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ABBREVIATIONS AND ACRONYMS 

ATS Applied Technology Services 

EM&V Evaluation, Measurement and Verification 

PCT Programmable Communicating Thermostat 

PC Personal Computer 

DR Demand Response 

DRAS Demand Response Automation Server 

DUT  Device Under Test  

EE Energy Efficiency 

HVAC Heating, Ventilation and Air Conditioning 

IEEE Institute of Electrical and Electronics Engineers 

IOU Investor Owned Utility 

NEMA National Electrical Manufacturers Association 

OEM Original Equipment Manufacturer 

OAT Outside Air Temperature 

NEMA The National Electrical Manufacturers Association 

 

 

 

 



 

 iii 

PG&E’s Emerging Technologies Program ET13PGE1462 

GLOSSARY 

“Away” Generic thermostat scheduling setting to describe a predetermined 

unoccupied space, requiring a certain level of conditioning. 

Contactor An electrically controlled switch used for switching a power circuit, 

similar to a relay except with higher current ratings. In a residential and 

commercial HVAC setting, contactors act as the switch to power a 

blower, heater and compressor, when appropriate. 

“Cooling Set 

point” 

Generic thermostat setting used to call for a decrease in temperature of 

a given space. 

“Home” Generic thermostat scheduling setting to describe a predetermined 

occupied space, requiring a certain level of conditioning. 

“Heating Set 

point” 

Generic thermostat setting used to call for an increase in temperature of 

a given space. 

“Opt Out” The act of cancelling out of a scheduled event. In the case of DR, the 

thermostat operation would return to the previously scheduled set 

points. 

“Override” The act of manually changing a thermostat temperature set point during 

a scheduled event. In the case of DR, the thermostat operation would 

not return to the previously scheduled set points and would maintain the 

manually selected set points. 

Programmable 

Communicating 

Thermostat 

A programmable thermostat that can receive and send information 

wirelessly. 

Spot Check A single point of reference used to confirm basic operation. 

Wifi A technology that allows an electronic device to exchange data or 

connect to the internet wirelessly using microwaves in the 2.4 GHz and 

5 GHz bands. 

Expected A key word used to describe the behavior of the hardware or software in 

the design models assumed by this document. 

May/Might A key word that indicates flexibility of choice with no implied preference. 

Shall/Must A key word indicating a mandatory requirement. Vendors are required to 

implement such mandatory requirements. 

Should A key word indicating flexibility of choice with a strongly preferred 

alternative. Equivalent to the phrase is recommended. 
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EXECUTIVE SUMMARY 

PROJECT GOAL 

The objective of this project was to develop a functionality testing procedure for residential 

smart thermostat devices, in support of an energy efficiency and demand response 

residential smart thermostat rebate program, in the planning stages at the time of this 

writing. This testing procedure would then be used to systematically validate capabilities of 

smart thermostats entered in the program under three distinct categories: basic thermostat 

feature functionality, energy efficiency feature functionality and demand response 

functionality.  

PROJECT DESCRIPTION 

Improvement in energy efficiency and the introduction of demand response are two 

capabilities for which smart thermostats (also known as advanced programmable 

communicating thermostats) provide a potential in the residential sector. Through the use 

of cloud-based communication and improved logic at the device, the potential for system 

and user-based control strategies has improved well beyond the previously available 

programmable thermostat.  

An energy efficiency and demand response residential smart thermostat rebate program 

would provide an opportunity to support the efforts currently under development in the 

residential thermostat market by providing standards and guidelines from the perspective of 

promoting improved grid stability and continued reduction in energy use. A fully inspected 

and validated smart thermostat will be the first step towards providing customers within the 

PG&E service territory the confidence to support these emerging technologies.  

PROJECT FINDINGS/RESULTS 

Throughout the development of this project, 14 different commercially available smart 

thermostats from six vendors were inspected and considered in the development and 

completion of the residential functionality testing procedure. Vendor particulars will not be 

provided in this report, as official testing was not provided during the course of this project, 

but important lessons learned are discussed in detail throughout the remainder of this 

report.  

Although current progress on testing is considered unofficial, it is worth noting that 

unexpected findings resulted for commercially available thermostats in every category 

incorporated into the testing procedure that were available for inspection (basic thermostat 

functionality and energy efficiency feature functionality). These findings provide confidence 

in the need for a vetting process for smart thermostats before being made eligible for a a 

smart thermostat rebate program.  

PROJECT RECOMMENDATIONS 

The following recommendations are provided for future development of functionality 

validation for a rebate program: 

 Initial dialogue with the vendor is beneficial for establishing an understanding of the 

requirements to qualifying for the program, especially in regard to energy efficiency 

requirements. 
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 Once a vendor application is received and a product is ready for testing, ensure that 

the current software package for the device to test is fixed (will not change during or 

after testing). Many smart thermostat devices are capable of remote software 

upgrades and the validity of the testing process could become compromised if 

alterations are allowed. Software package identifiers should be provided at the onset 

of testing and consistency of these identifiers should be validated at each critical step 

within the rebate program. 

 Perform testing on multiple (at least 3) devices of the same model, preferably from 

different commercial channels.   

 For energy efficiency features with strategies that are not readily apparent through 

vendor manuals or other informative materials, if possible, receive control strategies 

directly from the vendor. This is important for developing a test bed with the 

capability of inducing a response due to the energy efficiency feature. 

 Prior to testing, have an understanding in mind of which features are critical to the 

program and customer and which are less critical. Requirements should then be set 

accordingly. For example, the ability to communicate between remote interfaces and 

the tested devices varied drastically between vendors and products. Most were able 

to eventually send event commands but time to process could range from nearly an 

instant response time to 15-20 minutes. A number of vendors might not qualify for 

the program, either rightfully so or not, depending on the feature and the phrasing of 

the requirement. 

INTRODUCTION 
This report describes the procedures and equipment used and provides examples of key 

findings obtained by PG&E’s ATS Department (Applied Technology Services) as related to 

the laboratory performance testing of residential smart thermostats. The steps undertaken 

during this laboratory evaluation will support the efforts of PG&E’s Customer Energy 

Solutions in developing a rebate program focused on the support of smart thermostats for 

Energy Efficiency savings potential and Demand Response capability.  

The original intent of this first phase of the project was to develop a functionality testing 

procedure that would eventually be provided to a third party for long term testing of 

incoming residential devices. The use of a temperature controlled testing chamber would be 

used in the effort to develop this testing procedure through hands-on use of currently 

available smart thermostats. As the project has proceeded, the long term plan has evolved, 

and at this point the idea of third party testing has been put on hold.  It was decided to 

continue to utilize the ATS testing space for this project. The testing was expanded to 

incorporate both the functionality testing of energy efficiency features and eventual demand 

response capabilities.   

 

The effort to develop a residential smart thermostat program is an ongoing process and this 

report merely provides the steps taken to evaluate the functionality of some of the currently 

available smart thermostats in the market.  
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TECHNICAL APPROACH/TEST METHODOLOGY 

LABORATORY FACILITY 
All testing was performed in the HVAC testing apparatus in the Advanced Technology 

Performance Lab (ATPL) at PG&E’s San Ramon Technology Center.  This facility is discussed 

in other Emerging Technologies documents, such as in “Laboratory Testing of Enhancements 

for Rooftop Packaged Air Conditioners”, a concurrent Emerging Technologies Testing project 

under the lead of Robert Davis (Reference 2).  The apparatus consists of two side-by-side 

environmental chambers designed following ASHRAE Standard 37.  The two chambers have 

independent conditioning systems for maintaining temperature and humidity. All testing for 

the smart thermostat testing project was completed in the chamber to the left, as seen in 

Figure 1: HVAC Test Lab.   

 

    

FIGURE 1: HVAC TEST LAB 

 

Setup of the ATPL smart thermostat testing chamber was designed specifically for the 

completion of end-to-end testing of wirelessly communicating thermostat devices in a 

system that followed the design of a typical residential or commercial space. To do this, four 

dry wall modules were installed in the temperature controlled chamber for temporary 

placement of individual thermostats. The first module (labeled as T1 and farthest to the left 

in Figure 2) was intended as a location for a baseline non-programmable or programmable 

thermostat. This module was never utilized during the testing process but was made 

available in the event of a future need.  The three modules to the right (labeled T2-T4) 

provided locations for three thermostats of the same make and model, with the intent to 

duplicate all functionality tests for improved confidence in testing outcomes.  

As seen in Figure 2: Smart Thermostat Test Chamber, video cameras were installed for each 

of the three thermostats under test. Device temperature display was recorded on a 

continuous basis at a one second interval to verify thermostat display matches with actual 

room temperature. This proved especially useful during longer tests, such as the 

temperature accuracy test and the device response test. 
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FIGURE 2: SMART THERMOSTAT TEST CHAMBER 

 

All four testing modules were installed with the capability of either four wire (heat/cool/fan 

control) or five wire (heat/cool/fan control and common wire for digital display/control) 

configuration. Power is provided to each thermostat via 24 V AC power that has been 

stepped down from a typical 120 V AC power source. Wiring for fan, heating and cooling for 

each of the three thermostats under test were routed to three sets of contactor relays. In a 

typical residential/commercial system, these contactor relays would be wired to the heating 

and cooling elements of the HVAC unit. The relays in the ATS testing facility were connected 

to an external 10V power supply to provide a measurable voltage signal in the event of a 

call for heating or cooling. Initially, there was interest in measuring the power used directly 

by the thermostats under test. This power draw could result from features such as light-up 

display or other potential sources and the test setup allowed for this information to be 

monitored. The transformer, relay, and power measurement set-up is shown in the right 

side of Figure 2. The wiring line diagram for this test setup is included in the Appendix A, 

Figure A-1: Smart Thermostat Wiring Configuration Line Diagram. 

INSTRUMENTATION PLAN 
Prior to testing of any devices of interest, proper calibration protocols were followed on all 

measurement sensors. For temperature readings, calibration included a low point using an 

ice bath (32°F) and a high point using a hot block calibrator (100°F).  The raw 

measurements were adjusted to match the reading from a secondary temperature standard 

placed in the same environment. For current and voltage, the ATS Instrument Calibration 
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and Repair Unit provided through system calibrations with a Fluke 5700A Multifunction 

Calibrator to confirm vendor specifications. Calibration results for current and voltage 

readings can be found in the Appendix A, Figure A-2: NIST Traceable Calibration Report for 

Voltage and Current Transducers.  

All testing instrumentation for the HVAC testing chambers were connected to signal 

conditioning modules based on the National Instruments C-series architecture, connected to 

six Compact-RIO chasses.  The modules included different units for RTDs, thermocouples, 

voltage, current, and pulse counting, plus both analog and digital output modules to control 

the room conditioning systems and monitor the thermostats under test.   

The six Compact-RIO chasses communicate over an Ethernet network to a central host 

computer, which ran a custom data acquisition and control program developed with National 

Instruments LabVIEW™ graphical programming language developed primarily by Robert 

Davis of the ATS Performance Testing & Analysis Unit.  The program acquired readings from 

the chasses at a rate of 2 Hz, applied calibration scaling and maintained a running average 

for each measurement, and logged the averages to a file every 10 to 15 seconds.  The 

scaled values and other calculated values were also displayed on screen in both text and 

graphical form, and used to generate feedback control signals to the space conditioning 

systems. Appendix A Table A-1: Monitoring Instrumentation Description documents the 

instrumentation and the accuracy for the measurements taken in the laboratory facility. 

Logged data sets were saved in an ASCII text format that is easily imported into Microsoft 

Excel for analysis.  

EMERGING TECHNOLOGY/PRODUCT 

STRUCTURE OF THE FUNCTIONALITY TEST PROCEDURE 
The residential functionality test procedure was intended for use in testing the 

interoperability of all Programmable Communicating Thermostats (PCT) with a submitted 

PG&E PCT Product Qualification Application. Once all qualifications were met, the devices 

under test would be used to qualify applicants for use in energy efficiency and demand 

response programs. 

To qualify, four major steps were to be completed by the PG&E validation/verification team. 

These steps are listed below: 

Step 1: Valid product pre-qualifies 

Step 2: Validate proper submission of PG&E PCT Product Qualification Application 

Step 3: Validate program qualification requirement claims by the vendor have been 

met 

Step 4: Execute testing & provide results   

 Step 4a: Validate documentation and installation requirements have been 

met 

 Step 4b: Validate proper device connectivity 

 Step 4c: Validate primary product functions 

 Step 4d: Validate primary demand response functions 

 Step 4e (optional): Potential validation of secondary functions 
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This document outlines all tests required for validation purposes and the steps necessary to 

complete these tests. Once the device under test (DUT) met the requirements under a test, 

the validation team would apply a “PASS” grade in the results column of each specific test. 

When a requirement was not fully met, the validation team would apply a “FAIL” grade and 

document the reasons for the unsatisfactory grade, when appropriate. Certain steps taken 

by the validation team did not require a “PASS” or a “FAIL” grade and for these situations a 

designation of “Does Not Apply” were applied. In this way, the validation team continued to 

validate each requirement until all requirements were met. Any additional information 

beneficial for analytical purposes would be attached in appendices at the conclusion of this 

document. 

The Functionality Test Procedure separated the testing into individual Test Cases, grouped 

together in Test Purposes. Furthermore, each Test Case was designated an acceptance 

result of either Pass or Fail, depending on whether the Test Case had successfully completed 

the requirements.  

Each Test Case was structured into the following parts: 

 Purpose: The main objective of the test. 

 Test Procedure: Actual test method using DUT and test harness. 

 Expected Outcome: Detailed description of the Pass/Fail conditions.  

 Results: Pass/Fail results provided for specific Test Cases, where multiple 

communication devices were under test.  

 Notes: Overall Pass/Fail qualification of Test Case. Additional space was provided for 

any notes that the evaluator determined were noteworthy to mention beyond a 

simple Pass/Fail statement.   

The described format of this testing document is in large part given credit to the PG&E 

Home Area Network Validation team (Reference 1). It was from the “Interoperability Test 

Plan” that much of the formatting and a number of the specific test plans originated, as this 

group has had previous experience in proper testing of smart thermostats.  

The template of the official residential functionality testing procedure can be found in 

Appendix B of this report. Additional examples of functionality test procedures have been 

completed for specific vendor thermostat models and can also be made available upon 

request.  

In the remainder of this report, the sections of this functionality testing procedure will be 

described to provide background on how to replicate the testing. Additionally, key findings 

are provided as important lessons learned from initial testing of currently available smart 

thermostats. 

BASIC THERMOSTAT FUNCTIONALITY TESTING 

OVERVIEW 

The below sections provide an understanding behind basic thermostat functionality testing 

completed at ATS. Prior to validating an EE or DR feature, the customer would expect their 

smart thermostat to operate to the same (or better) standards as a typical programmable 

thermostat. Without basic thermostat functionality testing, this important standard could be 

missed. Additionally, EE and DR feature functionality could be improperly altered if basic 
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functionality is not taken into account. If a thermostat fails to read the proper room 

temperature or fails to call for cooling at the appropriate time, the act of calling a demand 

response event could be misunderstood as operating incorrectly when the failure could 

originate from another source. 

Through testing at ATS, certain thermostats failed to operate to the desired level of a 

programmable thermostat. These occurrences are also discussed in the upcoming sections 

and should be considered during future testing. A summary of these findings, in reference 

to particular products, can be found in Table 1: Summary of Testing Findings Related to 

Vendor Products. Specific vendors are only referenced in this report through an alias title for 

each product tested ATS (e.g. Product #2). Many of these products did not undergo a 

thorough series of functionality tests and no approval has been provided for any thermostat 

within the residential program as a fully tested device. The findings in Table 1: Summary of 

Testing Findings Related to Vendor Products are solely for the benefit of future 

developments to the PG&E residential smart thermostat program as examples to be 

cognizant of during future testing and do not confirm consistent results across all vendor 

devices. 

PROGRAM QUALIFICATION REQUIREMENTS/DOCUMENTATION REQUIREMENTS 

To participate in the PG&E Smart Thermostat rebate program, each vendor was required to 

abide by the requirements set forth by the program. These requirements are provided to 

the vendor prior to applying and all claims made by the vendor are confirmed, prior to 

installation at the testing facility. These requirements are listed in Appendix A, Table A-2: 

Program Requirements. Once the vendor has claimed to be in compliance for all stated 

requirements, either through the vendor submitted application, third party certifications or 

through user manuals, the devices of interest for the program were purchased through 

avenues commercially available to a typical customer and used for functionality validation. 

DEVICE INSTALLATION/CONNECTIVITY 

The objective of this test was to install the devices of interest in a controlled environment 

that replicates a typical residential setting and successfully connect the installed PCT to a 

pre-existing Wifi network. Each vendor has a slightly different approach to completing these 

basic and necessary steps and any encountered difficulties should be addressed and 

documented. “Difficulties” could include missing or incomplete documentation, poor 

customer service, malfunctioning hardware, or a combination.  

Although most vendors provided the information required for installation and Wifi 

connection, a number of vendors did chose alternative methods for providing critical 

information. Product #11 chose a simple installation setup with little to no instruction 

beyond an initial wiring connection. This was acceptable if installation went according to 

plan; however, this device did not initially operate properly and required additional online 

searches not made readily available by the vendor. Additionally, interaction was necessary 

with a less than satisfactory customer support line. Other vendors, such as Product #10, 

failed to provide instructions on creating an account or provide guidance on instructions 

location. This information was found after calling customer support and being directed to a 

website previously not made available to the user. Consideration should be taken as to 

whether these experiences would result in compliance within the terms of the program. 
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DEVICE REGISTRATION (ONLINE ACCOUNT, MOBILE INTERFACES, DRAS) 

The objective of these tests were to successfully create a user account by going through the 

proper channels provided by the OEM and successfully connect to the PCT on all necessary 

platforms; including Dell PC, Apple PC, Android phone, iPhone, iPad and Android tablet. 

One of the critical requirements to participate in the PG&E rebate program was the ability to 

provide remote control over thermostat settings, such as heating/cooling, temperature set 

points and scheduling; as this feature provides a method of control beyond a programmable 

thermostat.   

TEMPERATURE ACCURACY TEST 

The objective of this test was to document the accuracy and precision of the device 

temperature sensors, in comparison to calibrated sensors in a temperature controlled test 

environment. Device accuracy and precision results from the “Temperature Accuracy Test” 

were taken into account and assumed to remain consistent in proceeding functionality tests 

for validation purposes, such as scheduling, temperature set point adjustment, energy 

efficiency feature functionality and demand response functionality.  

An example of results from a temperature accuracy test can be found below in Figure 3: 

Example of Temperature Accuracy Test Results. As previously noted, all functionality tests 

were completed with three duplicates of the same smart thermostat vendor make and 

model. This testing decision provided repeatability and improved confidence in the results of 

each test. Calibrated RTD sensors were located above each thermostat under test and 

temperature readings from these sensors were averaged to provide an actual room 

temperature reading. 

 

 

FIGURE 3: EXAMPLE OF TEMPERATURE ACCURACY TEST RESULTS 
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The above example of a temperature accuracy test provided results that would qualify for 

the PG&E rebate program, which aligns with the NEMA recommended standard or ±1 °F 

(±0.6 °C) of the set point temperature under static temperature conditions (Reference 3). 

During initial testing, there were a number of thermostats that did not meet this 

requirement and results were addressed and documented for future reference. Temperature 

offset from actual room temperature could range from 2 °F above or below set point to, in 

one instance for Product #4, 7 °F above actual room temperature. 

DEVICE RESPONSE TEST 

The objective of this test was to document the response between the device temperature 

set point and the temperature at which the thermostat changed states for heating/cooling. 

Device temperature response was taken into account and assumed to remain consistent in 

proceeding functionality tests for validation purposes. As an example, if heating and cooling 

did not close in properly under normal operating conditions, it would be difficult to predict 

the effectiveness of a demand response event for these devices. 

An example of results from a device response test can be found in Figure 4: Example of 

Device Response Test Results. In this example, cooling (combination of blower and 

compressor) properly closed in when thermostat temperature increased above the desired 

cooling set point and opened when returning to below the cooling set point. Similarly, 

heating properly closed in when thermostat temperature reading displayed below the 

heating set point and opened when returning to above the heating set point.  

 

 

FIGURE 4: EXAMPLE OF DEVICE RESPONSE TEST RESULTS 

 

Although many devices provided results as expected, there were instances of devices 

providing responses that varied and required follow-up discussions with the vendors. Figure 

5: Fan Cycling during Device Response Test provides an example of a device that responded 

in an unexpected way. Although the room temperature profile and desired set points do 
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differ from the device response profile as outlined in the functionality testing procedure, the 

important information received from Figure 5 relates to the response provided from the 

thermostat blower. In this particular case, the thermostat called for cycling of the blower, 

regardless of whether the user called for this condition. The vendor (Product #6) ultimately 

attributed the results to a “bug” in the device software and properly provided the necessary 

improvements to remove this feature when not requested by the user.  

 

FIGURE 5: FAN CYCLING DURING DEVICE RESPONSE TEST 

 

TEMPERATURE SET POINT TEST 

The objective of this test was to confirm basic functionality of the PCT in changing a set 

point temperature and test if the device reacted accordingly. Methods of communication 

included thermostat screen, Windows PC, Apple PC, Android Smart Phone, Apple Smart 

Phone, Android Tablet and Apple Tablet. 

Although the steps to complete this series of testing points appear straightforward, the 

results could vary widely depending on the vendor and selected user interface. Certain 

devices responded almost instantaneously to a change in set point on any interface, 

whether this incorporated the thermostat front screen or a remote interface. The response 

time for other devices could result in intervals of fifteen to twenty minutes or at times a set 

point change by the user would not get properly communicated to the thermostat and a 

change would not take place at all. These undesirable results could occur frequently or as 

seemingly isolated incidents. Examples of products with potential risk of undesirable delays 

can be found in Table 1: Summary of Testing Findings Related to Vendor Products. 

SCHEDULE TEST 

The objective of this test was to set a preliminary weekly schedule for the PCT to follow. The 

schedule was set with a combination of all methods of communication, including thermostat 
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screen, Windows PC, Apple PC, Android Smart Phone, Apple Smart Phone, Android Tablet 

and Apple Tablet. 

Devices taking part in the schedule test primarily provided results as expected; however, a 

number of vendors provided interfaces for scheduling that were less intuitive then their 

competitors, with little guidance provided to the user. Although these thermostats 

functioned properly once schedules were created as intended, the process to create the 

intended schedule could be considered at times below the customers’ expectations for a 

properly functioning device. This note might not merit disqualification from the program but 

customer satisfaction should play a role in final success of the product. 

PRELIMINARY PERFORMANCE TEST 

The objective of this test was to confirm continued basic functionality of PCT after a 

potentially altering condition (e.g. a power outage). These preliminary “spot checks” were 

completed before and after each functionality test that could alter the performance of the 

device of interest. 

The preliminary performance test provided spot checks for three basic functions: (1) proper 

change temperature set point, (2) proper closure of heating/cooling and (3) proper initiation 

of a demand response event. If all three functions operated properly before and after a 

device altering event, the assumption was made that all functionality features would remain 

operational after the event.   

THERMOSTAT RE-BOOT TEST 

The objective of this test was to confirm proper functionality after the PCT has been re-

booted (turned off and on). Each thermostat has its own method of completing a “re-boot” 

event, which typically occurs only during a startup situation or during a troubleshoot event.  

All smart thermostats reviewed during this series of testing were capable of meeting the 

requirements for completing this test.  

GATEWAY RESET TEST 

The objective of this test was to confirm proper functionality of the PCT after a loss of 

communication between the Wifi signal output device and the PCT. This test was completed 

by simply disconnecting power to the Comcast Wifi Router for a time interval of 10 seconds 

and re-establishing a connection. This Wifi disconnect created the condition for the 

thermostats under test to re-establish a connection to the Wifi router and all remote 

interfaces. If the thermostats under test were able to re-establish a connection and 

complete the Preliminary Performance Test, the devices would pass. 

All smart thermostats reviewed during this series of testing were capable of meeting the 

requirements for completing this test.   

POWER OUTAGE TEST 

The objective of this test was to simulate a power outage and confirm proper functionality of 

the PCT after reinitializing. This test was completed by opening the circuit breaker for all 

devices under test, disconnecting power to the Comcast Wifi Router and re-establishing the 

power supply and Wifi connection after a 60 second non-operating time interval. If the 
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thermostats under test were able to re-establish a connection and complete the Preliminary 

Performance Test, the devices would pass. 

Most thermostats were capable of meeting the requirements for completing the power 

outage test; however, one particular model (Product #10) provided varying results in 

functionality following an induced power outage. For the three identical thermostats in this 

example, the thermostat located in position T2 performed as expected, while T3 thermostat 

lost all remote communication capabilities and T4 thermostat became unable to maintain a 

connection for extended periods of time. Through discussion with vendor technical support, 

the cause was determined to be due to a compromise within the Wifi receiver module, 

internal to each the thermostats. This was a point of concern for ATS, as there could be 

many instances when the circuit breaker could open expectedly or unexpectedly under the 

same conditions as completed within the testing facility. For a typical circuit breaker closure, 

the current rating should be well within a safe operating range for the device. One concern 

from the PG&E team was the possible introduction of current spikes in the test bed that 

exceeded a typical thermostat operating range. If current spikes were being introduced into 

the test bed, this might not replicate what would be experienced in the field. Through the 

use of an oscilloscope connected to all three thermostats downstream of the circuit breaker, 

the ATS team was able to record screen shots of initial AC readings after re-establishing 

power. As seen below in Figure 7, only small/insignificant power surges were able to be 

introduced into the system.  

 

 

FIGURE 6: OSCILLOSCOPE READING FOR POWER OUTAGE TEST 

 

An additional series of testing was performed to replicate the original failure through a 

series of 10 power outage tests with replaced Wifi modules and oscilloscope readings 

providing feedback on potential causes of failure. During this secondary series of testing, 

again two of the three devices under test failed to hold a connection to remote Wifi-based 

interfaces. During the failure, which took place on test #8 of a total of 10, no current spikes 

were introduced to signify a cause of failure external to common operation. Additionally, 

certain Yelp reviews for this particular model provided feedback from customers claiming 

similar findings of loss in Wifi communication after events such as a power outage. These 

findings should be taken into account during future testing of these devices.  
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ENERGY EFFICIENCY FEATURE TESTING 

OVERVIEW 

Energy savings from the installation of smart thermostats is a claim that many vendors are 

providing in today’s residential marketplace. This claim aligns well with PG&E’s commitment 

to reducing energy usage through the PG&E Energy Efficiency programs but prior to 

allowing vendors to participate in the Energy Efficiency programs; validation of the savings 

is required. One effective method that PG&E plans to implement is the use of thorough 

EM&V field studies that can be used to model the results of a large scale market acceptance 

of the approved devices. Prior to the implementation of a cost intensive field study, ATS 

provided initial functionality tests on basic thermostat functionality, as previously described, 

and additional functionality testing on EE features of interest were subsequently completed. 

Functionality tests on thermostat EE features in the ATS testing facility focused on two 

critical points: (1) can an EE response be induced based on a set of pre-determined 

operating conditions and (2) does the thermostat create an event in a reasonable way 

where the customer is enabled to reduce energy consumption. If these two points were 

confirmed as satisfactory, the device would pass for the appropriate EE function and would 

then enter the EM&V field study for further analysis on actual energy savings. 

For the purpose of quantifying savings in the program and establishing governing methods 

of testing, a structure was necessary for describing the potential EE features provided by 

the vendors. EE features provided for testing took many forms but could be categorized into 

three basic categories. These categories, as outlined in the PG&E program, included: 

1. Behavioral Engagement: Thermostat Software and Notifications that leverage utility 

data and behavioral science to prompt more efficient behavior. These 

thermostats continually educate, inform, and influence customers to make manual 

adjustments to the device that lead to greater efficiency over time through the use 

of behavioral messaging and data-driven feedback. 

2. Automated Logic: Thermostat utilizes occupancy sensing and/or geo location 

technology. These thermostats integrate occupancy sensing or geo-location 

technologies to automate thermostat settings, preferences, and HVAC load with an 

objective to reduce HVAC and overall energy consumption. 

3. Optimization Software: Thermostat software that utilizes external data to 

automatically optimize HVAC system for improved energy efficiency. These 

thermostats integrate software optimization technologies to automate thermostat 

settings, preferences, and HVAC load with an objective to reduce HVAC and overall 

energy consumption. 

Once a feature is placed into categories, the process of confirming requirements as laid out 

to the vendor can become a more streamlined process. For example, all behavioral 

engagement features provided by the vendors require a method of “influencing” the 

customer in an effort to change their typical behavioral patterns. If the vendor does not 

provide this instructional material to the customer, there is no need to test the product as 

the device does not provide one of the critical components for promoting energy savings. 
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Table A-3: Potential Energy Efficiency Feature List (located in the Appendix A) provides a list 

of the Energy Efficiency features provided by vendors during initial testing at ATS. As 

vendors often provided personalized titles for features of interest, classification of each 

feature was primarily selected by EE category and feature description. 

Although at least ten features were claimed by vendors as viable EE features, only a limited 

number of features truly matched the descriptions as presented in Table A-3 and 

furthermore, few could qualify based on the requirements of the program. The EE features 

that are currently under discussion as potential EE features for the EE program are 

described in more detail below. 

GEO-LOCATION 

One particular feature presented the best opportunity to qualify for the PG&E EE program. 

This feature is referred to as “Geo-location” by one particular vendor and will be used 

throughout the remainder of this report for general description purposes. Geo-location 

refers to thermostat set point control through GPS tracking of user location. Typically, the 

thermostat utilizes a free app available for use through smart phone Apple and/or Android 

interfaces and connects with the phone data plan GPS tracker to pinpoint the user location.  

When considering a typical programmable thermostat, there are often two primary sets of 

thermostat heating and cooling set points referred to as “Home” and “Away”. The Home 

setting will provide thermostat set points that meet the requirements set by the user for 

preferred comfort while the user remains within the residence. An example could be a 

cooling set point of 72 °F and a heating set point of 68 °F. The Away setting will provide 

thermostat set points that simply maintain the space at a temperature necessary for other 

factors determined by the user, such as plant and animal comfort. An example Away setting 

could be a larger temperature set point span of 78 °F for cooling and 62 °F for heating.  

These Home and Away features typically utilized in programmable thermostats have been 

adapted for use in Geo-location. Instead of assuming a typical weekly schedule of time 

intervals when the user will be located within the residence, as is currently the case for 

programmable thermostats, Geo-location automatically adjusts between Home and Away 

settings based on user GPS-tracked location. As is presented below in Figure 7: Geo-

location Settings Screen for Point of Activation, the user can typically set the distance at 

which the adjustment takes place between Home and Away setting. For some thermostats, 

this distance could be less than a half a mile or as far as 15 miles from the residence 

location. 
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FIGURE 7: GEO-LOCATION SETTINGS SCREEN FOR POINT OF ACTIVATION 

 

Prior to claiming energy savings from the Geo-location feature, a number of assumptions 

must be considered for both the programmable thermostat baseline case and the proposed 

case of Geo-location use. As was previously discussed, the baseline for a typical residential 

thermostat for the purpose of this program was the user-based programmable thermostat. 

This baseline assumes that the user will program a weekly temperature set point schedule, 

based on projected location throughout the week; however, previous studies have shown 

that many users do not properly schedule their programmable thermostats to match 

projected location (Reference 4). As an example, users might fail to set “Away” set points 

while at work or fail to take evening errand runs into account. If this were a typical case, an 

EM&V field study would account for this operational choice by the user and the assumption 

would be that the user would be more inclined to activate Geo-location, as this feature does 

not require alterations once activated. Significant energy savings could result from this 

scenario or most scenarios where the user is away from the residence for more time than 

expected in a projected schedule. Alternatively, there are instances where use of the Geo-

location feature could require more energy use than a programmable thermostat. In the 

instance where the user accurately follows the scheduled Home and Away scheduled times, 

a potential addition in energy use occurs. As an example, if a user schedules leaving her 

residence at 7:00am Monday through Friday and always follows this schedule, a 

programmed thermostat would typically be scheduled to adjust to Away mode set points 

right at 7:00am. When having Geo-location enabled, the user has a predetermined distance 

from the residence where set points would adjust to Away settings. Assuming the distance 

is 5 miles, a Geo-location enabled thermostat might not adjust set points for another 10-15 

minutes after the programmed thermostat; hence, requiring more energy use. This case 

inversely holds true for the return of the user. Assuming the user returns from work at 

6:00pm Monday through Friday, the programmed thermostat would enable Home settings 

at exactly 6:00pm, while the Geo-location enabled thermostat would enable Home settings 

when first entering the 5 mile transitional space. Again, the Geo-location enabled 

thermostat could have a more energy intensive setting enabled for an additional 10-15 
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minutes per day in this hypothetical scenario. These scenarios must be taken into 

consideration in future testing and development of EE programs. 

In addition to EE concerns, a number of interesting findings were brought to attention 

during the testing phase of this feature. Although most vendors incorporating this feature 

provided a means of adjusting distance at which set points change between Home and 

Away, the accuracy at which these settings were enabled was often less than expected. 

These devices by product number can be found in Table 1: Summary of Testing Findings 

Related to Vendor Products. As an example, a thermostat with a 5 mile adjustment distance 

enabled might not adjust until 15 miles from the stated residence location and might have a 

delay of 45 minutes before an adjustment from Home to Away takes place. These findings 

could be the result of an internal software safety feature enabled by the thermostat to avoid 

cycling of the HVAC system but this information was not made available to the tester. In the 

future, requirements should be considered for appropriate levels of accuracy for distance 

and time delays, if not reasonably explained by the vendor. 

OCCUPANCY SENSORS 

Occupancy sensors within a smart thermostat provides much of the same EE functionality as 

the Geo-location feature but, instead, focuses solely on user activity within the space to 

initiate a Home or Away event. Sensors are placed within the thermostat and potentially 

within other linked sensors throughout the residence. Once a sensor is triggered in some 

way, whether through motion or heat sensing, the thermostat maintains or enters the pre-

determined Home setting. If no activity is sensed after a period of time, the thermostat will 

then enter a pre-determined Away mode until further activity.  

As was determined for Geo-location, there are instances when occupancy sensors can 

improve on energy savings over a programmed thermostat and there are scenarios where 

the potential to use more energy is real. As there is a delay built into the device before an 

Away event is initiated, there is the potential for cooling or heating to be enabled for an 

extended period of time beyond a programmed schedule. Again, an EM&V field study would 

determine how the user operates under each condition but different scenarios should be 

considered prior to the implementation of a field study. 

OPTIMAL START 

Optimal Start is feature primarily based around user comfort but has the potential for 

energy savings under specific assumptions. As the title might suggest, this feature 

optimizes the point at which a heating or cooling system first initiates to reach a specified 

set point at a specified point in time. As an example, if a typically programmed thermostat 

is scheduled to change from a temperature set point range of between 65°F and 70°F to 

between 75°F and 80°F at 7:00am at a user’s residence, optimal start would optimize the 

point at which heating should initiate or cooling should terminate to reach the desired 

temperature range. The intent is to reach the new desired temperature range at the soonest 

point possible without compromising previous temperature range requirements. 

Enabling an optimal start scenario can be difficult to induce in a testing facility where the 

thermostats under test are not directly wired to an operating HVAC unit to control room 

temperature. To account for this, a testing procedure was required to convince the 

thermostat sensors and governing control algorithm that the devices under test were in 

control of the space. Most vendors providing an optimal start feature required an initial 

period of typical use before the feature would enable. This initial period could range from 

one day up to one week. Once a predictable schedule is realized by the thermostat, optimal 
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start could begin to predict heating and cooling capacity and appropriate event initiation. To 

account for this, the testing facility was controlled to ramp room temperature at a rate 

relative to scheduled thermostat set point ranges. Below, Figure 8: Example of Optimal 

Start Baseline Test provides an example of where room temperature is controlled separately 

but the thermostats under test are led to believe contactor closures are causing change in 

room temperature. 

 

 

FIGURE 8: EXAMPLE OF OPTIMAL START BASELINE TEST 

 

As the red arrows indicate, the heating contactor remains closed in for the period of time 

that the room temperature remains below the thermostat set points, which mimics typical 

thermostat operation. This test was completed with optimal response control disabled.  

Figure 9: Example of Optimal Start Test provides results for how the thermostats under test 

respond when Optimal Start is enabled under the same operating conditions for a particular 

vendor model. 
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FIGURE 9: EXAMPLE OF OPTIMAL START TEST 

 

In the case of Figure 9, both heating and cooling initiated while still within the pre-

determined temperature range and the events only terminated when reaching the next limit 

to the temperature range. Since thermostat event commands are decoupled from room 

temperature control, cooling and heating are not allowed to optimize to the appropriate 

point of initiation and resulted in the above response. If the thermostat under test was 

allowed to control room temperature, it can be assumed that room temperature would reach 

the limits of a temperature range and shorten or lengthen the time necessary to call for 

heating or cooling to optimize response time.  These test results simply show that the 

device is able to initiate heating or cooling early in order to try to reach the future 

programmed set-point. 

As previously discussed, optimal start is primarily based around user comfort but has the 

potential for energy savings under specific assumptions; however, these assumptions might 

remain outside of a typical programmable thermostat schedule and less likely to provide 

savings in a field study. If a user of a programmable thermostat were to set her settings to 

require cooling at 6:00pm (desiring a cooled space at 6:00pm) on a typical evening, a 

programmed thermostat would initiate a call for cooling directly at 6:00pm. For a 

thermostat with Optimal Start enabled, the thermostat would initiate a cooling event prior 

to 6:00pm to reach the desired cool space temperature exactly at 6:00pm; therefore 

utilizing more energy. The only scenario where Optimal Start could use less energy is if the 

user typically programs her thermostat at an earlier time than 6:00pm to reach the required 

cooled space temperature by 6:00pm. If the user typically schedules the thermostat to 

begin cooling at 5:00pm for a desired cool space beginning at 6:00pm, while Optimal Start 

only requires cooling starting at 5:45pm to reach desired space temperature at 6:00pm, 

there will likely be a net energy savings. In short, energy savings will only occur when the 
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user schedules too long of a period of pre-cooling or pre-heating. If Optimal Start is to be 

used in an EE program, these considerations should be taken into account. 

BEHAVIORAL ENGAGEMENT STRATEGIES 

After completing initial testing on 14 thermostats, many with a particular set of EE features, 

it has become clear that the EE category predominantly chosen by vendors to incorporate 

into their products is behavior-based. Features such as green tip, current use of meter data 

and manual away button all directly correlate to the need for direct user input. Additionally, 

many of the features currently categorized in the EE residential program under Automated 

Logic and Optimization Software require behavioral engagement to a certain extent as well. 

Optimal start is a feature that is currently placed within the Optimization Software category 

but requires an educated user to understand the implications of its use. Other features such 

as temperature set point adjustment based on tier rate structure could become optimizing 

in nature; however, the products tested at this time simply provide a notification of a rate 

structure change under certain user interfaces.  

To qualify as a behavioral engagement strategy, the vendor must provide information to the 

customer that will incent the user to change common behavioral practices. Without meeting 

this critical requirement, a field study would likely lead to inconclusive results. At this point, 

the majority of tested devices did not provide the information necessary to guide the user in 

how to save energy and were subsequently disqualified from the EE portion of the program. 

These devices by product number can be found in Table 1: Summary of Testing Findings 

Related to Vendor Products. 

In regard to qualifying EE features during future testing, a number of scenarios appear to be 

feasible in promoting practical options. The first option appears to be avoiding EE features 

that require behavioral engagement to properly provide energy savings. The second option 

would be to strongly promote and potentially guide the vendors into what would be 

acceptable forms of instructions for behavioral engagement strategies. Either option 

requires the use of an EM&V field study to quantify the savings but the first option might 

require a less intensive study and will likely provide results closer to expectations.  

DEMAND RESPONSE TESTING 

OVERVIEW 

Just as PG&E has an invested interest in reducing energy use throughout the service 

territory in applicable sectors, the intent to use demand response features to reduce power 

demand on the grid is also of continued interest. The Smart Thermostat Residential program 

has the capability to pursue both EE and DR goals in tandem, providing dual incentives to 

residential customers for both capabilities.  

There are a number of methods where demand response features can be introduced into the 

residential market; however, this program has focused primarily on utility induced 

temperature offset and duty cycle control strategies. Temperature offset refers to expanding 

the thermostat cooling (in the case of critical summer days) set points to more relaxed 

values that require less use of the cooling system compressor and blower. In the case of a 

70°F cooling set point, a 3°F temperature offset would shift the cooling set point to 73°F.  

Duty cycle refers to the alternating between periods of shutdown time of the compressor for 

cooling and periods of allowed cooling. In the case of a 50% duty cycle, the DR event could 
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allow 2 cycles of on and off in 15 minute intervals over a given hour. During the “On” period 

of a DR duty cycle, cooling will not necessarily always be called for; however, the “Off” 

period always forces the cooling system to halt cooling to the space. 

To achieve a successful automated demand response program, PG&E is forming 

partnerships with third parties around the Open Automated Demand Response (OpenADR) 

platform in an effort to develop cost-effective, reliable communication channels from the 

IOU to the customer. Through the use of OpenADR standardized protocols, DR events such 

as temperature offset and duty cycle can be more effectively implemented and built upon as 

DR capabilities improve.  

At this point, the PG&E residential smart thermostat program has focused on the 

development of OpenADR 2.0a protocols for coordinating DR events. OpenADR 2.0a refers 

to a one-way communication protocol from the utility to the customer. A diagram visually 

representing the current PG&E OpenADR 2.0a flow in communication can be seen below in 

Figure 10: OpenADR 2.0a Communication Flow Chart.  

 

 

FIGURE 10: OPENADR 2.0A COMMUNICATION FLOW CHART 

 

In the event of a critical peak load day within the PG&E territory, PG&E would send a DR 

request to a 3rd party program implementer. The program implementer would then send the 

request to all involved vendors to initiate a DR event, on behalf of the IOU. It is then the 

choice of each vendor as to how they would prefer to implement the DR event for their 

particular client bases. Certain vendors might prefer use of a temperature offset strategy, 

while others might prefer use of a duty cycle. At the present time, the majority of vendors 

have preferred the temperature offset strategy. Each vendor would then send a DR event to 

all purchased thermostats within the PG&E territory for the time duration requested by the 

IOU. Typically, a request would be sent one full day prior to the scheduled event to allow 

the customer time to opt out of the event or prepare for restricted functionality of their 

systems.  
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OpenADR 2.0a provides a streamlined approach to sending an event signal through the 

vendor and on to the customer; however, the 2.0a protocol does not provide feedback to 

involved parties on direct results of an initiated event. If a customer were to “Opt out” of an 

event prior to initiation or “Override” during an event, a right that the customer is entitled 

to within the PG&E program, 2.0a provides no feedback on the customer’s decision to do so. 

Feedback is a critical component to quantifying the effectiveness of a program and 

developments have been made to incorporate this capability. OpenADR 2.0b was developed 

with the mindset that each end use device could send real time reports back to the vendors 

and subsequently to the program administrator. Figure 11: Open ADR 2.0b Communication 

Flow Chart provides a diagram that represents the addition of feedback from the end use 

devices. 

   

 

FIGURE 11: OPEN ADR 2.0B COMMUNICATION FLOW CHART 

 

Up to this point, this testing project  has focused on devices that are compliant with the  

OpenADR 2.0a protocol, as this is simpler to implement than OpenADR 2.0b, with the 

mindset that 2.0b could be developed in future programs. 

Once DR capabilities are introduced into residential smart thermostats, the ATS testing 

facility would undergo a series of functionality tests to confirm proper operation. A 

functionality testing procedure has been developed to confirm basic operation and the 

critical items within this testing procedure are further described below. 

DUTY CYCLE TEST 

The objective of this test was to complete the default demand response function through a 

50% duty cycle (15 minutes on/15 minutes off twice an hour). If device default demand 
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response function was not a 50% duty cycle, this test would not be completed. Instead, the 

temperature offset test would be completed. 

Control typically provided to the third party program implementer would be temporarily 

provided to the tester to complete the duty cycle test and all additional DR functionality 

tests. If the vendor claims proper functionality of a 50% duty cycle, then the tester should 

validate a total of 30 minutes of non-operation during a given hour of an event and a total 

of 30 minutes of allowed operation of the HVAC unit.  

TEMPERATURE OFFSET TEST 

The objective of this test was to complete the default demand response function through a 

temperature offset from the current operating setting (typically 1-4°F offset). If device 

default demand response function was not a temperature offset, this test would not be 

completed. Instead, the default demand response function would be tested, which would 

have likely been a duty cycle strategy. 

DR EVENT STATUS TEST 

The objective of this test was to confirm that the PCT displayed all events on the device, as 

well as through all other means of communication. To participate in the PG&E DR program, 

all vendors must provide full disclosure to their customers on current and future DR events, 

whether that disclosure is through the thermostat front viewing screen or through text or 

email.  

OPT OUT TEST 

The objective of this test was to manually override a DR event by the user at the PCT. The 

user must have the capability to both opt out of an event prior to the scheduled event and 

manually override an event already in place. If both of these features were not met, the 

thermostat would not qualify for the program. 

DR EVENT LOSS IN COMMUNICATION TESTS 

The objective of this test was to confirm that a scheduled DR event was completed in the 

event of a loss in connectivity. This test focused primarily on when a DR event signal was 

sent to the PCT and, subsequently, there was loss in communication between the PCT and 

the Wifi signal output device. 

CANCELLING DR EVENT 

The objective of this test was to confirm that DRAS (administered by the 3rd party program 

administrator) could cancel an event on the PCT prior to initiation or during a scheduled DR 

event and would return the user to the defined operating schedule. 

CIRCULATING FAN TEST 

The objective of this test was to confirm that the PCT could run the blower separate from 

the compressor or heater. From a comfort and safety standpoint, this was an important 

feature to incorporate into thermostat DR capabilities. 
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RESULTS 
The table below summarizes the results of the testing of thirteen different models of 

thermostats, from a total of six different manufacturers.  As explained in the Executive 

Summary, vendor and device model names are not discussed in this report, as testing was 

unofficially conducted during the development of the test lab and test procedure. 

 

TABLE 1: SUMMARY OF TESTING FINDINGS RELATED TO VENDOR PRODUCTS 

TESTING FINDING  PRODUCTS WITH FINDING DESCRIPTION OF FINDING  

Lack of  
documentation 

Product #6, Product #12, 

Product #13, Product 
#10, Product #11  

Prior to the installation of a device, insufficient 

information was provided to the user for proper use. The 
user should be capable of having the device fully 

operational without the use of customer support for 
additional information.  

Question of 

residential 
application Product #3, Product #6  

A number of devices were originally claimed to be suited 

for residential markets but provided capabilities that 
might be more compatible for a commercial setting. For 
instance, thermostats requiring a contractor to install or 

providing features based on commercial standards might 
not qualify in a residential program.  

Lacking a user 

friendly 
interface Product #6 

Vendors are entitled to deciding the best method of 

communicating with the user, via the product interface; 
however, this reasoning might have certain limits. After 

testing a variety of devices, the tester had difficulty 
setting a schedule for one particular device. The program 

might want to consider approving only user friendly 

devices, as a new user will likely have the same 
experience.     

Communication 
lag 

Product #1, Product #2, 

Product #4, Product #5, 
Product #6, Product #7, 
Product #8, Product #9, 

Product #10, Product #12 
Product #,13 

The response time for devices could result in intervals of 

less than a minute to fifteen to twenty minutes or, at 
times, a set point change by the user would not get 

properly communicated to the thermostat and a change 
would not take place at all. These undesirable results 

could occur frequently or as seemingly isolated incidents. 
Limits to response time might want to be considered 

during future testing. 

Temperature 
offset 

PRODUCT #10, PRODUCT #4, 
PRODUCT #11 

A number of devices provided temperature readings that 

did not match with separately measured room 
temperature readings. Temperature offsets could range 

from 2°F to 7°F.  

Fan cycling Product #6 

The device initiated use of the fan for 2 minute intervals 
every 30 minutes, when cooling and heating were turned 

off. This was an effect that was not requested by the 
user.  

Wifi failure from 
power outage Product #10 

Opening and closing of the circuit breaker for the 

thermostats under test caused a failure of the Wifi 
transmitters within the thermostats, requiring the order 

of replacement components. 

Geo-location 
inoperability Product #12, Product #13 

The use of the Geo-location feature did not perform as 
well as specified by the vendor.  
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TESTING FINDING  PRODUCTS WITH FINDING DESCRIPTION OF FINDING  

Lack of 

influence for EE 
Behavioral 
Engagement  

Product #2, Product #5, 

Product #10, Product #7, 
Product #8, Product #9,     

Many devices claiming to support behavioral 

engagement energy efficiency functions did not provide 
reasonable strategies to influence the user to improve 

system use to lessen energy use. 

RECOMMENDATIONS 
As previously described in the executive summary of this report, recommendations have 

been provided for future development of functionality validation for a rebate program. These 

recommendations are the result of findings found in Table 1: Summary of Testing Findings 

Related to Vendor Products and other lessons learned in developing the functionality testing 

procedure. These recommendations can be found below: 

 Initial dialogue with the vendor is beneficial for establishing an understanding of the 

requirements to qualifying for the program, especially in regard to energy efficiency 

requirements. 

 Once a vendor application is received and a product is ready for testing, ensure that 

the current software package for the device to test is fixed (will not change during or 

after testing). Many smart thermostat devices are capable of remote software 

upgrades and the validity of the testing process could become compromised if 

alterations are allowed. Software package identifiers should be provided at the onset 

of testing and consistency of these identifiers should be validated at each critical step 

within the rebate program. 

 Perform testing on multiple (at least 3) devices of the same model, preferably from 

different commercial channels.   

 For energy efficiency features with strategies that are not readily apparent through 

vendor manuals or other informative materials, if possible, receive control strategies 

directly from the vendor. This is important for developing a test bed with the 

capability of inducing a response due to the energy efficiency feature. 

 Prior to testing, have an understanding in mind of which features are critical to the 

program and customer and which are less critical. Requirements should then be set 

accordingly. For example, the ability to communicate between remote interfaces and 

the tested devices varied drastically between vendors and products. Most were able 

to eventually send event commands but time to process could range from nearly an 

instant response time to 15-20 minutes. A number of vendors might not qualify for 

the program, either rightfully so or not, depending on the feature and the phrasing of 

the requirement. 
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APPENDICES 

APPENDIX A: RELEVANT FIGURES AND TABLES 
FIGURE A-1: SMART THERMOSTAT WIRING CONFIGURATION LINE DIAGRAM 
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TABLE A-1: MONITORING INSTRUMENTATION DESCRIPTION 

VARIABLE  

SAMPLE 

LOGGING 

RATE (SEC) INSTRUMENT 
ACCURACY  
(AT CALIBRATION) MANUFACTURER MODEL NUMBER 

RTD #1 (Location: T1) 300 32-100°F ±0.2°F Burns Engr 385-1 

RTD #2 (Location: T2) 300 32-100°F ±0.2°F Burns Engr 385-1 

RTD #3 (Location: T3) 300 32-100°F ±0.2°F Burns Engr 385-1 

RTD #4 (Location: T4) 300 32-100°F ±0.2°F Burns Engr 385-1 

Voltage Transducer 300 
4-20 mA   

(0-300 V) ±0.064 V Ohio Semitronics VT8-007E 

Current Transducer #1 
(Location: T2) 300 

0-5 V        
(0-20 A) ±0.1 V Hawkeye 822-20 

Current Transducer #2 

(Location: T3) 300 
0-5 V        

(0-20 A) ±0.1 V Hawkeye 822-20 

Current Transducer #3 

(Location: T4) 300 
0-5 V        

(0-20 A) ±0.1 V Hawkeye 822-20 

Temperature 

Calibration Reference 
Standard n/a  ±0.015°F Fluke 1502A 

T2 Fan Contactor 300 0-10 V Voltmeter spot check Mars HF94F 

T2 Cooling Contactor 300 0-10 V Voltmeter spot check Mars HF94F 

T2 Heating Contactor 300 0-10 V Voltmeter spot check Mars HF94F 

T3 Fan Contactor 300 0-10 V Voltmeter spot check Mars HF94F 

T3 Cooling Contactor 300 0-10 V Voltmeter spot check Mars HF94F 

T3 Heating Contactor 300 0-10 V Voltmeter spot check Mars HF94F 

T4 Fan Contactor 300 0-10 V Voltmeter spot check Mars HF94F 

T4 Cooling Contactor 300 0-10 V Voltmeter spot check Mars HF94F 

T4 Heating Contactor 300 0-10 V Voltmeter spot check Mars HF94F 

Net viewer Camera #1 

(Location: T2) 60 n/a Voltmeter spot check Net viewer n/a 

Net viewer Camera #2 

(Location: T3) 60 n/a Voltmeter spot check Net viewer n/a 

Net viewer Camera #3 

(Location: T4) 60 n/a Voltmeter spot check Net viewer n/a 
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TABLE A-2: PROGRAM REQUIREMENTS 

STEP # REQUIREMENT NOTES 

2.1 Application Submission Complete “Advanced Programmable Communicating 
Thermostat Product Qualification Application” is 
fully completed, signed and submitted for the 
specific DUT. 

2.2 Device Energy Efficiency Functions 
Provided by OEM  

A list of all functions included within device that aid 
in improving system energy efficiency is provided to 
PG&E. 

3.1 Wireless communication capability The PCT shall use a Wifi communication network, 

meeting requirements set by the governing IEEE 
802.11 standard for the particular device. 

3.2 Designed for Self-Installation  Installation of the PCT shall not require the use of a 

third party. All installation procedures shall be 
clearly presented to the user in provided installation 
guides. 

3.3 Remotely Controlled by Web and Mobile 
App 

The PCT shall include a fully functional user 

interface, incorporating remote web based control 
and remote interface based control. All required 
parameters testing for functional capability are 
included in Sections 11-12. 

3.4 Before 10/31/14: OpenADR 2.0a VEN 
compliant  

After 10/31/14: OpenADR 2.0a VEN 
certified 

VEN level OpenADR 2.0a certification is required 
from the device OEMs after the specified date of 

10/31/14.  

If not certified, written agreement by the OEM that 
OpenADR 2.0b certification will be granted within a 
specified timeframe may also qualify. 

3.5 

Demand Response Requirements 

DR capabilities must be available on both the device 
and the available remote interface. DR features 

must include: all events initiated by IOU, customer 
has the option at the PCT to opt out of an event, a 
customer opt out does not carry over to future 
events and event status is shown on device and 
remote interface. 

3.6 
Commercial Availability of Product 

The PCT referenced in the application shall be in 

stock and available through retail/e-commerce 
channels. 

4.1 

Device Registration Information 
Requirements 

Device information, as described in the product 

qualification application shall be clearly provided. 
This information includes Product Name, Model 
Number, UPC Code and OpenADR Unique Device 
Identifier. 
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TABLE A-3: POTENTIAL ENERGY EFFICIENCY FEATURE LIST 

EE FEATURE TITLE 

(BY VENDOR) EE FEATURE DESCRIPTION EE CATEGORY 

Green Tip 
Provide real-time information to save energy: Provide 
performance monitoring alerts. Behavioral Engagement 

Meter Data 

Provide real-time information to save energy: Provide utility 

pricing, energy usage (present and historical) or performance 
monitoring. Behavioral Engagement 

No Title Provided 

Provide real-time information to save energy: Recommend 

thermostat set point adjustments based on customer rate tier 
when certain energy usage thresholds are met. Behavioral Engagement 

Energy Save, 
Manual Away 

Provide use of selectable feature to change current set point 

based on internal/external information.  This has both an EE and 
DR benefit. Behavioral Engagement 

Geo-location, 

Geo-fencing, 
Radius 

Uses geo-location technologies to automate thermostat settings, 

preferences, and HVAC load with an objective to reduce HVAC 
and overall energy consumption. Automated Logic 

Auto-away, Smart 
Home/Away 

Automatically adjusts schedule and set points according to the 
learned schedule, real-time occupancy status / proximity and 
temperature preferences. Automated Logic 

Optimal Start, 
Optimal Response 

Automatically starts heating or cooling such that space 
temperature is at set point at beginning of next occupied period.  
This prevents the need to use the scheduler to start earlier than 
actually necessary. Optimization Software 

No Title Provided 

Automatically schedule pre-heating and pre-cooling based on 

billing or weather data to most efficiently transfer the home 
between set-back and non-set-back states. Optimization Software 

No Title Provided 

Automatically adjust thermostat set point based on actual OAT 

such as changing cooling set point from 82°F to 75°F as OAT 
drops from 110° to 80°F.  This is both an EE strategy and a DR 
strategy. Optimization Software 

No Title Provided 
Automatically adjusts thermostat setting based on customer rate 
tier when certain energy usage thresholds are met. Optimization Software 
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FIGURE A-2: NIST TRACEABLE CALIBRATION REPORT FOR VOLTAGE AND CURRENT TRANSDUCERS 
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APPENDIX B: RESIDENTIAL FUNCTIONALITY TEST PROCEDURE  
 

Note: Appendix B is provided as a separate document, following the ET report 

(following page 33). The title of this document is present as: Smart Thermostat 

Residential Functionality Testing Procedure Outline. 
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The purpose of this document is to provide a method of validating the functionality parameters 
necessary for a residential smart thermostat product to qualify for a PG&E incentive.  
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Smart Thermostat Functionality Requirements 

1. Disclaimer 
This document and the information contained herein are for internal use by employees of PG&E and the 

PG&E testing lab, under the terms of the Applicant Product Testing Agreement outlined in the PG&E 

Product Qualification Application. Refer to the Applicant Product Testing Agreement for all related terms 

and conditions to this Thermostat Testing Procedure. 

2. Notice 
This document is subject to change in form and content by PG&E and PG&E reserves the right to add, 

amend or withdraw material contained herein.  

3. Structure of this test specification 
This Test Specification separates the testing into individual Test Cases, grouped together in Test 

Purposes. Furthermore, each Test Case is designated an acceptance result of either Pass or Fail, 

depending on whether the Test Case has successfully completed the requirements.  

Each Test Case is structured into the following parts: 

 Purpose: The main objective of the test. 

 Test Procedure: Actual test method using DUT and test harness. 

 Expected Outcome: Detailed description of the Pass/Fail conditions. Used in Sections 9.1 – 

12.10. 

 Results: Pass/Fail results provided for specific Test Cases, where multiple communication 

devices are under test.  

 Notes: Overall Pass/Fail qualification of Test Case. Additional space is provided for any notes 

that the evaluator determines are noteworthy to mention beyond a simple Pass/Fail statement. 

Used in Sections 9.1 – 12.10. 

4. Introduction 
This document is intended for use in testing the interoperability of all Programmable Communicating 

Thermostats (PCT) with a submitted PG&E PCT Product Qualification Application. Once all qualifications 

are met, the devices under test will be used to qualify applicants for use in energy efficiency and 

demand response programs. 

To qualify, four major steps (and one optional) will be completed by the PG&E validation/verification 

team. These steps are listed below: 

Step 1: Valid product pre-qualifies (not included in this set of testing procedures) 
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Step 2: Validate proper submission of PG&E PCT Product Qualification Application 

Step 3: Validate program qualification requirement claims by the vendor have been met 

Step 4: Execute testing & provide results   

 Step 4a: Validate documentation and installation requirements have been met 

 Step 4b: Validate proper device connectivity 

 Step 4c: Validate primary product functions 

 Step 4d: Validate primary demand response functions 

 Step 4e (optional): Potential validation of secondary functions (EE features, etc.) 

 

This document outlines all tests required for validation purposes and the steps necessary to complete 

these tests. Once the device under test (DUT) meets the requirements under a test, the validation team 

will apply a “PASS” grade in the results column of each specific test. When a requirement is not fully met 

in some way, the validation team will apply a “FAIL” grade and document the reasons for the 

unsatisfactory grade, when appropriate. Certain steps taken by the validation team do not require a 

“PASS” or a “FAIL” grade and for these situations a designation of “Does Not Apply” will be applied. In 

this way, the validation team will continue to validate each requirement until all requirements are met. 

Any additional information beneficial for analytical purposes will be attached in appendices at the 

conclusion of this document. 

5. Definitions 
“_”: Quotations typically used throughout the testing procedure to signify terms used to describe 

thermostat functions. 

“Away”: Generic thermostat scheduling setting to describe a predetermined unoccupied space, 

requiring a certain level of conditioning. 

Contactor (aka Contactor Relay or Relay): An electrically controlled switch used for switching in a power 

circuit. In a residential and commercial HVAC setting, contactors act as the switch to power a blower, 

heater and compressor, when appropriate. 

“Cooling Setpoint”: Generic thermostat setting used to call for a decrease in temperature of a given 

space. 

“Home”: Generic thermostat scheduling setting used to describe a predetermined occupied space, 

requiring a certain level of conditioning. 

“Heating Setpoint”: Generic thermostat setting used to call for an increase in temperature of a given 

space. 

“Opt Out”: The act of cancelling out of a scheduled event. In the case of DR, the thermostat operation 

would return to the previously scheduled set points. 
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“Override”: The act of manually changing a thermostat temperature set point during a scheduled event. 

In the case of DR, the thermostat operation would not return to the previously scheduled set points and 

would maintain the manually selected set points, until a change in schedule preference. 

Load/Duty cycle: The percentage of time in which a signal is active over one period.  

Programmable Communicating Thermostat: A programmable thermostat that can receive and send 

information wirelessly and also offer enhanced demand response and energy efficiency capabilities. 

Spot Check: A single point of reference used to confirm basic operation. 

Virtual End Node: The server or end device that receives an OpenADR signal from a server. 

Virtual Top Node: The server that transmits an OpenADR signal to an end device or other intermediate 

server. 

Wifi: A technology that allows an electronic device to exchange data or connect to the internet 

wirelessly using microwaves in the 2.4 GHz and 5 GHz bands. 

5.1 Conformance levels 
Expected: a key word used to describe the behavior of the hardware or software in the design models 

assumed by this document. 

May/Might: a key word that indicates flexibility of choice with no implied preference. 

Shall/Must:  a key word indicating a mandatory requirement. Vendors are required to implement such 

mandatory requirements. 

Should:  a key word indicating flexibility of choice with a strongly preferred alternative. Equivalent to the 

phrase is recommended. 

6. Acronyms and abbreviations 
802.11 A set of media access control and physical layer specifications for implementing a wireless 

local area network. 

PCT Programmable Communicating Thermostat 

DR Demand Response 

DRAS Demand Response Automation Server 

DUT  Device Under Test  

EE Energy Efficiency 

HVAC Heating, Ventilation and Air Conditioning 
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IEEE Institute of Electrical and Electronics Engineers 

IOU Investor Owned Utility 

NEMA National Electrical Manufacturers Association 

OEM Original Equipment Manufacturer 

OS Operating System 

TBD To Be Determined 

VEN Virtual End Node 

VTN Virtual Top Node 
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7. Validate Proper Application Submittal (Step 2) 
 

Item Initial Conditions Notes Result 

1 Application Submission Complete 

“Smart Thermostat Product Qualification 

Application” is fully completed, signed and 

submitted for the specific DUT. 

TBD 

2 
Device Energy Efficiency 

Functions Provided by OEM  

A list of all functions included within device that aid 

in improving system energy efficiency is provided to 

PG&E. 

TBD 

 

8. Program Qualification Prerequisites (Step 3) 

8.1 General Thermostat Requirements 
Item Initial Conditions Notes Result 

1 
Wireless communication 

capability 

The PCT shall use a Wifi communication network, 

meeting requirements set by the governing IEEE 

802.11 standard for the particular device. 

TBD 

2 Designed for Self-Installation  

Installation of the PCT shall not require the use of a 

third party. All installation procedures shall be 

clearly presented to the user in provided installation 

guides. 

TBD 

3 
Remotely Controlled by Web and 

Mobile App 

The PCT shall include a fully functional user 

interface, incorporating remote web-based control 

and remote interface-based control. All required 

parameters testing for functional capability are 

included in Sections 9-11. 

TBD 

4 

Before 10/31/14: OpenADR 2.0a 

VEN compliant  

After 10/31/14: OpenADR 2.0a 

VEN certified 

VEN level OpenADR 2.0a certification is required 

from the device OEMs after the specified date of 

10/31/14.  

If not certified, written agreement by the OEM that 

OpenADR 2.0b certification will be granted within a 

specified timeframe may also qualify. 

TBD 
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5 Demand Response Requirements 

DR capabilities must be available on both the device 

and the available remote interface. DR features 

must include:  

 All events initiated by IOU 

 Customer has the option at the PCT to opt out 

of an event 

 Customer has the option to manually override a 

DR event underway 

 A customer opt out does not carry over to 

future events 

 Event status is shown on device and remote 

interface. 

TBD 

6 
Commercial Availability of 

Product 

The PCT referenced in the application shall be in 

stock and available through retail/e-commerce 

channels. 

TBD 

 

9. Documentation/Installation Requirements (Step 4a) 
Item Initial Conditions Notes Result 

1 
Device Registration Information 

Requirements 

Device information, as described in the product 

qualification application shall be clearly provided. 

This information includes Product Name, Model 

Number, UPC Code and OpenADR Unique Device 

Identifier. 

TBD 

 

9.1 Complete installation 

9.1.1 Purpose 

The objective of this test is to successfully follow vendor installation instructions on removing a pre-

existing typical (non-programmable or programmable) residential thermostat and installing the PCT. If 

pre-existing device is not available for removal, installation of PCT can be resumed.   

9.1.2 Test Procedure 

Step Procedure 
Expected 

Outcome 
Result 

1 Insure that all necessary components to PCT installation are made 1 TBD 
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available. 

2 

Remove existing thermostat from wall mount (if applicable); following 

removal instruction of existing thermostat. 

Note: Installer must understand all safety requirements for removal prior 

to following thermostat instruction. 

2 TBD 

3 

Install PCT, using installation materials and guides provided by OEM. 

Note: Installer must understand all safety requirements for installation 

prior to following thermostat instruction. 

3 TBD 

 

9.1.3 Expected Outcome 

Item PASS FAIL 

1 
All materials necessary for proper installation 

are provided by the OEM. 

Materials necessary for proper installation are 

not provided by the OEM. 

2 

Existing thermostat is properly removed from 

wall connection and connections are properly 

labelled and visible for replacement 

installation. 

Wall connection is not properly dismantled to 

support PCT. 

3 

PCT is properly installed and when power is 

provided, initial startup menu of device is 

prompted.  

PCT is not properly installed and when power is 

provided, the initial startup of device is not 

prompted. 

 

9.1.4 Notes 

Overall test result TBD 

Notes:  
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10. Qualification of Device Connectivity (Step 4b) 

10.1 Initial connection to Wifi Network by customer 

10.1.1 Purpose 

The objective of this test is to successfully connect installed PCT to pre-existing Wifi network.  

10.1.2 Test Procedure 

Step Procedure 
Expected 

Outcome 
Result 

1 
Confirm wireless network has available bandwidth for device 

connection and is properly initiated.  
NA 

Does 

Not 

Apply 

2 
On the PCT, undergo proper steps to make connection with Wifi 

network. 
1 TBD 

 

10.1.3 Expected Outcome 

Item PASS FAIL 

1 

Confirmation is given on PCT that a connection 

was made to the Wifi network and device 

maintains this connection for 5 minutes before 

proceeding. 

PCT is not able to maintain a stable connection 

to Wifi network, when other communication 

devices are capable of maintaining connection 

within the same general vicinity for over 5 

minutes. 

 

10.1.4 Notes 

Over all test result TBD 

Notes:  
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10.2 Initial creation of OEM Online Account by customer 

10.2.1 Purpose 

The objective of this test is to successfully create a user account by going through the proper channels 

provided by the OEM.  

10.2.2 Test Procedure 

Step Procedure 
Expected 

Outcome 
Result 

1 Complete necessary steps to create a user online account with the OEM. 1 TBD 

 

10.2.3 Expected Outcome 

Item PASS FAIL 

1 

The OEM provides a simple process for the 

user to create an account for communication 

with the device. The OEM user interface shall 

successfully connect to PCT. 

The OEM does not provide a simple method of 

creating an account and/or the user interface 

does not successfully connect to PCT. 

 

10.2.4 Notes 

Over all test result TBD 

Notes:  

 

10.3 Initial download of OEM Mobile App by customer 

10.3.1 Purpose 

The objective of this test is to successfully connect to the PCT on all necessary platforms; including 

Android phone, iPhone, iPad and Android tablet. 

10.3.2 Test Procedure 

Step Procedure Expected Result 
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Outcome 

1 

On an Android mobile device, download appropriate OEM mobile app 

for remote access and control. Device will have all applicable and 

current OS software installed. 

1 TBD 

2 

On an iPhone mobile device, download appropriate OEM mobile app for 

remote access and control. Device will have all applicable and current 

OS software installed. 

2 TBD 

3 

On an iPad tablet, download appropriate OEM mobile app for remote 

access and control. Device will have all applicable and current OS 

software installed. 

3 TBD 

4 

On an Android tablet, download appropriate OEM mobile app for 

remote access and control. Device will have all applicable and current 

OS software installed. 

4 TBD 

 

10.3.3 Expected Outcome 

Item PASS FAIL 

1 
Android mobile device successfully connects to 

PCT. 

Android mobile device does not successfully 

connect to PCT. 

2 
The iPhone mobile device successfully 

connects to PCT. 

The iPhone mobile device does not successfully 

connect to PCT. 

3 The iPad tablet successfully connects to PCT. 
The iPad tablet does not successfully connect 

to PCT. 

4 
The Android tablet successfully connects to 

PCT. 

The Android tablet does not successfully 

connect to PCT. 

 

10.3.4 Notes 

Over all test result TBD 
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Notes:  

 

11. Primary Validation of Product Functions (Step 4c) 

11.1 Thermostat temperature accuracy and precision validation 

11.1.1 Purpose 

The objective of this test is to document the accuracy and precision of the device temperature sensors, 

in comparison to calibrated sensors in a temperature controlled test environment. Device accuracy and 

precision will be taken into account in future functionality tests for validation purposes. All information 

will be recorded in Appendix A, where a template to present the data is provided. A Pass/Fail score is 

only necessary in the “Notes” section of this Test Case. 

11.1.2 Test Procedure 

Step Procedure 
Expected 

Outcome 

1 
Set room temperature to a steady state temperature of 60° F. Room temperature 

should remain constant within ±1° F. 
NA 

2 

Once steady state is reached, begin recording room temperature from RTD sensors 

located adjacent to device temperature sensors. Continue recording at constant 

room temperature for at least 5 minutes. 

NA 

3 

Increase room temperature set point by roughly 1° F every 2 minutes. While 

recording room temperatures, manually record device temperature readings every 

60 seconds. Continue temperature increase until room temperature of 80° F is 

reached. Continue recording at 80° F until equilibrium is reached in room 

temperature and thermostat reading. This test can be completed in parallel with 

Section 11.2 “Thermostat Response Test”. 

NA 

 

11.1.3 Notes 

Over all test result TBD 
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Notes:  

 

11.2 Thermostat Response Test 

11.2.1 Purpose 

The objective of this test is to document the response between the device temperature set point and 

the temperature at which the thermostat changes states for heating/cooling. Device temperature 

response will be taken into account in proceeding functionality tests for validation purposes. All 

information will be recorded in Appendix B, where a template to present the data is provided. A 

Pass/Fail score is only necessary in the “Notes” section of this Test Case. 

11.2.2 Test Procedure 

Step Procedure 
Expected 

Outcome 

1 

Set room temperature to a steady state temperature of 70° F. Room 

temperature should remain constant within ±1° F. Once steady state is 

reached, begin logging room temperatures and contactor state. Log at 70° F 

steady state for 15 minutes. 

NA 

2 
Set device temperature “Cooling” set point to 2° F above recorded room 

temperature (72° F). All system contactors should remain open at this time. 
NA 

3 Set DUT to “Cooling” mode to simulate a need for cooling.  NA 

4 

Increase room temperature to 75° F (by roughly 1° F every 2 minutes). Record 

room temperature and device temperature reading for when compressor and 

blower contactors close to simulate a cooling condition. Maintain room at a 

steady state temperature of 75° F until thermostat temperature reading 

reaches steady state. Maintaining a room temperature of 75° F for two hours 

should be sufficient to reaching a steady state thermostat temperature 

reading. 

NA 

5 

Decrease room temperature to 70° F (by roughly 1° F every 2 minutes). Record 

room temperature and device temperature reading for when compressor and 

blower contactors open to simulate an end to a cooling condition. Maintain 

room at a steady state temperature of 70° F until thermostat temperature 

NA 
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reading reaches steady state. Maintaining a room temperature of 70° F for two 

hours should be sufficient to reaching a steady state thermostat temperature 

reading. 

6 Set DUT to “Heating” mode to simulate a need for heating. NA 

7 
Set device temperature “Heating” set point to 2° F below recorded room 

temperature (68° F). All system contactors should remain open at this time. 
NA 

8 

Decrease room temperature to 65° F (by roughly 1° F every 2 minutes). Record 

room temperature and device temperature reading for when heater contactor 

closes to simulate a heating condition. Maintain room temperature at a steady 

state temperature of 65° F until thermostat temperature reading reaches 

steady state. Maintaining a room temperature of 65° F for two hours should be 

sufficient to reaching a steady state thermostat temperature reading. 

NA 

9 

Increase room temperature to 70° F (by roughly 1° F every 2 minutes). Record 

room temperature and device temperature reading for when heating contactor 

opens to simulate an end to a heating condition. Maintain room temperature 

at a steady state temperature of 70° F until thermostat temperature reading 

reaches steady state. Maintaining a room temperature of 70° F for two hours 

should be sufficient to reaching a steady state thermostat temperature 

reading. 

NA 

 

11.2.3 Notes 

Over all test result TBD 

Notes:  

 

11.3 Set Thermostat temperature through all communication methods 

11.3.1 Purpose 

The objective of this test is to confirm basic operability of PCT in changing a temperature set point and 

test if the device reacts accordingly. Methods of communication include thermostat screen, Windows 

PC, Apple PC, Android Smart Phone, Apple Smart Phone, Android Tablet and Apple Tablet. 
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11.3.2 Test Procedure 

Step Procedure 
Expected 

Outcome 

1 
Set room temperature to a steady state temperature (e.g. 68° F). Room 

temperature should remain constant within ±1° F. 
NA 

2 
Initiate a cooling setting by placing device in “Cooling” mode (on device 

screen). 
1 

3 
Set device temperature “Cooling” set point above room temperature (on 

device screen) to confirm device inactivity (e.g. 70° F). 
2 

4 
Initiate a cooling event by placing device set point temperature (on device 

screen) below the room steady state temperature (e.g. 66° F). 
3 

5 
Return device temperature “Cooling” set point (on device screen) to above 

room steady state temperature (e.g. 70° F) to end cooling event. 
4 

6 
Initiate a heating setting by placing device in “Heating” mode (on device 

screen). 
5 

7 
Set device temperature “Heating” set point below room temperature (on 

device screen) to confirm device inactivity (e.g. 66° F). 
6 

8 
Initiate a heating event by placing device “Heating” set point temperature (on 

device screen) above the room steady state temperature (e.g. 70° F). 
7 

9 
Return device temperature “Heating” set point (on device screen) to below 

room steady state temperature (e.g. 70° F) to end “Heating” event. 
8 

10 
Initiate a “Fan Only” event by maintaining room temperature within 

thermostat temperature setpoints and selecting “Fan On” (on device screen). 
9 

11 
End “Fan Only” event by switching “Fan On” to “Fan Off” event. Once fan has 

successfully turned off, return to “Fan Auto” mode.  
10 

12 

Repeat steps 1-11 for setting Thermostat temperature and fan mode through 

each remote communication device (Windows pc, Apple pc, Android smart 

phone, Apple smart phone, Android tablet and Apple tablet). Record all results 

in Section 11.3.4. 

11 
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11.3.3 Expected Outcome 

Item PASS FAIL 

1 
Indication is given that the device is switched 

into “Cooling” mode after manual switch. 

No indication is given that the device is 

switched into “Cooling” mode after manual 

switch. 

2 

Indication is given that the device has changed 

“Cooling” set point to the appropriate value. 

No event should occur at this point. 

Indication is given that the device has changed 

“Cooling” set point to an inappropriate value, 

no indication is given at all or if an event occurs 

at this point. 

3 
During “Cooling” event, contactors close for 

the compressor and blower. 

During “Cooling” event, both compressor and 

blower contactors do not close properly. 

4 

The compressor and blower contactors open 

after change of “Cooling” set point to above 

room temperature. 

The compressor and blower contactors both do 

not open after change of “Cooling” set point to 

above room temperature. 

5 
Indication is given that the device is switched 

into “Heating” mode after manual switch. 

No indication is given that the device is 

switched into “Heating” mode after manual 

switch. 

6 

Indication is given that the device has changed 

temperature set point to the appropriate 

value. No event should occur at this point. 

Indication is given that the device has changed 

temperature set point to an inappropriate 

value, no indication is given at all or an event 

occurs unexpectedly. 

7 
During heating event, contactors close for the 

heater. 

During heating event, heater contactor does 

not close as expected. 

8 
The heater contactor opens after change of set 

point to room temperature. 

The heater contactor does not open after 

change of set point to room temperature. 

9 

During “Fan Only” event, contactor closes for 

the blower, while all other contactors remain 

open. 

During “Fan Only” event, contactor does not 

close for the blower or other contactors also 

close during event. 

10 
The blower contactor opens after change of 

fan setting. 

The blower contactor does not open after 

change of fan setting. 

11 
Expected “PASS” outcomes are as given for 

“Expected Outcomes” Items 1-9. 

Expected “FAIL” outcomes are as given for 

“Expected Outcomes” Items 1-9. 
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11.3.4 Results for Temperature Set Point Change 

Item Description 
Device 

Screen 

Windows 

PC 

Apple 

PC 

Android 

Smart 

Phone 

Apple 

Smart 

Phone 

Android 

Tablet 

Apple 

Tablet 

1 
Place device in “Cooling” 

mode. 
TBD TBD TBD TBD TBD TBD TBD 

2 

Set device temperature 

“Cooling” set point above 

room temperature. 

TBD TBD TBD TBD TBD TBD TBD 

3 

Place device set point 

temperature below the 

room temperature. 

TBD TBD TBD TBD TBD TBD TBD 

4 

Return device 

temperature “Cooling” 

set point to above room 

temperature. 

TBD TBD TBD TBD TBD TBD TBD 

5 
Place device in “Heating” 

mode. 
TBD TBD TBD TBD TBD TBD TBD 

6 

Set device temperature 

“Heating” set point 

below room 

temperature. 

TBD TBD TBD TBD TBD TBD TBD 

7 

Place device set point 

temperature above the 

room temperature. 

TBD TBD TBD TBD TBD TBD TBD 

8 

Return device 

temperature “Heating” 

set point to below room 

temperature. 

TBD TBD TBD TBD TBD TBD TBD 

9 
Initiate a “Fan Only” 

event. 
TBD TBD TBD TBD TBD TBD TBD 

10 End “Fan Only” event TBD TBD TBD TBD TBD TBD TBD 
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11.3.5 Notes 

Over all test result TBD 

Notes:  

 

11.4 Set Thermostat schedule 

11.4.1 Purpose 

The objective of this test is to set a preliminary weekly schedule for the PCT to follow. The schedule will 

be set with a combination of all methods of communication, including thermostat screen, Windows PC, 

Apple PC, Android Smart Phone, Apple Smart Phone, Android Tablet and Apple Tablet. 

11.4.2 Test Procedure 

Step Procedure 
Expected 

Outcome 

1 

Set room temperature to a steady state temperature (e.g. 68° F). Room 

temperature should remain constant within ±1° F. Begin logging data for room 

temperature and contactor closures. 

NA 

2 
Find the scheduling page on the PCT in an appropriate length of time (on device 

screen). 
1 

3 
Input a schedule into the scheduling page that will initiate a “Cooling” or 

“Heating” Event (on device screen).  
2 

4 Cancel the running of the schedule (on device screen). 3 

5 

Repeat steps 1-4 for setting Thermostat schedule through each remote 

communication device (Windows pc, Apple pc, Android smart phone, Apple 

smart phone, Android tablet, Apple tablet).  

1-3 

 

11.4.3 Expected Outcome 

Item PASS FAIL 

1 The scheduling page was found in the The scheduling page was not found in the 
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appropriate length of time (within 30 seconds). appropriate length of time (within 30 seconds). 

2 

Scheduling completed by the user in the 

appropriate length of time (within 30 seconds) 

and event properly initiated. 

Scheduling is not completed by the user in the 

appropriate length of time (within 30 seconds) 

or event not properly initiated. 

3 The schedule is canceled properly. The schedule is not canceled properly. 

 

11.4.4 Results for Scheduling 

Item Description 
Device 

Screen 

Windows 

PC 

Apple 

PC 

Android 

Smart 

Phone 

Apple 

Smart 

Phone 

Android 

Tablet 

Apple 

Tablet 

1 
Find Schedule on User 

Interface. 
TBD TBD TBD TBD TBD TBD TBD 

2 

Input a weekly schedule 

with “Cooling” or 

“Heating” event. 

TBD TBD TBD TBD TBD TBD TBD 

3 
Cancel the running of the 

schedule. 
TBD TBD TBD TBD TBD TBD TBD 

 

11.4.5 Notes 

Over all test result TBD 

Notes:  

 

11.5 Complete Preliminary Performance Test  

11.5.1 Purpose 

The objective of this test is to confirm continued simple functionality of PCT after a potentially altering 

condition (e.g. a power outage). These preliminary “spot checks” will be completed before and after 

each functionality test that could alter the performance of the device of interest. 
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11.5.2 Test Procedure 

Step Procedure 
Expected 

Outcome 

1 
Follow steps 1-5 of 11.3.2 “Set Thermostat temperature through all 

communication methods” to initiate a cooling event. 
1 

2 
Follow steps 6-9 of 11.3.2 “Set Thermostat temperature through all 

communication methods” to initiate a heating event. 
2 

4 

Follow steps 1-4 of 12.1.2 “Test Thermostat at 50% duty cycle” to initiate DR 

event, if applicable, through DRAS and terminate upon confirmation of 

response. If 50% duty cycle not available, follow steps 1-4 of 12.2.2 “Test 

Thermostat temperature offset” to initiate DR events. Terminate upon 

confirmation of response. 

3 

 

11.5.3 Expected Outcome 

Item PASS FAIL 

1 

The compressor and blower contactors close 

after initiating a cooling event and open upon 

return of temperature set point to room 

temperature. 

The compressor and/or blower contactors do 

not close after initiating a cooling event and 

open upon return of temperature set point to 

room temperature. 

2 

The heater contactor closes after initiating a 

heating event and opens upon return of 

temperature set point to room temperature. 

The heater contactor does not close after 

initiating a heating event and opens upon return 

of temperature set point to room temperature. 

3 

DRAS successfully initiates a 50% duty cycle or 

temperature offset, which is displayed 

through the contactor closures. 

DRAS does not successfully initiate a 50% duty 

cycle or temperature offset. 

 

11.5.4 Results for Preliminary Performance Test  

Item Description 
Device 

Screen 

Windows 

PC 

Apple 

PC 

Android 

Smart 

Phone 

Apple 

Smart 

Phone 

Android 

Tablet 

Apple 

Tablet 

1 

Steps to initiate 

“Cooling” and “Heating” 

events successful. 

TBD TBD TBD TBD TBD TBD TBD 
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2 
Steps to initiate DR Event 

successful. 
TBD TBD TBD TBD TBD TBD TBD 

 

11.5.5 Notes 

Over all test result TBD 

Notes:  

 

11.6 Thermostat re-boot  

11.6.1 Purpose 

The objective of this test is to confirm proper functionality of PCT after the PCT has been re-booted 

(turned off and on). 

11.6.2 Test Procedure 

Step Procedure 
Expected 

Outcome 

1 Establish an operating schedule for the DUT. NA 

2 Turn PCT off, while still maintaining current operating schedule. 1 

3 Turn PCT on, while still maintaining current operating schedule. 2 

4 Perform Section 11.5.2 “Complete Preliminary Performance Test”. 3 

 

11.6.3 Expected Outcome 

Item PASS FAIL 

1 
After shutdown of device, the current 

operating mode is maintained. 

Device fails to reset or after shutdown of 

device, system operation alters from current 

operating mode. 

2 
After re-boot of device, the current operating 

mode is maintained. 
Device fails to reset or after re-boot of device, 

system operation alters from current operating 
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mode. 

3 

All expected outcomes of Section 11.5.2 

“Complete Preliminary Performance Test” are 

performed and successfully completed. 

All expected outcomes of Section 11.5.2 

“Complete Preliminary Performance Test” are 

not successfully completed. 

 

11.6.4 Results from Thermostat Re-boot Test 

Item Description 
Device 

Screen 

Windows 

PC 

Apple 

PC 

Android 

Smart 

Phone 

Apple 

Smart 

Phone 

Android 

Tablet 

Apple 

Tablet 

1 

Steps to initiate 

“Cooling” and “Heating” 

events successful. 

TBD TBD TBD TBD TBD TBD TBD 

2 
Steps to initiate DR Event 

successful. 
TBD TBD TBD TBD TBD TBD TBD 

 

11.6.5 Notes 

Over all test result TBD 

Notes:  

 

11.7 Router reset  

11.7.1 Purpose 

The objective of this test is to confirm proper functionality of PCT after a loss of communication 

between the Wifi signal output device and the PCT. 

11.7.2 Test Procedure 

Step Procedure 
Expected 

Outcome 

1 Establish an operating schedule for the DUT. NA 
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2 
Turn off Wifi signal output device, while still maintaining current operating 

schedule. 
1 

3 After reboot of Wifi device, the current operating mode is maintained. 2 

4 Perform Section 11.5.2 “Complete Preliminary Performance Test”. 3 

 

11.7.3 Expected Outcome 

Item PASS FAIL 

1 
After loss in communication, the current 

operating mode is maintained. 

After loss in communication, system operation 

alters from current operating mode. 

2 
After reboot of Wifi signal output device, the 

current operating mode is maintained. 

Device fails to regain communication or after 

reboot of Wifi device, system operation alters 

from current operating mode. 

3 

All expected outcomes of Section 11.5.2 

“Complete Preliminary Performance Test” are 

performed and successfully completed. 

All expected outcomes of Section 11.5.2 

“Complete Preliminary Performance Test” are 

not successfully completed. 

11.7.4 Results from Router Reset Test 

Item Description 
Device 

Screen 

Windows 

PC 

Apple 

PC 

Android 

Smart 

Phone 

Apple 

Smart 

Phone 

Android 

Tablet 

Apple 

Tablet 

1 

Steps to initiate 

“Cooling” and “Heating” 

events successful. 

TBD TBD TBD TBD TBD TBD TBD 

2 

Steps to initiate DR Event 

successful (visual 

confirmation on all user 

interfaces). 

TBD TBD TBD TBD TBD TBD TBD 

 

11.7.5 Notes 

Over all test result TBD 
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Notes:  

 

11.8 Rejoin after power outage on thermostat 

11.8.1 Purpose 

The objective of this test is to simulate a power outage and confirm proper functionality of PCT after 

reinitializing. 

11.8.2 Test Procedure 

Step Procedure 
Expected 

Outcome 

1 
Disconnect power to PCT, Wifi signal output device and all corresponding loads 

to the PCT. 
NA 

2 
Power up all disconnected devices and device automatically returns to 

previously set operating conditions. 
1 

3 Perform Section 11.5.2 “Complete Preliminary Performance Test”. 2 

 

11.8.3 Expected Outcome 

Item PASS FAIL 

1 

After powering up all necessary devices, the 

previously set operating conditions are 

properly reinitialized. 

After powering up all necessary devices, the 

previously set operating conditions are not 

properly reinitialized. 

2 

All expected outcomes of Section 11.5.2 

“Complete Preliminary Performance Test” are 

performed and successfully completed. 

All expected outcomes of Section 11.5.2 

“Complete Preliminary Performance Test” are 

not successfully completed. 

 

11.8.4 Results from Power Outage Test 

Item Description 
Device 

Screen 

Windows 

PC 

Apple 

PC 
Android 

Smart 

Apple 

Smart 

Android 

Tablet 

Apple 

Tablet 
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Phone Phone 

1 

Steps to initiate 

“Cooling” and “Heating” 

events successful. 

TBD TBD TBD TBD TBD TBD TBD 

2 

Steps to initiate DR Event 

successful (visual 

confirmation on all user 

interfaces). 

TBD TBD TBD TBD TBD TBD TBD 

 

11.8.5 Notes 

Over all test result TBD 

Notes:  

 

12. Primary Validation of Demand Response Functions (Step 4d) 
 

12.1 Test Thermostat at 50% default demand response function for those 

devices with 50% duty cycle 

12.1.1 Purpose 

The objective of this test is to complete the default demand response function through a 50% duty cycle 

(for example, 15 minutes on/15 minutes off twice an hour). If device default demand response function 

is not a _% duty cycle, do not complete this test and instead complete a temperature offset test in 

Section 12.2. 

12.1.2 Test Procedure 

Step Procedure 
Expected 

Outcome 
Result 

1 
Set room temperature to a steady state temperature (e.g. 68° F). 

Room temperature should remain constant within ±1° F. 
NA Does 

Not 
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Apply 

2 
Initiate a cooling event by placing device in “Cooling” mode (through 

DRAS). 
1 TBD 

3 

Initiate a cooling event by placing device set point temperature (on 

device screen) below the room steady state temperature (e.g. 66° F). 

Blower and compressor contactors should be closed in. 

2 TBD 

4 

Initiate a 50% duty cycle through DRAS for a specified time interval. 

Perform 50% duty cycle test for an interval of a minimum of 90 

minutes to confirm proper function over a 60 minute interval. 

3 TBD 

 

12.1.3 Expected Outcome 

Item PASS FAIL 

1 
Indication is given that the device is switched 

into “Cooling” mode after manual switch. 

No indication is given that the device is 

switched into “Cooling” mode after manual 

switch. 

2 
During “Cooling” event, contactors close for 

the compressor and blower. 

During “Cooling” event, both compressor and 

blower contactors do not close. 

3 

50% duty cycle is successfully completed 

during the allotted time interval.  

The 50% duty cycle should include 15 minute 

intervals of switching the compressor from an 

“On” state to an “Off” and switching the 

compressor from an “Off” state to an “On” 

state. There should be a total of four 15 minute 

intervals in a 60 minute timeframe.  

The 50% duty cycle should then terminate at 

the conclusion of the designated interval. 

50% duty cycle is not successfully completed 

during the allotted time interval. 

The 50% duty cycle does not follow 15 minute 

intervals of switching the compressor from an 

“On” state to an “Off” and switching the 

compressor from an “Off” state to an “On” 

state (four 15 minute intervals in a 60 minute 

timeframe).  

The 50% duty cycle does not terminate at the 

conclusion of the designated interval. 

 

12.1.4 Notes 

Over all test result TBD 
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Notes:  

 

12.2 Test Thermostat temperature offset (for those devices which use 

temperature for default demand response function) 

12.2.1 Purpose 

The objective of this test is to complete the default demand response function through a temperature 

offset from the current operating setting (typically 1-4° F offset). If device default demand response 

function is not a temperature offset, do not complete this test. 

12.2.2 Test Procedure 

Step Procedure 
Expected 

Outcome 
Result 

1 
Set room temperature to a steady state temperature (e.g. 68° F). 

Room temperature should remain constant within ±1° F. 
NA 

Does 

Not 

Apply 

2 
Initiate a cooling event by placing device in “Cooling” mode (through 

DRAS). 
1 TBD 

3 

Initiate a cooling event by placing device set point temperature (on 

device screen) 1° F below the room steady state temperature (e.g. 67° 

F). Blower and compressor contactors should be closed in. 

2 TBD 

4 

Initiate a 2° F temperature offset through DRAS for a specified time 

interval, opening the blower and compressor contactors. Perform 

temperature offset test for a specified interval of time. Blower and 

compressor contactors should close in at conclusion of temperature 

offset test. 

3 TBD 

 

12.2.3 Expected Outcome 

Item PASS FAIL 

1 Indication is given that the device is switched 
No indication is given that the device is 

switched into “Cooling” mode after manual 
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into “Cooling” mode after manual switch. switch. 

2 
During “Cooling” event, contactors close for 

the compressor and blower. 

During “Cooling” event, both compressor and 

blower contactors do not close. 

3 

2° F temperature offset is successfully 

completed during the allotted time interval.  

The 2° F temperature offset fixes the blower 

and compressor contactors in an open position 

until the conclusion of the event. The 

temperature offset event then terminates at 

the conclusion of the designated interval and 

the blower and compressor contactors close to 

return to a “Cooling” event. 

2° F temperature offset is not successfully 

completed during the allotted time interval.  

The 2° F temperature offset does not fix the 

blower and compressor contactors in an open 

position until the conclusion of the event.  

The temperature offset event does not 

terminate at the conclusion of the designated 

interval or the blower and compressor 

contactors do not close to return to a “Cooling” 

event. 

 

12.2.4 Notes 

Overall test result TBD 

Notes:  

 

12.3 Show Thermostat event status for demand response 

12.3.1 Purpose 

The objective of this test is to confirm that the PCT displays all events on the device, as well as through 

all other means of communication. 

12.3.2 Test Procedure 

Step Procedure 
Expected 

Outcome 

1 
Initiate a default demand response function (50% duty cycle or temperature 

offset) through the DRAS system. Initiating a demand response function can be 

referenced in Section 12.1 “Test Thermostat at 50% duty cycle” and Section 

1 
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12.2 “Test Thermostat temperature offset”. 

2 Confirm that an event notification has been displayed on the PCT screen. 2 

3 

Repeat steps 1-2 for showing Thermostat event status through each remote 

communication device (Windows PC, Apple PC, Android smart phone, Apple 

smart phone, Android tablet, Apple tablet). Record all results in Section 12.3.4. 

1-2 

 

12.3.3 Expected Outcome 

Item PASS FAIL 

1 

All test procedures for Section 12.1 “Test 

Thermostat at 50% duty cycle” or Section 12.2 

“Test Thermostat temperature offset” have 

been successfully completed. 

All test procedures for Section 12.1 “Test 

Thermostat at 50% duty cycle (default)” or 

Section 12.2 “Test Thermostat temperature 

offset” have not been successfully completed. 

2 

An event notification has been displayed on 

the PCT (and subsequently all other 

communication devices under test). 

An event notification has not been displayed 

on the PCT (and subsequently all other 

communication devices under test) or an 

incorrect notification has been displayed. 

 

12.3.4 Results for Showing Event Status 

Item Description 
Device 

Screen 

Windows 

PC 

Apple 

PC 

Android 

Smart 

Phone 

Apple 

Smart 

Phone 

Android 

Tablet 

Apple 

Tablet 

1 
Initiate default demand 

response function 
TBD TBD TBD TBD TBD TBD TBD 

2 
Event notification 

displayed 
TBD TBD TBD TBD TBD TBD TBD 

 

12.3.5 Notes 

Over all test result TBD 
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Notes:  

 

12.4 Opt out function on thermostat 

12.4.1 Purpose 

The objective of this test is to opt out of a DR by the user at the PCT, prior to a scheduled event. 

12.4.2 Test Procedure 

Step Procedure 
Expected 

Outcome 
Result 

1 
Schedule a pre-determined temperature set point, as completed in 

Section 11.4.2 “Set Thermostat schedule”. 
1 TBD 

2 

Schedule a DR event with a predetermined start time and end time, as 

completed in Section 12.1 “Test Thermostat at 50% duty cycle” or 

Section 12.2 “Test temperature offset”. 

2 TBD 

3 
Prior to the DR event, manually opt out of the event and continue pre-

determined device schedule at the appropriate interval. 
3 TBD 

 

12.4.3 Expected Outcome 

Item PASS FAIL 

1 

All expected outcomes of Section 11.4.2 “Set 

Thermostat schedule” are successfully 

completed. 

All expected outcomes of Section 11.4.2 “Set 

Thermostat schedule” are not successfully 

completed. 

2 

All expected outcomes of Section 12.1 “Test 

Thermostat at 50% duty cycle” or Section 12.2 

“Test temperature offset” are successfully 

completed. 

All expected outcomes of Section 12.1 “Test 

Thermostat at 50% duty cycle” or Section 12.2 

“Test temperature offset” are not successfully 

completed. 

3 
Once opt out is initiated, the PCT successfully 

returns to pre-determined device schedule and 

proper indication is displayed on the device 

Once opt out is initiated, the PCT does not 

successfully return to pre-determined device 

schedule and proper indication is not displayed 
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and in the DRAS web portal.  on the device or in the DRAS web portal. 

 

12.4.4 Notes 

Over all test result TBD 

Notes:  

 

12.5 Manual override on thermostat 

12.5.1 Purpose 

The objective of this test is to manually override a DR event by the user at the PCT. 

12.5.2 Test Procedure 

Step Procedure 
Expected 

Outcome 
Result 

1 
Schedule a pre-determined temperature set point, as completed in 

Section 11.4.2 “Set Thermostat schedule”. 
1 TBD 

2 

Schedule a DR event with a predetermined start time and end time, as 

completed in Section 12.1 “Test Thermostat at 50% duty cycle” or 

Section 12.2 “Test temperature offset”. 

2 TBD 

3 
During the DR event, manually override the event and continue pre-

determined device schedule at the appropriate interval. 
3 TBD 

 

12.5.3 Expected Outcome 

Item PASS FAIL 

1 

All expected outcomes of Section 11.4.2 “Set 

Thermostat schedule” are successfully 

completed. 

All expected outcomes of Section 11.4.2 “Set 

Thermostat schedule” are not successfully 

completed. 

2 All expected outcomes of Section 12.1 “Test 

Thermostat at 50% duty cycle” or Section 12.2 

All expected outcomes of Section 12.1 “Test 

Thermostat at 50% duty cycle” or Section 12.2 
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“Test temperature offset” are successfully 

completed. 

“Test temperature offset” are not successfully 

completed. 

3 

Once manual override is initiated, the PCT 

successfully returns to pre-determined device 

schedule and proper indication is displayed on 

the device and in the DRAS web portal.  

Once manual override is initiated, the PCT does 

not successfully return to pre-determined 

device schedule and proper indication is not 

displayed on the device or in the DRAS web 

portal. 

 

12.5.4 Notes 

Over all test result TBD 

Notes:  

 

12.6 Disconnect Wifi connection after receiving DR event signal (before DR 

event start) 

12.6.1 Purpose 

The objective of this test is to confirm that a scheduled DR event is completed in the event of a loss in 

connectivity. This test will focus primarily on when a DR event signal is sent to the PCT and, 

subsequently, there is loss in communication between the PCT and the Wifi signal output device. 

12.6.2 Test Procedure 

Step Procedure 
Expected 

Outcome 
Result 

1 

Schedule a DR event with a predetermined start time and end time, as 

completed in Section 12.1 “Test Thermostat at 50% duty cycle” or 

Section 12.2 “Test temperature offset”. 

1 TBD 

2 
Prior to initiation of DR event, disconnect Wifi signal output device as 

completed in Section 11.7.2 “Router reset” step 1. 
2 TBD 

3 
Maintain loss in communication during triggering of DR event and 

confirm proper triggering of DR event. 
3 TBD 
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4 

After initial triggering of DR event, reconnect Wifi signal output device 

as completed in Section 11.7.2 “Router reset” step 2 and confirm 

continued operation of DR event and completion of scheduled event. 

At completion of scheduled event, the PCT returns to user scheduled 

operation. 

4 TBD 

5 
Repeat Step 1: schedule a DR event with a predetermined start time 

and end time. 
5 TBD 

6 
Repeat Step 2: prior to initiation of DR event, disconnect Wifi signal 

output device. 
6 TBD 

7 
Repeat Step 3: maintain loss in communication during triggering of DR 

event and confirm proper triggering of DR event. 
7 TBD 

8 

Maintain loss in communication between PCT and Wifi signal output 

device through entire length scheduled interval of DR event and 

confirm proper triggering of event throughout the interval. 

8 TBD 

9 

After completion of DR event, reconnect Wifi signal output device as 

completed in Section 11.7.2 “Router reset” step 2 and confirm 

continued operation of user scheduled operation.  

9 TBD 

 

12.6.3 Expected Outcome 

Item PASS FAIL 

1 
DR event is properly scheduled in device, 

through indication on display of DRAS system. 

DR event is not properly scheduled in device, 

with no indication given on display of DRAS 

system. 

2 
After loss in communication, the current 

operating mode is properly maintained. 

After loss in communication, system operation 

alters from current operating mode. 

3 
DR event properly triggers at the scheduled 

starting time as determined in Step 1.  

DR event does not properly trigger at the 

scheduled starting time as determined in Step 

1. 

4 

After reconnecting Wifi communication, the 

currently operating DR event is successfully 

continued until the completion of the 

scheduled time interval.  

Once the scheduled time interval is completed, 

After reconnecting Wifi communication, the 

currently operating DR event is not successfully 

continued until the completion of the 

scheduled time interval.  

The device does not successfully return to the 
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the device successfully returns to the user 

defined operating schedule. 

user defined operating schedule upon 

completion of the DR event time interval. 

5 
DR event is properly scheduled in device, with 

indication given on the display of DRAS system. 

DR event is not properly scheduled in device, 

with no indication given on the display of DRAS 

system. 

6 
After loss in communication, the current 

operating mode is properly maintained. 

After loss in communication, system operation 

alters from current operating mode. 

7 
DR event properly triggers at the scheduled 

starting time as determined in Step 5.  

DR event does not properly trigger at the 

scheduled starting time as determined in Step 

5. 

8 

Throughout interval of loss in communication, 

the device successfully completes the full DR 

event interval and returns to user defined 

operating schedule. 

Throughout interval of loss in communication, 

the device does not successfully complete the 

full DR event interval or does not return to user 

defined operating schedule. 

9 

After reconnecting Wifi communication, the 

user defined operating schedule is successfully 

continued. 

After reconnecting Wifi communication, the 

user defined operating schedule is not 

successfully continued. 

 

12.6.4 Notes 

Over all test result TBD 

Notes:  

 

12.7 Disconnect Wifi connection during DR event 

12.7.1 Purpose 

The objective of this test is to confirm that a scheduled DR event is completed when a loss in 

communication occurs during the event. 

12.7.2 Test Procedure 

Step Procedure Expected Result 
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Outcome 

1 

Schedule a DR event with a predetermined start time and end time, as 

completed in Section 12.1 “Test Thermostat at 50% duty cycle” or 

Section 12.2 “Test temperature offset”. 

1 TBD 

2 

After initiation of DR event, disconnect Wifi signal output device as 

completed in Section 11.7.2 “Router reset” step 1 and confirm 

continued operation of DR event.  

2 TBD 

3 

Prior to completion of scheduled event, reconnect communication 

between Wifi signal output device as completed in Section 11.7.2 

“Router reset” step 2 and confirm continued operation of DR event and 

completion of scheduled event. Upon completion of scheduled DR 

event, the device should continue the user defined operating schedule. 

3 TBD 

4 
Repeat Step 1: schedule a DR event with a predetermined start time 

and end time. 
4 TBD 

5 

Repeat Step 2: After initiation of DR event, disconnect Wifi signal 

output device and confirm continued operation of DR event and 

completion of scheduled event. Upon completion of scheduled DR 

event, the device should continue the user defined operating schedule. 

5 TBD 

6 

After completion of DR event, reconnect Wifi signal output device as 

completed in Section 11.7.2 “Router reset” step 2 and confirm 

continued operation of user scheduled operation. 

6 TBD 

 

12.7.3 Expected Outcome 

Item PASS FAIL 

1 
DR event is properly scheduled in device, 

through indication on display of DRAS system. 

DR event is not properly scheduled in device, 

through indication on display of DRAS system. 

2 
After loss in communication, the current 

operating DR event is properly maintained. 

After loss in communication, system operation 

alters from current DR event. 

3 

After regaining communication, the current 

operating DR event is properly maintained. The 

device successfully completes the full DR event 

interval and returns to user defined operating 

schedule. 

After regaining communication, the current 

operating DR event is not properly maintained. 

Additionally, the device does not successfully 

complete the full DR event interval or does not 

return to user defined operating schedule. 
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4 
DR event is properly scheduled in device, 

through indication on display of DRAS system. 

DR event is not properly scheduled in device, 

through indication on display of DRAS system. 

5 

After loss in communication, the current 

operating DR event is properly maintained. The 

device successfully completes the full DR event 

interval and returns to user defined operating 

schedule. 

After loss in communication, system operation 

alters from current DR event. The device 

successfully completes the full DR event 

interval and returns to user defined operating 

schedule. 

6 

After regaining communication, the current 

user defined operating schedule is properly 

maintained.  

After regaining communication, the current 

user defined operating schedule is not properly 

maintained. 

 

12.7.4 Notes 

Over all test result TBD 

Notes:  

 

12.8 Event is cancelled after receiving DR event signal but prior to event 

initiation 

12.8.1 Purpose 

The objective of this test is to confirm that DRAS can cancel an event on the PCT prior to initiation of 

scheduled DR event. 

12.8.2 Test Procedure 

Step Procedure 
Expected 

Outcome 
Result 

1 

Schedule a DR event with a predetermined start time and end time, as 

completed in Section 12.1 “Test Thermostat at 50% duty cycle” or 

Section 12.2 “Test temperature offset”. 

1 TBD 

2 Prior to initiation of DR event, send a cancelling command to the PCT. 

Confirm that the event was cancelled and that the device maintains 
2 TBD 
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user defined operating schedule. 

 

12.8.3 Expected Outcome 

Item PASS FAIL 

1 
DR event is properly scheduled in device, 

through indication on display of DRAS system. 

DR event is not properly scheduled in device, 

through indication on display of DRAS system. 

2 

After sending the cancelling command, the DR 

event was successfully cancelled and the 

device maintains user defined operating 

schedule. 

After sending the cancelling command, the DR 

event did not successfully cancel and/or the 

device did not maintain user defined operating 

schedule. 

 

12.8.4 Notes 

Over all test result TBD 

Notes:  

 

12.9 Event is cancelled during the DR event signal 

12.9.1 Purpose 

The objective of this test is to confirm that DRAS can cancel an event on the PCT during scheduled DR 

event and return to the user defined operating schedule. 

12.9.2 Test Procedure 

Step Procedure 
Expected 

Outcome 
Result 

1 

Schedule a DR event with a predetermined start time and end time, as 

completed in Section 12.1 “Test Thermostat at 50% duty cycle” or 

Section 12.2 “Test temperature offset”. 

1 TBD 

2 After initiation of DR event, send a cancelling command to the PCT. 

Confirm that the event was cancelled and that the device returns to 
2 TBD 
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user defined operating schedule. 

 

12.9.3 Expected Outcome 

Item PASS FAIL 

1 
DR event is properly scheduled in device, 

through indication on display of DRAS system. 

DR event is not properly scheduled in device, 

through indication on display of DRAS system. 

2 

After sending the cancelling command, the DR 

event was successfully cancelled and the 

device returned to the user defined operating 

schedule. 

After sending the cancelling command, the DR 

event did not successfully cancel and/or the 

device did not return to the user defined 

operating schedule. 

 

12.9.4 Notes 

Over all test result TBD 

Notes:  

 

12.10 Power down of compressor and allow blower (circulating fan) to run  

12.10.1 Purpose 

The objective of this test is to confirm that the PCT can run the blower separate of the compressor or 

heater. 

12.10.2 Test Procedure 

Step Procedure 
Expected 

Outcome 
Result 

1 
End any heating or cooling event by placing device in “Off” mode 

(through DRAS).  
1 TBD 

2 Enable fan to run through DRAS, while remaining in an “Off” mode 2 TBD 

3 Return DUT to original operating condition 3 TBD 
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12.10.3 Expected Outcome 

Item PASS FAIL 

1 

DR event to place device in “Off” mode is 

successfully completed. All contactors for 

blower, heater and compressor all remain 

open. 

DR event to place device in “Off” mode is not 

successfully completed. All contactors for 

blower, heater and compressor do not remain 

open. 

2 
Only the blower contactor closes to simulate 

an event. 

The blower contactor is not the only contactor 

to close, while simulating an event. 

3 
All contactors return to operation, prior to DR 

events. 

All contactors do not return to operation, prior 

to DR events. 

 

12.10.4 Notes 

Over all test result TBD 

Notes:  
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Appendix A: Thermostat Temperature Accuracy Results 
 

 

Figure 1: Overall Thermostat Temperature Accuracy Results 
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Appendix B: Thermostat Response Testing Results 
 

 

 

Figure 2: Thermostat Response Test (Location T3) 
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Appendix C: Measurement Calibration Documents 
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