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WHY DO WE CARE  
ABOUT THERMOSTATS? 
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Gain insights 
into an evolving 
and growing 
market 

Determine 
how savings will  
be incorporated into 
the momentum 
savings model 



RESEARCH OBJECTIVES 
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Define 
technologies  
in market 

Learn 
what others 
found 

Understand 
market  
dynamics 

Assess 
compatibility 
issues 

Presenter
Presentation Notes
This is a relatively new market, and something we had never tried to model for momentum savings. So we had a lot of questions that informed these four primary research objectives:Defining technologies in the marketSort through the various definitions of thermostats being used in the market and ascertain which thermostat features drive savingsWhat are all the different options in the market and what are the key features of those measures that impact energy consumption?What are the definitions or “buckets” that different thermostats can fall into that matter for the modeling work? What is the priority for features that we should be paying particular attention to? (such as, “the majority of savings comes from these key features which matter most”)Energy savingsReview and assess the reliability and accuracy of energy savings for the Northwest market and understand the applicability to the momentum modelWhich thermostats save energy and how much? Which ones don’t save energy and why?Why is it that some people use more energy when they get a new smart thermostat?What is the overlap between CC&S/PTCS and thermostat savings? Are thermostat savings negated if paired with CC&S?Are there high-level notable issues for modeling that we should be aware of around the differences between the ENERGY STAR specification and BPA program specifications?What do we need to be aware of from a savings perspective that we should watch out for when it comes to modeling thermostats?Market dynamicsUnderstand ways the smart thermostat market is similar to and different from the traditional HVAC market and assess saturation and growthWhat do the supply chain and decision chain each look like and what are the major channels for each? How do the technologies compete with each other?What is the Northwest saturation of the different thermostat technologies? What do the details of the RBSA II tell us about where these units are going and what they are paired with?What does the growth trend look like in the Northwest for the different technologies? What’s moving, and what’s not?What market data in the Northwest exists? (e.g., has NEEA or anyone been collecting sales data on this, or can we get it directly from the manufacturers)Compatibility Better understand smart thermostat compatibility issues with certain HVAC equipmentWhat are the compatibility issues with smart thermostats?What has been done to assess the compatibility issue? Are there any trends indicating compatibility issues will be resolved in the future?



 
RESEARCH ACTIVITIES 
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Market Actor Interviews Literature Review 

Presenter
Presentation Notes
The research team conducted two main activities for this study:1. Interviews with 11 market actors, including product manufacturers, evaluation consultants that work with utilities across the country, and BPA staff2. Literature review assessing 33 evaluation reports, white papers, conference papers, and other materials related to smart thermostats 



ADVANCED SMART 

SMART 

CONNECTED 

WHAT IS A “SMART THERMOSTAT”? 
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PROGRAMMABLE 

MANUAL 

Presenter
Presentation Notes
*heads up, this one’s animated*Through our research, the team determined there are six different categories of thermostats.Line Voltage (not shown in slide) - Thermostats that are in line with and directly switch system power (120 or 240 volts)   - Used for electric space heaters such as baseboard heaters or a direct-wired electric furnacesManual - Simple thermostats that regulate the HVAC system, where changes in temperature need to be made by manually adjusting the deviceProgrammable - Thermostats where the occupant can set schedules and setbacks- Displays temperatures and operating modesConnected - Thermostats that do everything a programmable thermostat does, but also have Wi-Fi capabilitiesMost offer an online dashboard or mobile app to control the device and report usage characteristics- Basic demand response capabilitiesSmart - Thermostats that incorporate everything programmable and connected thermostat do, but also supports proximity sensing to indirectly detect occupants by external device (geofencing) or optional sensors that can be added to the thermostatAdvanced Smart- Thermostats that incorporate all features of programmable, connected, and smart thermostats but also have occupancy sensing directly onboard the device- Heat pump optimization- Algorithms that learn occupants’ behaviors and characteristics of the structure and adjusts the device accordingly to improve scheduling and performance - Proven energy efficiency savings



MAPPING FEATURES TO 
DEFINITIONS 

Connected Advanced 
Smart 

Smart 

 Scheduled 
setbacks 

 Adjust remotely / 
has an app 
 

Connected+ 
 Proximity sensing 

(Geofencing)  
 

Smart+ 
 Onboard 

occupancy sensing 
 Heat pump 

optimization 
 Learning 

algorithms 
 

Presenter
Presentation Notes
Since we want the classification scheme to be one of the most important takeaways from this presentation, we want to spend a little more time clarifying the distinctions between the top three categories.Again, recall that the categories are nested, in that the more advanced categories have all the features of the less advanced categories.As we already mentioned, connected thermostats are units that offer scheduled setbacks, but also typically have an app for remote adjustment. It is also worth noting that connected thermostat category is the minimum level of sophistication supporting demand response.The main distinction we want to focus on, however, are the smart and advanced smart categories. Many of the units in the broader smart thermostat market only offer proximity sensing. However, proximity sensing (or geofencing) is something that needs to be set up correctly to work. It is typically tied  to a smart phone, adjusting the thermostat when the phone is outside a certain range. However, because geofencing needs to be setup by the user – and set up correctly – it is not guaranteed to save energy.In contrast, units in the advanced smart thermostat category have onboard occupancy sensing, which adjust the thermostat based on occupancy in the room the thermostat is installed in. It does not need to be setup and is inherently part of the thermostat. Onboard occupancy is believed to save energy.The other features that distinguish advanced smart thermostats from smart thermostat are heat pump optimization and learning algorithms. With regards to heat pump optimization, the units are designed to reduce the use of expensive auxiliary heating by setting a lockout temperature. Here, I do want to point out that some thermostats in categories lower than advanced smart also offer heat pump optimization, but not all units in any of the lower categories offer it. In contrast all units in the advanced smart thermostat category offer heat pump optimization.The last feature is learning algorithms. All devices in the advanced smart thermostat category are designed to learn things about the home such as how long it takes to cool down after heating and occupancy preferences, and will adjust the thermostats operation accordingly.



 
REGIONAL DEFINITIONS OF “SMART” 
ARE INCONSISTENT  
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Advanced Smart 
Thermostats ONLY BPA and Energy Trust  

Smart and Advanced 
Smart Thermostats RTF and RBSA II 

Connected, Smart  
and Advanced Smart 

ENERGY STAR, PSE, and RBSA Wi-Fi 
category 

Entity  
What is included in their 
“smart” definition? 

Presenter
Presentation Notes
Even though we determined there are six different categories of thermostats these categories are not universally used in the industry. In fact, when looking just at the last three categories (connected, smart and advanced smart) as we just did, differences in definitions are more common that similarities. However, it is worth emphasizing that everyone in the market tends to use the term “smart thermostats” to generally refer to the devices. This made some aspects of this study challenging as information on ”smart thermostats” could refer to a diverse set of devices – more often than not, undefined. This slide presents examples of this variability showing how different Northwest organizations and reports define smart thermostats. BPA Programs and Energy Trust have the most stringent definition which only includes advanced smart thermostats. This is currently limited to a total of six thermostats.The RTF and RBSA II smart thermostat category are the next most stringent, including advanced smart and smart thermostats.RBSA Wi-Fi category, Puget Sound Energy and ENERGY STAR are the least stringent, including advanced, smart, and connected thermostats.If we experts can’t agree, you can imagine what it’s like for the consumer…



 
WHAT FEATURES SAVE ENERGY? 
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Scheduled 
Setbacks  

Proximity  
Sensing 

LEAST INFLUENCE ON EFFICIENCY MOST 

On-board 
Occupancy  

Sensing 

Learning  
Algorithms 

Heat Pump 
Optimization 

Presenter
Presentation Notes
When considering the broader categories of smart and advanced smart thermostats, there are a number of features that can contribute to energy savings. Note that no studies have looked at how much energy the different features save, but the interviewees generally agreed with the shown ranking in terms of the least influence on energy savings to the greatest influence on energy savings. In order from least to most influential:Scheduled setbacks Proximity sensing (geofencing) (if set up and used correctly)Learning algorithmsHeat pump optimizationOn-board occupancy sensing



Nest & other  

ENERGY SAVINGS CAN EXIST… 
FOR ADVANCED SMART 
THERMOSTATS 
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Nest-only studies ecobee-only Nest & ecobee  

Presenter
Presentation Notes
There is not a lot of evaluation research, and most of it (9 of 11 studies) is focused on one thermostat – Nest – though some studies have also looked at ecobee 3 and 4 thermostats. Thus, it needs to be emphasized that vast majority of research has actually focused on the “advanced smart thermostat” category and virtually none has involved “smart thermostats.” This is important because, as you will see in a moment, the only category of thermostat that has associated energy savings are the advanced smart thermostats.Before moving ahead, we also want to highlight the complexity involved with synthesizing the results of the studies. Namely, several factors limit the usefulness of the savings estimates for the Pacific Northwest, including: Different thermostat modelsDifferent HVAC systemsDifferent climate zonesFor Reference:BPA/Franklin PUD (Franklin PUD service territory) – NestComEd (Illinois) – NestEnergy Trust – NestEnergy Trust – Nest and Honeywell LyricSMECO (Maryland) – Nest and ecobeeMassachusetts – 1st gen ecobeeSMUD (California) – Nest and EcoFactorVectren (Indiana) – Nest and Wi-Fi HoneywellXcel (Colorado) – Nest, ecobee, Honeywell LyricEnergy Trust – NestPG&E (California) –  Nest, ecobee, Honeywell Lyric



 
RESEARCH FINDINGS IN THE 
PACIFIC NW ARE FAIRLY 
CONSISTENT 
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BPA/Franklin PUD 
4% of total consumption 
12% of heating and cooling load 
745–955 kWh Annual Savings 
 

Energy Trust 
4.7% of total consumption 
12% of heating and cooling load 
781 kWh Annual Savings 
 

Presenter
Presentation Notes
Three studies (Nest only) were conducted in Pacific Northwest, but only two assessed electric heat – a BPA/Franklin PUD study and the Energy Trust heat pump study.Results from these studies were somewhat consistent and also generally align with the RTF’s Residential Connected Thermostat Workbook. Thus, for transparency, the research team recommends that BPA’s market modeling team leverage the RTF analysis by climate zone and system type for momentum savings modeling efforts. 



 
ADVANCED SMART THERMOSTATS 
DON’T NECESSARILY ALWAYS SAVE 
ENERGY 
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Algorithms need  
time to learn 

 

Default settings  
may not maximize  

energy savings 

Users may  
change default  

settings 

Incorrect  
installation can  

increase energy use 

Presenter
Presentation Notes
Before we move on to discussing the smart thermostat market, we want to point out that not all advanced smart thermostat installations will save energy.Advanced smart thermostat algorithms need time to learn, and some thermostats may use more energy at first. Default settings on some thermostats are not set up to maximize energy savings. An example is the Nest heat pump setting. There are three options, Max Savings, Max Comfort and Balanced. By default, the setting is Balanced, while more energy can be saved by setting it to Max Savings.Users may change default settings that were originally setup to save energy.Incorrect installation can lead to increased energy use. My Nest thermostat is an example. I have a two-stage air conditioner (I live in Texas) and the thermostat was inadvertently setup for a single stage system. I used more energy for several months before a technician discovered and fixed this.  



NEW COMPLEXITY IN SUPPLY CHAIN 
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Other Providers Brick-and- 
Mortar Retail  

Consumer 

Manufacturer 

Contractor/ 
Builder 

Distributor 

EE Programs Online Retail 

Presenter
Presentation Notes
*heads up, this one’s animated*The smart thermostat supply chain is different from the traditional HVAC supply chain. With the traditional market, residential customers typically hire a contractor to do work, and the contractor gets equipment from a distributor. While this is still a channel of the smart thermostat supply chain, there are also a number of other channels at play. The supply chain is more fragmented and complex, with more players and ways that consumers can get the product.Manufacturer(Nest, ecobee, Honeywell)Distributor (Johnson Supply, Thermal Supply, Gensco)Contractor/BuilderOnline Retail(Amazon, Google Store, retailer websites))Brick-and-�Mortar Retail (Home Depot, Lowes, Best Buy)EE Programs(Direct install programs, self-install)Other Providers (broadband, security, telecom) 



COUNTING IS CHALLENGING 
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Analysis of RBSA II data suggests regional saturation of 
advanced smart thermostats was about 2% in 2016. 

Presenter
Presentation Notes
RBSA data is the only known source for smart thermostat saturation data. However, as we showed earlier, the RBSA definition of smart thermostats does not entirely align with the BPA/Energy Trust definition. The RBSA uses two categories (1) smart and (2) smart/Wi-Fi. Because the second category includes both smart and Wi-Fi thermostats, the data is less reliable for modeling purposes.For BPA’s market model, we need the saturation of Advanced Smart thermostats only, since that is the only category with which we are trying to quantify savings.  Since our “Advanced Smart” category is so narrowly defined (basically only Nest and Ecobee, and some newer Carrier and Bryant models), we can get a more reliable estimate by applying some gross generalizations to the thermostat model data.  Based on defining either all Nest/Ecobee or all Nest/Ecobee/Carrier/Bryant thermostats as “advanced smart”, we get a range of 1.7 to 3.2% of thermostats in the region categorized as advanced smart.  3.2% is likely even an overestimate, since many Carrier/Bryant thermostats will likely not be the “advanced smart” version.  As such, “2%” is a reasonable estimate for penetration of advanced smart thermostats, and that is what we are going to use in the market model for 2016 penetration.  Data source: Cadeo analysis of RBSA II dataMcKinsey. 2017. The Connected Home Market. Available at: https://www.mckinsey.com/spcontent/connected_homes/pdf/mckinsey_connectedhome.pdfThe Shelton Group. 2016. Shelton Energy Pulse 2016.



WHERE ARE THEY INSTALLED? 
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32% 

19% 

16% 

12% 

9% 
7% 

5% 

Puget Sound Western 
Oregon 

Eastern 
Washington 

Eastern 
Oregon 

Western 
Montana 

Western 
Washington 

Idaho 

Installed throughout the 
region, though mostly 
in urban areas 

single family  
residences 

93 % 

manufactured  
homes 

7 % 

Presenter
Presentation Notes
*Animated*It is important to note that these numbers are based on the RBSA II. While the RBSA II data does allow the researcher to distinguish between connected and smart thermostats in general, it does not provide the granularity needed to distinguish between smart and advanced smart thermostats.   Therefore, the chart in this slide represents a combination of both smart and advanced smart thermostats.In terms of where these thermostats are installed, it is mostly in urban areas, though they exist throughout the region. Nearly one-third (32%) of units are installed in the Puget Sound area; Western Oregon comes in second at 19%. Smart thermostats are rarest in Idaho (5%) and Western Washington (7%). The majority of these thermostats are installed in single family homes Data source: Analysis of RBSA II data



WITH WHAT SYSTEMS ARE THEY 
PAIRED? 
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Cooling 

54% paired with central air 
conditioners 

46% paired with air source 
heat pumps 

Heating 

54% paired with gas furnaces 

35% paired with air source heat 
pumps 

6% paired with propane furnaces 

4% paired with electric furnaces 

1% paired with boilers 

Presenter
Presentation Notes
Also from the RBSA II, these numbers include both smart and advanced smart categories. For cooling, these thermostats are paired with central air conditioners (54%) or air source heat pumps (46%). For heating, these thermostats are paired with forced air furnaces (54%), air source heat pumps (35%), propane furnaces (6%), electric furnaces (4%), and boilers (1%).Note: All homes in the region have heating, but not all homes have cooling. Therefore the total number of cooling units are less than the total number of heating units, so heat pumps are a higher percentage of cooling unit. (The denominator for cooling is less.)Data source: Analysis of RBSA II data



EXPLOSIVE GROWTH IS EXPECTED 

18 

2015 2025 

1M 

30M 

Presenter
Presentation Notes
Explosive growth is expected. Shipments of smart and advanced smart thermostats are expected to go from 1 million in 2015 to nearly 30 million in 2025. It is worth noting that even though manufacturers were reluctant to share their numbers, more than one manufacturer pointed me to the Shelton Group report providing this estimate.Source: The Shelton Group. 2016. Shelton Energy Pulse 2016.
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Speed Heat  

Pumps 
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THEY DON’T CURRENTLY WORK 
WITH EVERYTHING 

19 

Presenter
Presentation Notes
While advanced smart thermostats offer great promise for energy savings in the region, they aren’t compatible with all types of HVAC systems. None of the advanced smart thermostats work with ductless heat pumps. There are a number of manufacturers that are starting to develop products that are positioned as smart DHP controls, but these do not yet appear to have the key features (e.g., occupancy sensing; learning algorithms) that would make them advanced smart controls.Other incompatibilities include variable speed heat pumps, zonal electric heat, and proprietary systems.



RECOMMENDATIONS 
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Coalesce 
Around 
Definitions 

Strategy 
for Tracking 
Market Change 
and Savings 

Research 
and Data on 
Growth and 
Performance 
 

Awareness  
of New  
Products 

Presenter
Presentation Notes
Understanding the thermostats market is important for the BPA HVAC market modeling efforts, but it’s also important for the broader HVAC/thermostats industry. As this is an emerging area of growth, the industry does not have clear definitions or language to use when talking about these products. While we may not have very much control over how the industry defines these products, we can create tighter definitions in our world of EE. Effort in our EE community needs to be made to come to agreement about definitions. We developed the advanced smart thermostat category to help delineate what features and products are most relevant to the market, but without coalescence around definitions, research will be less useful and it will be hard to get a good understanding of this market.As a region, we need to better understand energy savings for these products more thoroughly. There is this vast universe of data available from manufacturers, but we (BPA) don’t have those data sharing relationships strongly established yet. We as an industry need to develop a strategy for better tracking and understanding how this market is changing over time for the types of thermostats that save energy (advanced smart), and refining energy savings estimates. This strategy could include several things: A dedicated field study? More refined RBSA data collection (challenging)? A way of getting and leveraging detailed manufacturer shipment and performance data (promising)? To this last idea, NEEA has been doing some work through a thermostat task force on figuring out a regional research strategy for how to use performance metrics to refine energy savings estimates. It would be good if that group could look at the definitions and learnings from this market characterization and fold that into future discussions of a regional research strategy. In summary, this availability of performance data is a new and exciting resource that is emerging and we’re trying to figure out how to use the data to better quantify what is happening in this market in terms of growth trends, product performance, and savings. 



CONTACT 
Bonnie Watson  
BPA Project Manager 
bfwatson@bpa.gov 
 
Get a copy of the detailed memo:  
https://www.bpa.gov/EE/Utility/research-
archive/Pages/hvac-market-
research.aspx 

mailto:bfwatson@bpa.gov
https://www.bpa.gov/EE/Utility/research-archive/Pages/hvac-market-research.aspx
https://www.bpa.gov/EE/Utility/research-archive/Pages/hvac-market-research.aspx
https://www.bpa.gov/EE/Utility/research-archive/Pages/hvac-market-research.aspx


B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

 
 
 
 
 

Heat Pump Field Study:  
Pilot Results 

 
11.7.2018 



B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

• Assess baseline Air Source Heat Pump (ASHP) 
Commissioning, Controls, and Sizing (CC&S) 
practices of HVAC contractors in the region 
 

• Inform RTF current practice baseline for Unit 
Energy Consumption (UEC) estimates 
 
 

Study Objectives 



B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

• Sample frame from permit records of homes who installed 
heat pump in last three years 
 

• Regional study, IOUs and public power, two domains, east 
and west of Cascades 
 

• Sample is budget driven, estimating 100 home sample 
 

• 4-6 hour site visit includes heat pump testing, blower door 
and duct leakage tests, house audit to inform PTCS sizing 
tool and Ecotope tool developed for Idaho Power 

Current Plan 



B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

• 4 home pilot is complete 
 

• Finalizing full study plans 
 

• Will be reaching out to utilities soon, followed by 
participant recruitment 
 

• Phillip will reach out to IOUs, BPA EERs reaching out to 
BPA customer utilities 

Status 



B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

• Two homes in PSE, two homes in Inland Power 
 

• Two variable speed and two single or multi-speed systems 
 

• Generally found: 
• Systems are undersized 
• Aux heat lockout settings vary (and could be more aggressive); 

newer thermostat terminology takes some getting used to 
• Compressor lock outs showed mixed results 
• Air flow good 
• Capacity (temp split) good 
• Ducts in one home were leaky 
• Blower door tests found significant air leakage, not uncommon in 

homes of this age (1963-1981) 

Pilot Results 



B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

Site Installed Tons PTCS  Idaho Tool Spec Pro 

Inland 1  
3 3.5 3.5 3.5 

Inland 2 
3 4.5 5 5 

PSE 1 
3 3.5 4 4 

PSE 2 
3 4 4 4 

Sizing  



B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

Site Aux lock out (PTCS 35F) Compressor lock out (PTCS 5F)  

Inland 1  NA 5 

Inland 2 NA -4 

PSE 1 55 50 

PSE 2 40 NA 

Lockout Controls 



B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

Site Air Flow (325-500) 

Inland 1  240 - 446 

Inland 2 417 

PSE 1 357 

PSE 2 425 

Air Flow (CFM) 



B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

Capacity Test (temp split) 
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B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

Duct Leakage 
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B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

• Recruitment went well, 11% of homes we mailed 
recruitment letters to took survey and would have been 
eligible for site visit 
 

• Calls to schedule site visits were effective:  5 of 6 sites called 
agreed to site visit, 1 home was ineligible due to having two 
heat pumps 
 

• Thermostats are now more complicated; getting installation 
manuals on line before site visit is helpful 
 

• Site visits are taking longer than expected 

Lessons Learned 



B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

• Final sample design (November) 
 

• Outreach to utilities (November) 
 

• Participant recruitment (November – December) 
 

• Field work (Dec-April) 
 

• Results (May – June) 

Next Steps 



B O N N E V I L L E  P O W E R  A D M I N I S T R A T I O N  

Phillip Kelsven, Project Manager 
pakelsven@bpa.gov 

 

Contact 



 
 

See you 
December  

5th! 
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