
 

 

 

 

 

Disclaimer 

 

This report was prepared as an account of work sponsored by an agency of the United 

States Government. Neither the United States Government nor any agency thereof, nor 

any of their employees, makes any warranty, express or implied, or assumes any legal 

liability or responsibility for the accuracy, completeness, usefulness of any information, 

apparatus, product, or process disclosed, or represents that its use would not infringe 

privately owned rights. Reference herein to any specific commercial product, process, 

or service by trade name, trademark, manufacturer, or otherwise does not necessarily 

constitute or imply its endorsement, recommendation, or favoring by the United States 

Government or any agency thereof. The views and opinions of authors expressed 

herein do not necessarily state or reflect those of the United States Government or any 

agency thereof.  

 

 



  

 

SMUD’s  
2013 PowerStat Study  

Final Report 
March 31, 2014 

A comprehensive study looking at the effects of price‐based 

and incentive‐based utility controlled and customer 

controlled demand response 



 
 

 
 
 
 
 
 
 
 

This page left intentionally blank. 
 



  

© 2014 Sacramento Municipal 
Utility District, All rights reserved 

 

 

 

Acknowledgements 

This material is based upon work supported by the Department of Energy under Award 
Number OE0000214. 

 

Contributions to this report were provided by the following organizations and people:   

 

Sacramento Municipal Utility District 
Craig Sherman, CEM, BEP, CDSM 

Michael Daniels 

 

Herter Energy Research Solutions, Inc. 

Karen Herter, Ph.D. 
Yevgeniya Okuneva 
 
True North Research, Inc. 
Tim McLarney, Ph.D. 

 
 

 

 

 

Disclaimer:  This report was prepared as an account of work sponsored by an agency 
of the United States Government.  Neither the United States Government nor any 
agency thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights.  Reference herein to any specific 
commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, recommendation, or 
favoring by the United States Government or any agency thereof.  The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

 



  

© 2014 Sacramento Municipal 
Utility District, All rights reserved 

i 

 

TABLE OF CONTENTS 

EXECUTIVE SUMMARY ................................................................................................ 5 
CUSTOMER CHOICE OF PROGRAM OFFERINGS ................................................................. 5 
LOAD IMPACTS ............................................................................................................... 6 
TECHNOLOGY ............................................................................................................... 11 
PARTICIPANT COMFORT ................................................................................................ 12 
RECOMMENDATIONS ..................................................................................................... 12 

BACKGROUND ............................................................................................................ 14 

STUDY OVERVIEW ...................................................................................................... 15 
INTRODUCTION AND OBJECTIVES ................................................................................... 15 
STUDY DESIGN ............................................................................................................. 16 
SCHEDULE AND STAFFING ............................................................................................. 20 
PROJECT RESOURCES .................................................................................................. 20 
PROJECT COSTS .......................................................................................................... 22 

IMPLEMENTATION ...................................................................................................... 24 
STUDY AREA AND CONTEXT .......................................................................................... 24 
OTHER SMART SACRAMENTO PILOTS ............................................................................. 25 
SYSTEM ARCHITECTURE ............................................................................................... 25 
THERMOSTATS ............................................................................................................. 26 
THERMOSTAT CONFIGURATION SETTINGS ...................................................................... 29 
NON-FUNCTIONING THERMOSTAT FINDINGS ................................................................... 31 

FIELD STUDY ACTIVITIES .......................................................................................... 33 
RECRUITMENT/ENROLLMENT/PARTICIPANT SAMPLE ........................................................ 33 
THERMOSTAT INSTALLATION .......................................................................................... 34 
PARTICIPANT EDUCATION AND SUPPORT ........................................................................ 35 
CUSTOMER SURVEYS ................................................................................................... 48 
CONSERVATION DAY EVENTS ........................................................................................ 48 

DATA ............................................................................................................................ 51 
SAMPLE SIZES ............................................................................................................. 52 
POTENTIAL SOURCES OF BIAS ....................................................................................... 52 
OBSERVED SUMMER LOAD DATA ................................................................................... 54 
TEMPERATURE DATA .................................................................................................... 58 
GEOGRAPHIC DATA ...................................................................................................... 60 
EVENT OPT OUTS ......................................................................................................... 62 

EVALUATION APPROACH ......................................................................................... 64 
HOURLY LOAD MODEL .................................................................................................. 65 
CONTROL GROUP AND EXOGENOUS EFFECTS ................................................................. 66 

FINDINGS ..................................................................................................................... 67 
AGGREGATE LOAD IMPACTS .......................................................................................... 67 
EVENT DAY LOAD IMPACTS BY PROGRAM GROUP ........................................................... 71 
EVENT DAY LOAD IMPACTS BY CUSTOMER CHARACTERISTICS ......................................... 82 



  

© 2014 Sacramento Municipal 
Utility District, All rights reserved 

ii 

 

NON-EVENT WEEKDAY LOAD IMPACTS ............................................................................ 87 
SUMMER ENERGY IMPACTS ........................................................................................... 89 
RESIDENTIAL BILL IMPACTS ........................................................................................... 90 
INCENTIVE STRUCTURES ............................................................................................... 92 

LESSONS LEARNED ................................................................................................... 93 
DESIGN ....................................................................................................................... 93 
PROCESSES ................................................................................................................. 94 
MARKET RESEARCH ..................................................................................................... 95 
MARKETING ................................................................................................................. 97 
TECHNOLOGY ............................................................................................................... 97 
INSTALLATIONS ............................................................................................................. 98 
EVENT MESSAGING ...................................................................................................... 99 
EVENT MANAGEMENT ................................................................................................. 100 
TRAINING ................................................................................................................... 100 
PLANNING .................................................................................................................. 101 
CUSTOMER SERVICE .................................................................................................. 101 
LOAD REDUCTION FORECASTS .................................................................................... 101 

CONCLUSIONS AND RECOMMENDATIONS ........................................................... 102 
CUSTOMER PREFERENCES .......................................................................................... 102 
LOAD IMPACTS ........................................................................................................... 102 
CUSTOMER CHARACTERISTICS .................................................................................... 104 
BILL IMPACTS ............................................................................................................. 104 
INCENTIVE STRUCTURES ............................................................................................. 105 
KEY CUSTOMER SURVEY RESULTS .............................................................................. 105 
SMALL COMMERCIAL ................................................................................................... 108 

APPENDICES ............................................................................................................. 109 
APPENDIX A.  PROGRAM MATERIALS ............................................................................ 110 
APPENDIX B.  OBSERVED RESIDENTIAL LOADS ON EVENT DAYS ....................................... 119 
APPENDIX C.  LOAD MODELS ....................................................................................... 123 
APPENDIX D.  AVERAGE EVENT IMPACTS ...................................................................... 125 
APPENDIX E.  IMPACTS FOR RESIDENTIAL 2-3-4 SUBGROUPS.......................................... 128 
APPENDIX F.  1-IN-2, 1-IN-5, AND 1-IN-10 EVENT DAYS.................................................. 136 
APPENDIX G.  SMALL COMMERCIAL STUDY ................................................................... 144 
APPENDIX H.  TRUE NORTH RESEARCH REPORT .......................................................... 154 

 

 



  

© 2014 Sacramento Municipal 
Utility District, All rights reserved 

1 

 

LIST OF FIGURES 
FIGURE 1.  AVERAGE 3 HOUR LOAD IMPACTS AT 106°F, EVENT VS. NON-EVENT WEEKDAYS .. 6 
FIGURE 2.  AVERAGE 3-HOUR LOAD IMPACTS ON A 106°F EVENT DAY, BY PROGRAM GROUP . 7 
FIGURE 3.  HOURLY EVENT IMPACTS AT 106°F, BY PROGRAM GROUP ................................... 8 
FIGURE 4.  EFFECT OF OUTDOOR TEMPERATURE ON EVENT IMPACTS, BY PROGRAM .............. 8 
FIGURE 5.  TEMPERATURE-INSULATION INTERACTION, BY PROGRAM ...................................... 9 
FIGURE 6.  LOAD IMPACTS ON SEQUENTIAL EVENT DAYS, JULY 2ND

 AND 3RD, BY PROGRAM ...... 9 
FIGURE 7.  DLC AND CPP+DLC AVERAGE EVENT IMPACTS, BY EVENT OFFSET OF 2°F, 3°F OR 

4°F .......................................................................................................................... 10 
FIGURE 8.  NON-EVENT DAY LOAD IMPACTS, BY PROGRAM ................................................. 11 
FIGURE 9.  SUMMER ENERGY IMPACTS, BY PROGRAM ........................................................ 11 
FIGURE 10.  BASIC SAMPLE DESIGN .................................................................................. 16 
FIGURE 11.  SMUD SERVICE TERRITORY .......................................................................... 24 
FIGURE 12.  SYSTEM ARCHITECTURE ................................................................................ 26 
FIGURE 13.  AUXILIARY SWITCH ........................................................................................ 34 
FIGURE 14.  MICRO-SITE WEBPAGES ................................................................................ 37 
FIGURE 15.  MEAN HOURLY LOADS FOR ALL POWERSTAT PARTICIPANTS WITH EVENT 

TEMPERATURES ....................................................................................................... 55 
FIGURE 16.  AVERAGE WEEKDAY LOADS, SUMMER 2012 ................................................... 56 
FIGURE 17.  AVERAGE WEEKDAY LOADS, SUMMER 2013 (NON-EVENT) .............................. 57 
FIGURE 18.  AVERAGE CONSERVATION DAY LOADS, SUMMER 2013 .................................... 57 
FIGURE 19.  WEATHER STATIONS USED FOR LOAD IMPACT EVALUATION .............................. 58 
FIGURE 20.  AVERAGE HOURLY TEMPERATURE READINGS, SUMMER 2013 .......................... 59 
FIGURE 21.  BOX PLOTS OF HOURLY TEMPERATURE READINGS, SUMMER 2013................... 59 
FIGURE 22.  AVERAGE HOURLY SUMMER TEMPERATURES .................................................. 60 
FIGURE 23.  MAP OF PARTICIPANT HOMES, BY PROGRAM GROUP ....................................... 61 
FIGURE 24.  RESIDENTIAL OPT-OUTS ................................................................................ 62 
FIGURE 25.  EXOGENOUS EFFECTS ................................................................................... 66 
FIGURE 26.  AVERAGE PARTICIPANT LOADS ON A 106-DEGREE WEEKDAY—ALL PROGRAMS 68 
FIGURE 27.  AVERAGE PARTICIPANT IMPACTS ON A 106-DEGREE WEEKDAY—ALL PROGRAMS

 ............................................................................................................................... 68 
FIGURE 28.  AVERAGE PARTICIPANT LOADS ON A 100-DEGREE WEEKDAY—ALL PROGRAMS 69 
FIGURE 29.  AVERAGE PARTICIPANT IMPACTS ON A 100-DEGREE WEEKDAY—ALL PROGRAMS

 ............................................................................................................................... 70 
FIGURE 30.  HOURLY EVENT DAY LOADS, BY TREATMENT GROUP ....................................... 71 
FIGURE 31.  HOURLY EVENT DAY IMPACTS, BY TREATMENT GROUP .................................... 72 
FIGURE 32.  EFFECT OF OUTDOOR TEMPERATURE ON DLC IMPACTS .................................. 74 
FIGURE 33.  EFFECT OF OUTDOOR TEMPERATURE ON CPP+DLC IMPACTS .......................... 75 
FIGURE 34.  EFFECT OF OUTDOOR TEMPERATURE ON CPP IMPACTS .................................. 76 
FIGURE 35.  DISTRIBUTION OF CEILING R-VALUES .............................................................. 77 
FIGURE 36.  INSULATION EFFECTS FOR DLC ...................................................................... 78 
FIGURE 37.  INSULATION EFFECTS FOR CPP+DLC ............................................................ 78 
FIGURE 38.  INSULATION EFFECTS FOR CPP ..................................................................... 79 
FIGURE 39.  SEQUENTIAL EVENT DAYS, BY PROGRAM ........................................................ 80 



  

© 2014 Sacramento Municipal 
Utility District, All rights reserved 

2 

 

FIGURE 40.  EVENT SAVINGS BY SQUARE FOOTAGE OF HOME ............................................ 83 
FIGURE 41.  EVENT SAVINGS BY NUMBER OF THERMOSTATS .............................................. 83 
FIGURE 42.  EVENT SAVINGS BY CITY ................................................................................ 84 
FIGURE 43.  EVENT SAVINGS BY NOTIFICATION .................................................................. 84 
FIGURE 44.  EVENT SAVINGS BY AC UNIT MAKE ................................................................ 85 
FIGURE 45.  EVENT SAVINGS BY AUXILIARY SWITCH ........................................................... 85 
FIGURE 46.  EVENT SAVINGS BY THERMOSTAT OPERATION ................................................. 86 
FIGURE 47.  EVENT SAVINGS BY NUMBER OF OCCUPANTS .................................................. 86 
FIGURE 48.  EVENT SAVINGS BY PRESENCE OF ONE OR MORE OCCUPANTS OLDER THAN 65 87 
FIGURE 49.  AVERAGE HOURLY IMPACTS ON NON-EVENT SUMMER WEEKDAYS, BY PROGRAM 

GROUP .................................................................................................................... 88 
FIGURE 50.  AVERAGE SUMMER 2013 DAY ........................................................................ 89 
FIGURE 51.  HISTOGRAM OF SUMMER BILL IMPACTS INCLUDING INCENTIVE PAYMENTS, BY RATE

 ............................................................................................................................... 91 
FIGURE 52.  INVITATION LETTER...................................................................................... 110 
FIGURE 53.  RESIDENTIAL RECRUITMENT BROCHURE ....................................................... 111 
FIGURE 54.  RESIDENTIAL PARTICIPATION APPLICATION .................................................... 112 
FIGURE 55.  RESIDENTIAL PARTICIPATION AGREEMENT .................................................... 113 
FIGURE 56.  SMALL COMMERCIAL PARTICIPATION AGREEMENT ......................................... 115 
FIGURE 57.  INSTALLER CHECKLIST ................................................................................. 118 
FIGURE 58.  OBSERVED HOURLY LOADS ON EVENT DAYS, RESIDENTIAL DLC .................... 119 
FIGURE 59.  OBSERVED HOURLY LOADS ON EVENT DAYS, RESIDENTIAL CPP+DLC .......... 120 
FIGURE 60.  OBSERVED HOURLY LOADS ON EVENT DAYS, RESIDENTIAL CPP .................... 121 
FIGURE 61.  HOURLY EVENT DAY LOADS, BY TREATMENT GROUP ..................................... 125 
FIGURE 62.  HOURLY EVENT DAY IMPACTS, BY TREATMENT GROUP .................................. 125 
FIGURE 63.  AVERAGE PRETREATMENT LOADS, DLC ....................................................... 128 
FIGURE 64.  AVERAGE EVENT LOAD IMPACTS, DLC ......................................................... 128 
FIGURE 65.  AVERAGE EVENT LOAD IMPACTS .................................................................. 129 
FIGURE 66.  ACTUAL 2012 WEEKDAY LOADS ................................................................... 132 
FIGURE 67.  EVENT HOURLY LOADS ................................................................................ 132 
FIGURE 68.  1-IN-2, 1-IN-5, AND 1-IN-10 HOURLY LOADS FOR DLC EVENTS ....................... 136 
FIGURE 69.  1-IN-2, 1-IN-5, AND 1-IN-10 HOURLY LOADS FOR CPP+DLC EVENTS ............. 138 
FIGURE 70.  1-IN-2, 1-IN-5, AND 1-IN-10 HOURLY LOADS FOR CPP EVENTS ...................... 141 
FIGURE 71.  COMMERCIAL EVENT DAY LOAD IMPACTS, BY PROGRAM ................................ 145 
FIGURE 72.  EVENT IMPACTS .......................................................................................... 149 
 



  

© 2014 Sacramento Municipal 
Utility District, All rights reserved 

3 

 

LIST OF TABLES 
TABLE 1.  RESIDENTIAL ELECTRICITY RATES AND AC CONTROL STRATEGIES DURING EVENTS, 

BY TREATMENT ......................................................................................................... 17 
TABLE 2.  RESIDENTIAL RATE OPTIONS:  STANDARD TIERED AND TOU-CPP RATES (SUMMER)

 ............................................................................................................................... 18 
TABLE 3.  PROJECT SCHEDULE ......................................................................................... 20 
TABLE 4.  PROJECT RESOURCES ...................................................................................... 20 
TABLE 5.  PROJECT COST SUMMARY ................................................................................. 23 
TABLE 6.  THERMOSTAT INFORMATION ............................................................................... 27 
TABLE 7. THERMOSTAT SCHEUDLE.................................................................................... 30 
TABLE 8.  PRICE TO COMFORT LEVEL CONFIGURATION SETTINGS ....................................... 31 
TABLE 9.  ROOT CAUSE .................................................................................................... 31 
TABLE 10.  ROOT CAUSE (OTHER) ..................................................................................... 32 
TABLE 11.  EVENT DATES AND TEMPERATURES ................................................................. 49 
TABLE 12.  SUMMARY OF DATA USED IN THE 2013 POWERSTAT PILOT EVALUATION ............. 51 
TABLE 13.  EVALUATION PERIOD START AND END DATES.................................................... 51 
TABLE 14.  RESIDENTIAL GROUPS AND SUBGROUP SIZES ................................................... 52 
TABLE 15.  PROGRAM CHOICES SECTION OF THE PARTICIPATION AGREEMENT ..................... 53 
TABLE 16.  RESIDENTIAL OPT-OUTS, BY PROGRAM GROUP ................................................ 63 
TABLE 17.  AVERAGE PARTICIPANT LOADS AND IMPACTS ON A 106-DEGREE WEEKDAY—ALL 

PROGRAMS .............................................................................................................. 69 
TABLE 18.  AVERAGE PARTICIPANT LOADS AND IMPACTS ON A 100-DEGREE WEEKDAY—ALL 

PROGRAMS .............................................................................................................. 70 
TABLE 19.  AVERAGE EVENT LOAD IMPACTS (KW) BY PROGRAM ......................................... 72 
TABLE 20.  COMPARISON OF EVENT DAY LOAD IMPACTS BY TREATMENT ............................. 73 
TABLE 21.  IMPACTS AND COMFORT CORRELATIONS, BY PROGRAM ..................................... 81 
TABLE 22.  COMPARISON OF EVENT IMPACTS WITH LIMITED AND UNLIMITED OPT OUTS, 106̊ F 

DAY ......................................................................................................................... 82 
TABLE 23.  AVERAGE PEAK LOAD IMPACTS ON NON-EVENT SUMMER WEEKDAYS, BY PROGRAM 

GROUP .................................................................................................................... 88 
TABLE 24.  COMPARISON OF LOAD IMPACTS BY TREATMENT (NON-EVENT) .......................... 89 
TABLE 25.  AVERAGE SUMMER ENERGY IMPACTS, BY GROUP ............................................. 90 
TABLE 26.  COMPARISON OF SUMMER ENERGY IMPACTS BETWEEN GROUPS ........................ 90 
TABLE 27.  AVERAGE MONTHLY BILL IMPACTS, BY GROUP ................................................... 91 
TABLE 28.  MONTHLY DLC PAYMENTS VS. HYPOTHETICAL TOU-CPP BENEFITS, SUMMER 

2013 ....................................................................................................................... 92 
TABLE 29.  AVERAGE EVENT DAY LOAD IMPACTS (KW) BY PROGRAM ................................ 126 
TABLE 30.  COMPARISON OF EVENT DAY LOAD IMPACTS BY TREATMENT ........................... 126 
TABLE 31.  AVERAGE EVENT LOAD IMPACTS .................................................................... 129 
TABLE 32.  COMPARISON OF EVENT LOAD IMPACTS BY TREATMENT ................................... 129 
TABLE 33.  AVERAGE NONEVENT LOAD IMPACTS .............................................................. 130 
TABLE 34.  COMPARISON OF NONEVENT LOAD IMPACTS BY TREATMENT ............................ 130 
TABLE 35.  AVERAGE LOAD IMPACTS (MODELED) ............................................................. 131 
TABLE 36.  COMPARISON OF LOAD IMPACTS BY TREATMENT ............................................. 131 



  

© 2014 Sacramento Municipal 
Utility District, All rights reserved 

4 

 

TABLE 37.  AVERAGE LOAD IMPACTS (EVENT) .................................................................. 133 
TABLE 38.  COMPARISON OF LOAD IMPACT BY TREATMENT (EVENT) .................................. 133 
TABLE 39.  AVERGE LOAD IMPACTS (NON-EVENT) ............................................................ 133 
TABLE 40.  COMPARISON OF LOAD IMPACTS BY TREATMENT (NON-EVENT) ........................ 134 
TABLE 41.  AVERAGE LOAD IMPACTS (OVERALL) .............................................................. 134 
TABLE 42.  COMPARISON OF LOAD IMPACTS BY TREATMENT ............................................. 134 
TABLE 43.  AVERAGE ACTUAL AND PERCEIVED MONTHLY BILL IMPACTS, BY SUBGROUP ..... 135 
TABLE 44.  1-IN-2, 1-IN-5, AND 1-IN-10 PEAK IMPACTS FOR DLC EVENTS .......................... 136 
TABLE 45.  1-IN-2, 1-IN-5, AND 1-IN-10 HOURLY IMPACTS FOR DLC EVENTS ...................... 137 
TABLE 46.  1-IN-2, 1-IN-5, AND 1-IN-10 PEAK IMPACTS FOR CPP+DLC EVENTS ................ 138 
TABLE 47.  1-IN-2, 1-IN-5, AND 1-IN-10 HOURLY IMPACTS FOR CPP+DLC EVENTS ............ 139 
TABLE 48.  1-IN-2, 1-IN-5, AND 1-IN-10 PEAK IMPACTS FOR CPP EVENTS .......................... 141 
TABLE 49.  1-IN-2, 1-IN-5, AND 1-IN-10 HOURLY IMPACTS FOR CPP EVENTS ..................... 142 
TABLE 50.  SMALL COMMERCIAL RATE OPTIONS:  STANDARD AND TOU-CPP RATES (SUMMER)

 ............................................................................................................................. 144 
TABLE 51.  COMMERCIAL EVENT DAY LOAD IMPACTS, BY PROGRAM .................................. 145 
TABLE 52.  CONTRASTS BETWEEN COMMERCIAL EVENT DAY LOAD IMPACTS ...................... 146 
TABLE 53.  COMMERCIAL LOAD IMPACTS, BY CUSTOMER .................................................. 147 



  

© 2014 Sacramento Municipal 
Utility District, All rights reserved 

5 

 

Executive Summary 

SMUD’s 2013 PowerStat study studied three program options designed to reduce 
summer peak loads through time-of-use (TOU) rates, critical peak pricing (CPP), and 
direct load control (DLC) of air-conditioning (AC) units via communicating thermostats.   
 
The primary objective of this evaluation was to determine how these incentives and load 
management strategies affected average hourly electric loads during the summer of 
2013, categorized into three impact types: (a) event or “Conservation Day” peak 
demand, (b) non-event weekday peak demand, and (c) summer energy.  A secondary 
objective was to determine customer choice preferences when presented with the three 
voluntary program options.  The final objective as to assess the technology and 
customer’s comfort. 
 
Hourly kilowatt (kW) values measured at the individual customer level by SMUD’s 
existing metering infrastructure were analyzed using mixed-effects models with levels 
for customer, day, and hour.  The main findings are described below. 

 

Customer Choice of Program Offerings 
 
The study was designed as a customer choice model in which three basic options were 
presented to the customer to choose from.  In two of the options a sub-category needed 
to be elected for the temperature offset of their choice.   
 
The first option was the CPP group (self managed group with TOU/CPP rate): the 
customer had control of the thermostat.  39 participants chose this group.  CPP+DLC 
was the second group where SMUD sent a demand response signal to the customer 
and raised the thermostat set point a few degrees.  They were also on the TOU/CPP 
rate.  The customer elected either a 2, 3 or 4 degree offset.  288 selected this group.  
The third group was the DLC group.  They received an  incentive while remaining on   
their standard rate and were given a credit for full participation in the event.  509 joined 
this group. 
 
An analysis of customer preferences for the three program offerings was biased by a 
lack of clarity in the Participation Agreement about the CPP group offering .  Essentially, 
the material offered two choices: TOU/CPP rate or an incentive.  The confusion was in 
the TOU/CPP group selection whereby the customer had to check a box to select the 
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degree offset if they wished for SMUD to provide the signal.  Unfortunately, many 
customers did not understand that if they left it blank, they could control their offset 
value even though wording described this option. 

 

Load Impacts 
 
Aggregate Impacts.  Results indicate that Powerstat participants reduced the 4-7 pm 
peak loads by an average of 1.45 kW (41%) per participant on Conservation Days, with 
statistically significant increases in the pre-peak and post-peak periods.  On non-event 
weekdays, Powerstat participants saved an average of 4.4% over the 3 peak hours, 
with no statistically significant change in demand during the pre-peak or post-peak 
periods.  

FIGURE 1.  AVERAGE 3 HOUR LOAD IMPACTS AT 106°F, EVENT VS. NON-EVENT WEEKDAYS 
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Program Group Impacts.  Event impacts were significant for all three program options, 
with load shed ranging from -39% to -46% during peak, and load increases ranging from 
+7.0% to +16% in the pre-peak and post-peak periods.  Contrast analysis indicated the 
following statistically significant results: 

 CPP and CPP+DLC peak sheds were greatest, and statistically indistinguishable 
from each other.  

 DLC provided the smallest peak load shed: 0.31 kW less than CPP, 0.35 kW less 
than CPP+DLC. 

 There were no significant differences in the Pre-peak or Post-peak load impacts. 

FIGURE 2.  AVERAGE 3-HOUR LOAD IMPACTS ON A 106°F EVENT DAY, BY PROGRAM GROUP 

 
 
Figure 3 illustrates the hourly load impacts for the three program groups.  Here, one can 
see that the peak load impacts for the two groups with utility managed thermostats 
(DLC and CPP+DLC) slope upwards over the 3 peak hours, indicating that the demand 
response resource starts off strong, but is reduced as AC units come back to life in the 
second and third hours of the event.  In contrast, the CPP load impacts show the 
opposite trend, starting off at the same level as the DLC group, but then increasing in 
the second and third hours, perhaps as occupants initiate manual load reductions.  This 
pattern suggests that these two program types might be used well in combination to 
affect the desired system load shape in real time. 
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FIGURE 3.  HOURLY EVENT IMPACTS AT 106°F, BY PROGRAM GROUP 

 
 
Temperature Effects.  To estimate the effect of outdoor temperature on event impacts, 
the mixed model was populated with three different temperature profiles, defined by 
maximum hourly temperatures of 90, 100, and 110 degrees.  For all program groups, 
higher temperatures increased load shed measured in kW—however, only the CPP 
group increased response measured as a percentage of baseline. 

FIGURE 4.  EFFECT OF OUTDOOR TEMPERATURE ON EVENT IMPACTS, BY PROGRAM  

 
 
Insulation Effects.  Figure 5 shows the relationship between maximum temperatures 
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of the green, red, and blue lines.  The CPP group, in contrast, shows a significant effect 
of insulation on event peak load shed, such that higher ceiling insulation levels were 
associated with significantly higher event impacts.  The CPP results should be viewed 
with caution, however, given the small sample size. 
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FIGURE 5.  TEMPERATURE-INSULATION INTERACTION, BY PROGRAM 

 
 
Sequential Events.  On the second of two sequential event days, called on July 2 and 
July 3, the CPP program showed a 25% greater load shed, while the DLC and 
CPP+DLC groups showed no change (Figure 6). 

FIGURE 6.  LOAD IMPACTS ON SEQUENTIAL EVENT DAYS, JULY 2ND
 AND 3RD, BY PROGRAM 
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magnitude of response for those in the 4°F offset subgroup was smaller than for those 

in the 3°F offset subgroup.  This counterintuitive finding is largely the result of smaller 

initial loads in the 4°F subgroup, since, as a percentage of baseline load, the 3°F and 

4°F subgroups had nearly identical results (Figure 7). 

FIGURE 7.  DLC AND CPP+DLC AVERAGE EVENT IMPACTS, BY EVENT OFFSET OF 2°F, 3°F OR 4°F 

 
 
Incentive Structures.  Based on an analysis of incentives and event impacts at the 
subgroup level, payments for the 3°F and 4°F offset DLC subgroup incentive levels are 
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offset.  Although the incentive payment of $2 per event is appropriate for the 2°F offset 
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homes with only one occupant, lived in homes with at least one occupant over age 65, 
or manually adjusted their thermostat settings on a regular basis. 
 
Non-Event Day Load Impacts.  As expected, the two program groups on the 
TOU-CPP rate reduced load significantly during the weekday peak in response to the 
higher peak rate, while the DLC group showed no statistically significant change from 
their energy use patterns of the prior year. 
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FIGURE 8.  NON-EVENT DAY LOAD IMPACTS, BY PROGRAM 

 
 
Summer Energy Impacts.  Overall, summer energy use changed very little, but 
increased slightly—by +1.1% and +3.6% for the DLC and CPP groups, respectively.  

FIGURE 9.  SUMMER ENERGY IMPACTS, BY PROGRAM 
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situation but it is not in SMUD plans to take the upgrade until 2016 due to the 
dependency with other upgrade projects in the queue to be done. 

 

Participant Comfort 
 
Across the season, an average 84% of participants surveyed indicated that they were at 
home for at least 30 minutes between the hours of 4PM and 7PM on the Conservation 
Day.  Of these, 57% indicated that the temperature in their home was comfortable 
during peak hours on Conservation Days, 39% rated it a bit too hot, and 4% stated that 
it was much too hot.  In Appendix I,  the customer survey evaluation report by True 
North Research can be found. 

 

Recommendations  
 
The results of the 2013 PowerStat study indicate that a program of this type has the 
potential to provide 1.45 kW demand relief per voluntary customer on a 106°F event 
day, and another 4.4% peak load shaving on non-event weekdays.  Based on this 
analysis, the authors make the following recommendations: 

 Given the successful peak load reductions, a similar program should be offered 
to an expanded number of SMUD customers in 2014 to validate the load 
reduction potential. 

 Operate the program for another year with an expanded number of customers to 
see if those enrolled in the CPP program continue to increase their kW savings 
during the Conservation Day event  If this proves to continue, then it will have a 
complimentary effect to those enrolled in a DLC or a CPP+DLC program.  It may 
be beneficial to operate these programs on a Conservation Day at the same time 
to achieve a more consistent load reduction across duration of the event.  

 Design the 2014 recruitment materials carefully to avoid confusion bias in 
customer program choices.  

 Design the 2014 recruitment materials so that the customer clearly knows which 
program they are enrolled in. 

 Increase the communication to enrolled participants about the program, 
conservation day events, and how to operate the thermostat. 

 Having participants enroll in pricing programs results in greater load reduction 
potential than those on a standard rate.  Show the benefits to customers to guide 
them to price-based programs. 
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 The study used direct mail to recruit small commercial participants.  Explore 
other methods to reach the small commercial sector to obtain greater 
participation, including exploring whether other commercial smart meters have 
ZigBee radios that can be turned on and used to connect to communicating 
thermostats. 

 While the use of event opt-outs was low, assess whether limiting the number of 
opt-outs available would affect their program participation or not. 

 Participants found the thermostat hard to use.  Explore using other manufacture’s 
thermostat that is more user friendly. 

 Plan to upgrade Silver Spring Networks’ HCM application to provide faster 
response in “rebuilding” demand response programs when dispatched for use. 

 Internal processes required a lot of manual work and spreadsheets to manage 
the installation process.  Consider using a work order management system and 
equipment inventory control system that is geared to support this type of work. 

 Run a similar pilot for 2014 and continue to assess whether incentive levels need 
to be modified as recommended in this report.  

 Consider the recommendations in the lessons learned section of this report.   
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Background 

In 2009, the Department of Energy announced that over $4 billion in federal grants 
funded by the American Recovery and Reinvestment Act (ARRA) would be available 
through the Smart Grid Investment Grant Program (SGIG) and the Smart Grid 
Demonstration Program (SGDP). The purpose of the SGIG is to stimulate the 
implementation of smart grid technologies with a goal of modernizing the nation's 
electricity grid. Later that same year, SMUD submitted an SGIG application and 
received a grant to implement the SmartSacramento® smart grid project.  SMUD’s goal 
is to empower their customers with options for increasing energy efficiency, protecting 
the environment, reducing global warming and lowering the cost to serve the region.  
 
To date, the SmartSacramento® project has deployed an end-to-end advanced metering 
infrastructure that covers 100% of the load in SMUD's service territory.  When 
completed, SMUD intends that the new architecture will be a customer-centric system, 
designed to enable informed participation by customers, improve the reliability and 
efficiency of utility operations, facilitate integration of distributed and intermittent forms 
of clean and renewable energy, and optimize asset utilization along the entire energy 
chain, from electricity generation to customer end uses.  
 
The SmartSacramento® project is comprised of seven major components:   

 Smart Meters 

 Consumer Behavior Study 

 Demand Response 

 Customer Applications 

 Distribution Automation 

 Cyber SecurityE 

 Smart Grid Infrastructure 

 
SMUD’s demand response efforts under the SGIG funding include implementation of a 
demand response management system, the implementation of automated demand 
response programs for medium and large commercial customers, and direct load 
control programs for residential and small commercial customers.  This report describes 
the efforts and results of the 2013 Residential and Small Commercial PowerStat Load 
Control Study. 
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Study Overview 

Introduction and Objectives 
 
Direct load control programs that involve the remote control of customer air-conditioning 
(AC) units by electric utilities have been used and studied extensively for decades.  To 
expand upon the existing knowledge in this field, the Sacramento Municipal Utility 
District (SMUD) in collaboration with Herter Energy Research Solutions designed a 
customer-choice study to investigate the customer preferences for and load impacts of 
potential program options currently under consideration at SMUD.  
 
The three main program options offered in this study were designed to reduce peak 
loads during 12 summer Conservation Day events, making use of weekday time-of-use 
(TOU) rates, event-driven critical peak pricing (CPP), customer-managed smart 
thermostats, and direct load control (DLC) of air-conditioning (AC) by the utility via smart 
thermostats. 
 
The primary objective of this load impact evaluation is to determine how these 
incentives and load management strategies affected (a) hourly loads for the 
12 Conservation Days called during the summer of 2013, (b) hourly loads on non-event 
weekdays, and (c) overall summer energy use.  The basic analytical approach involved 
a difference in differences (DID) regression model using hourly kilowatt (kW) values 
measured at the customer level by SMUD’s existing metering infrastructure.  Hourly 
load values were modeled using pooled mixed-effects models at two points in time—
before and after treatment—for both the treatment and control groups.  Treatment 
effects were then calculated as the difference between the changes seen in the two 
groups across time.  
 
As a customer-choice study, this study is designed to test the effects of presenting all 
three program options to customers at the same time, allowing each to choose the one 
that best meets their needs and preferences.  Should critical flaws in any of the 
individual offerings be uncovered in the process, a larger study scheduled for 2014 
would take such findings into consideration, potentially adding, modifying, or eliminating 
options as appropriate. 
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Study Design 
 
The design of this study involves the introduction of an experimental TOU-CPP rate and 
one of two thermostat management options—customer managed event response or 
SMUD managed event response—giving birth to a total of three program groups as 
follows.  
 

1. CPP—Participants choose to switch to a TOU rate with 12 summer CPP events.  
Participants can automate AC event response from +1°F to +5°F by 
programming their customer-managed thermostats in advance.  Both AC and 
non-AC loads can be managed in real time to maximize demand response and 
bill savings. 

2. CPP+DLC—Participants choose to switch to a TOU rate with 12 summer CPP 
events.  Utility-managed thermostats automatically respond to events by +2°, 
+3°, or +4° without payment.  Customers can override any or all events.  Both AC 
and non-AC loads can be managed in real time to maximize demand response 
and bill savings. 

3. DLC—Participants stay on the standard tiered rate and choose to be paid $2, $3 
or $4 for each of 12 AC load-control events of +2°, +3°, or +4°, respectively.  AC 
response to each event is automated with utility-managed thermostats.  
Customers can override any or all events, but forfeit the payment for each event 
override.  Management of non-AC loads is not incentivized. 

An overview of the basic sample design is illustrated in Figure 10.  Note the three 
treatment groups described above are shown here along with a fourth—the Control 
group—which was used to adjust load impact estimates for non-program effects as 
described on page 64. 

 

FIGURE 10.  BASIC SAMPLE DESIGN 
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Invited customers were given the choice of one of two rate options.  The standard tiered 
rate started for all customers at the Base rate of 10.45 cents per kilowatt-hour (kWh) 
and increase to the Base Plus (Base+) rate of 18.59 cents per kWh for all electricity use 
exceeding 700 kWh in a billing cycle.  The experimental TOU-CPP rate consisted of 
higher rates during the 4-7 pm weekday peak periods, with discounted tiered rates 
outside the peak period.  These rates are further described on page 18.   
 
Invited customers were also given the choice of two thermostatic control options during 
events.  Under the DLC option, customers could choose a level of event response at the 
beginning of the summer—a 2, 3 or 4 degree increase—and signed over control of this 
response, allowing SMUD to manage their thermostats during events.  Customers who 
did not choose this option could still program (in advance) and manage (in real time) 
their own AC response of between 1 and 5 degrees for each event throughout the 
summer (Table 1). 

TABLE 1.  RESIDENTIAL ELECTRICITY RATES AND AC CONTROL STRATEGIES DURING EVENTS, BY 

TREATMENT 

Group Price per kWh 
During Events 

Payme
nt per 
Event* 

AC Control 
Strategy 

During Events 

Event 
offset 
options 
(°F) 

Event 
Overrides 
per 
Summer 

DLC Base: $0.1045 

Base+: $0.1859 

$2, $3, 
or $4 

Chosen by 
customer prior to 
summer 

+2°, +3°, or 
+4° 

Unlimited 

CPP+DLC CPP:    $0.7500 None Chosen by 
customer prior to 
summer 

+2°, +3°, or 
+4° 

Unlimited 

CPP CPP:    $0.7500 None Chosen/modified 
by occupant at 
any time 

+1°, +2°, 
+3°, 

+4° or +5° 

(NA) 

* Payments are not made when events are overridden 
 
Note that customers who chose either of the two utility-managed DLC thermostat 
options were also required to choose the level of management: 2, 3 or 4 degrees 
temperature increase during events.  This choice was documented in the signed 
participation agreement, and was intended to be a one-time decision that could not be 
changed over the course of the summer.  In contrast, those who chose the customer-
managed thermostat option could program their thermostats to increase between 1 and 
5 degrees during events or use the 3 degree default setting if no changes were made, 
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and could change this setting in their thermostat at any time in advance of or during 
events. 

Rate Options 
 
Residential PowerStat participants were given the option to sign up for a time-of-use 
(TOU) rate with critical peak pricing (CPP) events.  Compared to the standard 2-tier 
rate, the TOU-CPP rate offered discounted off-peak pricing that accounted for 91% of 
the summer hours, higher peak pricing that accounted for 8% of the summer hours, and 
event pricing that was initiated in 3-hour blocks, 12 times per summer, for a total of less 
than 1% of the summer hours (Table 2). 

TABLE 2.  RESIDENTIAL RATE OPTIONS:  STANDARD TIERED AND TOU-CPP RATES (SUMMER) 

Period 
Name 

Period  

Timing 

Tier Standard 
Tiered Rate 
($/kWh) 

TOU-CPP 
Rate 
($/kWh) 

% of 
Summer 
Hours 

Event 4:00–7:00 p.m. Base $  0.1045 $   0.7500 1% 

Base+ $  0.1859 

On-peak 4:00–7:00 p.m. 

Non-holiday 
weekdays 

Base $  0.1045 $   0.2700 8% 

Base+ $  0.1859 

Off-peak All other hours Base $  0.1045 $   0.0721 91% 

Base+ $  0.1859 $   0.1411 

 

Participant Options for Air-conditioning Automation 
 
PowerStat participants were allowed to choose from two thermostat automation options 
in responding to event signals:  
 
Customer-managed event response.  The first option, available only to those who 
signed up for the TOU-CPP rate described above, was for the participant to program 
their own event strategy through a feature provided by the smart thermostats.  
Participants could program the thermostat to automatically increase from the normal 
peak setting by 1 to 5 degrees or use the 3 degree default setting.  Occupants could 
change this automation setting at any time, including during events. 
 
SMUD-managed event response.  The second option, available regardless of the rate 
chosen, was for SMUD to manage the thermostat during events.  Participants who 
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chose this option were required to choose one of three event strategies—2, 3 or 4-
degree increase during events—to be applied to all events throughout the summer.  
Occupants could override any or all of the SMUD-managed events.  Participants who 
chose this option and stayed on their existing rate were paid $2, $3, or $4 per event, 
respectively, for all events they did not override.  Participants on the TOU-CPP rate who 
signed up for this rate were not paid for events, but rather benefited from the savings 
accrued through avoidance of the critical peak price. 

Participant Benefits and Costs 
 
The 2013 PowerStat Pilot offered customers the following benefits: 

 A smart thermostat.  All participants received an Energate Pioneer Z100, a 
programmable thermostat with the ability to communicate to and from SMUD’s 
demand response management system (DRMS) through the smart meters using 
ZigBee Smart Energy Profiler version 1.1.  Through this connection, the 
thermostats were able to receive SMUD’s Conservation Day event signals and 
initiate automated event response by raising cooling temperature settings.  
Occupants could override this event response at the thermostat unit.  Because 
communications were routed via SMUD’s smart meter rather than via the 
Internet, participants did not have the ability to remotely adjust temperatures or 
schedules.  The thermostat and its installation were free of cost to participants. 

 The opportunity for lower energy bills.  Participants on the TOU-CPP rate had 
the opportunity to save money as a result of the off-peak rate, which was about 
30% lower than the standard rate.  Participant could maximize bill savings by 
reducing peak loads or by shifting them to the off-peak period. 

 The opportunity to earn $24, $36, or $48 under DLC option.  Participants who 
stayed on the standard rate and enrolled in the load control option were paid $2, 
$3 or $4 for allowing SMUD to increase their temperature setting by 2, 3 or 4 
degrees, respectively, during each of the 12 summer events. 

 Other potential benefits.  For many customers, participation in peak reduction 
programs is about feeling that they are doing the right thing: benefiting the 
environment and reducing strain on the electric grid to improve reliability for the 
community.  Some customers enjoy the game of avoiding high rates, while others 
enjoy feeling like they are part of a team. 

 
Customer costs included: 

 Being present for the thermostat installation 

 The potential for bill increases on the TOU-CPP rate due to higher peak rates
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Schedule and Staffing 
 
Table 3 outlines the major phases of project activity in 2013 and corresponding 
research tasks.  

TABLE 3.  PROJECT SCHEDULE 

Task Dates Activities 

Field Study 
Preparation 

July—December 2012  Project design and planning  

 Recruitment materials 

 Website 

Recruitment February—May 2013  Invitation mailings and follow-up 

 Participant database 

Installation & 
Survey 

February—June 2013  Install thermostats 

 Inventory database 

 Pre-treatment surveys 

Field Study June 2013—September 
2013 

 Call 12 events 

 Interim (post-event) surveys 

 Customer service 

Final 
Evaluation 

October 2013—March 2014  Satisfaction surveys 

 Retrieve load database 

 Data analysis and reporting 

 

Project Resources  
 
Table 4 outlines the resources needed to implement the study.  There was a 
combination of internal and external resources. 

TABLE 4.  PROJECT RESOURCES 

Resource Tasks 

SMUD Senior Project Manager Project design and oversight; Evaluation report 

SMUD Project Manager Project design and planning; Evaluation report 
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Resource Tasks 

SMUD Product Services 
Coordinator 

Customer service; Equipment Inventory;  
Installation/Service work management 

SMUD Principal Market Analyst Development of customer lists 

SMUD Business Technology 
Analyst 

Troubleshoot device issues in systems that 
generate exceptions 

SMUD Billing Representative Placement of customer on and off  program; 
removal of, and place back on,  Peak Corps 
customers.  Worked exception report. 

SMUD Customer Service Assistant Developed processes for customer sign up 
and associated tasks 

SMUD Customer Training Provided program, process, and systems  
training for:  Contact Center, Customer 
Solutions, and the installation contractor 

SMUD Residential Account 
Services  

Assisted customer with program questions; 
directed customer escalation issues. 

SMUD Contact Center Supervisor Implemented program plans for Customer 
Service staff 

SMUD Channel Management 
Professional 

Developed technological adaptations for 
Contact Center 

SMUD Customer Planning Developed staffing levels; provided 
documentation 

SMUD Marketing Advertising 
Specialist 

Recruitment and other customer materials; 
Website design 

SMUD Multimedia Website development 

SMUD Customer Research 
Professional 

Surveys and survey evaluation; assistance 
with customer list development 

SMUD Energy Specialist Developed technical applications for customer 
documentation and reporting before and after 
customer recruitment 

SMUD Office Process Support Received and reviewed customer submitted 
application/agreement; customer support with 
recruitment materials; database entry; general 
troubleshooting 

Outside Vendor—Metro Mailing Print and assemble mail recruitment materials 
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Resource Tasks 

Outside Vendor—GoodCents Provided appointment scheduling, service and 
installation of thermostats; technical 
troubleshooting 

Outside Vendor—New Direction 
Services 

Provided welcome kit bags, refrigerator 
magnets 

Outside Vendor—Wallrich Creative 
Communications 

Collateral design of brochure and user guide 

Outside Vendor—Thomas/Ferrous Design customer brochure   

Outside Vendor—Apple One Communication outreach 

Outside Vendor—NexLevel Document process flows 

Outside Vendor—Lockheed Martin  Provided the Demand Response Management 
System 

Outside Vendor—Energate Provided the thermostats, auxiliary switches, 
wall plates 

Outside Vendor—True North 
Research 

Designed and administered the participant 
surveys, conducted the survey data analysis, 
and wrote report 

Outside Vendor—Herter Energy 
Research Solutions 

Assisted with project design; conducted load 
impact evaluation; Assisted in the evaluation 
report, developed use cases 

 

Project Costs 
 
From January 1 through December 31, 2013, approximately $2,000,000 was spent on 
the study.  The study was funded with grant monies from the Department of Energy and 
co-funded by SMUD.  Labor costs were the primary driver because of the indirect labor 
assessments applied to the direct labor charges.  Outside Services and material and 
equipments costs were secondary.  SMUD labor costs where high due to increased 
labor hours associated with implementing new programs from the ground up.  Table 5 is 
a high-level breakdown of the various project costs. 
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TABLE 5.  PROJECT COST SUMMARY 

Item Cost 

SMUD Labor  $1,120,000 

Outside Services  $465,000 

Materials & Equipment  $438,000 

Total  $2,023,000 
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Implementation 

Study Area and Context 
 
The Sacramento Municipal Utility District (SMUD) service territory is located in 
California’s central valley, covering the state capital of Sacramento and surrounding 
suburban areas (Figure 11).  SMUD is currently the sixth largest community-owned 
electric utility in the nation, spanning 900 square miles.  SMUD serves over half a 
million residential customers and 68,000 business customers. 
 
Sacramento weather is characterized by rainy, mild winters and hot, dry summers.  On 
average, the maximum daily temperature exceeds 90 °F on 74 days annually, and 
exceeds 100 °F on 15 days annually.  

FIGURE 11.  SMUD SERVICE TERRITORY 

 
SMUD installed interval meters on all residential and commercial customers between 
2009 and 2012.  The residential meters record energy use hourly and commercial data 
is recorded every 15 minutes.  
 
SMUD’s only full-scale residential demand response program is Peak Corps, an air-
conditioning load control program that uses private VHF communication to signal air-
conditioning compressor switches during events.  The program is considered an 
“emergency only” resource, and is not used to manage system peak loads on a regular 
basis.   More than 93,000 of SMUD’s residential customers (about 20%) receive 
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incentives of $2, $4 or $6 per event (depending upon cycling intensity) to allow the 
District to cycle their air conditioner during critical hours between June 1 and September 
30 each year.  

 

Other Smart Sacramento Pilots 
 
In addition to the study described in this document, SMUD implemented several other 
pilots between 2011 and 2013 to test time-based pricing, real-time information, and 
advanced control technologies designed to lower energy use and peak demand, 
including: 

 Residential Summer Solutions 2011-2012 

 Residential Direct Load Control Precooling Study  (2012 PowerStat Pilot) 

 SmartPricing Options 2012-2013 

 Residential Smart Thermostat Pilot 2013 

 Low-income Weatherization, IHD and Smart Thermostat Pilot 2013 

 In-home Display (IHD) Checkout Pilot 2013 

 EV Innovators TOU Rate Pilot 2013 

 Multi-family Summer Solutions 2013 

 
Each pilot program was unique amongst itself in scope and objectives.  However, some 
pilots used the same TOU/CPP rate and in almost all pilots an assessment of the load 
and energy impacts was done. 

 

System Architecture 
 
In another part of the SmartSacramento’s DOE grant project, a new demand response 
management system was implemented.  This new software platform enables the ability 
to management all of SMUD’s demand response going forward in the future.  This 
system opened three communication paths to customer’s devices:  1) Broadband 
Internet, 2) OpenADR using the Internet, and 3) using the smart meter mesh network.  
The later path was used for this project.   Figure 12 is a high level graphic presentation 
of the system. 
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FIGURE 12.  SYSTEM ARCHITECTURE 

 
 
The system architecture was developed in coordination with SMUD’s information 
technology and cyber security staff to ensure that the various systems would be safe 
and reliable.   Due to the cybersecurity concerns, a detailed description of the various 
subsystems and their interaction with each other are not being discussed in this report. 
SMUD built the system to be fully integrated with many of its current business systems 
to enable enrollment, messaging, demand response program creation, dispatch 
operations, billing settlement, device management, event analysis, and load reduction 
forecasting processes.    

 

Thermostats 
 
Each participant in the study received a two-way communicating Energate Z100 
Pioneer 2 thermostat.  Participants could receive up to two thermostats, if they had two 
compatible HVAC systems.  The thermostat communicates to the smart meter installed 
at the premises using ZigBee Smart Energy Profile version 1.1.  Table 6.  Thermostat 
Informationindicates the specific version of the thermostat used in this study.   
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TABLE 6.  THERMOSTAT INFORMATION 

Item Value 

Model Z100 Pioneer 2 Smart Thermostat 

Part Number 0001290161 

ZigBee Smart Energy Version 1.1 

ZigBee Certificates Production 

Hardware Version PL000582-F 

Thermostat Firmware Version OS000640 (version 2.2.0.2) 

Radio Module Firmware Version OS000418-G (version 1.3.3.0) 

 
The Pioneer Z100 is a core component of Energate’s home energy management 
solution that lets consumers and utilities manage energy use and reduce peak demand.  
With its slim, sleek design, the Pioneer Series is a full featured thermostat with a 
graphical display and an user interface.   There are several communications options 
available.  In a single radio configuration there is a ZigBee Smart Energy Profile certified 
version. 
 
The following provides a summary of the key features and functionality of the smart 
thermostat. 

 

Key features include: 
 Advanced environmental control algorithms that 

accurately and precisely control the temperature 

 Multiple load control categories and capabilities for 
Demand Response programs 

 Flexible price control profiles to support a variety of 
dynamic rate plans including TOU rates 

 Menu-driven user interface with extensive help screens 

 Fault/message notification for easier and more successful 
installations (i.e., survives & helps diagnose wiring 
problems) 

 ZigBee Smart Energy compliant 

 “Over the air” fully upgradeable firmware 

 Text messages can be sent & acknowledgement 
requested 

 Multiple LEDs indicate active events 
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As one of the first products to receive ZigBee Smart Energy certification, Energate’s 
Pioneer Z100 smart thermostats provide interoperability with other ZigBee enabled 
components used in the Advanced Metering Infrastructure (AMI) and the Home Area 
Network (HAN). 
 
The Pioneer series of smart thermostats are compatible with over 90% of HVAC 
equipment in the market today.  This means one thermostat can be used for a majority, 
if not all of your customers and provide a full suite of features and functionality including: 

 Up to 2 Heat/2 Cool stages on conventional equipment & up to 3 Heat/2 Cool 
stages for heat pumps. 

 Powered by 24VAC with 5-10 year battery back-up & a low battery indicator. 

 Highly accurate temperature control (±0.9˚F). 

 Can display temperature in °F or °C. 

 Multiple hold options  (i.e., temporary, timed, permanent and vacation). 

 12/24 hour clock display for the user to select from. 

 Auto changeover hysteresis with a default setting of 2˚F (option of 0 to 6˚F). 

 Fault/message notification and short circuit protection for more successful 
installations. 

 Comes equipped with the Energy Star program as the default program and 
supports 7 day, 5/2 day and 5/1/1 day schedules. 

 LCD graphical display can render complex messages and graphics. 

 The menu-driven multi-lingual (English and Spanish) user interface along with 
extensive help screens provide a superior user experience. 

 2.5”x1.25”, 128x64 pixel LCD display with white backlighting. 

 Password locking of the devices. 

 The Pioneer series includes an intuitive signal strength indicator and can 
optionally display the customer’s per KWh energy rate if desired. 
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The Pioneer series of smart thermostats also supports the following demand response 
capabilities: 

 Direct Load Control—either immediate or schedule setbacks (set point offsets, 
duty cycle control, or specific temperatures) with the ability for the consumer to 
opt-out of load control events.  This feature is an optional one that can be 
controlled by the utility.  Also provides event verification and consumer 
notification. 

 Supports multiple levels of participation in voluntary load control events as well 
as supporting multiple mandatory load control events. 

 Visible alerts include color LED’s on the faceplate that are tied to both load 
control and price driven events as well as through pre-defined and custom text 
messages. 

 

Thermostat Configuration Settings 
 
We were not able to use the thermostat as it came “off-the-shelf”.  The thermostat 
required a lot of forethought before purchasing the thermostat so that the manufacturer 
could deliver a thermostat that meet the business requirements of the various program 
offerings.  Working with the thermostat manufacturer, we were able to custom configure 
a number of settings at the time of manufacturer.  The key settings were the thermostat 
schedule and the price to comfort level.  

Thermostat Schedule Table 
 
Each thermostat was configured at time of manufacture with the following weekday and 
weekend schedules as shown in Table 7. Thermostat ScheudleFour time periods along 
with its heat and cool set points were preset.  At time of installation, the installer working 
with the participant could change the settings depending on the participant preferences.  
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TABLE 7. THERMOSTAT SCHEUDLE 

Monday – Friday 

START TIMES  SETPOINT 

NAME  HEAT COOL 

6:00 am Wake 68.0° F 78.0° F 

8:00 am Leave 62.0° F 80.0° F 

6:00 pm Return 68.0° F 78.0° F 

10:00 pm Sleep 62.0° F 78.0° F 

Saturday – Sunday 

START TIMES SETPOINT 

NAME HEAT COOL 

8:00 am Wake 68.0° F 78.0° F 

11:00 pm Sleep 62.0° F 78.0° F 

 

Price to Comfort Level Configuration Settings 
 
At time of thermostat manufacture, the following relative price to comfort settings was 
configured as shown in Table 8.  The relative price factor is calculated by dividing the 
current price by the lowest price received by the thermostat in the current and 
proceeding days.  When the price factor is between two specified levels, the percentage 
is interpolated between the corresponding two percentage values.  The percentage 
reflects the proportion of a 9° Fahrenheit change that will be applied based on the 
relative price and comfort level.   
 
During critical peak periods (Conservation Days), the red LED on the thermostat would 
light-up  and participant would have the ability, when enrolled in the CPP program to be 
able to adjust their temperature offset from 1 (9 degrees x .11) to 5 degrees (9 degrees 
x .55). 
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TABLE 8.  PRICE TO COMFORT LEVEL CONFIGURATION SETTINGS 

RELATIVE PRICE 
FACTOR 

LED DISPLAY COMFORT LEVEL 

Max 
Savings 

Savings Balanced Comfort Max 
Comfort 

1 x None 0% 0% 0% 0% 0% 

1.5 x Yellow 0% 0% 0% 0% 0% 

2.5 x Orange 0% 0% 0% 0% 0% 

6 x Red 0% 0% 0% 0% 0% 

10 x and greater Red 55% 44% 33% 22% 11% 

 

Non-Functioning Thermostat Findings 
 
Over the course of the study, a total of 42 thermostats were returned to the 
manufacturer due to the thermostat not performing as intended or they appeared to not 
work at all.  The manufacturer conducted a root cause analysis on each thermostat to 
determine what was causing the thermostat to not perform and recommended a course 
of action.  Table 9 shows the root causes.   

TABLE 9.  ROOT CAUSE   

Root Cause Quantity 

Incorrect configuration file programmed by the 
manufacturer 

18 

Transistor failed possibly due to transient voltage 4 

Component 3 

Eprom corruption 2 

Total 27 

 
The manufacturer recommends the following corrective actions which shall correct 
92.5% of the issues: 

 Manufacturing workflow improvement were made to reduce the risk of improper 
configuration programming 

o The person doing the programming will only be able to program one 
configuration at a time. 
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o The manufacturer will perform verification on items being shipped 
directly from the manufacturer to the customer. 

 TVS diodes are being added to all output stages to improve protection against 
transient voltage outside normal operating specifications. 

 A battery pull tab will be added to the thermostat to prolong the battery life. 

 The documentation will be improved to reduce the risk of cracking the LCD 
display. 

 Later versions of the thermostat firmware will reduce the risk of eprom corruption. 

 
The remaining 15 thermostats had the following issues as shown in Table 10.  These 
were either damaged at the time of installation, not following procedures to commission 
devices to the network or the customer’s HVAC system causes the thermostat to 
overvoltage.   

TABLE 10.  ROOT CAUSE (OTHER)  

Root Cause Quantity 

No Fault found 9 

LCD display cracked 3 

Electrical overstress 2 

No thermostat in box to test 1 

Total 15 
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Field Study Activities 

Recruitment/Enrollment/Participant Sample 
 
A residential sample was randomly selected and screened to exclude customers 
enrolled in the following programs/pilots and rates: 

 Smart Grid Investment Grant Pilots: Smart Pricing Options, Weatherization, 
Smart Thermostat, Summer Solutions 2013, Electric Vehicle Pilot 

 Budget Billing 

 Photovoltaic 

 SolarShares 

 TOU rate 

 Medical Rate 

 Multifamily 

 Well rate 

 

The residential sample was broken up into two different waves and used for recruitment 
by direct mail.  The first wave was mailed out between February and April and included 
ACLM non-EAPR and ACLM EAPR and non-ACLM standard and non-ACLM EAPR 
customers.  ACLM customers are those on the current Air Conditioner Load 
Management program and EAPR customers are on the Energy Assistance Program 
Rate.  The samples contained a percentage of each that reflected the population at 
large.  Each of these customers was mailed to twice during this period minus those who 
already responded to first mailing.  A second residential sample was obtained afterward 
for additional recruitment due to an insufficient response from the small commercial 
recruitment effort.  The second wave consisted of only ACLM standard/EAPR 
customers.  These customers were mailed to only once in May.    

 

The first wave consisted of 25,047 unique customers that were mailed to and the 
second wave included an additional 17,324.  The total is 42,371.  A total of 1,618 
applications/agreements were received from the two recruitment efforts, which 
translates into an overall response rate of 3.82%.  From the responses, 851 customers 
had new thermostat installations.   
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Thermostat Installation 
 
Installation appointments were scheduled as a four-hour window in which the installer 
would arrive at the customer’s home.  On average, the installation took about one hour.   
The installation contractor verified that the customer had a HVAC system that was 
compatible with the new thermostat being installed.  They also checked that the HVAC 
system was in working condition.  Existing thermostats removed from the Customer’s 
home that contained mercury were disposed of a required by AB 2347.  Old thermostats 
that did not contain mercury were given to the customer.  At any time during the study, 
the participants could request that the old thermostat be reinstalled, a service provided 
at no cost to the customer.   
 
In situations where the HVAC system did not already have a common wire, which is 
required by the Energate thermostat, an auxiliary switch was installed.  Figure 13 shows 
the auxiliary switch. 

FIGURE 13.  AUXILIARY SWITCH 

 
 
Approximately 12% of the thermostat installations required the auxiliary switch.  Of 
these, most were split system HVAC systems as opposed to package units. 
 
Each installer was responsible for completion of a work order before leaving the home.  
Information captured denoted the customer installation status (i.e. installed, cancelled, 
not compatible, etc), and data about the premises and air conditioning characteristics.   
The work order was then delivered to the installer office for processing of the relevant 
information and then forwarded onto SMUD for data retention.  Of primary importance 
was the square footage of the premises and the ceiling insulation R-value.  And 
estimation of the R-value was made if one could not be directly ascertained.  The 
R-value was used in conjunction with the analysis in this report.  A copy of the work 
order is located in Appendix A. 



  

© 2014 Sacramento Municipal 
Utility District, All rights reserved 

35 

 

Participant Education and Support 

Installer Interaction 
 
The installer provided the customer with a brief tutorial on the operation of the installed 
thermostat, including familiarizing them with the default temperature settings and 
schedules.  If the customer requested a different setting the installer would provide 
hands-on help with the setting modification.  In addition, the self-managed group of 
participants was provided details on the comfort dial function.  The default value was 
three degrees, which was set during manufacturing.  If the participant requested a 
setting other than three degrees, the installer set it for them. 

Welcome Kit 
 
A welcome kit in a nylon mesh bag was delivered to the customer by the installer at the 
time of installation.  Two separate welcome kits were developed for the two main 
program offerings.  The welcome kit bag contained the following components: 

 Inserts—Welcome, Contact Us, Peak Hours & Conservation Days, Notification of 
Conservation Days, Meet the Energate Pioneer Z100 Thermostat (basic 
navigation). 

 Energate Thermostat User Manual—Manual for customer use to navigate 
thermostat features. 

 Refrigerator Magnet—included separate contact information for study and 
technical/thermostat inquiries. 

Reminder Package 
 
A reminder package was sent to the customer just prior to the evaluation period 
beginning (June) for the purpose of providing the customer information on what was 
going to happen during the summer as well as other materials.  The reminder package 
included: 

 Summer Notification Letter 

 Buck slip: Text Opt in 

 Flyer on energy saving tips 

 Smart Thermostat User Guide 
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PowerStat Website 
 
The PowerStat website was built to be a “micro-site” for participants enrolled in the 
study but could not be navigated to from SMUD’s corporate website (www.smud.org) as 
it was a controlled participant study.  The landing page featured two choices in which to 
proceed: Residential Customers and Commercial Customers.  Figure 14 shows screen 
shots of the micro-site which provided participants with program details, energy saving 
tips, answers to frequently asked questions, the technology used with the Energate 
thermostat user manual, and contact information. 
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FIGURE 14.  MICRO-SITE WEBPAGES  
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Customer Surveys 
 
True North Research was hired to design three different surveys to be administered to 
customers at various stages of the study, conduct the research and write a report of the 
findings.   
 
Customers received email invitations (and reminder emails when necessary) to 
participate in the surveys through a secure, password protected website hosted by True 
North.  Customers who did not participant online in response to the email reminders 
also received telephone calls for the purpose of conducting interviews via telephone.  A 
summay of the three survey types is described below.  The full report can be found in 
Appendix H.   
 
Pre-treatment Survey.  Following the installation of the new thermostat, this survey 
included questions about he customers’ reasons for participating in the program and 
expectations of the program, as well as evaluative questions regarding the enrollment 
process, the thermostat installation process, initial impressions of the thermostat, and 
overall opinions about SMUD.     
 
Interim Survey.  There were multiple interim surveys distributed online throughout the 
evaluation period.  The surveys were sent out the day after the Conservation Day event 
and included questions regarding Conservation Day awareness, behaviors, comfort 
level of the respondent during peak hours, and opinions regarding the PowerStat study.  
 
Post-Treatment Survey.  At the end of summer, all participants were e-mailed a link to 
an online Post-Treatment Survey.  The survey measured the satisfaction and 
perceptions of SMUD and GoodCents customer service.  For customers enrolled in the 
CPP program offering, the survey included questions about their typical Conservation 
Day settings.     

 

Conservation Day Events 
 
Conservation Day Events were called on twelve weekdays from June through 
September 2013, as listed in Table 11.  Participants were notified by email, text and/or 
phone on the day before each event according to the customer’s preference.  Multiple 
channels could be selected by the customer.   
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TABLE 11.  EVENT DATES AND TEMPERATURES 

Date Day of the 
Week 

Minimum Temperature Maximum Temperature 

6/28/13 Friday 67°F 104°F 

7/2/13 Tuesday 74°F 103°F 

7/3/13 Wednesday 69°F 105°F 

7/19/13 Friday 59°F 100°F 

8/15/13 Thursday 62°F 95°F 

8/19/13 Monday 71°F 102°F 

9/6/13 Friday 55°F 92°F 

9/9/13 Monday 61°F 100°F 

9/10/13 Tuesday 63°F 88°F 

9/13/13 Friday 60°F 92°F 

9/19/13 Thursday 53°F 90°F 

9/30/13 Monday 60°F 78°F 

 
At 4:00 p.m. on event days, target temperatures on the utility-controlled thermostats of 
the DLC and CPP+DLC participants were raised by 2, 3, or 4 degrees higher than the 
minimum scheduled set point during the peak period.  CPP participants were raised by 
the default of 3 degrees, unless the participate chose to change the offset value from 
between 1 degree and 5 degrees.  As a condition of using the pilot TOU-CPP rate, a 
total of 12 events had to be called for the summer season (June-September).  As a 
result, the last four events in September were called at less than ideal outdoor 
temperatures.  These low temperature conditions serve as more data to observe how 
participants use their air conditioner and other appliances when outdoor temperatures 
are mild. 

Event Opt Out 
 
Three options were provided for the customer in which to opt out of a Conservation Day 
event.  The first was for the customer to place a call to the Contact Center after 
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receiving the day-ahead notification where a customer service representative would 
access the customer interface record.  The customer service representative would then 
select the next day and opt the customer out of the event.  Of note are two items: the 
customer had to call in call in to opt out the day before as each program (treatment) in 
the DRMS was defined as “day ahead” as one of the parameters, which resulted in 
locking down each treatment at midnight the day before the Conservation Day and a 
customer-driven online opt out platform was to be made available for study participants 
but due to a developmental delay in a broader online customer platform in which this 
offering was to be integrated, the online option was tabled.  As such, the call in option 
was used very rarely as it was estimated that 10 requests were made by customers to 
opt out. 
 
The second option was for the customer to select a permanent opt out from the 
thermostat.  A permanent opt out is a feature that requires the customer to drill down 
multiple levels for access.  This option election results in the customer being 
permanently opted out of all future Conservation Day events unless the customer 
essentially goes in and turns the feature off, thus opting back in to receive Conservation 
Day events.  This feature applied to only those participating in the SMUD controlled 
groups (applicable to DLC and CPP+DLC).  In the participant material provided in the 
Reminder Package, a warning was given to participants about using this option as they 
may forget to opt back in if they use this feature.     

Event Override 
 
The third option, and by far the most widely used, was for participants to opt out of the 
event by overriding the increased thermostat setting after the event had started by 
utilizing a temporary hold feature on the thermostat.  DLC participants would forego 
their event bill credit when an override is used.  CPP and CPP+DLC participants would 
pay the critical peak price.  The event overrides were tracked in the Demand Response 
Management System and the information was used for monthly electric bill charges and 
credits.  
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Data 

The 2013 PowerStat study was originally designed to test the impacts of peak electricity 
rates and load control in the residential and small commercial sectors.  Due to time and 
resource constraints, the small commercial recruitment effort was limited.  As such, the 
bulk of this report focuses on the implementation, evaluation and results of the 
residential participants, while a more limited description and evaluation of the small 
commercial study is provided in the appendix. 
 
Table 12 lists the datasets and sources used in this evaluation. 

TABLE 12.  SUMMARY OF DATA USED IN THE 2013 POWERSTAT PILOT EVALUATION 

Source Data Use(s) 

SMUD Customer 
Database 

Name, address, etc. Treatment designation, 
Mapping 

Interval Meters Hourly electricity use Load impacts, Bill impacts 

MesoWest.utah.edu  Hourly temperatures Temperature effects on load 
impacts 

Installer Checklist Ceiling R-value Insulation effects on load 
impacts 

Surveys 
Pre-treatment 
Post-event 
Post-treatment 

 
Building characteristics 
Comfort ratings 
Program-related behaviors 

 
Demographics-impact 
correlations 
Comfort-impact correlations 
Behavior-impact correlations 

 
Table 13 provides the start and end dates for which hourly load and temperature data 
were collected.  

TABLE 13.  EVALUATION PERIOD START AND END DATES 

Evaluation period Start date End date 

Pretreatment 6/1/12 9/30/12 

Treatment 6/1/13 9/30/13 
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Sample Sizes 
 
In aggregate, the two rate options, two thermostat management options, and three DLC 
options combined to create a total of 7 individual participant groups and subgroups for 
each sector. Table 14 lists the number of residential and small commercial participants 
in each group.   

TABLE 14.  RESIDENTIAL GROUPS AND SUBGROUP SIZES 

Program Group 2-3-4 Subgroup 
Residential 
Participants 

Commercial 
Participants 

DLC DLC2° 57 2 

DLC3° 99 0 

DLC4° 353 6 

CPP+DLC CPP+DLC2° 65 0 

CPP+DLC3° 70 0 

CPP+DLC4° 156 2 

CPP -- 37 2 

Total  807 12 

 

Potential Sources of Bias 
 
The term “self selection” is commonly associated with the word “bias.” In this study, 
however, self-selection is desired or even required, being the natural outcome of a 
voluntary offering.  The PowerStat study was designed to offer the study participants the 
same self-selection criteria as will be ultimately be offered to future program 
participants.  Thus, the recruitment effort was intended to mimic the rollout of a full-scale 
program that provided all three program options—CPP, DLC, and CPP+DLC –allowing 
customers to choose the option that best suited their household, with the hope that 
study sample size ratios would approximate the proportions SMUD might expect in a 
larger rollout.  So while self-selection is an intentional part of this study, there should be 
no self-selection bias with respect to extrapolating the program results to the final 
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program target market, because the same types of people are expected sign up for the 
same offering and respond in the same way.  
 
The unfortunate caveat here is that the PowerStat recruitment materials failed to explain 
the availability of customer-managed event automation for the TOU-CPP option, leading 
to an unusually low recruitment number for the CPP group.  Table 15 shows the 
program choices listed on the Participation Agreement.  The full Participation 
Agreement can be found in Appendix A. 

TABLE 15.  PROGRAM CHOICES SECTION OF THE PARTICIPATION AGREEMENT 

Group Participation Agreement Choice 

CPP  

CPP+D
LC 

 

DLC 

 
Participants who switched to the TOU-CPP rate checked the orange box for plan A, and 
then had the option to add the SMUD-controlled temperature adjustments during 
Conservation Day events.  Unclear in the agreement was the fact that those who did not 
choose the automatic temperature control option could still set their thermostats to 
respond automatically to event signals.  Thus, it seems probably that some TOU-CPP 
customers signed up for the automatic temperature control option solely to gain the 
automated response, not realizing they would have automation either way.  
 
The result of this issue is that there are likely to be participants in the CPP+DLC group 
that would have chosen the CPP group had they been better informed.  It is also likely 
that there are invited customers who chose not to sign up for PowerStat study at all, 
because they did not know there was a customer-managed thermostat option.  The 
extent of the bias related to this issue is unknown, but an expanded study planned for 
2014 will provide revised recruitment materials in an effort to remedy this issue.  
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Observed Summer Load Data 
 
SMUD records hourly electric loads from all residential customers and 15-minute loads 
from commercial customers.  A database of interval load data for June-September 2012 
and June-September 2013 for all PowerStat participants was organized and analyzed to 
determine the load impacts of the program.  
 
Figure 15 illustrates the placement of Conservation Days and maximum temperatures in 
the context of hourly summer loads for all PowerStat participants.  Clearly visible are the 
twelve Conservation Days, which are labeled with their corresponding maximum 
temperature for that day. 
 
Of interest is the late June start date for the first event and the late season rush in 
September, resulting in several events that did not meet the desired temperature criteria 
of having at least one hour in the day exceeding 100°F. 
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FIGURE 15.  MEAN HOURLY LOADS FOR ALL POWERSTAT PARTICIPANTS WITH EVENT TEMPERATURES 

 
Individual plots of observed loads on event days are provided in Appendix B. 
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Figure 16 plots the average observed weekday loads for summer 2012, the 
pretreatment period prior to pilot recruitment, for all treatment groups plus the control 
group.  After correction for weather and exogenous effects through regression analysis 
and modeling, these load shapes will provide the summer baseline for each respective 
group.  Thus, while visible differences may indicate self-selection into treatment groups, 
they do not bias the results, which will be valid for a voluntary program with the same 
offering. 

FIGURE 16.  AVERAGE WEEKDAY LOADS, SUMMER 2012 

 
 
Figure 17 plots the average observed nonevent weekday loads for summer 2013 for all 
three program groups.  These data were collected in the summer treatment period 
during which the TOU rate was in effect and Conservation Days were not in effect.  
They will comprise the summer nonevent weekday treatment loads for each respective 
group.  These loads should not be compared directly to each other.  Instead, they will 
be compared to their respective baselines, comprised of the pretreatment load shapes 
shown in Figure 16, after they are corrected for average weekday weather and 
exogenous effects. 
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FIGURE 17.  AVERAGE WEEKDAY LOADS, SUMMER 2013 (NON-EVENT) 

 
 
Figure 18 plots the average observed Conservation Day (event) loads for summer 2013 
for all three program groups.  These load shapes will comprise the event loads for each 
group.  These loads should not be compared directly to each other.  Instead, these 
loads will be compared to their respective baselines, comprised of the pretreatment 
loads shapes shown in Figure 16 corrected for event day weather and exogenous 
effects.  

FIGURE 18.  AVERAGE CONSERVATION DAY LOADS, SUMMER 2013 
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Temperature Data 
 
Hourly temperature data were downloaded for ten from MesoWest1 weather stations 
with good data in the SMUD service territory (Figure 19).  To ensure as-accurate-as-
possible outdoor temperatures, participants were each assigned to the data recorded at 
the station closest to their home. 

FIGURE 19.  WEATHER STATIONS USED FOR LOAD IMPACT EVALUATION 

 
 
Figure 20 plots the average hourly summer temperatures at each of the ten weather 
stations used in this analysis.  Note that there are visible differences in temperatures 
across stations due to local microclimates, thus justifying the multiple-station approach. 

                                            
1 MesoWest Historical Weather Data. University of Utah. Retrieved November 17, 2013 
from http://mesowest.utah.edu 
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FIGURE 20.  AVERAGE HOURLY TEMPERATURE READINGS, SUMMER 2013 

 
 
Figure 21 provides the distribution of hourly temperature measurements at each 
weather station for the summer of 2013, with the centerline of each box indicating the 
median, and the bottom and top edges of the boxes the first and third quartiles, 
respectively.  Whiskers extend to the most extreme data point that is no more than 
1.5 times the interquartile range.  All points beyond the whiskers are outliers. 

FIGURE 21.  BOX PLOTS OF HOURLY TEMPERATURE READINGS, SUMMER 2013 

 
Figure 22 plots the average hourly temperatures for the pre-treatment and treatment 
summers of 2012 and 2013, respectively.  These temperatures are averaged over 
13 individual weather stations located in the SMUD service territory, and are shifted by 
2 hours before modeling to account for the heat transfer delay between outdoor and 
indoor temperatures.  
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FIGURE 22.  AVERAGE HOURLY SUMMER TEMPERATURES 

 
 

Geographic Data 
 
The locations of the 807 residential participants included in this analysis are mapped in 
Figure 23, with DLC homes in blue, CPP+DLC homes in red, and CPP homes in green.  
The reasonably even distribution of the larger DLC and CPP+DLC program groups 
provides evidence that a strong geographic bias is not present.  The smaller CPP 
group, however, is notably absent from several locations. 
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FIGURE 23.  MAP OF PARTICIPANT HOMES, BY PROGRAM GROUP 
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CPP 
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Event Opt Outs 
 
Figure 24 shows the percent of participants that opted out of events, by number of opt 
outs.  More than three-quarters (77%) did not opt out of any events, 13% opted out of 
one event, and 10% opted out of more than one event.  Note that opt outs are 
undefined for CPP events. 

FIGURE 24.  RESIDENTIAL OPT-OUTS 

 
 
Table 16 shows the distribution of opt outs by program group.  Note that the CPP group 
is not listed because, being in control of their own event response, their changes before 
or during events are not considered opt outs.  Across all subgroups, the percent of opt 
outs ranged from 4.0% to 7.9%, with a trend toward higher numbers for participants that 
chose lower temperature adjustments.  The average opt out rate across all subgroups 
was 5.3%. 
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TABLE 16.  RESIDENTIAL OPT-OUTS, BY PROGRAM GROUP 

Group Participants Potential 
opt-outs 

Actual opt-outs % opt-outs 

DLC2 57 684 50 7.3% 

DLC3 99 1188 48 4.0% 

DLC4 353 4236 199 4.7% 

CPP+DLC2 65 780 62 7.9% 

CPP+DLC3 70 840 59 7.0% 

CPP+DLC4 156 1872 88 4.7% 

Total 800 9600 506 5.3% 
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Evaluation Approach 

This study was designed in expectation of load impact evaluation using a difference in 
differences (DID) regression model.  The basic premise of DID evaluation is to compare 
the measure of interest at two points in time—before and after treatment—in both the 
treatment and control groups.  The treatment effect is measured as the difference 
between the changes seen in the two groups across time.  Mathematically, this can be 
describes as (T2-T1)–(C2-C1), where Ti is the average treatment group load measured 
during period i, and Ci is the average control group load during period i. 
 
This technique can be thought of as a within-subjects estimate of the treatment effect 
(T2-T1) corrected for exogenous effects using the changes seen in a control group 
(C2-C1), where both differences are corrected for weather differences between time 1 
and time 2 using standard regression techniques.  Without exogenous effects 
correction, a within-subjects comparison can overestimate or underestimate impacts by 
associating non-treatment effects with the treatment.  For example, let’s say that a 
downturn in the economy causes all customers to reduce their energy use, as was the 
case in 2008.  If this drop in energy use were not measured in the control group and 
subsequently subtracted from the treatment group impacts, savings attributable to the 
treatment would be overestimated, when in fact much of the savings was simply a result 
of the floundering economy.  
 
An unbiased DID methodology requires that the composition of, and exogenous inputs 
to, the treatment and control groups are as similar as possible.  Ideally, this would be 
accomplished through a random control by (1) recruiting a single population and 
(2) randomly assigning a portion of the recruited population to the control group for 
whom (3) treatment is deferred to a later date or denied altogether.  Where deferral and 
denial of the treatment are not feasible, a control group can be selected to closely 
resemble the treatment group along a subset of relevant variables.  This latter 
alternative is not without bias, because “willingness to participate” is difficult or 
impossible to measure without putting the control group through the solicitation and 
recruitment process.  
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Hourly Load Model 
 
For this study, three main sets of load impact estimates are of interest: annual energy 
impacts, summer weekday peak demand impacts, and Conservation Day peak event 
impacts.  
 
Hourly kilowatt (kW) values measured at the individual customer level by SMUD’s 
existing metering infrastructure were analyzed using mixed-effects models with levels 
for customer, day, and hour.  The general form of the load impact model equation is 
given in Equation 1.  For detailed description of the models used in this analysis, see 
Appendix C. 

EQUATION 1.  HOURLY LOAD MODEL 

kwijk = hourijk + CDHijk + MaxTempij + CDDij + hour*CDD2
ijk + hour*MaxTemp2*DayTypeijk 

+ ri + rij + εijk 

 
Where: 
kwijk: kilowatt load for customer i on day j at hour k 
hourijk: categorical variables (1-24) indicating the hour of the day, where hour 1 spans 
the period from midnight to 1:00 a.m. and hour 24 spans the period from 11:00 p.m. to 
midnight 
CDHijk: Cooling Degree Hours (CDH), calculated as the number of degrees above 75°F 
in each hour.  Following an analysis of goodness of fit of this variable in the model, CDH 
values were shifted two hours forward in time, accounting for the lag in the transfer of 
outside temperatures into the building. 
MaxTempij: maximum temperature on day j 
CDDij: cooling degree day calculated as sum of 24 CDH values on day j 
DayType: categorical variables indicating day type (event, nonevent, pretreatment 
weekday) 
Treat_Event: categorical variables for treatment and event  
Treat_Year: categorical variables for treatment and year 
Month: categorical variable indicating month 
Year: categorical variables indicating year (2012, 2013) 
ri: random effects for customer ~N(0,φ1) 
rij: random effects for day ~N(0,φ2) 
εijk: error terms ~N(0,δ2) 
 
Where estimates of ceiling insulation effects were desired, temperature variables and 
their interactions with ceiling insulation R-value, hour and treatment were also included 
in the model.  
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The load values modeled using Equation 1 are then used to calculate impact values as 
the difference of the four load shapes as described in Equation 2.  

EQUATION 2.  CALCULATION OF LOAD IMPACTS 

Load_Impactijk = (Part.treatijk—Part.pretreatijk)—(Control.treatijk—Control.pretreatijk) 

Where: 

Load_Impact: estimate of hourly load change resulting from the treatment 

Part.treat: modeled average participant loads during the treatment period 

Part.pretreat: modeled average participant loads during the pretreatment period 

Control.treat: modeled average control loads during the treatment period 

Control.pretreat: modeled average participant loads during the treatment period 

 

Control Group and Exogenous effects 
 
A total of 4,000 randomly selected customers from the participant sample frame were 
set aside as the control group sample frame.  For load impact evaluation, data for all 
geographically matched customers that had hourly load data for the summers of 2012 
and 2013 were extracted, supplying a final matched control group of 413 customers.  
An analysis of control group loads indicated that there was no significant change in the 
control group between 2012 and 2013 once loads were corrected for temperature 
differences between the two years (Figure 25).  As a result, there was no need to 
include the control group data in the model as is typically done for a difference in 
differences analysis. 

FIGURE 25.  EXOGENOUS EFFECTS 
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Findings 

This section presents the estimated loads and load impacts on event and non-event 
weekdays, as well as the average summer energy impacts for the 2013 PowerStat 
participants.  Results are presented as average daily load impact graphs accompanied 
by tabular impacts during three periods of interest as follows: 

 Pre-Peak = the 3-hour period immediately preceding the peak = Hours Ending 
14-16 

 Peak = the 3-hour peak period = Hours Ending 17-19 

 Post-peak = the 3-hour period immediately following the peak = Hours ending 
20-22 

Results for residential 2-3-4 subgroups peak days can be found in Appendix E.  
For consistency and ease of comparison, all loads and impacts are presented in units of 
average kilowatt-hours per hour (kWh/h), abbreviated in most cases to kW, where 
positive impact values indicate an increase in energy use relative to the baseline, and 
negative impact values indicate savings.  Note that these hourly kW values are easily 
converted to kWh through multiplication by the number of hours across the desired time 
period.  

 

Aggregate Load Impacts 

Event Impacts on a 106°F Weekday 
 
Figure 28 plots the modeled baseline, non-event weekday loads, and Conservation Day 
loads for all 837 residential PowerStat participants on a reference weekday, with a 
maximum temperature of 106°F and minimum temperature of 67°F.  Thus, this graph 
reflects the aggregated effects of all program options run simultaneously.  Figure 29 
shows the same results represented as impacts, where the modeled baseline loads are 
subtracted from 2013 weekday loads.  
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FIGURE 26.  AVERAGE PARTICIPANT LOADS ON A 106-DEGREE WEEKDAY—ALL PROGRAMS 

 
 

FIGURE 27.  AVERAGE PARTICIPANT IMPACTS ON A 106-DEGREE WEEKDAY—ALL PROGRAMS 

 
 

Table 17 lists the 3-hour average loads and impacts during the peak, pre-peak and post 
peak periods.  On average, PowerStat participants saved 0.16 kW (-4.4%) during the 
peak hours on non-event days, with no statistically significant change in energy use in 
the pre-peak or post-peak periods.  During Conservation Day events, peak loads were 
reduced by 1.45 kW (-41%), with statistically significant load increases in the pre-peak 
(+7.7%) and post-peak (+15%) periods.  
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TABLE 17.  AVERAGE PARTICIPANT LOADS AND IMPACTS ON A 106-DEGREE WEEKDAY—ALL 

PROGRAMS 

 Pre peak 

(hour 14-16) 

Peak 

(hour 17-19) 

Post Peak 

(hour20-22) 

Baseline loads 2.61 3.51 3.08 

Nonevent loads 2.62 3.35 3.07 

Event day loads  2.81 2.06 3.53 

Nonevent peak impacts +0.018 (+0.7%) -0.16* (-4.4%) -0.001 (-0.03%) 

Event peak impacts +0.21* (+7.7%) -1.45* (-41%) +0.45* (+15%) 

*  Statistically significant (α = 0.05) 

 

Event Impacts on a 100°F Weekday 
 
Figure 28 plots the modeled baseline, non-event weekday loads, and Conservation Day 
loads for all 807 residential PowerStat participants on a weekday with a maximum 
temperature of 100°F.  As such, this graph reflects the aggregated effects of all of the 
program options run simultaneously. Figure 29 shows the same results represented as 
impacts, where the modeled baseline loads are subtracted from 2013 weekday loads.  

FIGURE 28.  AVERAGE PARTICIPANT LOADS ON A 100-DEGREE WEEKDAY—ALL PROGRAMS 
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FIGURE 29.  AVERAGE PARTICIPANT IMPACTS ON A 100-DEGREE WEEKDAY—ALL PROGRAMS 

 
 

Table 18 lists the 3-hour average loads and impacts during the peak, pre-peak and post 
peak periods.  In aggregate, PowerStat participants saved 4.3% during the peak hours 
on non-event days with no statistically significant change in energy use in the pre-peak 
or post-peak periods.  On Conservation Days, peak loads are reduced by 41%, with 
statistically significant increases in the pre-peak (+7.2%) and post-peak (+15%) periods.  

TABLE 18.  AVERAGE PARTICIPANT LOADS AND IMPACTS ON A 100-DEGREE WEEKDAY—ALL 

PROGRAMS 

 Pre peak 

(hour 14-16) 

Peak 

(hour 17-19) 

Post Peak 

(hour20-22) 

Baseline loads 1.94 2.76 2.38 

Nonevent loads 1.95 2.64 2.39 

Event day loads  2.08 1.64 2.73 

Nonevent peak impacts 0.009 (0.5%) -0.12* (-4.3%) -0.004 (-0.2%) 

Event peak impacts 0.14* (7.2%) -1.13* (-41%) 0.35* (15%) 

*  Statistically significant (α = 0.05) 
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Event Day Load Impacts by Program Group 
 
This section presents and compares the average Conservation Day loads and load 
impacts for each program group. 

Event Impacts on a 106°F Weekday, by Program 
 
Figure 30 illustrates the modeled baselines and Conservation Day loads for the three 
main program groups on an event day with a maximum temperature of 106°F. Figure 31 
shows the same results represented as impacts, where the modeled baseline loads are 
subtracted from 2013 weekday loads.  Error bars represent 95% confidence intervals for 
the impacts. 

FIGURE 30.  HOURLY EVENT DAY LOADS, BY TREATMENT GROUP 

 
 
Note that in Figure 31, the peak load impacts for the two groups with utility managed 
thermostats (DLC and CPP+DLC) slope upwards over the 3 peak hours, indicating that 
the demand response resource starts off strong, but is reduced as AC units come back 
to life in the second and third hours of the event.  In contrast, the CPP load impacts 
show the opposite trend, starting off at the same level as the DLC group, but then 
increasing in the second and third hours, perhaps as occupants initiate manual load 
reductions.  This pattern suggests that these two program types might be used well in 
combination to effect the desired system load shape in real time. 
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FIGURE 31.  HOURLY EVENT DAY IMPACTS, BY TREATMENT GROUP 

 
 
Table 19 lists the average load impacts for each of the three program options on the 
Conservation Days.  Results indicate significant impacts in all pre-peak, peak and post-
peak periods, for all program options. 

TABLE 19.  AVERAGE EVENT LOAD IMPACTS (KW) BY PROGRAM 

 N Event Pre-peak 

(hours 14-16) 

Event Peak 

(hours 17-19) 

DLC 509 +0.18* (+7.3%) -1.32* (-39%) 

CPP+DLC 291 +0.20* (+7.0%) -1.67* (-45%) 

CPP 37 +0.32* (+12%) -1.63* (-46%) 

*  Statistically significant (α = 0.05) 
 
Contrast analysis was used to compare the effects of the programs on loads during the 
pre-peak, peak and post-peak periods, with results provided in Table 20.  Note that this 
table should be read by assigning each value to the first of the two groups listed in the 
Contrast column relative to the second of the two groups.  So for example, the very first 
value of -0.12 in the top left cell indicates that the CPP+DLC group used an average of 
0.12 kW less than did the CPP group in the pre-peak hours, and that this difference is 
not statistically significant, because an asterisk (*) is not present.  The value of -0.35* in 
the center cell indicates that the CPP+DLC group used an average of 0.35 kW less than 
did the DLC group in the peak hours, and that the difference is statistically significant. 
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TABLE 20.  COMPARISON OF EVENT DAY LOAD IMPACTS BY TREATMENT 

Contrast Event Pre-peak 

(hours 14-16) 

Event Peak 

(hours 17-19) 

Event Post-peak 

(hours 20-22) 

‘CPP+DLC' v. CPP -0.12 -0.045 +0.006 

‘CPP+DLC' v. DLC +0.015 -0.35* -0.065 

CPP v. DLC +0.13 -0.31* -0.071 

* Statistically significant (α = 0.05) 
 
Customers on the TOU-CPP rate—both with and without utility-managed loads—
provided significantly greater load shed (-0.31 and -0.35 kW respectively) than did DLC 
participants, who stayed on the standard tiered rate and were paid for event response.  
No significant differences were detected between load impacts in the Pre-peak and 
Post-peak periods. 
 

Did event impacts change with outdoor temperature? 
 
Previous research has shown that higher outdoor temperatures result in higher demand, 
which translates to greater peak impacts during demand response events (e.g. Herter 
2007).  This section considers the effect of outdoor temperatures on hourly loads, and in 
particular during the pre-peak, peak, and post-peak periods. 
 
To model these results, the mixed model for both event and non-event days was 
populated with three different temperature profiles, defined by maximum hourly 
temperatures of 90, 100, and 110 degrees.  For all program groups, higher temperatures 
increased response to events such that each 10-degree increase in maximum daily 
outdoor temperature effected a 0.4 to 0.7 kW per-customer increase in load shed. 
Peak load impacts for the DLC group (Figure 32) start at -0.6 kW per participant at 
90°F, increasing to 1.9 kW per participant at 110°F, while maintaining a 35% to 38% 
load drop across all temperatures.  Similarly the CPP+DLC group (Figure 33) started 
with a -0.8 kW per participant impact at 90°F, increasing to 1.5 kW per participant at 
110°F, while maintaining a 41% to 43% load drop across all temperatures.  Only the 
CPP group (Figure 34) showed load impacts that changed as a percentage with 
temperature, starting at -0.6 kW (35%) at 90°F and increasing to 1.9 kW (46%) per 
participant at 110°F. 
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Results for 1-in-2, 1-in-5 and 1-in-10 peak days can be found in Appendix F.  

FIGURE 32.  EFFECT OF OUTDOOR TEMPERATURE ON DLC IMPACTS 

 

 N Maximum 
Temperature 

MaxTemp Event Pre-
peak 

(hours 14-16) 

Event Peak 

(hours 17-
19) 

Event 
Post-
peak 

(hours 
20-22) 

DLC 509 90°F 90 0.04   (3.4%) -0.6   (-
35%) 

0.19   
(13%) 

DLC 509 100°F 100 0.13   (7.1%) -1.0   (-
38%) 

0.36   
(16%) 

DLC 509 110°F 110 0.22   (6.9%) -1.5   (-
38%) 

0.54   
(15%) 

 * Statistically significant (α = 0.05) 
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FIGURE 33.  EFFECT OF OUTDOOR TEMPERATURE ON CPP+DLC IMPACTS 

 

  N Maximum 
Temperature

Event Pre-
peak 

(hours 14-
16) 

Event Peak 

(hours 17-
19) 

Event Post-
peak 

(hours 20-22) 

CPP+DLC 291 90°F 0.051*   
 (3.8%) 

-0.8*    (-
41%) 

0.17*    (10%) 

CPP+DLC 291 100°F 0.14*   
 (6.5%) 

-1.3*    (-
43%) 

0.31*    (12%) 

CPP+DLC 291 110°F 0.24*   
 (6.7%) 

-1.9*    (-
43%) 

0.47*    (12%) 

 * Statistically significant (α = 0.05) 
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FIGURE 34.  EFFECT OF OUTDOOR TEMPERATURE ON CPP IMPACTS 

 

 N Maximum 
Temperature 

Event Pre-peak 

(hours 14-16) 

Event Peak 

(hours 17-19) 

Event Post-
peak 

(hours 20-22) 

CPP 37 90°F 0.15*   (12%) -0.6*   (-35%) 0.11   (6.9%) 

CPP 37 100°F 0.25*   (12%) -1.2*   (-44%) 0.28*   (11%) 

CPP 37 110°F 0.36*   (11%) -1.9*   (-46%) 0.47*   (12%) 

 * Statistically significant (α = 0.05) 
 

Did event impacts change with insulation level? 
 
Well-insulated buildings slow the heat transfer between the interior and exterior of the 
building.  Theoretically then, one might posit that offset strategies might have greater 
impacts in homes with higher levels of insulation.  To test this hypothesis, ceiling 
insulation R-values were observed from each of the sites visited for thermostat 
installation.  The values collected ranged from R10 to R44, with a mean value of R27. 
Figure 35 shows the distribution of ceiling R-values for all 2013 PowerStat participants. 
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FIGURE 35.  DISTRIBUTION OF CEILING R-VALUES 

 
 
Using the mixed model described previously, hourly impacts by treatment were 
compared at different insulation levels.  The results indicate that insulation levels did not 
affect load shed or rebound for the DLC customers as shown in Figure 36, and did not 
affect load shed for CPP+DLC customers as shown in Figure 37; however, rebound 
effects for CPP+DLC customers with higher insulation levels were significantly lower as 
shown in Figure 38.  The CPP group showed significant differences in impacts between 
insulation levels, however, given the small sample size (37) these results, while 
statistically significant, may not be representative of the population. 
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FIGURE 36.  INSULATION EFFECTS FOR DLC 

 

Contrast Event Pre-peak 
(hours 14-16) 

Event Peak 
(hours 17-19) 

Event Post-peak 
(hours 20-22) 

R19 vs. R30 -0.04 0.02 -0.01 

R19 vs. R38 -0.06 0.03 -0.01 

R38 vs. R30 0.03 -0.01 0.01 

FIGURE 37.  INSULATION EFFECTS FOR CPP+DLC 

 

 
Contrast 

Event Pre-peak 
(hours 14-16) 

Event Peak 
(hours 17-19) 

Event Post-peak 
(hours 20-22) 

R19-R30 -0.04 -0.04 -0.10* 

R19-R38 -0.07 -0.07 -0.18* 

R38-R30 0.03 0.03 0.08* 

 * Statistically significant (α = 0.05) 
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FIGURE 38.  INSULATION EFFECTS FOR CPP 

 

Contrast Event Pre-peak 

(hours 14-16) 

Event Peak 

(hours 17-19) 

Event Post-peak 

(hours 20-22) 

R19-R30 0.21* 0.62* 0.27* 

R19-R38 0.37* 1.10* 0.47* 

R38-R30 -0.15* -0.45* -0.20* 

 * Statistically significant (α = 0.05) 
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Did event impacts change on sequential event days? 
 
On the second of two sequential event days, called on July 2 and July 3, the CPP 
program shows an increased load shed, while the DLC and CPP+DLC groups show no 
change in response as shown in Figure 39. 

FIGURE 39.  SEQUENTIAL EVENT DAYS, BY PROGRAM 
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Was comfort correlated with event impacts? 
 
Table 21 shows the correlations between customer and event specific mean peak 
impacts and comfort ratings, by program option.  As expected, lower comfort ratings 
were correlated with higher peak impacts in all three programs.  These correlations 
were not significant for the CPP group, however, this could be attributed to the small 
sample size, since just 20 of the 37 participants in the CPP group responded to one or 
more post-event comfort survey questions.  Thus, one must be cautious drawing any 
conclusions about this result—especially given that the two treatments with larger 
sample sizes did show significant correlations.  

TABLE 21.  IMPACTS AND COMFORT CORRELATIONS, BY PROGRAM 

Program N Participants 
Responding 

Total 
Responses 

Impact-Comfort 
Correlation 

DLC 509 333 705 -0.33* 

CPP+DLC 291 188 438 -0.29* 

CPP 37 20 50 -0.23 

* Statistically significant (α = 0.05) 
 

Effect of Limiting Opt-outs to 1 per Summer 
 
This section estimates how limiting opt outs to just one per summer might change the 
participant demand response during events.  The main uncertainty in this analysis is 
how many customers would participate if they knew from the beginning (i.e. via the 
recruitment letter) that they would have only one opt out per summer.  We assume that 
any customer with multiple opt outs in the summer of 2013 would not have participated 
if they had been limited to one opt out.  It is possible that some of these would have 
participated anyway, but there is also a strong possibility that some with zero or one opt 
out would not have participated had they been given this limit.  Since neither of these 
uncertainties can be quantified, we complete the analysis under the assumption that 
they will partially cancel each other out.  For future studies of this nature, the research 
team might include a survey question asking participants whether they would participate 
under a 1-opt-out scenario. 
 
Table 22 shows the loads and load impacts for the DLC and CPP+DLC participants 
after excluding the 78 participants who opted out more than once.  Average participant 
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load impacts are not significantly different under the two scenarios for either DLC 
(p=0.8374) or CPP+DLC (p=0.7864), leaving total program impacts substantially lower 
due to the smaller number of participants.   

TABLE 22.  COMPARISON OF EVENT IMPACTS WITH LIMITED AND UNLIMITED OPT OUTS, 106 ̊ F DAY 

Opt outs N DLC 

Peak Impacts 

(hours 17-19) 

CPP+DLC 

Peak Impacts 

(hours 17-19) 

Total Impacts (kW)

Unlimited (from ) 837 -1.32* (-39%) -1.67* (-45%) 1158 

Limited (1 per summer) 759 -1.35* (-39%) -1.71* (-45%) 1068 

*  Statistically significant (α = 0.05) 

 
Based on this analysis, limiting DLC program opt outs to 1 per summer is likely to be 
counterproductive.  There was no significant change in average participant load impacts 
when customers with multiple opt outs were excluded from the analysis.  Worse, the 
smaller number of participants resulted in an overall 7% reduction in the demand 
response resource.  

 

Event Day Load Impacts by Customer Characteristics 
 
Customers in larger homes had significantly larger load impacts on event days (Figure 
40).  For the 420 responses collected in the pre-summer survey, the correlation 
between home size in square feet and load impact is statistically significant, with a 
Pearson’s r of -0.12. 
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FIGURE 40.  EVENT SAVINGS BY SQUARE FOOTAGE OF HOME 

 
 
Similarly, Figure 41 shows the impacts for homes with two thermostats were 
significantly greater than impacts for homes with one thermostat. 

FIGURE 41.  EVENT SAVINGS BY NUMBER OF THERMOSTATS 

 
 
Figure 42 shows the event impacts for Elk Grove were significantly lower than event 
impacts for Citrus Heights, Antelope, Fair Oaks, Carmichael, and Rancho Cordova.  
Event impacts for Sacramento were significantly lower than event impacts for Citrus 
Heights and Fair Oaks. 
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FIGURE 42.  EVENT SAVINGS BY CITY 

 
 
Figure 43 shows the event impacts for customers who chose to receive event 
notification by SMS and Email (SMS+Email), or by SMS, phone, and email 
(SMS+Phone+Email) were significantly higher than the impacts for customers who 
chose to receive event notification by email, phone, or email and phone (Phone+Email). 

FIGURE 43.  EVENT SAVINGS BY NOTIFICATION 

 
 
Figure 44 shows on average, event impacts for homes with Lennox HVAC units were 
significantly lower than impacts for homes with Trane, Day & Night, York, Bryant, 
Payne, Rheem, or Carrier units.  Homes with Goodman units had significantly lower 
impacts than did homes with Trane, Day & Night, or York units.  Trane units showed 
significantly higher impacts than units in the “Other” category. 
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FIGURE 44.  EVENT SAVINGS BY AC UNIT MAKE 

 
 
Figure 45 shows that the need to install the auxiliary switch ire from the air-conditioning 
unit to power the thermostat was not significantly related to event impacts. 

FIGURE 45.  EVENT SAVINGS BY AUXILIARY SWITCH 

 
 
In Figure 46, customers who said that they manually adjust their regular thermostat 
schedule (manual) had significantly lower impacts than those who automated daily 
schedules (auto), or who occasionally adjusted automated schedules (auto+manual).  
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FIGURE 46.  EVENT SAVINGS BY THERMOSTAT OPERATION 

 
 
In Figure 47, homes with just one occupant had significantly smaller event savings than 
did homes with more than one occupant. 

FIGURE 47.  EVENT SAVINGS BY NUMBER OF OCCUPANTS 

 
 
Figure 48 shows on average, homes with at least one occupant over 65 years of age 
had significantly lower impacts than homes without occupants over 65. 
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FIGURE 48.  EVENT SAVINGS BY PRESENCE OF ONE OR MORE OCCUPANTS OLDER THAN 65 

 
 

Non-event Weekday Load impacts 
 
Although demand response during the twelve Conservation Day events was the main 
focus of this study, load impacts outside the twelve events are also of interest.  In 
particular, the TOU rate present in both the CPP and CPP+DLC groups might be 
expected to reduce loads during the 4-7 pm peak period and increase loads in the pre-
peak and post-peak hours. 
The load impacts for each program group on non-event weekdays during the summer of 
2013 are plotted in Figure 49 and listed in Table 23.  Being non-event days, these 
impacts are fully the results of customer behavior or customer-programmed automation, 
since SMUD did not send automation signals to the smart thermostats on these days.  
As expected, the two program groups on the TOU-CPP rate reduced load significantly 
during the weekday peak in response to the higher peak rate, while the DLC group 
showed no statistically significant change from their energy use patterns of the prior 
year. 
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FIGURE 49.  AVERAGE HOURLY IMPACTS ON NON-EVENT SUMMER WEEKDAYS, BY PROGRAM GROUP 

 

TABLE 23.  AVERAGE PEAK LOAD IMPACTS ON NON-EVENT SUMMER WEEKDAYS, BY PROGRAM 

GROUP 

 N Pre-peak 

(hours 14-16) 

Peak 

(hours 17-19) 

Post-peak 

(hours 20-22) 

DLC 509 -0.018  (-1.7%) -0.00   (-0.0%) 0.014  (1.0%) 

CPP+DLC 291 -0.014   (-1.1%) -0.14*  (-7.9%) 0.005  (0.3%) 

CPP 37 0.097*  (7.6%) -0.14*  (-8.9%) 0.068*  (4.4%) 

* Statistically significant (alpha = 0.05) 
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Contrasts between these impacts (Table 24) indicate significantly greater load shed 
during the peak hours for the CPP and CPP+DLC groups compared to the DLC group.  
In addition, the CPP group had greater pre-peak load increases than did the other two 
groups, and greater post-peak rebound than did the CPP-DLC group.  

TABLE 24.  COMPARISON OF LOAD IMPACTS BY TREATMENT (NON-EVENT) 

 Pre-peak 

(hours 14-16) 

Peak 

(hours 17-19) 

Post-peak 

(hours 20-22) 

DLC-CPP -0.11* 0.14* -0.055 

'CPP+DLC'-CPP -0.11* -0.0011 -0.064* 

'CPP+DLC'-DLC 0.0036 -0.14* -0.0089 

* Statistically significant (alpha = 0.05) 

 

Summer Energy Impacts 
 
Figure 50 shows the hourly impacts for all 122 days in the summer of 2013, including 
event days, non-event weekdays, weekends and holidays.  On average, hourly summer 
loads resemble non-event weekday loads, with visible pre-peak load increases for the 
CPP group, and load reductions during peak for both the CPP and CPP+DLC groups.  
Overall, summer energy use changed very little, but increased slightly—by 3.6% and 
1.1% for the CPP and DLC groups, respectively (Table 25).  In all three cases, these 
impacts differed significantly between groups (Table 26). 

FIGURE 50.  AVERAGE SUMMER 2013 DAY 
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TABLE 25.  AVERAGE SUMMER ENERGY IMPACTS, BY GROUP 

 N Total 

(hours 1-24) 

DLC 509 0.012*  (1.1%) 

CPP+DLC 291 -0.0024  (-0.19%) 

CPP 37 0.044*  (3.6%) 

* Statistically significant (alpha = 0.05) 

TABLE 26.  COMPARISON OF SUMMER ENERGY IMPACTS BETWEEN GROUPS 

 Total 

(hours 1-24) 

DLC-CPP -0.032* 

'CPP+DLC'-CPP -0.046* 

'CPP+DLC'-DLC -0.014* 

* Statistically significant (alpha = 0.05) 

 

Residential Bill Impacts 
 
Residential participants in the 2013 PowerStat pilot were given the choice between 
being charged for electricity according to the standard tiered rate (the DLC group) or 
according to a time varying TOU-CPP rate (the CPP and CPP+DLC groups).  This 
section estimates and compares the average bill impacts for customers on these two 
rates and also between the DLC, CPP, and CPP+DLC groups.  
 
Summer and monthly bills were calculated as the product of hourly loads estimates for 
2012 and 2013, corrected for weather effects, and the respective rates for each 
customer in each year.  On average, those on the TOU-CPP rate saved about 
50% more than those choosing to stay on the standard tiered rate (Figure 51). 
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FIGURE 51.  HISTOGRAM OF SUMMER BILL IMPACTS INCLUDING INCENTIVE PAYMENTS, BY RATE 

 
 
Table 27 summarizes the PowerStat participants’ average monthly bill impacts for the 
summer of 2013 by program group, including electricity costs and DLC payments. 

TABLE 27.  AVERAGE MONTHLY BILL IMPACTS, BY GROUP 

Subgroup N Electricity Cost 
Impact 

Avg. DLC 
payment 

Actual Monthly 
Bill Impact 

DLC 509 +$0.82 -$10.23 -$9.41 

CPP+DLC 291 -$15.44 -- -$15.44 

CPP 37 -$13.47 -- -$13.47 

 
Because the DLC group increased energy use and was on a rate that did not reward 
peak load shifting, their electricity costs increased slightly relative to the previous year.  
When payments for peak events are included in the total bill impact calculation, 
however, average DLC participant bill impacts become negative, indicating an average 
overall benefit relative to the prior year.  
 
The two groups on the TOU-CPP rate reduced their electricity costs by shifting loads 
out of the higher cost peak period into the lower cost off-peak period, but were not paid 
directly for contributions to events.  Overall, the two groups on the TOU-CPP rate saved 
significantly more money on their summer bills than did the DLC group on the standard 
rate. 
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Incentive Structures 
 
Table 28 compares the actual payments to DLC subgroup customers to the estimated 
benefits these same customers would have received under a TOU-CPP rate.  When 
customers in the DLC2 program participate in the event they are credited $2.  DLC3 
customers are credited $3 and DLC4 customer are credited $4.  The actual DLC 
payments take into consideration participants that opted out or overrode the event. 
 
Assuming that the TOU-CPP rate provides a relatively accurate estimate of cost to the 
utility, the difference between the DLC payment and the hypothetical TOU-CPP benefit, 
shown in the last column of Table 28, is the amount that DLC customers were overpaid 
for their contribution to event peak loads.   

TABLE 28.  MONTHLY DLC PAYMENTS VS. HYPOTHETICAL TOU-CPP BENEFITS, SUMMER 2013 

Program N Event 
Offset 

Incentive 
per 
Event 

Actual Avg. 
DLC 
Payment 

Hypothetical 
TOU-CPP 
benefit* 

Monthly DLC 
Overpayment

DLC2 57 2°F $2 $5.56 $5.53 $0.03 

DLC3 99 3°F $3 $8.64 $5.55 $3.09 

DLC4 353 4°F $4 $11.44 $8.11 $3.33 

* Values calculated as Σ(hourly loads)x(standard rate)– Σ(hourly loads)x(TOU-CPP rate)  
 
Based on this analysis, the incentive level of $2 per event is appropriate for the 2°F 
offset subgroup, however, both the 3°F and 4°F offset subgroup incentive levels are too 
high, at $3 and $4 per event respectively, with the 4°F offset incentive level being the 
most overpriced.  More appropriate incentive levels for these groups would be $2 for a 
3°F event offset and $3 for a 4°F event offset; however, this would call into question the 
need for both 2°F and 3°F event offset subgroups at $2 per event.  Some potential 
solutions include offering 3°F at $2.50, or removing one of the two groups entirely. 
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Lessons Learned 

This project was very complex and involved coordinating with many different internal 
departments and outside vendors to implement the study.   As a result, there were a lot 
of lessons learned to share.   
The lessons learned from this experience focused on the following areas: 

 Design 

 Process   

 Market Research  

 Marketing 

 Technology 

 Installations 

 Event Messaging 

 Event Management 

 Training 

 Planning 

 Customer Service 

 Load Reduction Forecasts 

 

Design 
 
Observation:  The study design was complicated from the customer point of view. 
Recommendations:  Think about these studies from the customer perspective and 
integrate additional time for researching customer choices.  Make use of focus groups 
with the goal of developing less complicated and user-friendly programs ahead of 
sending any marketing material to customers. 
 
Observation:  Consider the number of options presented to the customer at the time of 
recruitment.  Too many program offerings may be confusing for the average customer. 
Recommendation:  In a study were many choices are offered it’s imperative to spend 
significant upfront time explaining to the customer the differences in choices and their 
associated benefits. 
 
Observation:  Does allowing the “Pre Opt-Out” feature offer any real value to the utility 
or the customer.  Customers have the ability to “Pre Opt-Out” of a single event or 
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forever.  If they elect foreover, they will not be included in any future Conservation day 
events.       
Recommendation:  Reevaluate allowing whether “pre opt-out” is an option for future 
programs.  Analysis should take into consideration primarily the value to the customer.     
 
Observation:  The business requirements were not fully flushed out due to time 
constraints to implement the project, lack of resources, and new technology. 
Recommendation:  Incorporate longer lead time before a program begins to allow full 
vetting of the business requirements by everyone involved and make sure to identify 
and define roles and responsibilities. 
 

Processes 

Enrollment 
 
Observation:  Customers were enrolled in the demand response management system 
programs with an in-house, automated workflow.  After the sign up (entry of customer 
name, option selected, and notification preference), a service notification was generated 
for the thermostat installation.  Customers were essentially enrolled in a program 
without having confirmation of a successful device installation.  As a result, many 
customers, after realizing they were ineligible, had to be unenrolled.  Two main issues 
developed: the creation of extra work due to the large enrollment numbers and 
communication issues between the installer, SMUD operations, and the billing 
department, who was responsible for enrolling/unenrolling customers in programs.  
These issues led to a strain on current staff and the need to recruit additional staff.   
Recommendation:  Revisit the automated enrollment workflow to simplify enrollment 
processes.  Possible process modifications include defining what a successful is, 
sending customer information to the installer first and having them schedule 
appointments no more than a week out, and/or expanding the phone screen at the time 
of appointment setting in order to identify ineligibles.  Once appointments are set, Billing 
can then conduct enrollments. 
 
Observation:  The service notification closure process is cumbersome with SAP and 
required to many manual inputs and mouse clicks.  As a result, a group of service 
notifications were not closed fully resulting in the group not being enrolled in their 
respective demand response programs. 
Recommendation:  Simplify processes through the use of automation and technology.  
Develop reports and checks and balances in order to verify each process is completed 
fully. 
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Billing 
 
Observation:  Customers on the TOU-CPP rate that requested termination from the 
study had to wait until their next billing cycle to be put back on their standard rate. 
Recommendation:  Investigate possible modifications to billing system that would allow 
customers to be put back on pre-program rate as immediately as possible. 

Exceptions 
 
Observation:  Managing exceptions to the automated sign-up workflow became 
problematic and cumbersome as multiple departments became involved for various 
reasons such as permissions and documentation. 
Recommendation:  Review sign up and exceptions processes and streamline for 
better customer experience. 
 
Observation:  Participants that were on SMUD’s Peak Corps program could not 
participate in PowerStat unless they were removed in the system.  This was a manual 
process that involved also included  tracking Peak Corps participants so they could be 
placed back on Peak Corps after the pilot ended (also a manual process). 
Recommendation:  Find a solution that doesn't require removing Peak Corps 
customers from that program, tracking them and re-enrolling them back in the program 
once the study concludes. 

 

Market Research 
 
Observation:  The PowerStat sample frame overlapped with sample frames for other 
pilots going on concurrently.  These samples were intended to be mutually exclusive.  
As a result, duplicate customers were found across multiple pilots. 
Recommendations:  A solid Q/A process should include cross checking by someone 
other than the person who pulled the original sample.  Where applicable, samples 
should be pulled at the same time to avoid the possibility of “double dipping” at a later 
date.  Set clear and robust quality checks in place to ensure duplication issues, if any, 
are caught early on and before the sample list goes to the mail house. 
 
Observation:  Multiple records were found in the sample.  This was because the 
sample frame was pulled based on contract account, which could have multiple 
contracts under each account. 
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Recommendation:  Create a unique ID field that combines two existing fields that will 
capture specific customers at specific premises.  Use a unique ID/key that ensures all 
records in the database are unique and there are no multiple occurrences of the same 
customer or contract. 
 
Observation:  There were customers meeting certain criteria that were not screened 
out.   
Recommendation:  Define and approve the list of screening criteria from the entire 
team before the sample is pulled.  Include as many representatives from different 
departments so as to capture all programs and rates. 
 
Observation:  A large quantity of Small Commercial customer accounts within the 
sample were bounced back (over one-third) due to: no such street number, insufficient 
address, undeliverable, or vacant.  Additionally, there were many duplicated addresses.   
Recommendations:  Recruitment letters were mailed out to service address to ensure 
it reaches decision-makers and to avoid parent company receiving dozens of identical 
SMUD letters for multiple business locations in Sacramento area.  Update commercial 
database regularly to ensure cleanliness of records/addresses.  Allow sufficient time for 
mailing/recruitment effort in case sample size increases and additional mailings are 
needed.  If sending materials to mailing address–personalize them with business 
address information ("this letter is with regards to your business location at such-and-
such address"). 
 
Observation:  Not understanding the difference between the service address and billing 
address contributed to solicitations going to the wrong address.  
Recommendation:  Have a clear understanding of the differences in the service 
address vs. billing address to ensure mailings are targeted to the correct location.  Make 
sure target audience aligns with study objectives/goals. 
 
Observation:  Customer attributes for small commercial aren't conducive to appropriate 
sampling due to lack of appropriate SAP fields. 
Recommendations:  Explore other options other than direct mail to reach this 
segment.  Investigate ways to acquire latest up to date information on small commercial 
customers that would be relevant the program.  
 
Observation:  The database is not set up to handle all of the criteria for each sample 
frame as some pilots/studies had up to 25 criteria that needed to be screened out. 
Recommendations:  Investigate possible upgrade of software to handle a larger load 
of information.   
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Marketing 
 
Observation:  There was a significant lack of response from the small commercial 
segment direct mailing campaign.  
Recommendation:  Alternative channels should be utilized for recruiting the Small 
Commercial segment.  This could include using the Commercial Customer Service 
Representatives to recruit customers who call in to the Contact Center, adding the 
recruitment to an existing energy efficiency program, and/or using public 
pronouncements of the program.  Another method would be to leverage contractors 
working for SMUD to implement energy efficiency measures to this market segment. 
 
Observation:  The option choices presented to the customer were not clear in the 
marketing/recruitment material, which resulted in biased customer enrollment in the 
SMUD managed options (DLC and CPP+DLC). 
Recommendation:   Consider the use of focus groups to test materials before they are 
distributed.  
 
Observation:  There was too much information on the application and agreement which 
made it confusing for customers.  The incomplete application/agreement rate was well 
above what was expected (30-40%), which led to additional staffing resources needed 
to contact customers to complete the materials.  
Recommendation:  Allocate appropriate labor resources to aid in the sign-up process 
based primarily on the complexity of the program.  Online sign up functionality should 
be incorporated in the longer term. 

 

Technology 
 
Observation:  There were many touch points in the process flows regarding customer 
documentation, which increased the chance of steps being missed or data being 
entered incorrectly.  One area of concern was the use of a SQL database that tracked 
customer information.   
Recommendation:  Revisit the process flows and explore areas for consolidation of 
touch points and the use of extra databases for specific customer data.  Consider not 
using the SQL database if data can be found elsewhere. 
 
Observation:  Reports were available from many systems and required labor resources 
to go from system to system to run reports and analyze the data.   
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Recommendation:  Allocate additional time for reporting needs and analysis.  
Determine which parts of the various reports have value and aggregate for analysis and 
troubleshooting efficiency. 
 
Observation:  The SMUD Customer Service Representatives had difficulty identifying 
PowerStat study customers. 
Recommendation:  Investigate a way for Customer Service Representatives to identify 
which program a customer is on from their initial interface.   
 
Observation:  Although Customer Service Representatives could identify that a  
customer opted out of an event, they could not view when they actually did so.  This 
information could be valuable for the CSR when discussing opting out of an event with a 
customer.  
Recommendation:  Look at including additional details regarding customer behavior 
and opting out. 
 
Observation:  When updating email/phone ensure the Business Partner is updated as 
well.  This was a manual process and added processing time. 
Recommendation:  When customer information in one system is updated have 
mirrored information in other locations update as well. 
 
Observation:  The Silver Springs Network HCM Module takes 5-6 minutes to create the 
event for each program and only allows the creation of one program at a time.  
Recommendation:  Upgrade Silver Spring Network’s HCM application to a newer 
version that increases the performance of calling events.   
 
Observation:  The study only offered one type of thermostat to participants.  This 
prevented us from installing more customers than if we had other technologies to offer.   
Recommendation:  Look into offering a suite of end use devices to the customer so as 
to accommodate many premises configurations and needs.  Consider including load 
control devices such as cyclers to air conditioners. 

 

Installations 
 
Observation:  Manual use of communication with the Field Installer, through data 
transfer by an EXCEL spreadsheet, was a less than ideal solution.  Tracking issues 
developed where it was difficult to keep information up to date. 
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Recommendation:  Find an alternative solution to communicating/sharing information 
with installers.  Consider using an online work order management solution that can be 
updated in real-time and accessed by all parties at any given time. 
 
Observation:  Device management was an issue in the field when dealing with an 
inoperable device.  If a device was provisioned through Silver Spring Networks’ DR 
Installer application and was found to be faulty, another device had to be provisioned.  
Occasionally the original device was not fully or partially de-provisioned, which caused 
confusion in the databases. 
Recommendation:  There needs to be a clear process for installations and when a 
device is inoperative after it's been connected to the meter. 
 
Observation:  Events were called before some installations were completed.  Thus, 
many customers were in an incomplete state of enrollment due to their billing cycle and 
when they were actually fully enrolled in their program. 
Recommendation:  Detailed schedule planning is needed in order to enroll customers 
before the onset of the event calling period.  This will enable the proper and full 
enrollment of customers.  If enrollment is to take place during the event calling period, a 
detailed process needs to be developed in order to validate each customer and where 
they stand in the enrollment cycle.  
 
Observation:  The thermostat installers did not always follow the copy/paste process to 
be used in the field, which led to input errors.  
Recommendation:  Consider a different process where the installers use bar code 
readers to enter information.  In addition, incorporate quality assurance into the process 
to ensure data integrity. 

 

Event Messaging 
 
Observation:  The study used a day-ahead messaging notification to participants.  
There may be situations when day-of messaging is necessary for future programs 
designs.   
Recommendation:  Explore how the process flows would be impacted if day-of 
messaging were enabled.   
 
Observation:  The SMS opt-in process to receive day ahead event notifications was 
cumbersome for the customer, which resulted in a lower than expected percentage 
successfully opting in. 
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Recommendation:  Investigate ways to simplify the SMS opt-in process.   
 
Observation:  Allowing SMS as the only day-ahead notification was not a good choice 
as some messages were not sent through the third party messaging vendor.  
Recommendation:  Investigate a notification methodology that incorporates reliability, 
which may require a minimum of two types of communication.  Phone was the most 
reliable method with email and text messaging following.  

 

Event Management 
 
Observation:  There were challenges in coordinating Conservation Day events with the 
timing of other Smart Grid pilots.  Some pilots required exactly twelve Conservation Day 
events to be called, no matter what the weather conditions were.  
Recommendation:  Reevaluate the methodology in which events would be called.  
Consider the ability to call Conservation Day events that are not linked to other pilots or 
studies on the same day.  This should allow Conservation Day events to be called on 
the very hot days to ensure that air conditioners are being used.   

 

Training 
 
Observation:  The SMUD Contact Center customer service representatives, at times 
were confused about the program options. 
Recommendation:  Initial, pre-program training should be more in-depth.  Ongoing or 
refresher training should be an option. 
 
Observation:  There were times when labor resources were constrained and other 
resources were brought onto the project in short notice to help enter customer 
information into databases.  These resources were given very little training and there 
was little of any quality assurance done to ensure data entry accuracy.  This led to data 
entry errors that took additional labor hours to fix. 
Recommendation:  Training should be more in-depth for staff that are entering 
information in databases.  Institute a quality check process for validation purposes of 
data entered. 
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Planning 
 
Observation:  Entire new skills were needed for this study.  A lack of skills and 
knowledge beforehand led to plugging-in resources.  This created delays in processes 
and troubleshooting.  
Recommendation:  Identify project needs ahead of time to the best of abilities and 
assign flexible roles in the advent situations arise that are not expected.  Additionally, 
assign a high level role to specific resources, i.e. troubleshooting, without having to 
define specific tasks if they are unknown. 

 

Customer Service 
 
Observation:  There was a lack of quick access to the customer’s Application and 
Participation Agreement when the customer called and had questions. 
Recommendation:  Investigate the possibility of scanning Application/Agreement into 
SAP to the customer’s account in order to aid the customer experience. 

 

Load Reduction Forecasts 
 
Observation:  All the load reduction forecasts in the demand response management 
system used a customer baseline approach to determine the load reduction forecasts.  
There are a number of attributes that are configurable in the load reduction forecast 
tool.  The forecasts and the actual load reduction were not close.   
Recommendation:  Run the study for another summer and explore the reasons why 
the predicted load reduction models are not close to the actual.  Also consider using the 
results from the impact evaluation models to help refine the modeling in the demand 
response management system. 
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Conclusions and Recommendations 

SMUD’s 2013 PowerStat study studied three program options designed to reduce 
summer peak loads through weekday TOU rates, CPP events, customer-managed 
smart thermostats, and direct load control of AC units by the utility via communicating 
thermostats.  

 

Customer Preferences 
 
One of the objectives of this study was to determine customer preferences for the 
voluntary program options, however, problems introduced during the recruitment effort 
made a quantitative examination of this issue unfeasible.  Because the three program 
options were not clearly explained in the Participation Agreement there is a strong 
likelihood that the choices made by customers in signing up for the study are not 
representative of what would have occurred in the absence of this deficiency.  The 
resulting bias also sheds doubt on the external validity of the final load impact 
estimates. 
 
For the 2014 study, it is strongly recommended that the wording in the recruitment 
materials, and in particular the Participation Agreement, be reviewed carefully to avoid 
this bias.   

 

Load Impacts 
 
The primary objective of the load impact evaluation was to determine how the program 
incentives and load management strategies affected average summer 2013 electric 
loads categorized into three load impact types: (a) event peak demand, (b) non-event 
weekday peak demand, and (c) energy use.  The following sections describe the main 
findings and provide recommendations for future work. 

Event Day Peak Impacts 
 
In aggregate, PowerStat participants reduced the 4-7 pm peak loads significantly on 
106°F Conservation Days, by an average of 1.45 kW (41%) per participant, thus 
achieving the goal of significant demand response.  These results suggest that SMUD 
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consider a future expansion of all or portions of this program to meet future demand 
response resource needs. 
 
Estimated load impacts were significant for all program options.  The CPP and 
CPP+DLC groups had statistically equivalent peak load reductions at -1.63 kW (-46%) 
and -1.67 kW (-45%), respectively, while the DLC group shed -1.32 kW (-39%).  Load 
increases ranging from +7% to +16% in the pre-peak and post-peak periods indicate 
that system operators must also consider potential system load effects in the three 
hours preceding and following the peak period.  Since pre-peak and post-peak load 
impacts were not significantly different between program groups, this issue need not be 
taken into account should SMUD consider implementing some subset of the three 
options offered in this study. 
 
For all program groups, higher outdoor temperatures increased load shed measured in 
kW.  On a percentage basis, however, response of the DLC (35-38%) and CPP+DLC 
(41-43%) groups remained relatively constant as temperature increased.  Only the CPP 
group increased response measured as a percentage of baseline, starting at 35% load 
reduction at 90°F and increasing to 46% load reduction at 110°F.  These findings 
indicate that SMUD can count on a program like this to perform well even at 
temperatures as high as 110°F.  These findings also suggest that SMUD might find it as 
accurate and more convenient to describe load impacts as percentage of baseline 
rather than as pure kW values. 
 
Ceiling insulation level had no effect on event day load shed for the DLC and CPP+DLC 
groups.  In the CPP group, higher ceiling insulation levels were associated with 
significantly higher event impacts.  As elsewhere, the CPP results should be viewed 
with caution given the small sample size.  The expanded study planned for 2014 should 
re-examine this issue with a larger CPP group size. 
 
On the second of two consecutive event days, called on July 2 and 3, the DLC and 
CPP+DLC groups showed no significant change, while the CPP program showed 
increased load shed of 0.5 kW (25%).  This finding provides evidence that, contrary to 
popular belief, event impacts do not diminish on the second successive event day. 
 
Higher event impacts were correlated with lower comfort ratings in all three programs.   
This is an expected result of reduced air-conditioning services. 
 
Limiting event opt outs to one per summer would not improve average participant load 
impacts, and would actually diminish the overall load impact resource because of a 
reduction in participation.  To improve on this analysis, the 2014 PowerStat participants 
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might be presented with a survey question such as: "If the number of event opt outs had 
been limited to 1 per summer, would you still have participated?" The answers to this 
question can then be used to more accurately exclude participants from the analysis of 
load impact estimates under a 1-opt-out-limit scenario. 

Non-event Day Peak Impacts 
 
On non-event weekdays, PowerStat participants saved an average of 4.4% over the 
4-7 pm peak hours, with no statistically significant change in demand during the pre-
peak or post-peak periods.  As expected, the two program groups on the TOU-CPP rate 
reduced load significantly during the weekday peak in response to the higher peak rate, 
while the DLC group showed no statistically significant change from their energy use 
patterns of the prior year.  This finding suggests that SMUD consider the use of a TOU 
rate to reduce summer peak loads in the residential sector. 

Energy Impacts 
 
Overall, the summer energy use of PowerStat participants increased by +1.1% and 
+3.6% for the DLC and CPP groups, respectively, while there was no change detected 
in the CPP+DLC group.   
 

Customer Characteristics 
 
Load sheds during events were significantly greater for customers who had larger 
homes, had more thermostats, received event notification by SMS text messages, and 
used scheduled thermostat programming all or part of the time.  Load sheds during 
events were significantly smaller for participants who lived in homes with only one 
occupant, lived in homes with at least one occupant over age 65, or manually adjusted 
their thermostat settings on a regular basis.  These relationships should be considered 
again in the 2014 study.  Future program efforts wishing to target customers likely to 
provide the greatest load relief on event days might consider targeting younger and 
middle-aged customers living in larger homes with at least two occupants. 

 

Bill Impacts 
 
On average, those on the TOU-CPP rate saved about 50% more than those who chose 
to stay on the standard rate.  Of the three groups, the CPP+DLC saved the most on 
their electricity bills at over $15 per month, followed by the CPP group at over $13 per 
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month.  The DLC group saved just over $9 per month including the payments for 
events.  Marketing materials for future programs might include this information to give 
customers a better idea about how each option is expected affect their electricity bills. 

 

Incentive Structures 
 
Based on an analysis of incentives and event impacts at the subgroup level, payments 
for the 3°F and 4°F offset DLC subgroup incentive levels are too high, and should be 
lowered to $2 for a 3°F event offset and $3 for a 4°F event offset.  Although the 
incentive payment of $2 per event is appropriate for the 2°F offset DLC subgroup, 
SMUD might consider offering just $1 per event to maintain pricing consistency. 

 

Key Customer Survey Results 
 
What were participants’ general experience with the PowerStat program? 
Overall, customers were generally pleased with their experiences participating 
in the 2013 PowerStat® Program.  During the summer season on Conservation Days, 
93% of customers reported being either very (65%) or somewhat (28%) satisfied with 
their experience in the program to that point.  At the conclusion of the program, 
satisfaction ratings were slightly higher, with 95% of customers being satisfied 
(70% very satisfied).  That customers were generally pleased with the PowerStat 
Program was evidenced in other areas as well.  Even though participants had already 
received their free thermostat and thus had less incentive to enroll in the program again, 
nearly nine-in-ten customers stated that they would definitely (64%) or probably (25%) 
sign up to participate in the PowerStat® Program again next summer.  More than four 
out of five customers (88%) also indicated that—if asked by a friend about the 
PowerStat® program—they would recommend that they participate. 
 
Was the Participation Agreement clear? 
Customers’ initial experiences with the 2013 PowerStat® Program occurred during the 
enrollment process, which included responding to a mailed Participation Agreement 
letter in which they were asked to select among several plan options.  The results of the 
survey indicate that many customers may have been confused about the plan options 
they ultimately selected. 
 
When asked directly about the Participation Agreement letter, 41% of customers felt 
that the letter was very clear in describing the different plans and options, 51% indicated 
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it was somewhat clear, 5% stated the letter was not at all clear, and 3% were unsure.  
More revealing, however, is that less than half of participants (48%) could correctly 
identify the plan options they ultimately chose by repeating the selection process 
during the survey.  The confusion was more prevalent with respect to the management 
of Conservation Day settings (customer vs. SMUD controlled) as opposed to the 
temperature offset chosen. 
 
Were participants pleased with the installation process? 
Once a customer had agreed to take part in the PowerStat® program, the 
first substantial step in participation involved the installation of the new PowerStat 
thermostat in the customer’s home.  As was the case in 2012, SMUD contracted with 
GoodCents in 2013 to manage the installation of the PowerStat® thermostats.  Based 
on the responses to the Pre-Treatment Survey, GoodCents performed admirably during 
the installation period. 
 
Nearly every customer surveyed (99%) indicated they were either very (91%) or 
somewhat (8%) satisfied with the installation of their new thermostat.  With respect to 
specific performance dimensions during installation, all customers surveyed (100%) 
agreed that the work site was left clean after the installation was complete, there was no 
damage to their property during the installation process, and the length of time it took to 
install the device was reasonable.  Nearly all respondents also agreed that the 
technician explained the basics of how to use the thermostat (99%), they were able to 
select an installation time that worked for their schedule (98%), the technician explained 
the installation process prior to starting the work (98%), and that the technician arrived 
on time for the appointment (97%). 
 
Approximately 6% of all participants indicated that they contacted GoodCents regarding 
one or more issues related to the PowerStat program for customer service.  Of these 
individuals, 69% indicated that their issue was fully resolved to their satisfaction, and an 
additional 14% indicated that it was partially resolved.  Among all program participants, 
just 1% indicated they contacted GoodCents regarding an issue that ultimately was not 
resolved to their satisfaction. 
 
How did participants rate the PowerStat thermostat? 
The success of the pilot is based, in part, on customers’ opinions of the technology 
employed.  Ninety-one percent (91%) of participants indicated that they were satisfied 
with the PowerStat thermostat overall, and approximately three-quarters indicated that 
the PowerStat thermostat performed better than their prior thermostat.  At both the 
outset and the conclusion of the program, participants generally gave high marks to the 
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PowerStat thermostat on every performance dimension tested, including the readability 
of the display, ability to keep their home at a comfortable temperature, appearance, the 
availability of technical support, helping them to save money, and overall performance.  
Among the minority of customers who were dissatisfied with the PowerStat thermostat, 
commonly mentioned complaints were that the unit is too complicated, lacks 
functionality, and is not user-friendly. 
 
Which treatment strategies performed the best in keeping customers comfortable? 
Across the summer season, 57% of participants indicated that the temperature 
in their home was about right/comfortable during peak hours on Conservation Days, 
39% rated it a bit too hot, 4% stated that it was much too hot, whereas less than 1% 
indicated it was too cool.  When the results were broken down by treatment group, the 
most striking pattern in the data is the general consistency of the responses.  The 
percentage who indicated they were comfortable ranged between 53% and 61% 
across all seven treatment groups, with no differences achieving statistical 
significance.  Similarly, the temperature offset value chosen did not significantly impact 
participants’ comfort levels among those who were treated with a set temperature 
increase for the entire season.  For example, those who had a four degree increase 
expressed comfort levels that were nearly identical to those who experienced a two 
degree offset. 
In addition to asking respondents to rate the temperature in their home using the scale 
noted above, all participants were also asked to rate their personal comfort on 
Conservation Days during peak hours using a variation on the Wong-Baker visual scale 
for measuring pain.  Once again, the results were strikingly similar across all seven 
treatment groups.  The average comfort level ranged from a low of 3.31 to a high of 
3.59 across treatment groups on a 5 point scale, although these differences were not 
statistically significant for any treatment group combinations. 
 
As to why the treatments did not elicit a greater range in reported comfort levels among 
participants, two observations are worth considering.  First, participants were not 
assigned to treatment groups on a random basis—they were allowed to self-select their 
treatment.  Customers who felt comfortable with higher temperatures could thus select a 
higher temperature offset, whereas those who were more sensitive could opt for a lower 
degree offset.  By allowing customers to select their treatment in this way, the study 
design likely underestimates the actual comfort level differences between the treatment 
groups if respondents were assigned on a random basis.  Under random assignment, 
customers who felt comfortable with higher temperatures would be even more likely to 
report being comfortable if assigned a two degree offset, whereas those who were more 
sensitive would be less likely to indicate they were comfortable if they happen to be 
assigned a four degree offset. 
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A second observation is that individual customers were not exposed to different 
treatments in 2013 as they were in the 2012 PowerStat® Pilot.  In the 2012 pilot, the 
same participant received different pre-cooling treatments throughout the season, which 
provided different experiences and a basis for comparison.  In 2013, participants 
received the same treatment throughout the summer season and thus lacked variation 
in Conservation Day experiences that could have helped them to provide a more 
nuanced assessment of their comfort levels on specific Conservation Days. 

 

Small Commercial 
 
Because only twelve customers participated in the small commercial study, load 
impacts results are considered anecdotal and should not be used to predict future 
program results.  Keeping this in mind, peak load impacts were statistically significant 
(but unlikely to be representative) for all three groups, at -15% for the CPP group, -20% 
for the CPP+DLC group, and -35% for the DLC group.  In addition, the CPP+DLC group 
had a statistically significant pre-peak load increase of 0.78 kW (+11%).  Load impacts 
in the post peak period were not significantly different.  
Perhaps the most important take away from the small commercial study is that SMUD 
must put forth a much greater effort in implementing this portion of the study to achieve 
useful results.  More heterogeneity makes the small commercial sector more difficult to 
study than the residential sector.  Thus, a successful study will require more effort and 
more participants than the residential sector–particularly if stratified by business type.  
In the absence of greater effort and a larger number of participants in the 2014 study, 
SMUD should not use resources for the small commercial sector, but rather put off a 
larger and more focused effort for that sector in 2015 after the residential sector has 
been well studied.  
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Appendix A.  Program Materials 

Invitation Letter 

FIGURE 52.  INVITATION LETTER 

Sign up today and you could save on your electric bills! 
 
 
Dear [Customer Name], 
 
You’re invited to participate in our Energy Insights PowerStat® Pilot. This pilot program – available to a small 
group of randomly selected SMUD customers – gives you an opportunity to better manage your energy use 
and save on your summer electric bills. Plus, you get a FREE smart thermostat, valued at $350. 
 
About the PowerStat® Pilot  
 
How does it work? 
Choose the plan that’s right for you: 
The 2-3-4 Plan allows you to earn up to a $48 credit on your summer bill.  The Optimum Off-Peak Plan offers 
greater savings depending upon how you manage your summer electricity use. 
 
Both plans include a free smart thermostat that can help you better manage your electricity use, save energy, 
and help the environment. At no cost to you, a SMUD contractor will install the thermostat, and it will be yours 
to keep.  
 
When does the program run? 
The PowerStat Pilot will run the summer of 2013, June 1 through September 30. 

 
How do I join? 
Signing up is easy. Just choose your plan and fill out and return the enclosed Application and Participation 
Agreement in the postage-paid envelope provided. Enrollment is limited, and qualified customers will be 
enrolled on a first-come, first-served basis. Send in your signed agreement today. 
 
Where can I learn more? 
The enclosed brochure provides complete program details. You can also go to smud.org/2013PowerStat, or 
call us toll-free at 1-855-253-1824. If you decide not to participate, you don’t need to do anything and nothing 
about your service will change. 
 
We’re committed to exploring and embracing new technologies that have the potential to benefit our 
community and help you save energy. This is your chance to be a part of that process. We look forward to 
hearing from you! 
 
Sincerely, 
 
 
 
 
 
 
Michael Daniels 
Program Manager 

SMUD’s Energy Insights Pilot looks at a number of new technologies that will provide you with choices and control to lower 
your electricity usage while staying comfortable.   PS-RES-A 
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Brochure 

FIGURE 53.  RESIDENTIAL RECRUITMENT BROCHURE 
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Participation Application 

FIGURE 54.  RESIDENTIAL PARTICIPATION APPLICATION 
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FIGURE 55.  RESIDENTIAL PARTICIPATION AGREEMENT 

 



  

© 2014 Sacramento Municipal 
Utility District, All rights reserved 

114 

 

 



  

© 2014 Sacramento Municipal 
Utility District, All rights reserved 

115 

 

FIGURE 56.  SMALL COMMERCIAL PARTICIPATION AGREEMENT 
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FIGURE 57.  INSTALLER CHECKLIST 

 
  

Pre-Installation 
 Confirm customer of record is home prior to entering 
 Hand customer their Welcome Kit 

 Pre-Test HVAC System operability and compatibility 
o If declined, thoroughly document reason 

 
Data Collection 

 Air Conditioner Make/Model # 

 R-value (estimate, if needed) 
 
Provisioning of Device 

 DRI Tool 

 Send SECURE Email to 2013powerstat@smud.org 
o Copy and paste in body: MAC ADDRESS and ACCOUNT # 
o Subject Line = “[Secure] Device Information for Successful Install” 

 
Educating the Customer 

 Explain basic functionality of thermostat 

 Contact Information 
o Technical (GoodCents Toll Free 1-866-380-6052) 
o Program (SMUD Toll Free 1-855-253-1824) 

 Magnet 

 Setting Schedules 
 “Leave” Setting (80 degrees) by default 

 Opt-Outs 
o Device 

 Temporary Hold 
 Permanent Hold 

o By Phone 

 For A/C Automation Option Participants 
o Conservation Screen 
o Price Display 

 Calibration Price = $.0001 
 Conservation Day CPP Price = $.75 (12 during summer) 

 
For Technicians: Issues/Escalations 

 Connectivity (HCM): 
o Customer Solutions: (916) 732-7000  

 Urgent Customer Issues: 
o 1st Call: Gene Pinasco: (916) 732-6720 (Business Days) 

2nd Call: Michael Daniels: (408) 464-6232 (all other hours) 
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Appendix B.  Observed residential loads on event days 
 
The following figures plot the observed hourly load values for each of the twelve event 
days called in 2013.  Each plot also includes a modeled baseline, adjusted for the 
temperature profile of that particular day.  

FIGURE 58.  OBSERVED HOURLY LOADS ON EVENT DAYS, RESIDENTIAL DLC 
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FIGURE 59.  OBSERVED HOURLY LOADS ON EVENT DAYS, RESIDENTIAL CPP+DLC 
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FIGURE 60.  OBSERVED HOURLY LOADS ON EVENT DAYS, RESIDENTIAL CPP 
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Appendix C.  Load Models 
 
This section lists each of the equations used to calculate the results provided in this 
report.  For all models, the following definitions apply. 
 
 ݇ ௜௝௞: kilowatt load for customer ݅ on day ݆ at hourݓ݇

 ௜௝௞: categorical variables (1-24) indicating the hour of the day, where hour 1 spansݎݑ݋݄

the period from midnight to 1:00 a.m. and hour 24 spans the period from 11:00 p.m. to 
midnight 
 ݇ ௜௝௞: cooling degree hour on day ݆ at hourܪܦܥ

 ݆ ௜௝: maximum temperature on day݌݉݁ܶݔܽܯ

 ݆ ௜௝: cooling degree day calculated as sum of 24 CDH values on dayܦܦܥ

 categorical variables indicating day type (event, nonevent, pretreatment :݁݌ݕܶݕܽܦ
weekday) 
  categorical variables for treatment and event :ݐ݊݁ݒܧ_ݐܽ݁ݎܶ
 categorical variables for treatment and year :ݎܻܽ݁_ݐܽ݁ݎܶ
 categorical variable indicating month :݄ݐ݊݋ܯ
 categorical variables indicating year (2012, 2013) :ݎܻܽ݁
,௜: random effects for customer ~ܰሺ0ݎ ߮ଵሻ 
,௜௝: random effects for day ~ܰሺ0ݎ ߮ଶሻ 

,௜௝௞: error terms ~ܰሺ0ߝ  ሻܫଶߜ

Hourly Weekday Loads 
 
All days except weekends and holidays are in the model. 
௜௝௞ݓ݇ ൌ ௜௝௞ݎݑ݋ሺ௛௢௨௥ሻ௜௝௞݄ߚ ൅	ߚሺ஼஽ுሻ௜௝௞ܪܦܥ௜௝௞ ൅ ௜௝݌݉݁ܶݔܽܯሺெ௔௫்௘௠௣ሻ௜௝ߚ ൅ ௜௝ܦܦܥሺ஼஽஽ሻ௜௝ߚ ൅

௜௝௞ݎݑ݋ሺ௛௢௨௥∗஼஽஽మሻ௜௝௞݄ߚ ∗ ܦܦܥ
ଶ ൅ ௜௝௞ݎݑ݋൫௛௢௨௥∗ெ௔௫்௘௠௣మ∗஽௔௬்௬௣௘൯௜௝௞݄ߚ ∗ ݌݉݁ܶݔܽܯ

ଶ ∗

	݁݌ݕܶݕܽܦ ൅ ௜ݎ ൅ ௜௝ݎ ൅   ௜௝௞ߝ

3-hour Impact Comparisons 
 
All days except weekends and holidays are in the model. 
௜௝௞ݓ݇ ൌ ௜௝௞ݎݑ݋ሺ௛௢௨௥ሻ௜௝௞݄ߚ ൅	ߚሺ஼஽ுሻ௜௝௞ܪܦܥ௜௝௞ ൅ ௜௝݌݉݁ܶݔܽܯሺெ௔௫்௘௠௣ሻ௜௝ߚ ൅ ௜௝ܦܦܥሺ஼஽஽ሻ௜௝ߚ ൅

௜௝௞ݎݑ݋ሺ௛௢௨௥∗஼஽஽మሻ௜௝௞݄ߚ ∗ ܦܦܥ
ଶ ൅ ௜௝௞ݎݑ݋൫௛௢௨௥∗ெ௔௫்௘௠௣మ∗்௥௘௔௧_ா௩௘௡௧൯௜௝௞݄ߚ ∗ ݌݉݁ܶݔܽܯ

ଶ ∗

	ݐ݊݁ݒܧ_ݐܽ݁ݎܶ ൅ ௜ݎ ൅ ௜௝ݎ ൅   ௜௝௞ߝ

Overall Energy Impacts 
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All days including weekends and holidays are in the model 
௜௝௞ݓ݇ ൌ

௜௝௞ݎݑ݋ሺ௛௢௨௥ሻ௜௝௞݄ߚ ൅	ߚሺ஼஽ுሻ௜௝௞ܪܦܥ௜௝௞ ൅ ௜௝݌݉݁ܶݔܽܯሺெ௔௫்௘௠௣ሻ௜௝ߚ ൅

௜௝௞ݎݑ݋ሺ௛௢௨௥∗்௥௘௔௧_௒௘௔௥ሻ௜௝௞݄ߚ ∗ 	ݎܻܽ݁_ݐܽ݁ݎܶ ൅ ௜ݎ ൅ ௜௝ݎ ൅   ௜௝௞ߝ

TOU-CPP Rate Bill Impacts 
 
All days in 2013 are included in the model 
௝௞ݓ݇ ൌ ௝௞ݎݑ݋ሺ௛௢௨௥ሻ௝௞݄ߚ ൅	ߚሺ஼஽ுሻ௝௞ܪܦܥ௝௞ ൅ ݄ݐ݊݋ܯሺெ௢௡௧௛ሻ௝௞ߚ ൅ ௝௞݌݉݁ܶݔܽܯሺெ௔௫்௘௠௣ሻ௝௞ߚ 	൅

௝௞ݎݑ݋ሺ௛௢௨௥∗௬௘௔௥ሻ௝௞݄ߚ ∗ ݁݌ݕܶݕܽܦ ൅   ௝௞ߝ

Standard Rate Bill Impacts 
 
All days in 2012 and 2013 are included in the model 
௝௞ݓ݇ ൌ ௝௞ݎݑ݋ሺ௛௢௨௥ሻ௝௞݄ߚ ൅	ߚሺ஼஽ுሻ௝௞ܪܦܥ௝௞ ൅ ݄ݐ݊݋ܯሺெ௢௡௧௛ሻ௝௞ߚ ൅ ௝௞݌݉݁ܶݔܽܯሺெ௔௫்௘௠௣ሻ௝௞ߚ 	൅

௝௞ݎݑ݋ሺ௛௢௨௥∗௬௘௔௥ሻ௝௞݄ߚ ∗ ݎܻܽ݁ ൅   ௝௞ߝ
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Appendix D.  Average Event Impacts 
 
Figure 61 illustrates the modeled baselines and average Conservation Day loads for the 
three main program groups in the residential PowerStat study. Figure 62 shows the 
same results represented as impacts, where the modeled baseline loads are subtracted 
from 2013 weekday loads.  Error bars represent 95% confidence intervals for the 
impacts. 

FIGURE 61.  HOURLY EVENT DAY LOADS, BY TREATMENT GROUP 

 
 

FIGURE 62.  HOURLY EVENT DAY IMPACTS, BY TREATMENT GROUP 

 
 
Table 29.  Average Event Day Load Impacts (kW) by Program lists the average load 
impacts for each of the three treatments on 2013 Conservation Days.  Negative kW 
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values indicate the average hourly savings relative to the baseline.  In all 3-hour 
periods, the program options had significant effects, showing energy reductions ranging 
from 37% to 43% in the peak periods, and energy increases ranging from 5.5% to 15% 
in the pre-peak and post-peak periods. 

TABLE 29.  AVERAGE EVENT DAY LOAD IMPACTS (KW) BY PROGRAM 

Group N Event Pre-peak 

(hours 14-16) 

Event Peak 

(hours 17-19) 

Event Post-peak 

(hours 20-22) 

DLC 509 +0.09*  (+5.8%) -0.83*   (-37%) +0.29*  (+15%) 

CPP+DLC 291 +0.10*   (+5.5%) -1.1*    (-43%) +0.25*  (+11%) 

CPP 37 +0.21*   (+12%) -0.96*   (-42%) +0.21*  (+10%) 

* Statistically significant (α = 0.05) 
 
Contrast analysis was used to compare the effects of the programs on loads during the 
three daily periods described above.  Results indicate the following statistically 
significant results (Table 30): 

 In the Pre-peak hours, CPP loads increased more than did DLC loads. 

 In the Peak hours, CPP+DLC load reductions were greatest, followed by CPP, 
and then DLC. 

 There were no significant differences in the Post-peak load impacts. 

TABLE 30.  COMPARISON OF EVENT DAY LOAD IMPACTS BY TREATMENT 

Contrast Event Pre-peak 

(hours 14-16) 

Event Peak 

(hours 17-19) 

Event Post-peak 

(hours 20-22) 

DLC v. CPP -0.12* +0.13* +0.079 

'CPP+DLC' v. CPP -0.10 -0.13* +0.038 

'CPP+DLC' v. DLC +0.014 -0.26* -0.041 

* Statistically significant (α = 0.05) 
 
Of the three program groups, the customers on the TOU-CPP rate with utility-managed 
loads (CPP+DLC) provided the greatest absolute load drop on 2013 event days.  On a 
percentage basis, however, those on the TOU-CPP rate who managed their own 
thermostats (CPP) provided a 42% load shed—nearly identical to the 43% load shed of 
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the CPP+DLC group.  Participants who stayed on the standard tiered rate and were 
paid for event response (DLC) showed the smallest load shed during events at 37%. 
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Appendix E.  Impacts for residential 2-3-4 subgroups 
 
This section presents the loads and impacts for the DLC and CPP+DLC program 
groups, with comparisons between the impacts for the three Conservation Day peak 
offsets of 2, 3 or 4 degrees. 

DLC Program 

FIGURE 63.  AVERAGE PRETREATMENT LOADS, DLC 

 

CONSERVATION DAY EVENTS, DLC 

FIGURE 64.  AVERAGE EVENT LOAD IMPACTS, DLC 
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FIGURE 65.  AVERAGE EVENT LOAD IMPACTS 

 

TABLE 31.  AVERAGE EVENT LOAD IMPACTS 

 N Event Pre-peak 
(hours 14-16) 

Event Peak 
(hours 17-19) 

Event Post-peak 
(hours 20-22) 

DLC2 57 -0.04  (-2.5%) -0.82*  (-34%) +0.21*  (+10%) 

DLC3 99 +0.07*  (+4.0%) -0.96*  (-38%) +0.33*  (+16%) 

DLC4 353 +0.13*  (+9.0%) -0.80*  (-38%) +0.29*  (+15%) 

* Statistically significant (α = 0.05) 

TABLE 32.  COMPARISON OF EVENT LOAD IMPACTS BY TREATMENT 

 Event Pre-peak 
(hours 14-16) 

Event Peak 
(hours 17-19) 

Event Post-peak 
(hours 20-22) 

DLC3-DLC2 +0.11* -0.14* +0.12* 

DLC4-DLC2 +0.17* +0.02 +0.09* 

DLC4-DLC3 +0.06 +0.16* -0.04 

* Statistically significant (α = 0.05) 
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NONEVENT SUMMER WEEKDAYS, DLC 

TABLE 33.  AVERAGE NONEVENT LOAD IMPACTS 

 N Pre-peak 
(hours 14-16) 

Peak 
(hours 17-19) 

Post-peak 
(hours 20-22) 

DLC2 57 -0.03 (-2.5%) -0.01 (-0.4%) +0.004 (+0.3%) 

DLC3 99 -0.05* (-3.9%) -0.02 (-1.3%) +0.013 (+0.9%) 

DLC4 353 -0.01 (-0.7%) +0.01 (+0.6%) +0.011 (+0.8%) 

* Statistically significant (α = 0.05) 

TABLE 34.  COMPARISON OF NONEVENT LOAD IMPACTS BY TREATMENT 

 Nonevent  Pre-peak 
(hours 14-16) 

Nonevent Peak 
(hours 17-19) 

Nonevent Post-peak 
(hours 20-22) 

DLC3-DLC2 -0.019 -0.017 +0.010 

DLC4-DLC2 +0.021 +0.014 +0.008 

DLC4-DLC3 +0.040* +0.031 -0.002 

* Statistically significant (α = 0.05) 
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OVERALL SUMMER ENERGY IMPACTS, DLC 

TABLE 35.  AVERAGE LOAD IMPACTS (MODELED) 

 N Total 
(hours 1-24) 

DLC2 57 -0.0053 (-0.5%) 

DLC3 99 -0.0045 (-0.4%) 

DLC4 353 +0.018* (+1.7%) 

* Statistically significant (α = 0.05) 

TABLE 36.  COMPARISON OF LOAD IMPACTS BY TREATMENT 

 Total 
(hours 1-24) 

DLC3-DLC2 +0.001 

DLC4-DLC2 +0.023* 

DLC4-DLC3 +0.022* 

* Statistically significant (α = 0.05) 
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CPP+DLC Program 

FIGURE 66.  ACTUAL 2012 WEEKDAY LOADS 

 

CONSERVATION DAY EVENTS, CPP+DLC  

FIGURE 67.  EVENT HOURLY LOADS 
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TABLE 37.  AVERAGE LOAD IMPACTS (EVENT) 

  N Pre-peak 
(hours 14-16) 

Peak 
(hours 17-19) 

Post-peak 
(hours 20-22) 

CPP+DLC2 65 0.15* (7.6%) -0.90* (-32%) 0.16* (6.7%) 

CPP+DLC3 70 0.06   (2.9%) -1.2* (-43%) 0.23* (10%) 

CPP+DLC4 156 0.11* (6.6%) -1.1* (-46%) 0.33* (16%) 

* Statistically significant (α = 0.05) 

TABLE 38.  COMPARISON OF LOAD IMPACT BY TREATMENT (EVENT) 

 Pre-peak 
(hours 14-16) 

Peak 
(hours 17-19) 

Post-peak 
(hours 20-22) 

CPP+DLC3–CPP+DLC2 -0.090 -0.28* 0.075 

CPP+DLC4–CPP+DLC2 -0.035 -0.18* 0.18* 

CPP+DLC4–CPP+DLC3 0.055 0.10 0.10 

* Statistically significant (α = 0.05) 

NONEVENT SUMMER WEEKDAYS, CPP+DLC 

TABLE 39.  AVERGE LOAD IMPACTS (NON-EVENT) 

 N Nonevent Pre-peak 
(hours 14-16) 

Nonevent Peak 
(hours 17-19) 

Nonevent Post-
peak 
(hours 20-22) 

CPP+DLC2 65 -0.016 (-1.2%) -0.13* (-6.5%) -0.021 (-1.2%) 

CPP+DLC3 70 0.019 (1.4%) -0.11* (-5.7%) 0.002 (0.1%) 

CPP+DLC4 156 -0.009 (-0.7%) -0.14* (-8.6%) 0.025 (1.7%) 

* Statistically significant (α = 0.05) 
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TABLE 40.  COMPARISON OF LOAD IMPACTS BY TREATMENT (NON-EVENT) 

 Nonevent Pre-
peak 
(hours 14-16) 

Nonevent Peak 
(hours 17-19) 

Nonevent Post-
peak 
(hours 20-22) 

CPP+DLC3–
CPP+DLC2 

0.035 0.011 0.023 

CPP+DLC4–
CPP+DLC2 

0.007 -0.016 0.046 

CPP+DLC4–
CPP+DLC3 

-0.028 -0.027 0.023 

* Statistically significant (α = 0.05) 

OVERALL SUMMER ENERGY IMPACTS, CPP+DLC 

TABLE 41.  AVERAGE LOAD IMPACTS (OVERALL) 

 N Total 
(hours 1-24) 

CPP+DLC2 65 -0.011  (-0.83%) 

CPP+DLC3 70 -0.002  (-0.18%) 

CPP+DLC4 156 0.005  (0.39%) 

* Statistically significant (α = 0.05) 

TABLE 42.  COMPARISON OF LOAD IMPACTS BY TREATMENT 

 Total 
(hours 1-
24) 

CPP+DLC3–CPP+DLC2 0.009 

CPP+DLC4–CPP+DLC2 0.016 

CPP+DLC4–CPP+DLC3 0.007 

* Statistically significant (α = 0.05) 

Bill Impacts by Subgroup 
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Also listed are the perceived bill impacts collected by the post-summer survey and 
analyzed by True North Research (2013).  

TABLE 43.  AVERAGE ACTUAL AND PERCEIVED MONTHLY BILL IMPACTS, BY SUBGROUP 

Subgroup 

 

N Electricity 
Cost 
Impact 

Avg. 
DLC 
payment

Actual 
Monthly 
Bill 
Impact 

Perceived 

Monthly 
Bill 
Impact* 

Perceived 
Savings 
Inflation 

DLC2° 57 -$0.72 -$5.56 -$6.28 -$11.61 38% 

DLC3° 99 -$0.69 -$8.64 -$9.33 -$16.16 42% 

DLC4° 353 $1.50  -$11.44 -$9.94 -$20.09 268% 

CPP+DLC2° 65 -$14.99 -- -$14.99 -$33.44 123% 

CPP+DLC3° 70 -$16.53 -- -$16.53 -$33.00 100% 

CPP+DLC4° 156 -$15.14 -- -$15.14 -$35.24 133% 

CPP 37 -$13.47 -- -$13.47 -$47.64 254% 

* Perceived monthly bill impacts from survey analysis by True North Research, 2013. 
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Appendix F.  1-in-2, 1-in-5, and 1-in-10 Event days 
 
This section present the loads and load impacts for each program group on different 
temperature days defined by SMUD as follows:  
1-in-2.  The hottest day in a typical summer: maximum 106°F, minimum 67°F. 

1-in-5.  The hottest day in 5 years: maximum 108°F, minimum 69°F. 

1-in-10.  The hottest day in 10 years. maximum 110°F, minimum 71°F. 
 
A seen previously, loads and impact are both larger on hotter days across all program 
groups. 

FIGURE 68.  1-IN-2, 1-IN-5, AND 1-IN-10 HOURLY LOADS FOR DLC EVENTS 

 
 

TABLE 44.  1-IN-2, 1-IN-5, AND 1-IN-10 PEAK IMPACTS FOR DLC EVENTS 

Group Peak 
Day 

Type 

MaxTemp Pre-peak 

(hours 14-
16) 

Peak 

(hours 17-
19) 

Post-peak 

(hours 20-
22) 

DLC 1-in-2 106 0.18 -1.3 0.47 

DLC 1-in-5 108 0.20 -1.4 0.50 

DLC 1-in-10 110 0.22 -1.5 0.54 
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TABLE 45.  1-IN-2, 1-IN-5, AND 1-IN-10 HOURLY IMPACTS FOR DLC EVENTS 

Hour 1-in-2 1-in-5 1-in-10 

hour1 0.14 0.16 0.18 

hour2 0.13 0.14 0.16 

hour3 0.12 0.13 0.15 

hour4 0.09 0.10 0.11 

hour5 0.07 0.09 0.10 

hour6 0.09 0.10 0.12 

hour7 0.11 0.12 0.12 

hour8 0.10 0.11 0.11 

hour9 0.08 0.09 0.09 

hour10 0.10 0.10 0.11 

hour11 0.11 0.12 0.13 

hour12 0.16 0.18 0.20 

hour13 0.18 0.21 0.23 

hour14 0.19 0.21 0.24 

hour15 0.22 0.24 0.27 

hour16 0.18 0.20 0.22 

hour17 -1.58 -1.71 -1.85 

hour18 -1.35 -1.46 -1.57 

hour19 -1.23 -1.32 -1.42 

hour20 0.55 0.57 0.60 
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Hour 1-in-2 1-in-5 1-in-10 

hour21 0.46 0.50 0.54 

hour22 0.38 0.42 0.46 

hour23 0.24 0.27 0.30 

hour24 0.22 0.25 0.28 

 

FIGURE 69.  1-IN-2, 1-IN-5, AND 1-IN-10 HOURLY LOADS FOR CPP+DLC EVENTS 

 
 

TABLE 46.  1-IN-2, 1-IN-5, AND 1-IN-10 PEAK IMPACTS FOR CPP+DLC EVENTS 

Treatment Peak 
Day 

Type 

MaxTemp N Pre-peak 

(hours 14-
16) 

Peak 

(hours 17-
19) 

Post-peak 

(hours 20-
22) 

CPP+DLC 1-in-2 106 291 0.20 -1.7 0.40 

CPP+DLC 1-in-5 108 291 0.22 -1.8 0.43 

CPP+DLC 1-in-10 110 291 0.24 -1.9 0.47 
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TABLE 47.  1-IN-2, 1-IN-5, AND 1-IN-10 HOURLY IMPACTS FOR CPP+DLC EVENTS 

Hour 1-in-2 1-in-
5 

1-in-
10 

hour1 0.14 0.16 0.18 

hour2 0.13 0.14 0.15 

hour3 0.14 0.15 0.16 

hour4 0.17 0.19 0.21 

hour5 0.15 0.16 0.17 

hour6 0.11 0.12 0.13 

hour7 0.12 0.13 0.13 

hour8 0.11 0.12 0.13 

hour9 0.13 0.14 0.16 

hour10 0.18 0.20 0.22 

hour11 0.13 0.15 0.17 

hour12 0.17 0.19 0.21 

hour13 0.26 0.29 0.32 

hour14 0.30 0.33 0.37 

hour15 0.22 0.24 0.26 

hour16 0.08 0.08 0.09 

hour17 -1.91 -2.06 -2.21 

hour18 -1.67 -1.79 -1.91 

hour19 -1.47 -1.57 -1.67 

hour20 0.37 0.38 0.38 
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Hour 1-in-2 1-in-
5 

1-in-
10 

hour21 0.46 0.50 0.54 

hour22 0.44 0.49 0.55 

hour23 0.26 0.29 0.33 

hour24 0.25 0.28 0.31 
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FIGURE 70.  1-IN-2, 1-IN-5, AND 1-IN-10 HOURLY LOADS FOR CPP EVENTS 

 

TABLE 48.  1-IN-2, 1-IN-5, AND 1-IN-10 PEAK IMPACTS FOR CPP EVENTS 

Treatment Peak 
Day 

Type 

MaxTemp N Pre-peak 

(hours 14-
16) 

Peak 

(hours 17-19) 

Post-peak 

(hours 20-
22) 

CPP 1-in-2 106 37 0.32 -1.6 0.40 

CPP 1-in-5 108 37 0.34 -1.8 0.43 

CPP 1-in-10 110 37 0.36 -1.9 0.47 
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TABLE 49.  1-IN-2, 1-IN-5, AND 1-IN-10 HOURLY IMPACTS FOR CPP EVENTS 

Hour 1-in-2 1-in-5 1-in-10 

hour1 0.36 0.41 0.46 

hour2 0.24 0.28 0.32 

hour3 0.21 0.24 0.27 

hour4 0.15 0.18 0.20 

hour5 0.14 0.15 0.17 

hour6 0.12 0.13 0.15 

hour7 0.02 0.02 0.01 

hour8 0.08 0.08 0.09 

hour9 0.17 0.17 0.17 

hour10 0.47 0.50 0.53 

hour11 0.34 0.35 0.37 

hour12 0.27 0.29 0.30 

hour13 0.30 0.32 0.34 

hour14 0.10 0.10 0.10 

hour15 0.30 0.31 0.32 

hour16 0.56 0.62 0.68 

hour17 -1.51 -1.63 -1.75 

hour18 -1.70 -1.85 -2.00 

hour19 -1.73 -1.88 -2.03 

hour20 0.17 0.17 0.16 

hour21 0.45 0.50 0.54 
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Hour 1-in-2 1-in-5 1-in-10 

hour22 0.55 0.62 0.69 

hour23 0.50 0.58 0.66 

hour24 0.39 0.44 0.50 
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Appendix G.  Small Commercial Study 
 
The PowerStat study was originally designed to test the effects of dynamic pricing and 
load control in both the residential and small commercial sectors.  One of the main 
differences in study design was the timing of the peak period, which for commercial 
customers started at 3:00 p.m. and ended at 6:00 p.m. Table 50 shows the rate options 
available to small commercial PowerStat participants. 

TABLE 50.  SMALL COMMERCIAL RATE OPTIONS:  STANDARD AND TOU-CPP RATES (SUMMER) 

Period 
Name 

Period  

Timing 

Standard Rate—
Non-Demand 
Metered ($/kWh) 

TOU-CPP 
Rate 
($/kWh) 

% of 
Summer 
Hours 

Event 3:00–6:00 p.m. $  0.2837 $ 0.7500 1% 

On-peak 3:00–6:00 p.m. 

Non-holiday 
weekdays 

$  0.2837 $ 0.2837 8% 

Off-peak All other hours $  0.1050 $ 0.0900 91% 

 

Small Commercial Load Impacts by Program 
 
Figure 71plots the average event impacts for the small commercial program groups.  
Keep in mind that the extremely small sample sizes—just 12 customers in total—
essentially relegate these results to being considered anecdotal.  They are presented 
here for the sake of thoroughness in data reporting, but should not in any way be used 
to predict future program results. 
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FIGURE 71.  COMMERCIAL EVENT DAY LOAD IMPACTS, BY PROGRAM 

 
 
Statistical analysis indicates that the peak load impacts are significant for all three 
groups (Table 51).  In addition, the CPP+DLC group exhibits a statistically significant 
pre-peak load increase. 

TABLE 51.  COMMERCIAL EVENT DAY LOAD IMPACTS, BY PROGRAM 

Group N Event Pre-peak 

(hours 13-15) 

Event Peak 

(hours 16-18) 

Event Post-peak 

(hours 19-21) 

DLC 8 -0.075 (-2.1%) -0.51* (-15%) 0.044 (1.5%) 

CPP+DLC 2 0.78* (11%) -1.8* (-20%) 0.048 (0.49%) 

CPP 2 -0.29 (-11%) -1.0* (-35%) 0.001 (0.14%) 

* Statistically significant (α = 0.05) 
 
Contrast analysis indicates that pre-peak and peak event impacts for the CPP+DLC 
group were significantly different from the CPP and DLC groups.  
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TABLE 52.  CONTRASTS BETWEEN COMMERCIAL EVENT DAY LOAD IMPACTS 

Contrast Event Pre-peak 

(hours 13-15) 

Event Peak 

(hours 16-18) 

Event Post-peak 

(hours 19-21) 

DLC-CPP 0.21 0.53 0.0430 

'CPP+DLC'-CPP 1.10* -0.80* 0.0470 

'CPP+DLC'-DLC 0.85* -1.30* 0.0038 

* Statistically significant (α = 0.05) 
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Small Commercial Load Impacts by Customer 

MODEL 

௝௞ݓ݇ ൌ

௝௞ݎݑ݋ሺ௛௢௨௥ሻ௝௞݄ߚ ൅ ௝௞ܪܦܥሺ஼஽ுሻ௝௞ߚ	 ൅ ௝௞݌݉݁ܶݔܽܯሺெ௔௫்௘௠௣ሻ௝௞ߚ ൅

௝௞݌݉݁ܶݔܽܯሺெ௔௫்௘௠௣∗௛௢௨௥∗஽௔௬்௬௣௘ሻ௝௞ߚ ∗ ௝௞ݎݑ݋݄ ∗ ݁݌ݕܶݕܽܦ ൅ ௝ݎ ൅   ௝௞ߝ

 
 ݇ ௝௞: kilowatt load on day ݆ at hourݓ݇

 ௝௞: categorical variables (1-24) indicating the hour of the day, where hour 1 spans the periodݎݑ݋݄

from midnight to 1:00 a.m. and hour 24 spans the period from 11:00 p.m. to midnight 
 ݇ ௝௞: cooling degree hour on day ݆ at hourܪܦܥ

 ݆ ௝௞: maximum temperature on day݌݉݁ܶݔܽܯ

 categorical variable for Day Type with 2 levels (event, nonevent) :݁݌ݕܶݕܽܦ
,௝: random effects for day ~ܰሺ0ݎ ߮ଶሻ, assumed to be independent for different ݆  

,௝௞: error terms ~ܰሺ0ߝ  ሻ, assumed to be independent for different ݆ and to be independent ofܫଶߜ

random effects 
 
* All Summer 2013 days except weekends and holidays are in the modelTable 53 
shows the results of the model for each customer in the small commercial PowerStat 
study.  Of the 12 customers, 8 exhibited statistically significant load reductions during 
the peak hours on the 12 Conservation days.  Most of this effort can be contributed to 
load shifting rather than load reduction, since only 2 of these customers also reduced 
overall energy use on those days. 

TABLE 53.  COMMERCIAL LOAD IMPACTS, BY CUSTOMER 

Contract 
Account 

Program R-
value 

Event 
Pre-
peak 
(hours 
13-15) 

Event 
Peak 
(hours 
16-18) 

Event 
Post-
peak 
(hours 
19-21) 

Event 
Other 
(hours 
1-12,22-
24) 

Event 
Total 
(hours 
1-24) 

XXXX984 CPP 18 -0.34* 
(-9.7%) 

-0.98* 
(-27%) 

+0.30* 
(+45%) 

+0.17* 
(+42%) 

-0.02 
(-1.5%) 

XXXX028 CPP 38 -0.10 
(-5.3%) 

-0.98* 
(-47%) 

+0.003 
(+1.4%) 

+0.04 
(+9.3%) 

-0.11* 
(-14%) 

XXX880 DLC-2 24 -0.03 
(-2.4%) 

-0.16* 
(-35%) 

+0.03 
(+20%) 

+0.02 
(+4.4%) 

-0.005 
(-1%) 
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Contract 
Account 

Program R-
value 

Event 
Pre-
peak 
(hours 
13-15) 

Event 
Peak 
(hours 
16-18) 

Event 
Post-
peak 
(hours 
19-21) 

Event 
Other 
(hours 
1-12,22-
24) 

Event 
Total 
(hours 
1-24) 

XXXX780 DLC-2 19 -0.70* 
(-13%) 

-1.2* 
(-19%) 

-0.33* 
(-6.6%) 

-0.14 
(-8.4%) 

-0.37* 
(-12%) 

XX157 DLC-4 19 -0.10 
(-1.1%) 

-0.36 
(-4.1%) 

+0.3 
(+3.6%) 

+0.27 
(+4.6%) 

+0.15 
(+2.2%) 

XXXX869 DLC-4 19 +0.002 
(+0.5%)

+0.001 
(+0.2%)

+0.001 
(+0.1%) 

+0.002 
(+0.41%) 

+0.002 
(+0.4%) 

XXXX467 DLC-4 30 +0.16 
(+11%) 

+0.51 
(+43%) 

+0.85* 
(+40%) 

+0.07 
(+4.8%) 

+0.23 
(+15%) 

XXX354 DLC-4 19 -0.61 
(-6.2%) 

-2.5* 
(-28%) 

-0.65 
(-14%) 

+0.34 
(+10%) 

-0.25 
(-5.1%) 

XXX724 DLC-4 19 -0.10 
(-4.2%) 

-1.2* 
(-47%) 

+0.45* 
(+18%) 

+0.10* 
(+6%) 

-0.04 
(-2.2%) 

XXX719 DLC-4 19 -0.004 
(-2.8%) 

-0.03 
(-21%) 

+0.03 
(+12%) 

-0.02 
(-5.4%) 

-0.02 
(-4.8%) 

XXXX377 CPP+DLC4 30 +1.10* 
(+30%) 

-2.0* 
(-32%) 

+0.39 
(+5.2%) 

+0.66 
(+31%) 

+0.34 
(+9.7%) 

XXX899 CPP+DLC4 24 +0.14 
(+1.3%)

-1.7* 
(-14%) 

+0.58* 
(+5.2%) 

+0.13 
(+1.9%) 

-0.05 
(-0.6%) 

* Statistically significant (α = 0.05) 
 
 
The following section provides graphs of load impacts for each small commercial 
customer. 
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SMALL COMMERCIAL LOAD IMPACTS—CUSTOMER SPECIFIC 

FIGURE 72.  EVENT IMPACTS 
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Appendix H.  True North Research Report 
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