTR marketing 
efforts on Big Impactors, Fast Growers, and Middle Movers, while continuing to allow Borderliners and 
Low Engagers to opt-in but with reduced marketing to those microsegments. This might help PGE to 
enhance the cost-effectiveness of the pilot. 

The average kW savings per PTR enrollee decreased relative to 2020 in both summer and winter 
seasons, but still showed improvement relative to 2019. Average savings for all PTR enrollees across all 
summer events fell from 0.142 kW in 2020 to 0.111 kW in 2021 and from 0.118 kW to 0.091 kW in 
winter. These savings, however, were slightly greater than those in the 2019 season (0.103 kW in 
summer and 0.083 kW in winter.) The specific causes of the savings decreases since 2020 are unknown, 
but reduced residential electricity consumption from lessening COVID-19 impacts beginning in summer 
2021 may be a contributing factor. Also, baseline consumption was lower in winter 2021/22 relative to 
the previous year because of milder weather. However, there is limited data from the previous winter 
due to a major prolonged storm event, which impacted event calling. 

In summer, PTR savings were positively correlated with outside temperature, though the relationship 
may weaken at extreme temperatures. Across three summer seasons, the event kW savings estimates 
suggest a positive correlation with outdoor temperature. This relationship is most evident among Test 
Bed PTR enrollees but also holds for Flex PTR enrollees, especially if the two high heat events are 
ignored. In winter, there were too few events to conclusively evaluate the relationship between savings 
and outdoor temperature. 

Overpayment for PTR savings increased for the summer 2021 season. In summer 2021, PGE paid 
customers an average of $4.11 in rebates for every kWh of evaluated PTR savings. This was a 68% 
increase in the overpayment for savings from summer 2020. Likewise, in winter 2021/22, PGE paid an 
average of about $3.53 in rebates per kWh of evaluated savings, an increase of 19% in overpayment for 
savings from the previous year. The overpayment arises from inaccuracies in the baseline calculations 
and the asymmetric payment structure inherent to the PTR program (PGE pays rebates to enrollees for 
reducing their consumption below baseline but does not charge enrollees for increasing their 
consumption above baseline). Overpayment was higher in summer 2021 than in previous summers due 
to larger baseline calculation inaccuracies for the heat dome events (June 26 and June 28). Inaccuracies 
in the baseline calculations for these events were likely due to the use of linear models to predict 
baseline demand for temperatures that were not previously observed.  

PGE increased the PTR enrollment overall and retained a high percentage of customers in the 
program. In March 2021, PGE had net enrollment of 90,047 residential customers in the PTR program. 
One year later, PGE had net enrollment of 124,196 customers. PGE increased the program enrollment 
by 38% despite 21,499 enrollees closing their PGE accounts and 6,353 enrollees unenrolling themselves 
or opting out of required notification communication channels. PGE retained 95.1% of enrollees in the 
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PTR program when account closures, which are independent of and not caused by the program and 
were elevated during the pandemic, are excluded.   
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Load Impact Recommendations  
To better understand the capabilities of the PTR program as a resource for managing peak demand, PGE 
should consider these recommendations: 

• Continue to call winter events to learn more about the performance of PTR in winter. PGE should 
be prepared to call events on cold days throughout the winter, even if they coincide with a 
holiday week. About 80% of respondents to the winter 2021/22 PTR customer survey said they 
would welcome PTR events in the week between Christmas and New Year’s Day.  

• Call more winter morning events to learn more about the performance of PTR in winter 
mornings. The two events in winter 2021/22 started at 8:00 a.m. PGE could learn more by calling 
events starting at 7:00 a.m. Two-thirds of respondents to the winter 2021/2022 PTR customer 
survey said they had no preference for event start times or would find a 7:00 a.m. start time 
acceptable. 

• Continue to call events during summer days with extreme heat to learn more about program 
performance under these conditions. 

To increase the demand response capabilities of PTR and improve the customer experience, PGE should 
consider the following steps for the program: 

• Continue to selectively market PTR to customers with high savings potential. PGE can increase 
the average savings per PTR enrollee and the program’s cost-effectiveness by continuing to 
market PTR more aggressively to customer segments with high savings potential while 
continuing to allow customers with lower savings potential to opt in.  

• Consider auto-enrolling the highest potential PTR savers in the program. The Phase 1 SGTB 
evaluation showed that auto-enrolled customers in Test Bed PTR realized demand savings during 
PTR events and that auto-enrolling these customers led to very large and persistent increases in 
PTR enrollment.5 However, before auto-enrolling customers with high savings potential in PTR, 
PGE would need to assess the customer equity impacts of such a move.   

Hybrid options for PTR. PGE may be able to increase Flex PTR demand response value, customer 
enrollment, and customer incentive-earnings opportunities by allowing Smart Thermostat program 
enrollees with central air conditioning and non-electric heating to enroll in the PTR program during the 
winter. Enrolling Smart Thermostat customers in the winter PTR season would require new customer 
messaging, operational adjustments to  coordinate seasonal enrollment and participation across these 
two product paths, and a strategy to ensure consistency in participation experience between the PTR 
and Smart Thermostat programs.  

 
Also, Portland General Electric. March 31, 2022. Final Evaluation Report of the Smart Grid Test 
Bed Project. Available at: https://edocs.puc.state.or.us/efdocs/HAE/um1976hae155256.pdf 

https://edocs.puc.state.or.us/efdocs/HAE/um1976hae155256.pdf
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Impact Evaluation   
This report presents impact evaluation results from the third year of the Flex 2.0 PTR pilot program, 
covering the summer 2021 and winter 2021/22 seasons. Process evaluation results for these seasons are 
presented in Appendix D to this report. Impact and process evaluation findings for previous seasons can 
be found in the September 2021 Flex 2.0 evaluation report.6 

Evaluation Approach 
Cadmus evaluated PTR event impacts by matching PTR enrollees to residential customers not enrolled in 
the program who had similar energy consumption, demographic, and home characteristics. The 
matched non-enrollee group constituted the comparison group and provided a baseline for measuring 
the demand savings of PTR enrollees. Cadmus matched enrollees to non-enrollees using a propensity 
score matching procedure. We then estimated the PTR savings in a panel regression of customer event-
hour interval electricity consumption on event hour-of-sample fixed effects, the customer’s average 
electricity consumption during the same hour on similar non-event days, and an indicator for PTR 
program enrollment interacted with hour of the event day. We performed separate matching and 
regression analyses for summer 2021 and winter 2021/22 and ran multiple model specifications to check 
the robustness of the results. The PTR Load Impact Estimation section in Appendix A provides details 
about the matching and savings estimation.  

PTR Events 
Table 3 shows the evaluated summer 2021 and winter 2021/22 peak time events. All summer and 
winter events lasted three hours. Enrollees received event notifications via email or text the day before 
and day of the event as well as tips on how to shift or reduce energy usage. In summer 2021, PGE called 
two events (June 26 and June 28) during an unusual heat dome when temperatures reached extreme 
levels, which included  a weekend event (June 26) for the first time. In winter 2021/22, PGE called two 
morning PTR events for the first time since the start of the Flex 2.0 PTR program. 

  

 
6  Cadmus. September 2021. Flex 2.0 Demand Response Pilot Program Evaluation Report. 

https://edocs.puc.state.or.us/efdocs/HAD/um1708had135819.pdf . 

https://edocs.puc.state.or.us/efdocs/HAD/um1708had135819.pdf
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Table 3. Flex 2.0 Summer 2021 and Winter 2021/2022 Peak Time Events 

Season Event Day of week  Date 
Avg. Outdoor 

Temp. (°F)a 
Start Time 

Duration 
(hours) 

Summer 2021 

1 Monday 6/21/2021 92° 5 p.m. 3 hours 

2 Saturday 6/26/2021 104° 5 p.m. 3 hours 

3 Monday 6/28/2021 105° 5 p.m. 3 hours 

4 Thursday 7/29/2021 96° 5 p.m. 3 hours 

5 Wednesday 8/4/2021 94° 5 p.m. 3 hours 

6 Thursday 8/12/2021 101° 5 p.m. 3 hours 

7 Thursday 9/9/2021 81° 5 p.m. 3 hours 

Winter 2021/22 

1 Friday 1/28/2022 32° 8 a.m. 3 hours 

2 Wednesday 2/2/2022 40° 8 a.m. 3 hours 

3 Wednesday 2/23/2022 36° 5 p.m. 3 hours 
a Outdoor temperature is the average temperature during event hours. 

 

In summer, PGE called all events, except the September 9 event, to reduce system peak demand. The 
September 9 event was called in response to wholesale market prices. In winter, PGE called all events to 
reduce system peak demand. 
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Evaluation Findings 
This section presents the major evaluation findings related to PTR customer enrollment and demand 
savings. Results of the Test Bed messaging experiments are in the Phase 1 Smart Grid Test Bed 
evaluation report.7 Additional impact findings are presented in Appendix C. 

Enrollment and Retention 
Table 4 summarizes the Flex PTR and Test Bed PTR customer enrollments between March 12, 2021 and 
March 11, 2022.8 At the beginning of this period, there were 90,047 residential customers enrolled in 
PTR, with 15,779 in the Test Bed.9 Over this period, PGE enrolled 62,001 customers in PTR; all self-
enrolled (i.e., opted in), except for 3,830 customers residing inside the Test Bed whom PGE auto-
enrolled. There were also 27,852 customers unenrolled from the PTR program because the customer 
opted out of the program or the required communication channels, closed their accounts, or PGE 
determined the customer was ineligible to participate. More than three-quarters of the unenrollment 
were due to customer account closures, most of which resulted from customer move-outs and were 
therefore unrelated to the program.10 By the end of the period, PGE had 124,196 PTR enrollees.   

 
7  Portland General Electric. March 31, 2022. Final Evaluation Report of the Smart Grid Test Bed Project. Available 

at: https://edocs.puc.state.or.us/efdocs/HAE/um1976hae155256.pdf 

8  PGE provided Cadmus with data on PGE customers enrolled in PTR through March 11, 2022.   

9  This starting count of customers is about 2,400 lower than the ending count on March 11, 2021 as reported in 
Table 8 (p. 22) of the previous Flex 2.0 Evaluation Report: 
https://edocs.puc.state.or.us/efdocs/HAD/um1708had135819.pdf. The difference is likely attributable to a 
change in how customers who obtain a new PGE service agreement and account number without changing 
residences are tracked by the program.   

10  In August 2021, there was a miscommunication between the program manager and the PGE call center that 
resulted in the unintentional unenrollment of about 3,400 PTR customers from the program. PGE re-enrolled 
almost all these customers by the end of October 2021. The new enrollment and unenrollment counts in Table 
4 are not affected by this event except for a small number of customers who PGE did not re-enroll.    

https://edocs.puc.state.or.us/efdocs/HAE/um1976hae155256.pdf
https://edocs.puc.state.or.us/efdocs/HAD/um1708had135819.pdf
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Table 4. Flex 2.0 PTR Enrollment and Unenrollment Counts 

Category Group  
Enrollee Counts 

Test Bed 
PTR 

Flex PTR Totals 

Enrollments 

Beginning Enrollees (as of March 12, 2021)  15,779   74,268   90,047  

New Enrollees (through March 11, 2022)  3,830   58,171   62,001  

Total Enrollees (March 11, 2022)   19,609   132,439   152,048  

Unenrollments 

Opt Outs (total)  728   5,625   6,353  

Opt Out - migrated  188   1,787   1,975  

Opt Out - non-migrated  540   3,838   4,378  

Account Closures  2,865   18,634   21,499  

Total Un-enrollees (March 12, 2021, to March 11, 2022)  3,593   24,259   27,852  

Net Enrollment 

Ending enrollees (March 11, 2022)  16,016   108,180   124,196  

Retention Rate 95.7% 95.1% 95.1% 

Retention Rate (adjusted for Smart Thermostat migration) 96.8% 96.6% 96.6% 

Source: PGE program tracking data. The PTR retention rate was adjusted for account closures and was calculated as (total 
enrollment – opt outs – account closures)/(total enrollment – number of account closures). Migrated refers to migration of 
customers from PGE’s PTR program to the Smart Thermostat program.  

 
PGE retained a high percentage of enrollees in the PTR program. When the retention rate is adjusted to 
exclude customer account closures, which are unrelated to and not caused by the PTR program, the 
retention rate was 95.1%. 

PTR Load Impacts 

Summer 2021 Load Impacts 
This section presents estimates of the average demand savings per PTR enrollee, the average demand 
savings per enrollee by demand response microsegment, and total demand savings for the PTR program 
for the five events in summer 2021. 

Demand Savings Estimates by Event – Summer  
Figure 1 and Figure 2 show the average demand savings and percentage savings per PTR enrollee, 
respectively, by PTR groups (Flex PTR and Test Bed PTR) during summer 2021 PTR events. The average 
savings across all summer events were 0.121 kW for Flex PTR and 0.080 kW for Test Bed PTR. All 
estimates were statistically significant at the 10% level.  
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Figure 1. Average PTR Demand Savings (kW) – Summer 2021 

 
Notes: Estimates based on Cadmus analysis of advanced metering infrastructure (AMI) meter data 

for Flex 2.0 PTR enrollees and matched comparison group. Error bars indicate 90% confidence 
intervals based on standard errors clustered on customers. 

Figure 2. Percentage PTR Savings – Summer 2021 

 
Notes: Estimates based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched 

comparison group. Percentage savings estimated as kW savings divided by baseline demand. Error bars 
indicate 90% confidence intervals based on standard errors clustered on customers. 

Savings for Test Bed enrollees were about two percentage points lower than the saving for Flex PTR 
enrollees. This is likely because most Test Bed enrollees had been automatically enrolled in PTR and 
therefore their motivation to save was lower on average. 

Figure 3 and Figure 4 show the average demand savings and percentage savings per enrollee, 
respectively, by PTR group and event. Except for Event 7 (September 9), Flex PTR delivered consistent 
savings across events between 0.10 and 0.16 kW per enrollee. A notable feature of the summer 2021 
season was that PGE called its first weekend PTR event (Event 2) on Saturday, June 26. The savings were 
below the average on this day, and it is unclear whether this is due to the extreme heat or the Saturday 
event. 
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Figure 3. Average Demand Savings (kW) by Event – Summer 2021 

 
Notes: Estimates based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and 

matched comparison group. Error bars indicate 90% confidence intervals based on standard errors 
clustered on customers. 

Figure 4. Percentage Savings by Event – Summer 2021 

 
Notes: Estimates based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched 

comparison group. Percentage savings estimated as kW savings divided by baseline demand. Error bars 
indicate 90% confidence intervals based on standard errors clustered on customers. 

 
Table 5 shows the average demand savings per Flex PTR and Test Bed PTR enrollee by event hour for 
each event. There was relatively little variation in demand savings between hours of each event, with 
savings not varying by more than about 0.03 kW per enrollee for most events.  
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Table 5. Average Demand Savings (kW) by Event Hour and PTR Group– Summer 2021  

Program 
Group 

Event 
Beginning and  
Ending Times 

Average Demand Savings per Enrollee (kW) 

Hour 1 Hour 2 Hour 3 
Event 

Average 

Flex PTR 

Event 1 5 p.m. – 8 p.m. 0.107 0.139 0.141 0.129 

Event 2 5 p.m. – 8 p.m. 0.118 0.117 0.108 0.114 

Event 3 5 p.m. – 8 p.m. 0.092 0.112 0.100 0.102 

Event 4 5 p.m. – 8 p.m. 0.101 0.126 0.124 0.117 

Event 5 5 p.m. – 8 p.m. 0.107 0.140 0.126 0.124 

Event 6 5 p.m. – 8 p.m. 0.156 0.166 0.144 0.156 

Event 7 5 p.m. – 8 p.m. 0.076 0.085 0.063 0.075 

Test Bed PTR 

Event 1 5 p.m. – 8 p.m. 0.073 0.096 0.097 0.089 

Event 2 5 p.m. – 8 p.m. 0.101 0.105 0.098 0.101 

Event 3 5 p.m. – 8 p.m. 0.123 0.151 0.141 0.134 

Event 4 5 p.m. – 8 p.m. 0.059 0.069 0.061 0.062 

Event 5 5 p.m. – 8 p.m. 0.036 0.072 0.055 0.054 

Event 6 5 p.m. – 8 p.m. 0.114 0.122 0.115 0.120 

Event 7 5 p.m. – 8 p.m. 0.004 -0.005 -0.013 -0.005 

Notes: Estimates based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched comparison group. 
Error bars indicate 90% confidence intervals based on standard errors clustered on customers. 

 
In addition to estimating savings for each event hour (as shown above), Cadmus also estimated hourly 
savings shapes for each event day. Figure 5 presents the average savings per enrollee for event 6, with 
90% confidence intervals, and is typical of the event day PTR savings. The event hours are shaded in 
blue. Appendix B provides the corresponding savings shapes for the other event days.  

Figure 5. Flex PTR Average Hourly Savings (Event 6) – Summer 2021  

 
Note: Estimates are based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and  

matched comparison group.  
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Figure 6. Test Bed PTR Average Hourly Savings (Event 6) – Summer 2021  

 
Note: Estimates are based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and  

matched comparison group.  

 
There are three noteworthy aspects of the Flex PTR and Test Bed PTR hourly savings shapes. First, as 
pointed out above, the PTR savings are nearly constant across event hours.  

Second, savings spilled into the hours immediately following the event window and sometimes before. 
This pattern occurred for all events for Flex PTR and all but one event for Test Bed PTR. The 
phenomenon may reflect efforts to save energy that were not precisely targeted during PTR event 
hours, such as enrollees making changes to their thermostat setpoints earlier in the day, delaying 
energy-consuming activities to another day, or leaving their homes before the event started and 
returning after it ended. Respondents to the summer Flex 2.0 customer survey indicated they undertook 
a mix of load shedding and load shifting activities during PTR events. For example, large percentages of 
Flex PTR respondents said they reduced electricity demand by turning off lights (87%) or closing window 
blinds (81%). But large percentages also reported shifting electricity demand outside the event window 
by doing the laundry (87%) or dishes (82%) before or after events or pre-cooling their homes (61%). The 
spillover savings in the hour immediately after events ended suggest customers continued to shed loads 
and these activities more than offset any increase in electricity demand from load shifting.  

Third, due to PTR spillover savings in the first hour after the event, any snapback in energy demand was 
delayed until the second or third hours after events ended. Snapback occurred more frequently for Flex 
PTR than Test Bed PTR enrollees, did not occur for some events, and averaged less than 0.04 kW per 
enrollee when it occurred.      

Figure 7 compares the evaluated savings across three Flex 2.0 summer seasons. Demand savings per 
enrollee were lower in 2021 than 2020 for Flex PTR enrollees, while savings for Test Bed PTR enrollees 
were about the same in 2020 and 2021. The lower Flex PTR savings in 2021 may be a result of lessening 

102° 102° 99°

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Sa
vi

ng
s 

pe
r E

nr
ol

le
e 

(k
W

)

Hour Beginning

Test Bed PTR

Average Hourly Savings 90% Confidence Interval Average Temperature



 

16 

COVID-19 effects. Household electricity demand increased during workplace disruptions early in the 
pandemic, but by summer 2021 customers may have been out of the home more than in summer 2020. 
It may also have been the result, as Table 4 shows, of enrollment of many new, inexperienced customers 
in the program, or some combination thereof.  

Figure 7. Average Summer Demand Savings (kW) Savings by Year  

 
Notes: Estimates based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched 
comparison group. Error bars indicate 90% confidence intervals based on standard errors clustered on 

customers. 

Figure 8. Summer Percentage Savings by Year  

 
Notes: Estimates based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched 

comparison group. Percentage savings estimated as kW savings divided by baseline demand. Error bars 
indicate 90% confidence intervals based on standard errors clustered on customers. 

Correlation of Demand Savings Estimates with Outdoor Temperature 
Figure 9 and Figure 10 compare the average temperature during each Summer 2019, 2020, and 2021 
event with the average PTR savings per enrollee for the Flex and Test Bed PTR groups, respectively. In 
June 2021, the Portland area experienced record-setting high temperatures over multiple days during a 
heat dome weather event. During the two PTR events during the heat dome (Saturday, June 26, 104°F 
and Monday, June 28, 105°F), Flex PTR savings were lower than those on most other event days, 
breaking with the generally positive relationship between temperature and savings. The Test Bed PTR 
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group, however, achieved higher savings on the hottest 2021 event days. Over all summers and across 
the whole temperature range, both PTR groups showed positive correlation between summer savings 
and outdoor temperature. However, the results suggest that at very high temperatures Flex PTR savings 
may be lower than savings at lower temperatures. PGE grid operators should be aware of this risk until 
more data about Flex PTR savings at very high temperatures become available. 

Figure 9. Summer Flex PTR Savings by Year and Outdoor Temperature 

 
 



 

18 

Figure 10. Summer Test Bed PTR Savings by Year and Outdoor Temperature 

 
 

Demand Savings Estimates by Microsegment – Summer 
Figure 11 and Figure 12 show the average demand savings per Flex PTR and Test Bed PTR enrollee by 
event and demand response microsegment.11 For Flex PTR, there were substantial differences in 
average savings by microsegment, and the differences were consistent with the expected potential 
savings of each segment. Big Impactors, Fast Growers, and Middle Movers microsegments consistently 
achieved higher savings than the other microsegments. Differences between microsegments were 
inconsistent for Test Bed PTR; during many events, impact estimates overlapped substantially between 
microsegments. 

 
11  From the highest PTR savings potential to lower savings potential, the microsegments (percentage of enrollees 

as of March 2022) are Big Impactors (4%), Fast Growers (14%), Middle Movers (27%), Borderliners (30%), and 
Low Engagers (22%). Three percent of enrollees did not have a microsegment assignment. 
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Figure 11. Flex PTR Average Demand Savings (kW) by Event and Microsegment – Summer 2021 

 
Notes: Estimates based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched comparison group. 

Error bars indicate 90% confidence intervals based on standard errors clustered on customers. 

 

Figure 12. Test Bed PTR Average Demand Savings (kW) by Event and Microsegment – Summer 2021 

 
Notes: Estimates based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched comparison group. Error 

bars indicate 90% confidence intervals based on standard errors clustered on customers.  

For Test Bed PTR, there was no one microsegment that consistently achieved higher savings across the 
seven events. Many of the estimates for the microsegments are imprecisely estimated because of small 
sample sizes.  

Program-Level Demand Savings – Summer 
Table 6 presents the total PTR program demand savings during summer 2021 events. The program 
savings were estimated by multiplying the average evaluated savings per enrollee by the reported 
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number of enrollees.12 Evaluated savings are compared to E Source’s savings reported to PGE, which, 
like the evaluated savings, were estimated based on a matched comparison group analysis. As shown, 
the evaluated demand savings deviated significantly from the reported savings for each event, with the 
average evaluated savings (12.33 MW) equaling 55% of the reported savings (22.47 MW).13  

Table 6. PTR Program Total Savings – Summer 2021  

Event Event Times 
Avg. 

Temp.  
(°F) 

Evaluated Avg. 
Demand Savings per 

Enrollee (kW) 
Enrollees  

Evaluated 
Demand Savings 

(MW) 

Reported Demand 
Savings  
(MW) 

Event 1 5 p.m. – 8 p.m. 92 0.123 106,856 13.14 24.08 

Event 2 5 p.m. – 8 p.m. 104 0.112 107,804 12.07 24.90 

Event 3 5 p.m. – 8 p.m. 105 0.107 108,033 11.56  15.37 

Event 4 5 p.m. – 8 p.m. 96 0.109 113,310 12.35  24.74 

Event 5 5 p.m. – 8 p.m. 94 0.114 113,705 12.96  26.53 

Event 6 5 p.m. – 8 p.m. 101 0.150 113,470 17.02  28.96 

Event 7 5 p.m. – 8 p.m. 81 0.063 114,423 7.21  12.70 

Average  96 0.111 111,086 12.33 22.47 

Note: Evaluated demand savings were estimated from a panel regression of customer hour interval consumption for enrollees 
and matched non-enrollees. Evaluated demand savings are the weighted average of the Flex PTR and Test Bed PTR average 
demand savings per enrollee. Enrollees are the number of Flex or Test Bed PTR customers enrolled in the program on the event 
day. Temperature is the average outside temperature during the event. See Appendix A for estimation details.  

 
Table 7 reports the percentage of PTR program enrollees in each demand response microsegment and 
the percentage of program savings attributable to each microsegment based on the per enrollee 
estimates in Figure 11 and Figure 12. The percentages are calculated across all events.  
 

Table 7. Attribution of Summer 2021 PTR Program Savings to Enrollee Microsegments  
 Big Impactors Fast Growers Middle Movers Borderliners Low Engagers 

% PTR Program Savings 6.3% 19.6% 34.4% 29.4% 10.3% 
% PTR Program 
Enrollees 2.6% 10.8% 27.3% 34.1% 25.1% 

Notes: Percentage program enrollees and percentage program savings were calculated by calculating the average number of 
enrollees in Flex PTR or Test Bed PTR and MW savings across events in each microsegment and then the percentage of 
program enrollees and savings attributable to each microsegment. The microsegment MW savings were estimated by 
multiplying the number of enrollees in the microsegment by the corresponding average savings per enrollee in Figure 11 and 
Figure 12.   

 
12  PGE provided counts of enrollees for each event. 

13  Cadmus does not know the cause of the difference between the evaluation savings estimate and the E Source 
savings estimate. The difference is surprising because both Cadmus and E Source estimated the savings using a 
matched comparison group method, and the differences in estimated program savings in previous summers 
were much smaller. E Source’s savings estimates for summer 2021 are much higher than Cadmus’ estimates 
for summer 2021 and E Source’s and Cadmus’ estimates for previous summers.  
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Big Impactors and Fast Growers, who are the highest potential savers and account for only 13.4% of 
enrollees, provided 25.9% of PTR savings. In contrast, Borderliners and Low Engagers, who constituted 
59.2% of enrollees, provided 39.7% of PTR savings.  

PGE PTR Payments – Summer  
PTR enrollees earned rebates for energy savings measured relative to individual enrollee consumption 
baselines. If actual consumption during event hours was below the estimated baseline, the customer 
earned $1 per kWh of savings. If consumption was above the baseline, the customer did not receive a 
rebate and was not penalized.14 PGE paid customers for any measurable savings, whether they were the 
result of intentional behaviors, naturally occurring and would have occurred in absence of the event, 
from random fluctuations in the customer’s consumption, or attributable to an inaccurate baseline 
calculation. Since PGE cannot differentiate between savings attributable to the program and savings 
attributable to these other factors, and enrollees are not penalized for exceeding their baselines, some 
overpayment of savings is inevitable even if the baseline calculations are correct on average.15   

Table 8 compares Cadmus’ evaluated savings with PGE’s rebated PTR savings for each event and 
summer 2021 overall. As the payment ratio column shows, overall, PGE paid $4.13 per kWh of evaluated 
PTR savings. Overpayment in summer 2021 was higher than in summer 2020 ($2.96 per evaluated kWh 
savings).  

 
14  The customer faces a discontinuity in the incentive to save depending on whether a customer’s consumption 

is above or below the customer’s baseline. Customers face a higher effective marginal price for electricity 
equal to the sum of the rebate and the standard electricity rate when their consumption is below their 
baseline and a lower effective marginal price for electricity equal to the standard electricity rate when 
consumption is above the baseline. 

15  Because of the asymmetric payment structure, overpayment is inherent to PTR programs, and evaluators of 
other PTR programs have found similar magnitudes of overpayment. For example, Wolak (2006) found that 
Anaheim Public Utilities PTR program paid enrollees for seven times the savings the utility achieved. Wolak, 
Frank (2006). Residential Customer Response to Real-Time Pricing: The Anaheim Critical-Peak Pricing 
Experiment. Center for the Study of Energy Markets working paper 151. 
https://escholarship.org/uc/item/3td3n1x1  

https://escholarship.org/uc/item/3td3n1x1
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Table 8. Summer 2021 PTR Payment Ratios 

Event 
Rebated Savings  

(MWh) 
Evaluated Savings  

(MWh) 

Payment Ratio  
(Rebated Savings/ 
Evaluated Savings) 

1 138.50 39.43 3.51 

2 251.25 36.22 6.94 

3 191.20 34.68 5.51 

4 141.32 37.05 3.81 

5 115.48 38.89 2.97 

6 151.22 51.06 2.96 

7 74.78 21.63 3.46 

Total 1,063.75 258.96 4.11 

Notes: Evaluated energy savings based on Cadmus analysis of AMI meter data for the Flex 2.0 PTR 
program. PGE (E Source) calculated rebated savings based on individual customers’ baselines. 

 
Overpayment was higher in summer 2021 than in previous summers due to baseline calculation 
inaccuracies for the PTR events (events 2 and 3) during the heat dome weather event in June 2021. 
Inaccuracies in the baseline calculations for these events were likely attributable to the use of linear 
models to predict baseline demand for event temperatures that were not previously observed. The 
program implementer subsequently updated the baseline calculation methods using customer 
consumption data from the heat dome events, which should reduce the potential for calculation 
inaccuracies and overpayment during future extreme heat events.  

Winter Load Impacts 
This section presents estimates of PTR savings for the three events in winter 2021/22. 

Demand Savings Estimates by Event – Winter 
Figure 13 and Figure 14 show, respectively, the average demand savings and percentage savings per PTR 
enrollee by PTR group (Flex PTR and Test Bed PTR) during winter 2021/22 PTR events. The average 
savings across all winter events (including both morning events and the evening event) were 0.099 kW 
for Flex PTR and 0.041 kW for Test Bed PTR. Savings across all PTR enrollees averaged 0.091 kW. All 
estimates were statistically significant at the 10% level.  
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Figure 13. Average PTR Demand Savings (kW) – Winter 2021/2022 

 
Notes: Estimates based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched 
comparison group. Error bars indicate 90% confidence intervals based on standard errors clustered on 

customers. 

 

Figure 14. Percentage PTR Savings – Winter 2021/2022 

 
Notes: Estimates based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched 

comparison group. Percentage savings estimated as kW savings divided by baseline demand. Error bars 
indicate 90% confidence intervals based on standard errors clustered on customers. 

 
Figure 15 and Figure 16 show, respectively, the average demand savings and percentage savings per 
enrollee by PTR group and event. A notable feature of the winter season was that PGE called two 
morning events (Event 1 and Event 2). Flex PTR savings ranged between 5.3% and 7.4% of baseline 
demand, with savings highest in the morning events. Test Bed PTR savings were about 3% in the 
morning and evening events.  
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Figure 15. Average PTR Demand Savings (kW) by Event – Winter 2021/2022 

 
Note: Estimates are based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched  

comparison group. Error bars show 90% confidence intervals based on standard errors clustered on 
customers. 

 

Figure 16. Percentage PTR Savings by Event – Winter 2021/2022 

 
Note: Estimates are based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched  
comparison group. Percentage savings estimated as kW savings divided by baseline demand. Error bars 

show 90% confidence intervals based on standard errors clustered on customers. 

 
Table 9 shows the average demand savings per enrollee by event hour for the Flex PTR and Test Bed PTR 
groups. There was little variation in demand savings—no more than 0.025 kW per enrollee—across the 
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hours of each event for either PTR group. Thus, as in summer, the program delivered consistent savings 
across hours of winter events.  

Table 9. Average Demand Savings by Event and PTR Group – Winter 2021/2022  

Program Group Event 
Beginning and  
Ending Times 

Average Demand Savings per Enrollee (kW) 

Hour 1 Hour 2 Hour 3 
Event 

Average 

Flex PTR 

Event 1 8 a.m. – 11 a.m. 0.091 0.101 0.100 0.098 

Event 2 8 a.m. – 11 a.m. 0.085 0.107 0.114 0.102 

Event 3 5 p.m. – 8 p.m. 0.088 0.103 0.095 0.095 

Test Bed PTR 

Event 1 8 a.m. – 11 a.m. 0.031 0.048 0.031 0.036 

Event 2 8 a.m. – 11 a.m. 0.022 0.044 0.058 0.042 

Event 3 5 p.m. – 8 p.m. 0.041 0.060 0.038 0.046 

Note: Estimates are based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollments and matched comparison group. 

 
Figure 17 and Figure 18 present the hourly savings shape for the second morning event in winter 
2021/22. Like in summer, there was spillover of PTR savings after the events concluded, particularly for 
the Flex PTR group. However, unlike in summer evening events, Flex PTR and Test Bed PTR enrollees did 
not save in the hours leading up to winter morning events. The single winter evening event produced 
small but statistically significant spillover savings in the hour before the event began. 

Figure 17. Flex PTR Average Hourly Savings (Event 2) – Winter 2021/2022 

 

Note: Estimates are based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched 
comparison group.  
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Figure 18. Test Bed PTR Average Hourly Savings (Event 2) – Winter 2021/2022 

 

Note: Estimates are based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched 
comparison group.  

Figure 19 and Figure 20 compares, respectively, the kW and percentage savings between the three 
winter seasons from 2019/20 to 2021/22. Note that the figure excludes the two winter 2021/22 
morning events to provide a direct comparison with the previous seasons’ evening events. The Flex PTR 
kW and percentage savings were lower in winter 2021/22 than the previous year and similar to savings 
in winter 2019/20. This decrease is like that observed between summer 2020 and summer 2021 and 
may also be attributable to the COVID-19 pandemic. Test Bed PTR savings in winter 2020/21 and winter 
2021/22 were approximately equal. 

Figure 19. Average Winter Evening Event Demand Savings (kW) Savings by Year  

 
Note: Estimates are based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched  

comparison group. Error bars show 90% confidence intervals based on standard errors clustered on 
customers. 
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Figure 20. Winter Evening Event Percentage Savings (%) by Year  

 
Note: Estimates are based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched  
comparison group. Percentage savings estimated as kW savings divided by baseline demand. Error bars 

show 90% confidence intervals based on standard errors clustered on customers. 

 

Correlation of Demand Savings Estimates with Outdoor Temperature 
Figure 21 and Figure 22 plot the average PTR savings per enrollee against average temperature for the 
winter 2019/20, 2020/21, and 2021/22 seasons for the Flex and Test Bed PTR groups, respectively. 
Unlike in the summer seasons, savings did not correlate substantially with outdoor temperature for 
either group. However, PGE called many fewer winter events than summer events in the past three 
years, making it impossible to draw strong conclusions about the relationship.  
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Figure 21. Winter Flex PTR Savings by Year, Event Type, and Outdoor Temperature 

 
 

Figure 22. Winter Test Bed PTR Savings by Year, Event Type, and Outdoor Temperature 

 
 

Winter Demand Savings by Microsegment 
Figure 23 and Figure 24 show the average demand savings per enrollee by event and microsegment for 
the PTR groups. The differences in Flex PTR savings between microsegments were consistent with the 
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expected savings potential of each segment but muted in comparison with the differences in summer 
2021. For Test Bed PTR, there were few significant differences in savings between microsegments, and 
savings for some microsegments and events were statistically indistinguishable from zero. The wide 
confidence intervals were due to the small sample sizes for some microsegments. 

Figure 23. Flex PTR Average Demand Savings (kW) by Microsegment – Winter 2021/2022 

 
Notes: Estimates based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched  

comparison group. Error bars indicate 90% confidence intervals based on standard errors clustered on customers.  

Figure 24. Test Bed Average Demand Savings (kW) by Microsegment – Winter 2021/2022 

 
Notes: Estimates based on Cadmus analysis of AMI meter data for Flex 2.0 PTR enrollees and matched  

comparison group. Error bars indicate 90% confidence intervals based on standard errors clustered on customers.  

Program Demand Savings -- Winter  
Table 10 presents the evaluated and reported PTR program demand savings for the winter 2021/22 
events. Cadmus estimated the program savings by multiplying the average savings per enrollee by the 
total number of enrollees. We then compared the evaluated savings to the reported savings, which 
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were estimated by PGE’s PTR implementer and based on a matched comparison group analysis. As 
shown, the evaluated demand savings of 11.14 MW exceeded the reported savings estimate of 8.80 
MW.16  

Table 10. PTR Program Total Savings – Winter 2021/2022 

Event Event Time 
Avg. 

Temp. 
(°F) 

Evaluation Avg. 
Demand Savings per 

Enrollee (kW) 
Enrollees  

Evaluation 
Demand Savings 

(MW) 

Reported Demand 
Savings  
(MW) 

Event 1 8 a.m. – 11 a.m. 32 0.089 121,941 10.91 9.24 

Event 2 8 a.m. – 11 a.m. 40 0.094 122,351 11.50 9.43 

Event 3 5 p.m. – 8 p.m. 36 0.089 123,631 11.01 7.72 

Average  36 0.091 122,641 11.14 8.80 

Note: Evaluated demand savings were estimated from a panel regression of customer hour interval consumption for enrollees 
and matched non-enrollees. Evaluated demand savings are the weighted average of the evaluated Flex PTR and Test Bed PTR 
average demand savings per enrollee. Enrollees are the number of Flex or Test Bed PTR customers enrolled in the program on 
the event day. Temperature is the average outside temperature during the event. See Appendix A for estimation details.  

 
Table 11 reports the percentage of PTR program enrollees in each demand response microsegment and 
the percentage of program savings attributable to each microsegment based on the per enrollee 
estimates in Figure 23 and Figure 24. The percentages are calculated across all events.  
 

Table 11. Attribution of Winter PTR Program Savings to Enrollee Microsegments  
 Big Impactors Fast Growers Middle Movers Borderliners Low Engagers 

% PTR Program Savings 6.6% 21.3% 32.8% 24.7% 14.6% 

% PTR Program 
Enrollees 4.2% 14.1% 28.2% 30.5% 23.0% 

Notes: Percentage program enrollees and percentage program savings were calculated by calculating the average number of 
enrollees in Flex PTR or Test Bed PTR and MW savings across events in each microsegment and then the percentage of 
program enrollees and savings attributable to each microsegment. The microsegment MW savings were estimated by 
multiplying the number of enrollees in the microsegment by the corresponding average savings per enrollee in Figure 23 and 
Figure 24.   

 

Big Impactors and Fast Growers, who are the highest potential savers and account for only 18.3% of 
enrollees, provided 27.9% of PTR savings. In contrast, Borderliners and Low Engagers, who constituted 
53.5% of enrollees, provided 39.3% of PTR savings.  

PGE PTR Payments – Winter 
Table 12 compares Cadmus’ evaluated savings with PGE’s rebated PTR savings for each event in the 
winter 2021/2022 season. The payment ratio shows the ratio of the rebated savings to the evaluated 
savings. Overall, PGE paid $3.53 per kWh of evaluated PTR savings. This is a 17% increase in 

 
16  The difference between the evaluated and reported savings estimates is statistically significant, as the 90% 

confidence interval for the evaluated savings (10.25 MW to 12.03 MW) does not include the reported savings. 
Cadmus does not know the source of the difference between the evaluated and reported savings. 
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overpayment for savings relative to the previous winter season (which had only two PTR events). As 
previously discussed, overpayment is inherent to PTR programs, and evaluators of other PTR programs 
have found similar levels of overpayment.  

Table 12. Winter 2021/2022 PTR Payment Ratios 

Event 
Rebated Savings  

(MWh) 
Evaluated Savings  

(MWh) 

Payment Ratio  
(Rebated Savings/ 
Evaluated Savings) 

1 103.37 32.74 3.16 

2 121.47 34.50 3.52 

3 129.48 33.02 3.92 

Total 354.32 100.26 3.53 

Notes: Evaluated savings based on Cadmus analysis of AMI meter data for the Flex 2.0 PTR program. PGE (E Source) 
calculated rebated savings based on individual customers’ baselines. 

 

PTR Program Performance Metrics 
Table 13 displays additional performance metrics from the summer 2021 and winter 2021/2022 impact 
evaluations that may be useful to PGE grid operators. The table reports the mean, minimum, and 
maximum kW demand savings across Flex PTR events by event hour as well as the mean load impacts 
before and after the events. The load impacts are presented in kW and as a percentage of baseline 
demand.  
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Table 13. Peak Demand Savings Metrics for Summer 2021 and Winter 2021/2022 

Key Metrics  
Savings Per Enrolled Customer (kW) 

Summer 2021 
Winter 2021/2022 – 

A.M. Events 
Winter 2021/2022 – 

P.M. Events 

Average kW Savings  

Event Hour 1 0.103 (5.1%) 0.080 (5.3%) 0.081 (4.8%) 

Event Hour 2  0.121 (5.8%) 0.097 (6.6%) 0.098 (5.2%) 

Event Hour 3  0.110 (5.4%) 0.099 (7.0%) 0.088 (4.6%) 

Min kW Savings  

Event Hour 1 0.066 (4.5%) 0.076 (5.5%) 0.081 (4.8%) 

Event Hour 2 0.073 (4.9%) 0.094 (6.0%) 0.098 (5.2%) 

Event Hour 3 0.052 (3.6%) 0.091 (6.2%) 0.088 (4.6%) 

Max kW Savings  

Event Hour 1 0.150 (6.6%) 0.083 (5.0%) 0.081 (4.8%) 

Event Hour 2 0.160 (6.9%) 0.099 (7.2%) 0.098 (5.2%) 

Event Hour 3 0.140 (6.2%) 0.107 (7.9%) 0.088 (4.6%) 

Change in Average Savings 
(difference from previous 
hour savings) 

Event Hour 1 to 2 0.018 (17.4%) 0.017 (21.3%) 0.017 (21.0%) 

Event Hour 2 to 3 -0.011 (-9.0%) -0.002 (-2.1%) -0.010 (-10.2%) 

Average Savings during Hour before Event Begins 0.021 (1.1%) 0.001 (0.1%) 0.009 (0.6%) 

Average Savings during Hour after Event Ends 0.036 (1.8%) 0.032 (2.3%) 0.019 (1.0%) 

Event Day Average Energy Savings  0.421 kWh (1.2%) 0.355 kWh (1.1%) 0.167 kWh (0.45%) 

Note: Mean savings is the average kW demand reduction per enrollee across all event hours. Max kW is the maximum of the 
event average demand savings per enrollee during each event season, and min kW is the minimum of the event average 
demand savings per enrollee for the event hour across all events. The percentage savings are the kW savings divided by 
estimated baseline demand. All impact values are statistically significant at the 10% level. 
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Appendix A. Evaluation Methodology 
This appendix describes Cadmus’s methodology for evaluating PGE’s Flex 2.0 Peak Time Rebates (PTR) 
pilot program. 

PTR Load Impact Estimation 
Cadmus analyzed residential customer advanced metering infrastructure (AMI) meter interval 
consumption data to estimate PTR load impacts. First, Cadmus employed propensity score matching to 
identify non-enrollees who were similar to PTR enrollees. Then, in a panel regression analysis of 
customer hour-interval electricity consumption, demand of the matched comparison group provided the 
baseline for estimating PTR savings. 

Matched Comparison group 
Cadmus matched active PTR enrollees with a sample of non-enrollees using propensity score matching. 
This technique involved matching each enrollee to one non-enrollee with a similar estimated propensity 
score. Each customer’s propensity score reflected their inclination to enroll in PTR as a function of 
multiple observable characteristics, including variables from PGE’s customer information system such as 
preferred bill payment methods or income, and average electricity consumption in various periods 
obtained from the AMI data.  

Cadmus estimated the propensity scores using a least absolute shrinkage and selection operator (LASSO) 
regression for PTR program participation.17 In this model, the binary response variable was an indicator 
for PTR participation (equal to 1 if a customer was enrolled in PTR, and 0 otherwise). To select the 
variables that were most predictive of PTR participation, Cadmus employed a supervised machine 
learning technique, which tested each of the approximately 70 candidate explanatory variables. The 
machine learning technique excluded variables from the model that were not predictive of PTR 
participation or that overlapped too much with other candidate variables. The machine learning 
technique produced a model specification for PTR participation as a function of the selected candidate 
variables.  

This model produced an estimated propensity score (between zero and one) for each of the more than 
800,000 residential customers with sufficient data for the analysis. Cadmus used these scores to match 
each enrollee to one non-enrollee.18  

Cadmus conducted separate non-enrollee matching for winter and summer seasons because the criteria 
for a good summer match of non-enrollees could differ substantially from the criteria for a good winter 
match. This meant that enrollees were matched to different non-enrollees in winter and vice versa. 
Within each season, the analysis also differentiated between Flex PTR and Test Bed PTR enrollees, the 
former having chosen to opt-in to the program and the latter having been automatically enrolled, as 

 
17  In the previous evaluation of Flex 2.0, Cadmus also tested elastic net and ridge regression methods, which 

yielded similar specifications, but LASSO provided marginally lower prediction error. 

18  Cadmus allowed ties in the matching, with some non-enrollees matched to more than one enrollee 
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well as newer PGE customer accounts (which lacked hourly electricity consumption data from previous 
seasons) and older PGE customer accounts. Therefore, for each season, Cadmus conducted separate 
matching for each of these four groups: 

• Test Bed PTR new accounts 

• Test Bed PTR old accounts 

• Flex PTR new accounts 

• Flex PTR old accounts 

This approach controlled for the differences between opt-in and auto-enrolled enrollees as well as for 
differences associated with account age. Because most residential customers in the Test Bed PTR group 
were auto-enrolled, these enrollees were matched primarily with customers outside of the Test Bed.19 

Though the matching model estimated each customer’s propensity to enroll in the program, the overall 
goal of the matching was to assemble a comparison group of non-enrollees with similar hourly 
consumption to that of the enrollment groups to establish the counterfactual baseline consumption 
during load control events. To this end, Cadmus verified that the propensity score matching produced 
matched comparison groups without statistically significant consumption differences to the enrollment 
group.20 

 
19  A small number of customers within the Test Bed were not shown as having been enrolled in the program, so 

these non-enrolled customers were also eligible for matching to enrollees in the Test Bed. 

20  Cadmus used t-tests to test for statistically significant differences in mean event-window consumption 
between enrollees and matched control groups after matching (each customer’s mean hourly consumption 
during the 5 p.m. to 8 p.m. period on non-event weekdays within each season.) There were no statistically 
significant differences. 
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Validation of Matched Comparison group 
The goal of the propensity score matching was to assemble a comparison group of non-enrollees with 
similar hourly consumption to that of the enrolled groups. To this end, Cadmus verified that the 
propensity score matching produced matched comparison groups with energy consumption 
characteristics similar to those in the enrolled group.21  

Figure A-1 and Figure A-2 show the results of the non-enrollee matching, by season and PTR customer 
group, for all non-event days (excluding holidays and weekends).  
Figure A-3 and Figure A-4 compare the top 10 hottest and coldest temperature non-event days, 
respectively, during the event seasons (excluding weekends, holidays, and PTR event days).  

Across both groups and seasons, the matching method was highly effective in selecting for similar 
average hourly consumption patterns. The average load shapes for enrolled customers and the matched 
comparison group coincide in most hours of non-event days in summer and winter. Also, the load shape 
for the general customer population lies above the PTR enrollee load shape, showing there was self-
selection in PTR participation and that a random sample of non-enrollees would not have constituted a 
valid comparison group for enrollees. 

Figure A-1. Average Hourly Demand Comparison (Non-Event Days) – Summer 2021  
Flex PTR Test Bed PTR 

  

 
21  Cadmus used t-tests to test for statistically significant differences in mean event-window consumption 

between enrollees and matched control groups after matching (each customer’s mean hourly consumption 
during the 5 p.m. to 8 p.m. period on non-event weekdays within each season). There were no statistically 
significant differences at 10% significance. 
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Figure A-2. Average Hourly Demand Comparison (Non-Event Days) – Winter 2021/2022  
Flex PTR Test Bed PTR 

  
 

Figure A-3. Average Hourly Demand Comparison (Top 10 High-Temp Days) – Summer 2021  
Flex PTR Test Bed PTR 

  
 

Figure A-4. Average Hourly Demand Comparison (Top Low-Temp Days) – Winter 2021/2022 
Flex PTR Test Bed PTR 

 
 

 

Analysis Sample  
Table A-1 and Table A-2 show summer 2021 and winter 2021/2022 enrollments and the analysis sample 
sizes after matching enrollees to non-enrollees. Only enrolled customers and matched non-enrollees 
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with active accounts on at least one event day were included in the analysis.22 Attrition because of 
missing AMI data or missing matching criteria decreased substantially between seasons, following 
improvements in PGE’s data collection. The final analysis samples included 117,521 enrollees and 
114,572 matched non-enrollees in summer and 116,442 enrollees and 113,665 matched non-enrollees 
in winter.  

Table A-1. Summer 2021 PTR Analysis Sample 

Screen 
Enrollee Count Pct. Total 

Remaining Flex PTR  Test Bed PTR Overall 

Total Enrollments 101,081 16,844 117,925 100% 
Have Customer Information System (CIS) Data 101,074 16,844 117,918 100% 

Have AMI Data 101,058 16,844 117,902 100% 

Eligible for Matching 101,058 16,844 117,902 100% 

Total Analysis Sample 100,703 16,818 117,521 99.7% 
Total Matched Comparison Group 97,785 16,787 114,572  

Note: An enrollee was a residential customer enrolled in the PTR program during the season with an active account on at 
least one event day.  

 

Table A-2. Winter 2021/2022 PTR Analysis Sample 

Screen 
Enrollee Count Pct. Total 

Remaining Flex PTR  Test Bed PTR Overall 

Total Enrollments 109,098 16,263 125,361 100% 

Have CIS Data 108,853 16,262 125,115 99.8% 

Have AMI Data 108,835 16,262 125,097 99.8% 

Eligible for Matching 100,591 15,851 116,442 93% 

Total Analysis Sample 100,591 15,581 116,442 93% 
Total Matched Comparison Group 98,252 15,413 113,665   
Note: An enrollee was a residential customer enrolled in the PTR program during the season with an active account on at 
least one event day.  

Impact Estimation 
Cadmus estimated the demand savings from PTR by comparing demand during PTR events of customers 
in the treatment and matched comparison groups. Using data for event hours during the winter and 
summer seasons, we estimated a multivariate panel regression of customer hourly energy demand on 
control variables for pretreatment hourly average demand, hour-of-sample fixed effects, each 
customer’s propensity score, and PTR treatment. Cadmus estimated separate models for customers in 

 
22  Multiple PTR enrollees could be matched to the same non-enrolled customer. Customers were also ineligible for matching 

and inclusion in the analysis sample if they had insufficient historical AMI data or were missing key variables from the PGE 
CIS data. 
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and out of the Test Bed (Test Bed PTR and Flex PTR, respectively). The pretreatment demand variables 
controlled for average differences in electricity demand between customers during PTR event hours.  

Cadmus calculated separate, customer-specific pretreatment mean demand for each hour (0 to 23) of 
each season, using AMI interval data from non-event weekdays within the season.23 The hour-of-sample 
fixed effects controlled for weather and other unobserved factors specific to each event hour. Cadmus 
estimated the models by ordinary least squares and clustered the standard errors on customers to 
account for correlation over time in customer demand. Cadmus estimated alternative model 
specifications to test the estimates’ robustness to specification changes, and found the results were very 
robust. Cadmus tested specifications that included weather, excluded propensity scores, and alternated 
the periods used to calculate pre-treatment mean consumption. 

Regression Model Specification 
Cadmus estimated separate regression models using this specification for each season and for Test Bed 
PTR and Flex PTR enrollees. Equation A-1 shows the final regression model specification Cadmus used to 
estimate PTR impacts for the summer season, while Equation A-2 and Equation A-3 do the same for the 
winter season (Flex PTR and Test Bed PTR, respectively). For estimates of savings in each hour, Cadmus 
replaced the event hour indicator described here with indicators for each hour of the day. 

Equation A-1. Summer 2021 Regression Model Specification 

𝒌𝒌𝒌𝒌𝒌𝒌𝒊𝒊𝒊𝒊 = 𝜷𝜷𝟏𝟏𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝒕𝒕 ∗ 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝒊𝒊 + 𝜷𝜷𝟐𝟐𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝒊𝒊𝒊𝒊
+  𝜷𝜷𝟑𝟑𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝒊𝒊 + 𝜷𝜷𝟒𝟒𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒕𝒕 ∗ 𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝒕𝒕 + 𝝉𝝉𝒕𝒕 + 𝜺𝜺𝒊𝒊𝒊𝒊 

 

𝑘𝑘𝑘𝑘ℎ𝑖𝑖𝑖𝑖 – electricity consumption for customer i in datetime t. 

𝛽𝛽1 – A coefficient indicating average PTR treatment effect (in kWh) per enrollee per hour. 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡 ∗ 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 – the interaction of an event hour indicator (equal to 1 during PTR events or 0 
in the hours before or after PTR events) with an indicator for PTR enrollment (1 for PTR enrollees or 0 
for non-enrollees in the matched comparison group). 

𝛽𝛽2 – A coefficient indicating the average effect of ten hottest, non-event day consumption on 
consumption during PTR events. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 – A variable containing each customer’s individual hourly mean 
consumption during the ten hottest PTR non-event, non-holiday weekdays across the full summer 
season.  

𝛽𝛽3𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖 – controls for each customer’s propensity score, allowing this effect to differ for 
new customers (who were estimated in a separate propensity score model) 

 
23  For both seasons, Cadmus included all non-event weekdays, as most enrollees had already been enrolled in 

previous summer and winter seasons. Cadmus tested both approaches for pre-treatment demand in 2019 
(days before the first winter event, and all days in the winter 2019/2020 season) and found that the savings 
estimates did not change substantially with either approach. 
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𝛽𝛽4𝐶𝐶𝐶𝐶𝐶𝐶80𝑡𝑡 ∗ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡 – the interaction of CDH80 values during hour t with hour of the day (variable serves 
as a factor, thus acts as a pseudo-indicator for each hour of the day) 

𝜏𝜏𝑡𝑡 – Error term for hour t of the analysis period. Cadmus captured these effects with hour-of-the-sample 
fixed effects (i.e., a separate dummy variable for each PTR event day hour). 

𝜀𝜀𝑖𝑖𝑖𝑖 – an error term for consumption of customer i and hour t.  

Equation A-2. Winter 2020/2021 Regression Model Specification – Flex PTR 

𝒌𝒌𝒌𝒌𝒌𝒌𝒊𝒊𝒊𝒊 = 𝜷𝜷𝟏𝟏𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝒕𝒕 ∗ 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝒊𝒊 + 𝜷𝜷𝟐𝟐𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝒊𝒊𝒊𝒊 +  𝜷𝜷𝟑𝟑𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝒊𝒊𝒊𝒊
+ 𝜷𝜷𝟒𝟒𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝒕𝒕 ∗ 𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝒕𝒕 + 𝝉𝝉𝒕𝒕 + 𝜺𝜺𝒊𝒊𝒊𝒊 

 
𝑘𝑘𝑘𝑘ℎ𝑖𝑖𝑖𝑖 – electricity consumption for customer i in datetime t. 

𝛽𝛽1 – A coefficient indicating average PTR treatment effect (in kWh) per enrollee per hour. 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡 ∗ 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 – the interaction of an event hour indicator (equal to 1 during PTR events or 0 
in the hours before or after PTR events) with an indicator for PTR enrollee (1 for PTR enrollees or 0 for 
non-enrollees in the matched comparison group). 

𝛽𝛽2 – A coefficient indicating the average effect of non-event day consumption throughout the season on 
consumption during PTR events. 

𝑊𝑊22𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁ℎ𝑖𝑖𝑖𝑖 – A variable containing each customer’s individual hourly mean consumption based on 
non-event, non-holiday weekdays during the winter season. 

𝛽𝛽3 – A coefficient indicating the average effect of top 10 coldest non-event day consumption on 
consumption during PTR events. 

𝑊𝑊22𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑖𝑖𝑖𝑖 – A variable containing each customer’s individual hourly mean consumption 
based on the top 10 coldest non-event, non-holiday weekdays during the winter season. 

𝛽𝛽4𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡 ∗ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡 – the interaction of outside temperature values during hour t with hour of the day 
(variable serves as a factor, thus acts a pseudo-indicator for each hour of the day). 

𝜏𝜏𝑡𝑡 – Error term for hour t of the analysis period. Cadmus captured these effects with hour-of-the-sample 
fixed effects (i.e., a separate dummy variable for each PTR event day hour). 

𝜀𝜀𝑖𝑖𝑖𝑖 – an error term for consumption of customer i and hour t. 

Equation A-3. Winter 2021/2022 Regression Model Specification – Test Bed PTR 

𝒌𝒌𝒌𝒌𝒌𝒌𝒊𝒊𝒊𝒊 = 𝜷𝜷𝟏𝟏𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝒕𝒕 ∗ 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝒊𝒊 + 𝜷𝜷𝟐𝟐𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝒊𝒊𝒊𝒊 +  𝜷𝜷𝟑𝟑𝑾𝑾𝑾𝑾𝑾𝑾𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒊𝒊𝒊𝒊
+ 𝜷𝜷𝟒𝟒𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝒊𝒊 ∗ 𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝒕𝒕 ∗ 𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝒕𝒕 + 𝝉𝝉𝒕𝒕 + 𝜺𝜺𝒊𝒊𝒊𝒊 

 
𝑘𝑘𝑘𝑘ℎ𝑖𝑖𝑖𝑖 – electricity consumption for customer i in datetime t. 

𝛽𝛽1 – A coefficient indicating average PTR treatment effect (in kWh) per enrollee per hour. 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡 ∗ 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 – the interaction of an event hour indicator (equal to 1 during PTR events or 0 
in the hours before or after PTR events) with an indicator for PTR enrollee (1 for PTR enrollees or 0 for 
non-enrollees in the matched comparison group). 
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𝛽𝛽2 – A coefficient indicating the average effect of non-event day consumption throughout the season on 
consumption during PTR events. 

𝑊𝑊22𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁ℎ𝑖𝑖𝑖𝑖 – A variable containing each customer’s individual hourly mean consumption based on 
non-event, non-holiday weekdays during the winter season. 

𝛽𝛽3 – A coefficient indicating the average effect of top 10 coldest non-event day consumption on 
consumption during PTR events. 

𝑊𝑊22𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑖𝑖𝑖𝑖 – A variable containing each customer’s individual hourly mean consumption 
based on the top 10 coldest non-event, non-holiday weekdays during the winter season. 

𝛽𝛽4𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖 ∗ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡 ∗ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡 – the interaction of an indicator for if a customer has electric 
heating present with outside temperature values during hour t and hour of the day (variable serves as 
factor, thus acts a pseudo-indicator for each hour of the day). 

𝜏𝜏𝑡𝑡 – Error term for hour t of the analysis period. Cadmus captured these effects with hour-of-the-sample 
fixed effects (i.e., a separate dummy variable for each PTR event day hour). 

𝜀𝜀𝑖𝑖𝑖𝑖 – an error term for consumption of customer i and hour t. 
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Appendix B. Event Day Load Shapes 
The following figures compare the average event day load shapes between treatment (enrollees) and 
matched comparison group customers for all seven of the event days (summer 2021 events 1 to 7 and 
the winter 2021/2022 events 1 to 3). For all events, the treatment group displays a lower average 
consumption during the event hours when compared to the matched comparison group, reflecting PTR 
impacts before controlling for other factors in the regression models.  

Load Shape Comparison by PTR Group  

Summer 2021 

Figure B-1. Enrollee Load Shape Comparison – Summer 2021, Event 1  
Flex PTR Test Bed PTR 

  
 

Figure B-2. Enrollee Load Shape Comparison – Summer 2021, Event 2  
Flex PTR Test Bed PTR 
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Figure B-3. Enrollee Load Shape Comparison – Summer 2021, Event 3  
Flex PTR Test Bed PTR 

  
 

Figure B-4. Enrollee Load Shape Comparison – Summer 2021, Event 4  
Flex PTR Test Bed PTR 

  
 

Figure B-5. Enrollee Load Shape Comparison – Summer 2021, Event 5  
Flex PTR Test Bed PTR 
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Figure B-6. Enrollee Load Shape Comparison – Summer 2021, Event 6  
Flex PTR Test Bed PTR 

  
 

Figure B-7. Enrollee Load Shape Comparison – Summer 2021, Event 7  
Flex PTR Test Bed PTR 

  
 

Winter 2021/2022 

Figure B-8. Enrollee Load Shape Comparison – Winter 2021/2022, Event 1  
Flex PTR Test Bed PTR 

  
 

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Av
er

ag
e 

Co
ns

um
p�

on
pe

r E
nr

ol
le

e 
(k

W
h)

Hour Beginning

Matched Comparison Group Treatment

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Av
er

ag
e 

Co
ns

um
p�

on
pe

r E
nr

ol
le

e 
(k

W
h)

Hour Beginning

Matched Comparison Group Treatment

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Av
er

ag
e 

Co
ns

um
p�

on
pe

r E
nr

ol
le

e 
(k

W
h)

Hour Beginning

Matched Comparison Group Treatment

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Av
er

ag
e 

Co
ns

um
p�

on
pe

r E
nr

ol
le

e 
(k

W
h)

Hour Beginning

Matched Comparison Group Treatment

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Av
er

ag
e 

Co
ns

um
p�

on
pe

r E
nr

ol
le

e 
(k

W
h)

Hour Beginning

Matched Comparison Group Treatment

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Av
er

ag
e 

Co
ns

um
p�

on
pe

r E
nr

ol
le

e 
(k

W
h)

Hour Beginning

Matched Comparison Group Treatment



 

Appendix B. Event Day Load Shapes B-4 

Figure B-9. Enrollee Load Shape Comparison – Winter 2021/22, Event 2  
Flex PTR Test Bed PTR 

  
 

Figure B-10. Enrollee Load Shape Comparison – Winter 2021/22, Event 3  
Flex PTR Test Bed PTR 
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Appendix C. Additional Impact Findings 
This appendix provides additional summaries of impact findings by season, event (day and hour), and 
PTR group. In Table C-1 and Table C-2, savings are provided by event and hour, along with the standard 
errors of the estimates and the number of customers from the analysis sample. Table C-3 shows 
enrollee populations by event and PTR group. Figure C-1 through Figure C-9 graphically depict the 
information found in the first two tables—hourly savings over the course of the full event day and the 
associated confidence interval using the standard error of the estimate. 

Table C-1. PTR Event Savings by Hour – Flex PTR Enrollees  

Date 
Hour 

Beginning 
Savings Estimate 

(kW) 
Standard Error 

Baseline Demand 
(kW) 

Analysis Sample 
Size (Treatment) 

 
June 21, 2021 

5 p.m. 0.107 0.005 2.023 
87,212 6 p.m. 0.139 0.005 2.105 

7 p.m. 0.141 0.005 2.082 
 

June 26, 2021 
5 p.m. 0.118 0.005 2.327 

88,227 6 p.m. 0.117 0.005 2.356 
7 p.m. 0.108 0.005 2.330 

 
June 28, 2021 

5 p.m. 0.092 0.005 2.573 
88,516 6 p.m. 0.112 0.005 2.615 

7 p.m. 0.100 0.005 2.538 
 

July 29, 2021 
5 p.m. 0.101 0.004 2.049 

94,295 6 p.m. 0.126 0.004 2.125 
7 p.m. 0.124 0.004 2.102 

 
August 4, 2021 

5 p.m. 0.107 0.004 1.981 
95,036 6 p.m. 0.140 0.005 2.071 

7 p.m. 0.126 0.004 2.042 

August 12, 
2021 

5 p.m. 0.156 0.005 2.409 
95,219 6 p.m. 0.166 0.005 2.448 

7 p.m. 0.144 0.005 2.398 

September 9, 
2021 

5 p.m. 0.076 0.005 1.527 
97,190 6 p.m. 0.085 0.005 1.558 

7 p.m. 0.063 0.005 1.520 
 

January 28, 
2022 

8 a.m. 0.091 0.005 1.676 
105,771 9 a.m. 0.101 0.005 1.589 

10 a.m. 0.100 0.005 1.487 

February 2, 
2022 

8 a.m. 0.085 0.004 1.400 
106,241 9 a.m. 0.107 0.004 1.380 

10 a.m. 0.114 0.004 1.373 

February 23, 
2022 

5 p.m. 0.088 0.005 1.711 
107,566 6 p.m. 0.103 0.006 1.920 

7 p.m. 0.095 0.006 1.954 
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Table C-2. PTR Event Savings by Hour –Test Bed PTR Enrollees 

Date 
Hour 

Beginning 
Savings Estimate 

(kW) 
Standard Error 

Baseline Demand 
(kW) 

Analysis Sample 
Size (Treatment) 

 
June 21, 2021 

5 p.m. 0.073 0.012 2.029 
16,272 6 p.m. 0.096 0.012 2.085 

7 p.m. 0.097 0.012 2.051 
 

June 26, 2021 
5 p.m. 0.101 0.012 2.340 

16,279 6 p.m. 0.105 0.012 2.361 
7 p.m. 0.098 0.012 2.323 

 
June 28, 2021 

5 p.m. 0.123 0.014 2.589 
16,263 6 p.m. 0.151 0.014 2.614 

7 p.m. 0.141 0.013 2.529 
 

July 29, 2021 
5 p.m. 0.059 0.011 2.056 

16,507 6 p.m. 0.069 0.011 2.112 
7 p.m. 0.061 0.011 2.079 

 
August 4, 2021 

5 p.m. 0.036 0.011 1.968 
16,490 6 p.m. 0.072 0.011 2.039 

7 p.m. 0.055 0.010 1.996 

August 12, 
2021 

5 p.m. 0.114 0.011 2.400 
16,274 6 p.m. 0.122 0.011 2.433 

7 p.m. 0.115 0.011 2.369 

September 9, 
2021 

5 p.m. 0.004 0.011 1.496 
15,921 6 p.m. -0.005 0.011 1.498 

7 p.m. -0.013 0.010 1.455 
 

January 28, 
2022 

8 a.m. 0.031 0.010 1.500 
16,170 9 a.m. 0.048 0.011 1.447 

10 a.m. 0.031 0.011 1.361 

February 2, 
2022 

8 a.m. 0.022 0.009 1.273 
16,110 9 a.m. 0.044 0.009 1.272 

10 a.m. 0.058 0.010 1.266 

February 23, 
2022 

5 p.m. 0.041 0.012 1.557 
16,065 6 p.m. 0.060 0.012 1.733 

7 p.m. 0.038 0.012 1.755 
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Table C-3. Program Enrollees by Event and PTR Group 

Event 
Test Bed PTR 

Enrollee Count 
Flex PTR Enrollee 

Count 
Total PTR Enrollment 

Count 

Summer 2021  

Event 1 16,272 87,212 103,484 

Event 2 16,279 88,227 104,506 

Event 3 16,263 88,516 104,779 

Event 4 16,507 94,295 110,802 

Event 5 16,490 95,036 111,526 

Event 6 16,274 95,219 111,493 

Event 7 15,921 97,190 113,111 

Winter 2021/2022  

Event 1 16,170 105,771 121,941 

Event 2 16,110 106,241 122,351 

Event 3 16,065 107,566 123,631 

 

Figure C-1. Average Hourly PTR Savings (Event 1), by PTR Group – Summer 2021  

 

 

Figure C-2. Average Hourly PTR Savings (Event 2), by PTR Group – Summer 2021 
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Figure C-3. Average Hourly PTR Savings (Event 3), by PTR Group – Summer 2021 

 

 

Figure C-4. Average Hourly PTR Savings (Event 4), by PTR Group – Summer 2021 

  

 

Figure C-5. Average Hourly PTR Savings (Event 5), by PTR Group – Summer 2021 

 

 

Figure C-6. Average Hourly PTR Savings (Event 6), by PTR Group – Summer 2021 
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Figure C-7. Average Hourly PTR Savings (Event 7), by PTR Group – Summer 2021 

 

 

Figure C-8. Average Hourly PTR Savings (Event 1), by PTR Group – Winter 2021/2022 

 

 

Figure C-9. Average Hourly PTR Savings (Event 2), by PTR Group – Winter 2021/2022 
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Figure C-10. Average Hourly PTR Savings (Event 3), by PTR Group – Winter 2021/2022 
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Appendix D. Process Evaluation Findings 
This appendix contains slide presentations with findings from the following Flex 2.0 PTR customer 
surveys:  

• Summer 2021 Extreme Heat Event Survey  
• Summer 2021 End-of-Season Experience Survey  
• Winter 2021/2022 End-of-Season Experience Survey 
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Summer 2021 Extreme Heat Event Survey 
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Summer 2021 End-of-Season Experience Survey 
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Winter 2021/2022 End-of-Season Experience Survey 
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