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INTRODUCTION  

U.S. LEADERS HAVE EXPRESSED SUPPORT FOR AMERICAN LEADERSHIP IN 
ARTIFICIAL INTELLIGENCE (AI), WHICH PRESENTS SIGNIFICANT 
OPPORTUNITIES FOR INCREASED EFFICIENCY AND INNOVATION IN THE 
AMERICAN ECONOMY.  

AI’s inclusion and expansion in the residential energy and appliance space has the potential to 
not only revolutionize the “smart home” and boost customer bill savings, but to provide 
important opportunities to moderate and stabilize grid demand while supporting more efficient 
contractor business models. By making homes more responsive to grid needs and building the 
energy resources needed to proliferate AI, smart energy efficiency can reduce the otherwise 
necessary infrastructure investments to maintain reliability. 

The objective of this multi-part study was to explore how AI and remote diagnostics can support 
small HVAC contractor business models, reduce energy program administrative costs, identify 
emerging AI use cases in the residential energy sector, and promote domestic energy resources 
through improved grid-edge capabilities. Specifically, this research focuses on smart 
technologies that can be leveraged in the home to support demand flexibility, such as “smart” or 
connected devices, smart thermostats, smart home energy management systems, and HVAC 
systems with self- and smart-diagnostic capabilities. This report combines the team’s findings 
after conducting one-on-one interviews with key stakeholders such as contractors, state energy 
office program managers, utility program managers, and manufacturers, which focused on 
exploring AI’s current use and potential capabilities.  

Part of this “AI revolution” may be due to the changing demographics of the energy efficiency 
and HVAC workforce. As seasoned contractors and program administrators approach 
retirement age and the workforce is repopulated by younger workers who have grown up 
immersed in computers and welcome AI technology, the industry will have a stronger natural 
propensity towards smart technology. Many of these smart home systems and diagnostic tools 
exist today but lack clear use cases. Existing business models may be delaying deployment at 
scale. Furthermore, changes in energy efficiency programming will encourage AI and smart 
device adoption. Advances in access to utility data and measured energy savings program 
opportunities will present additional opportunities for contractors using emergent smart and 
connected devices in the near future. 

Successful integration of AI and smart-home systems has the potential to significantly reduce 
consumer energy costs while maintaining consumer choice for both appliances and fuel 
sources. In a landscape where both energy bills and electricity demand are reaching record 
highs, it is imperative that every possible solution to protect ratepayers is explored, beginning 
with advanced energy efficiency. 
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DEFINITIONS: UNDERSTANDING ENERGY EFFICIENCY, 
SMART TECHNOLOGY, AND AI 
The American Council for an Energy Efficient Economy (ACEEE) defines “energy efficiency” as 
“using less energy to provide the same or better products, services, or amenities.”1 Energy 
efficient technologies provide more output (e.g., light, heat, cooling, cleaning) while using less 
energy. But as technology has evolved, it is important to acknowledge the expansion of 
opportunities for energy savings through technology, behavior, load shifting, automation, and 
new forms of digital intelligence. 

Energy efficiency programs incentivize people to reduce their energy use, often by means that 
encourage the purchase of a high efficiency technology (e.g., the Consortium for Energy 
Efficiency, or CEE, “Most Efficient Tier” HVAC system, an ENERGY STAR-labeled water 
heater, or increased insulation), or participation in flexible efficiency demand response programs 
that encourage a change of usage during certain times of the day. Energy efficiency programs 
today are also able to leverage smart technologies within a home to further drive energy 
savings.  

Smart technology, as used in this report, refers to a device or system that can be managed 
remotely via a reliable internet connection or is grid-connected. This is a step beyond a 
programmable device that can be set to run at specific times. For example, a smart thermostat 
allows users to remotely change temperature settings from one’s mobile phone, even if they 
aren’t in their house, or receive a signal from a utility to save energy during peak grid demand. 
The concept of the “smart home” describes a network of connected devices within the home 
that can be controlled remotely or even automated. “The smart home technology ecosystem 
includes smart thermostats, smart appliances (washers and dryers, refrigerators, dishwashers, 
etc.), smart lighting and plugs, as well as a variety of connected devices that offer home 
monitoring, security, and entertainment features,2” though this report will focus the energy side 
of smart technology. 

AI is the development of a computer system to perform tasks that could historically only be 
completed by human intelligence. AI does not accidentally emerge but must be trained with 
data. Expansive data sets can program AI to develop solutions, examples, and work based on 
its data inputs and training. The process of training an AI algorithm is referred to as “machine 
learning.”3 AI is increasingly being integrated with smart technology to maximize energy 

 

1 Molina, Maggie and Nowak, Seth, “The Greatest Energy Story You Haven't Heard: How Investing in 
Energy Efficiency Changed the US Power Sector and Gave Us a Tool to Tackle Climate Change,” 
American Council for an Energy-Efficient Economy, August 19, 2026, 
https://www.aceee.org/sites/default/files/pdfs/u1604.pdf, p.5.  
2 AnnDyl-NASEO-GEB-Report.pdf, 2019 
3 “Artificial Intelligence (AI) vs. Machine Learning,” Columbia Engineering, Accessed November 17, 2025, 
https://ai.engineering.columbia.edu/ai-vs-machine-learning/  

https://www.aceee.org/sites/default/files/pdfs/u1604.pdf,
https://www.naseo.org/Data/Sites/1/documents/publications/AnnDyl-NASEO-GEB-Report.pdf
https://ai.engineering.columbia.edu/ai-vs-machine-learning/
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efficiency and energy saving behaviors, allowing these devices to operate with reduced user 
oversight. As these technologies and AI algorithms become more sophisticated, the energy 
efficiency landscape and the smart home will similarly evolve. 
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SMALL BUSINESS CONTRACTOR MODELS AND AI 
As technology develops at a rapid pace, there has been an increased curiosity as to how these 
advancements could revolutionize the energy efficiency industry and bring the concept of the 
“smart home” closer to reality. The Building Performance Association (BPA) engaged eight 
home performance4 contractors from eight different regions across the country to gather 
valuable insights on how their work has evolved with the emergence of smart devices and AI, 
and how this is moving the energy efficiency and home performance industry. These contractors 
ranged in age, experience, and company size. While each contractor had reached different 
levels of AI integration in their business, there was a unanimous agreement that AI and smart 
devices would become increasingly prevalent in the industry and that there were various 
manners in which this new technology could be leveraged to optimize the contractor business 
model.  

When asked about the ways in which AI could be used to streamline their business operations, 
contractors generally identified two key functions of the technology: administrative support and 
technical assistance. On the administrative end, some contractors stated that they were already 
using AI to assist with writing emails, responding to reviews, marketing, and filling out 
applications. On the technical end, contractors listed various technologies that have been 
developed in recent years that simplify the installation process, reduce the need to revisit a 
home after completing an installation, assist with home performance data collection, and more. 
Use cases vary across industry and region and highlight the vast diversity of potential AI 
applications. 

ADMINISTRATIVE SUPPORT 
Residential retrofit contractors are largely small businesses. As a result, there is a great deal of 
administrative labor required for businesses to operate. These tasks can range from managing 
sales calls to logging details of a completed project to invoicing customers for services to social 
media. While integral to the operation of these businesses, these tasks can often be 
cumbersome and limit a company’s ability to provide customer service and energy savings. The 
advent of artificial intelligence has the potential to streamline many of these administrative 
requirements, providing contractor companies more time to be in homes completing upgrades 
rather than sitting in an office completing paperwork. 

One of the most common responses from contractors was that they leverage AI to assist them 
with their communications with customers.  

EMAIL COMMUNICATIONS: A positive experience interacting with employees helps customers 
trust that their home improvements are in the right hands. A contractor from Massachusetts 

 

4 In this report, home performance contractors are those who install energy using or saving equipment 
including HVAC, insulation, or connected devices.  
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stated that some of his newer employees, as well as those uncomfortable with written 
communication, will utilize AI to sound more professional in their written communication with 
customers. This improves the speed of response to customers and allows employees to spend 
more time planning home retrofits rather than preoccupying themselves with having the perfect 
tone over email. 

RESPONDING TO REVIEWS: While oftentimes tedious and time-consuming, responding to 
reviews is an important component of contractor business success. Even a brief response to a 
comment left on a business can make a customer feel more satisfied with their experience. A 
contractor from New York shared that he uses AI to assist him in responding to these reviews to 
both expedite the process and remove any emotional bias. This is particularly helpful in 
receiving negative reviews, where someone might typically have a hard time responding in an 
unbiased fashion. This contractor stated that while he uses AI to draft the responses, he always 
reads them himself before uploading them, as there can sometimes be glitches or mistakes. 

Overall, these examples showcase the ways in which contractors have been using AI to 
enhance their customer experience, while still not entirely replacing the connection that occurs 
between employees and customers. By entering prompts and proofreading them before 
dissemination, contractors continue to provide the foundation of customer service; these 
developing AI tools exist to help speed up the process. AI can also be used to accelerate other 
administrative tasks, including the following.  

PROPOSALS: Prior to the actual completion of any installations, a contractor must visit a home 
to assess the situation, then will develop a proposal for the homeowner consisting of the 
recommended upgrades. A New York contractor shared that the individual responsible for 
drafting these proposals at his business has recently taken a leave of absence. While he’s 
gone, the company will use AI to complete this same service, leveraging previous project data 
from a widely used home performance contractor platform. The contractor shared the important 
caveat that they aren’t looking to permanently replace this staff member, but rather supplement 
his services in his absence. This will also help to speed the process when multiple bid 
opportunities are available.  

CALL LOGGING: To ensure that contractors are maximizing their business potential, 
companies have, for many years, tracked phone calls to assess what proportion of project leads 
are subsequently booked. However, human bias can sometimes lead to calls being 
misclassified, and sales opportunity being missed. A contractor from Georgia shared how AI can 
be used to tap phone calls and use predetermined metrics to assess if there was a lead or not, 
and then determine whether the lead was booked. This would remove the necessity of having a 
person categorize these phone calls themselves and would provide a more accurate 
assessment of a company’s booking rate. Additionally, a contractor from Montana shared that 
using AI to help assess phone calls has saved his technicians hours of time, as the virtual AI-
powered receptionist is able to guide callers through a series of questions before determining if 
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they need to speak to an individual. The Montana contractor shared that this has reduced the 
number of phone calls his technicians field a day from 55–60 a year ago to around 4–6 today. 

INVOICING: Following the completion of an installation, contractors then must develop an 
invoice to charge homeowners for their work. While this has historically been done manually, an 
Arizona contractor shared that her company uses a developing software that leverages 
language learning models that are able to pull data from the on-site photos taken by technicians 
to generate an invoice automatically. This can help streamline the invoicing process by taking 
the onus of specific calculations off the technicians, freeing up enough time to potentially 
increase the number of weekly site visits. 

RFP APPLICATIONS: In addition to responding to service requests, contractor businesses will 
also often respond to requests for proposals (RFPs) for larger or multifamily projects. These 
RFPs can typically be dozens of pages long and difficult to navigate. A contractor from 
California shared that he leverages AI to generate a summary of the RFP to make it more 
digestible, as well as leverage AI to help create a response for the RFP. This allows companies 
to bids for additional business while sacrificing less manpower from meeting existing customer 
demand. 

RESEARCH: On occasion, contractors may encounter home conditions that they haven’t 
worked on before. Rather than refuse service on these homes because research on the matter 
would take too long, one Maine contractor shared that he leverages a free AI model to help him 
with his research. He stated that when the AI model generates a response to his inquiry, it will 
also provide him with sources that he can look through on his own to verify information without 
having to scour the internet himself. This use case can allow contractors to service complicated 
homes much more quickly, restoring home comfort for customers in less time than would 
otherwise be required. 

INTERNAL SYSTEMS COMMUNICATION: Contracting businesses often offer multiple 
services, and may require partnerships with multiple vendors. When these partners use different 
customer relationship management (CRM) systems, these various competing systems are 
typically resistant to communicating with one another across platforms. A contractor from 
Massachusetts shared that his company has begun to leverage AI to convert data from one 
CRM platform to another, allowing communication across platforms without having to convert 
the data manually and making vendor partnership more efficient. 

While these were some of the specific examples provided by contractors as to their current 
administrative uses for AI, AI’s functionality is not limited to these. One Georgia contractor who 
is well versed in the digital landscape shared that the paid version of a popular AI model 
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contains a feature which allows users to build AI “agents.”5 These agents can be trained for the 
purpose of completing simple tasks. As an example, he stated that a contracting firm could 
create an agent to register warranties for installed appliances. While registering a single 
warranty doesn’t take too much time, these registrations can add up. By outsourcing this work to 
an AI agent, the contractor then has more time to perform other, more pertinent tasks. Agents 
similarly could be created to create invoices or draft proposals, as stated above, or complete 
other tasks not mentioned, such as completing applications for projects under the soon-to-
rollout Home Energy Rebate programs.  

Generative AI is just beginning to penetrate the building performance industry. As the use of AI 
becomes more common, contractors will continue to become more creative with their 
administrative applications of the technology, freeing up more of their time to service their 
customers. 

TECHNICAL ASSISTANCE 
In addition to administrative support use cases, contractors are also beginning to incorporate 
smart technology into their services. Smart devices have the potential to reduce the number of 
times a contractor must roll a truck to the same project site, saving businesses both time and 
resources. These devices can also save customers money in the face of skyrocketing electricity 
bills by reducing the peak energy demand of a home. While the smart devices employed by 
contractors can range greatly depending on what services a company offers, most contractors 
interviewed stated that they either already employed a form of this technology, or were 
interesting in doing so in the future. Some of the technologies highlighted in conversation 
included the following. 

HVAC DATA LOGGERS: Manufacturers are beginning to develop small data loggers, such as 
Smart AC that can remotely monitor a home’s HVAC system performance. These devices can 
be inserted onto the grills of a ducted system to measure performance every minute using 
metrics like temperature, humidity, power, air flow measurements, and more. A California 
contractor shared that he leverages the devices to both detect system malfunctions as well as 
improve future contractor installations by providing feedback on a completed project. While he 
was excited about this technology, he acknowledged that is not cost-effective and thus there is 
little incentive for contractors to leave one of these expensive HVAC logging devices in a home. 
Once the devices become less costly, it could be a game-changer for evaluating the 

 

5 An AI agent is an AI model that responds to direction and to proactively perform assigned tasks and 
goals. Once programmed, an AI agent can operate independently, continuously optimizing their 
operations through learning and adaptation. For more, see Floyd, Aric. “We're Not Ready for 
Superintelligence.” YouTube, uploaded by AI in Context, 9 July 2025, 
https://www.youtube.com/watch?v=5KVDDfAkRgc.  

https://www.youtube.com/watch?v=5KVDDfAkRgc
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performance of installed measures. A contractor from Arizona echoed this sentiment and stated 
that such technologies aren’t feasible for smaller HVAC companies.  

NEXT GENERATION HVAC: In response to the cost inaccessibility of data loggers, several 
contractors offered that they’d like to see more remote diagnostic technology incorporated 
directly into HVAC units at the manufacturer level. Several different manufacturers have begun 
to develop such equipment: 

• A contractor from Montana shared that he’s recently begun to install the wall-mounted 
HVAC units. These particular wall units capture data on user inputs, usage, local 
climate, and occupant preferences to develop an algorithm-based formula to operate 
independent of user interaction. These units prioritize indoor air quality and operate at a 
significantly higher efficiency than traditional HVAC systems.  

• Another contractor from New York shared that the geothermal heat pumps he installs 
offer fully remote access to system operations. The software on the heat pumps 
measures data every 10 seconds, allowing the contractor to gather certain information 
such as temperature and pressure. These particular units can also be reset remotely in 
the event of system malfunction, avoiding the costly technician visit. 

ELECTRIC PANELS: While a home’s HVAC system represents a large portion of the 
structure’s total energy consumption, other factors also contribute to a household’s overall 
electricity demand. Some contractors spoke about beginning to employ smart electric panels to 
help customers with their electricity bills. These smart panels can give homeowners a complete 
readout of the electricity each circuit is using so that they have a better understanding of what 
they’re being charged for every month. These smart panels can reduce overall electricity drawn 
from the grid and alert a homeowner if a particular device is using more power than expected 
(identifying energy-wasting leaks, malfunctions, and bad settings).  

INSULATION: Insulation improvements, when done correctly, are popular in the energy 
efficiency industry, as they enable homeowners to begin saving on their energy bills from the 
moment of installation, with low upfront costs. Insulation such as spray foam can be very difficult 
to install correctly because it traditionally is hand mixed and must be manually checked every 10 
minutes to ensure the formula is correct. A Massachusetts contractor shared that recent 
technological advancements have helped mitigate this issue, as developers have created a 
computer program that can connect to newer spray foam machines and instantaneously check 
the foam composition. The software includes a lock mechanism that prohibits a contractor from 
spraying bad foam until the levels are properly calibrated. This ensures that not only is a 
household not breathing in harmful chemicals, but that their insulation upgrades will maximize 
their home comfort and energy bill savings and avoid leaks or mold. 

REMOTE ACTIVATED BLOWER DOOR TESTING: A preliminary step in many energy 
efficiency upgrades is a blower door test completed in an energy audit. A Massachusetts 
contractor shared that new technology has enabled blower door test results to be automatically 
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uploaded into their service platform, as well as automatically performing necessary calculations, 
helping to alleviate the burden associated with plan development. Additionally, new technology 
allows multiple blower door tests to initiate at the same time, which has long been an issue in 
larger commercial buildings. 

SMART THERMOSTATS: Smart thermostats, while far from new technology, were also 
commonly cited by the interviewed contractors as an example of smart devices they often 
employ to increase the energy efficiency of a home. While these devices are highly popular, an 
Arizona contractor shared that one drawback is the lack of interoperability and the continued 
need for all devices to communicate with one another.6 For example, her business mainly 
installs equipment from one manufacturer. Thus, for her customers to benefit from a smart 
thermostat, they would need to purchase a thermostat that is compatible with that particular 
manufacturer. If the customer uses communication equipment, the installer is then able to 
access a portal remotely that provides diagnostics on system status and performance. Other 
thermostats, however, are open systems and can communicate more broadly to provide 
homeowners and contractors with energy use data. 

A common takeaway from contractors leveraging these remote diagnostic technologies is that 
they both make the contractor business model more efficient and improve customer experience. 
Data loggers, next-generation HVAC units, smart electric panels, and other such technologies 
are associated with interactive platforms where homeowners can access their personal system 
performance data, and contractors can access the system performance data of all their 
customers. These platforms can both produce regular reports on performance and send an alert 
to a contractor and a homeowner if a component of the system is showing signs of failure. 
When a contractor is aware of what the issue is in advance, they can ensure they have the 
correct part for the fix, reducing the number of times a technician must visit a site. This reduces 
a business’ operational costs and frees up time to serve more customers. As for improving 
customer experience, it allows homeowners to prepare for system maintenance in advance of 
total system failure, reducing emergency calls and the number of times they need to be home 
for a contractor visit. 

Additionally, these developing technologies have the potential to revolutionize the energy 
efficiency industry from a measured performance perspective. Prior to remote diagnostics, there 
was no efficient way to measure the performance of a home following an upgrade. This has 
allowed utilities and implementers to claim savings on home efficiency upgrades with little 

 

6 Interoperability refers to the ability of smart devices to communicate with one another across 
manufacturers. Lack of interoperability may limit customer choice and prevent the integration of various 
systems within a home. For more information on the importance of interoperability, see Saul Rinaldi, 
Kara; Bunnen, Elizabeth; and Rogers, Sabine, “Residential Grid-Interactive Efficient Building Technology 
and Policy: Harnessing the Power of Homes for a Clean, Affordable, Resilient Grid of the Future,” 
National Association of State Energy Officials, October 2019, 
https://www.naseo.org/data/sites/1/documents/publications/AnnDyl-NASEO-GEB-Report.pdf. 

https://www.naseo.org/data/sites/1/documents/publications/AnnDyl-NASEO-GEB-Report.pdf


 10 

practical data to support the savings claimed. Several contractors expressed that while HVAC 
savings, for example, are typically calculated using a unit’s SEER rating, that efficiency standard 
doesn’t necessarily align with how the unit performs once it’s physically installed in a building. 
One contractor from Maine expressed his excitement about the potential to leverage new 
technological developments to improve the utility energy efficiency portfolios by measuring 
energy efficiency upgrade data to better deliver real, measured savings to residents. 

While contractors demonstrated varying degrees of AI adoption, all were welcoming of the 
technological advancements in their industry. Some contractors even mentioned that they are 
sending employees to attend AI classes or workshops to ensure that their businesses are taking 
maximum advantage of AI’s potential. Part of this enthusiasm likely stems from the fact that 
there was little concern about artificial intelligence replacing human contractors. All but one 
contractor interviewed stated that AI would never replace the need for human labor in the 
energy efficiency industry. While one contractor from Maryland predicted that within several 
years, robots could be entering homes to implement energy efficiency retrofits, the remainder 
stated that human interaction with customers onsite was a critical component of the work, and 
that people are integral to the installations themselves. While AI and smart devices can be used 
to streamline administrative tasks and optimize home performance measurements, the existing 
workforce doesn't run the risk of being replaced by machine learning, and it is therefore willing 
to experiment with different use cases of the emerging technology to help expand their 
businesses. 

Contractors are the boots on the ground that enable energy efficiency measures to be 
implemented. Contractor support is also critical for the success or market penetration of a new 
technology or software; if the contractor won’t service or install it, it will likely not be successful. 
Based on information provided by the contractor interviewed, the industry is generally receptive 
to integrating AI and smart technology into the home performance industry, both for the benefit 
of the business and of the customer. 
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REDUCING ADMINISTRATIVE COSTS FOR STATE ENERGY 
OFFICE AND UTILITY PROGRAMS WITH AI 
While residential contractors are impacted by programs and may use AI to increase the 
efficiency of their businesses, those designing and implementing the programs have the 
potential to use AI to streamline their operations. To explore this potential further, BPA engaged 
three utility program administrators (referred to here as implementors) that are implementing 
energy efficiency programs in states nationwide, as well as senior state energy office (SEO) 
officials who oversee energy efficiency policies from California, Georgia, Texas, and Wisconsin 
to gather key insights on both the perceived feasibility of leveraging AI in program 
implementation and the incorporation of smart devices into energy efficiency program portfolios 
to achieve state policy goals. Interviewees, while generally in agreement that AI could play a 
useful role in program administration, offered unique perspectives as to what some of the 
barriers to AI integration might be and how to overcome these barriers. 

Similar to contractors participating in energy efficiency programs, SEO officials and 
implementors stated that AI could serve to streamline administrative processes. For program 
implementors, this includes accelerating the application approval process, quality assurance 
reviews, and reducing overall administrative costs. 

EXPEDITING APPLICATION APPROVAL 
Both SEO officials and implementors stated that one of the largest bottlenecks to energy 
efficiency program administration is the amount of time taken to process applications, including 
both homeowner applications for participation and contractor applications for rebate 
reimbursement. All interviewees speculated that AI (with human oversight when necessary) 
could complete the review of an application in 15 minutes, which is substantially faster than the 
weeks-long review process typical of incentive programs nationwide. They stated that 
increasing the speed at which an application is processed could have several positive 
outcomes, including: 

• Decreasing the wait time for households wishing to receive appliance upgrades. This is 
particularly important for customers applying to receive a rebate for upgrading an end-of-
life appliance, such as in the event of HVAC failure. 

• Accelerating the QA/QC process when determining if a measure was installed in a home 
correctly. If an AI program is able to immediately flag an installation or input error for a 
contractor while they’re still in a home, as opposed to weeks after project completion, the 
contractor is able to rectify the error on the spot. This saves the contractor’s business 
money by not requiring technicians to revisit project sites, while also benefitting 
homeowners by limiting the amount of times they have to be available to welcome a 
contractor into their home.  
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• Increasing the rate at which contractors are repaid when covering rebates for 
homeowners, allowing them to serve a higher volume of customers without threatening 
their business models. This is of particular importance to small businesses, who lack 
sufficient capital to float the cost of too many projects at a time. 

REDUCING ADMINISTRATIVE COSTS 
Another benefit of leveraging AI for energy efficiency program administration noted by program 
implementors and SEO officials is that it has the potential to drastically reduce the cost of 
running a program. By reducing the number of staff required to fulfill administrative duties, more 
money is able to be dedicated to serving households. An SEO official from Georgia noted that 
this cost-saving mechanism is particularly important for programs serving low-income customers 
such as the Low Income Housing Energy Assistance Program (LIHEAP) or the Weatherization 
Assistance Program (WAP). These critical programs serve to lower energy bills for energy 
burdened households, and the SEO official noted that he would like to see AI maximize the 
proportion of dollars used to directly serve these customers. 

One program implementor operating an on-bill repayment (OBR) program7 noted that their 
business model wouldn’t even be feasible without leveraging AI. They estimated that, through 
machine learning, they were able to lower service delivery costs by around 75%. AI-powered 
operations have also allowed the company to customize a customer’s savings-based payment 
plan to their home rather than working across an aggregated collection of homes, delivering 
personalized results at a lower administrative overhead without sacrificing accuracy. 

When asked about the inclusion of smart devices as offerings within energy efficiency 
programs, smart thermostats were cited as the most widely leveraged smart device currently on 
the market. In particular, an official from the Texas SEO stated that smart thermostats were the 
most likely avenue for AI integration into energy efficiency programing. He envisioned a 
thermostat that’s able to respond to signals from grid operators, detect when individuals are in 
any given room in a house, and learn from user inputs to optimize both customer experience 
and home efficiency. However, the self-learning thermostat example prompted discussion 
surrounding various potential barriers to smart device integration in energy efficiency programs, 
including those discussed in the section that follows.  

POTENTIAL BARRIERS TO SMART DEVICE INTEGRATION  
DATA ACCESS: Across all interviewees, there was a universal consensus that data access is 
critical to AI integration in energy efficiency programs. Interviewees stressed that AI models 

 

7 On-bill repayment allows customers to borrow financing for energy efficiency improvements at no 
overhead cost. The customer repays the loan monthly on their utility bill. The loans are structured such 
that a customer's monthly payments are smaller than their energy cost savings, resulting in customers 
paying a smaller bill monthly even as their loan is being repaid. OBR allows customers who lack the 
upfront capital for home energy retrofits to still access these upgrades. 
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require robust data sets to be highly accurate. For example, a program implementor operating 
an OBR program leverages hundreds of data points throughout a home to model its specific 
energy savings, including data shared by its utility partners and the contractors performing the 
energy efficiency upgrades. While the OBR implementor’s utility partners permit them to access 
customer data – or they are able to access utility data directly through customer registration – 
other utilities aren’t necessarily on the same page. A different program implementor stated that 
many of their contracts prohibit the use of AI when managing customer utility data. A Wisconsin 
SEO official shared that due to concerns surrounding data security, no state agency is 
authorized to use AI until statewide guidance surrounding approved use is released. 

UPFRONT COSTS: While devices integrating AI have the potential to be more energy efficient, 
they will likely be associated with a higher price tag. Without specific incentives encouraging 
customers to opt for AI-powered models, they are unlikely to be selected over other high-
performance options. The Texas SEO official noted that customers generally invest in new 
systems only upon the failure of their existing system. When these systems do fail, customers 
tend to invest in the high-efficiency model of the system they already had, rather than re-invest 
in a new system, particularly if it would require additional upgrades to their home. Smart 
technologies, while intriguing, may be outside of a homeowner's budget. 

INTEROPERABILITY CONSTRAINTS: An interviewee from a large program implementation 
company shared their experience with what they referred to as the “golden age of the smart 
home” in 2015–2016. At the time, countless smart devices were being introduced to the market, 
from thermostats, to cameras, to heat pumps, and more. However, unless a homeowner 
purchased all of these devices from the same manufacturer, the software would not 
communicate with that of other devices. This lack of interoperability complicated the user 
experience and led to many homeowners rejecting the smart home path for the sake of 
convenience. Little progress has been made on interoperability to date, and there are still 
concerns about creating an overly complicated user experience for homeowners simply looking 
to experience efficiency benefits. 

LACK OF EDUCATION SURROUNDING SMART DEVICES: While the general population 
typically has an understanding of what a smart device is, they may not be fully comfortable with 
having one in their home. This reflects a lack of consumer education on how these products 
truly operate. For example, a Texas SEO official noted that many customers may be skeptical to 
allow a smart thermostat to control the temperature of their house, not knowing that they have 
the capacity to override the system at any time. The concern surrounding AI and smart devices 
isn’t limited solely to consumers. One implementor noted that several of their subcontractors 
included anti-AI provisions in their contracts, not allowing AI to be used in relation to their work. 
Concerns surrounding data security are typically cited, despite most AI platforms having 
significant data security safeguards and a limit to the use of energy data (in comparison to 
healthcare and banking data that already has high levels of portability and sharing options). 
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THE TECH COMPANY BUSINESS MODEL: One implementor expressed a sense of fatigue for 
tech companies, and the perception that they don’t want to improve their existing products, but 
rather invent the next new and exciting product. Implementors are thus hesitant to rely on new 
smart devices for homes produced by tech companies without assurance that these companies 
will continue to invest in their own product, both continuing to maintain the software that allows it 
to operate and continuing to improve it overtime. 

POTENTIAL SOLUTIONS  
While the SEOs and program implementors interviewed shared several of their concerns related 
to the incorporation of AI and smart devices in their energy efficiency programs, they also 
shared potential solutions to assuage concerns and expedite AI integration, including the 
following.  

ISSUING STATEWIDE GUIDANCE: As a result of data access concerns, some states are 
opting to develop guidelines surrounding AI use. A Wisconsin SEO official stated that in his 
state, policymakers are currently working to create a framework (anticipated to be released in 
the coming months) for state agencies wishing to leverage AI in their work. These guidelines will 
serve to both standardize AI use within the state and offer guardrails for those concerned about 
data security. Until this guidance is released, however, state agencies may not integrate AI into 
their operations. It’s also unclear how cautious the guidance will be in allowing data usage. 

PILOT PROGRAMS: Pilot projects enable small-scale investment into certain measures to test 
their feasibility prior to full-scale deployment. A Texas SEO official stated that he would be 
interested in piloting certain devices with AI integration, such as self-learning thermostats, to 
see how homeowners respond to these types of measures. Information gathered from these 
pilots could then be used to make necessary changes or improvements in advance of more 
widespread offerings. 

INVESTING IN R&D: In a similar vein to investing in pilot projects to test-run AI measures in 
energy efficiency programs, an SEO official from California stated that more investment needs 
to be made into the manufacturing and software companies responsible for producing these 
measures in the first place. Without fostering upstream innovation in the home performance 
industry, no new products or devices will be available for incorporation into an energy efficiency 
program portfolio. Additionally, increased competition in the industry will lower prices, making 
the resulting technologies more accessible. Investment also must be made into innovations at 
the implementation level. One implementor shared that their company hosts monthly “Hack-a-
Thons,” where employees gather in a think tank to spitball ideas. Each month, three top ideas 
are selected to be workshopped that same day. The representative from this firm shared that 
while not every concept produced in these sessions bore fruit, some have led to innovation 
within the company. The incorporation of AI into the ideas shared at these Hack-a-Thons has 
increased in prevalence as AI continues to develop.  
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ALLOWING FOR CUSTOMER OPT-IN: As noted, not every homeowner is entirely comfortable 
with the concept of the smart home. A Texas SEO official noted that in order for people to have 
a positive experience with energy efficiency measures or programs leveraging AI, participation 
should be opt-in. This will ensure that all the participants are invested in the success of the 
program and will not develop a sense of resentment for feeling like they are unable to make 
decisions surrounding what appliances or systems are in their home. Participation will then 
increase organically over time as the original participants share their positive experiences with 
others. However, this also forces an action of homeowners, requiring significant marketing of 
the opportunity and reducing uptake from those who would appreciate saving energy and 
money without having to think about it (arguably the purpose of smart technology intervention). 

MAINTAINING AN “ALL OF THE ABOVE” APPROACH TO ENERGY PRODUCTION: The AI 
boom of the last several years has resulted in skyrocketing electricity demand forecasts. There 
exists widespread concerns about the ability of grid operators to build enough new generation to 
maintain reliability and to meet increasing loads. An implementor noted that in order to best 
meet growing demand, the grid must be able to deploy fast and inexpensive forms of 
generation, including both traditional forms of generation and renewables. However, nothing can 
be more quickly dispatched than advanced efficiency measures. Without the ability to meet the 
demand produced by AI and data centers, the integration of AI into programs and appliances 
won’t be sustainable – while at the same time, the integration of AI into these technologies has 
the potential to curb demand and expand capacity. 

DEVELOPING COMMISSION AUTHORITY: As regulated monopolies, investor-owned utilities 
are required to meet the demands of their state’s public utility commission (PUC). One 
implementor opined that state commissioners aren’t fully taking advantage of the authority to 
influence utility program offerings. The representative for the implementor stated that they would 
like to see state commissioners be more ambitious with their requirements of utility programs, 
encouraging AI integration or AI measure related pilots. 

AI INTEGRATION GOING FORWARD 
Finally, interviewees were asked how they would like to see AI integrated into energy efficiency 
programs going forward. Responses included the following. 

MEASUREMENT AND VERIFICATION: Measuring energy usage before and after a home 
retrofit allows implementors to both validate the work of their participating contractors and 
quantify the success of specific measures as well as their programs. While none of the energy 
efficiency programs discussed measuring energy savings after project completion to verify 
results, all interviewees were interested in some level of measured results, recognizing that data 
access is still a challenge. SEO officials from Georgia, California, and Wisconsin in particular 
were interested in the potential of AI to evaluate the success of measures by reviewing 
thousands of upgrades and finding the measures, and measure combinations, that lead to the 
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greatest energy savings. These findings could be used to streamline future portfolios and deliver 
greater benefits to ratepayers. 

A GRID-CONNECTED BUILDING SECTOR: As smart devices begin to be deployed at scale 
and are made interoperable, the building sector will become increasingly connected. A 
connected built environment will be more resilient and better able to respond to key events such 
as demand surges during extremely hot or extremely cold weather. An SEO official from 
Wisconsin envisioned a future in which smart systems are able to keep the grid stable while 
keeping energy costs low for ratepayers. 

REMOTE ENERGY AUDITS: As expressed by contractors previously, reducing the number of 
times a contractor has to visit the same project site would streamline their business models and 
expedite their operations. SEO officials from Georgia and Wisconsin stated that they would like 
to see a software developer create a remote, AI-powered energy auditing tool that would allow 
contractors to remotely gather as much information as possible to model a home retrofit before 
visiting a home. Traditional home energy audits can take several hours and don’t, by 
themselves, yield any energy savings. A remote energy audit would save a customer from 
having to plan a day off work to let a contractor into their home and save a contractor money by 
reducing overall site visits, optimizing program operations. 

CONTRACTOR SOFTWARE TOOLS: As all programs depend to some degree on software 
tools, implementors and SEOs noted that using AI to populate fields and models could save 
valuable time for the contractor. In addition, an AI-powered Manual J calculator could assist in 
HVAC sizing that can often be a cumbersome process. 

PRIORITIZATION OF CUSTOMERS: Energy efficiency programs are advertised to all 
customers in the hopes that messaging reaches the homes that need it most. An SEO official 
from California speculated that this process could be more targeted through AI. An AI model 
could develop a list of customers that would benefit the most from an energy efficiency upgrade 
based on key considerations such as building age, climate zone, fuel type, and more. This 
model could also incorporate customer enthusiasm vis engagement (responding to surveys, 
etc.) towards participation. The model would then encourage implementors to reach out to 
customers that would (1) generate the greatest energy savings and (2) be most willing to 
receive an energy upgrade. An SEO official from Wisconsin expressed that AI could similarly be 
used to benefit contractors from a customer acquisition standpoint. Homeowners who are aware 
of energy efficiency programs often rely on contractors to walk them through the various 
offerings and their eligibility status at a kitchen table conversation. This process can be time-
consuming and doesn’t always guarantee a sale for a contractor. This SEO official envisioned 
an AI-powered online tool that would walk customers through their eligibility and retrofit needs to 
then deliver a lead to contractors. This business model would lower contractor overhead costs, 
allowing them to deliver services to customers at a lower cost. As noted in earlier in this report, 
this is already being developed by some contractors. 
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REBATE STACKING TOOLS: The sheer number of rebates and incentives available for 
customers makes home energy upgrades more feasible than ever before. However, these 
incentives are offered across state, local, and national levels simultaneously with some provided 
by the utility and others by the government. This complexity and lack of cohesion can make the 
incentive landscape difficult to navigate for homeowners and even experienced contractors. 
Two implementors interviewed envisioned an AI-powered tool that could track incentives across 
programs nationwide, allowing a homeowner to easily determine what rebates they’re eligible 
for and how to maximize their payout through braiding and stacking by simply entering their 
address, income levels, and other simple details about their home. Similar to the customer 
acquisition example above, an AI-powered tool for incentive and rebate navigation would reduce 
contractor overhead costs and deliver a streamlined customer experience. 

BILL TRANSPARENCY: When customers receive their energy bills at the end of the month, 
they often have little information on how appliances or systems contributed to their total usage. 
An SEO official from Wisconsin imagined a future where smart and connected devices are able 
to communicate with one another and with utility companies such that a customer’s bill can be 
broken down into segments, such as lighting, heating and cooling, water heating, and more. 
This increased transparency will help customers manage their overall energy use and determine 
what in their home may need an upgrade in the future. 

DATA CENTER ABATEMENT FUNDS: While AI integration requires the buildout of data 
centers, electricity demand spikes will force grid operators to make decisions to expand capacity 
in ways that may not be most efficient (for example, not retiring an inefficient powerplant 
scheduled for closing).8 Interviewees were interested in recent efforts by data center operators 
to make donations to abatement funds to finance projects that would offset potential impacts of 
data center development and to make investment into the industry more sustainable in the long 
run.9 

All SEOs and implementors interviewed were excited about the potential for AI integration in the 
energy efficiency industry, both at the administrative and programmatic levels. Unlike at the 
contractor level, however, there was more potential for AI to replace human work at the 
administrative level. Nevertheless, all interviewees were intrigued by how AI could streamline 
energy efficiency programs and maximize energy savings for homeowners. 

  

 

8 Ramanan, Abbe, “Coal- and gas-fired power plants have a new best friend: data centers,” Utility Dive, 
published July 25, 2025, https://www.utilitydive.com/news/fossil-fuel-gas-coal-climate-data-
centers/753565/.  
9 Kara Saul Rinaldi and Doug Presley, “Measurable Energy Efficiency to Meet Data Center Growth: How 
home energy efficiency upgrades will make data centers and AI welcome,” AnnDyl Policy Group, 
preliminary analysis results, December 1, 2025, https://www.anndyl.com.  

https://www.utilitydive.com/news/fossil-fuel-gas-coal-climate-data-centers/753565/
https://www.utilitydive.com/news/fossil-fuel-gas-coal-climate-data-centers/753565/
https://www.anndyl.com/
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NEW USE CASES FOR AI: ENGAGING APPLIANCE, 
BUILDING ENERGY TECHNOLOGY, AND ORIGINAL 
EQUIPMENT MANUFACTURERS 
While energy efficiency contractors and implementers could continue to leverage AI to 
streamline their operations without additional technological advancements, they are dependent 
on technology and appliance manufacturers to integrate remote diagnostics and AI for these 
home performance options to be available. To learn more about how manufacturers view their 
role in the advancement of energy efficiency programs, BPA engaged five manufacturers 
designing home appliances, including a geothermal HVAC manufacturer, a smart water heater 
manufacturer, and three software/technology developers. While each of the interviewed 
manufacturers were designing products that play different roles in the residential energy 
efficiency space, each expressed excitement surrounding the optimization of energy use with 
smart or learning devices.  

Not only do these emergent appliances operate at higher efficiencies than their predecessors, 
but they also possess the capability to integrate with other devices in home, further optimizing 
energy savings. When all the devices within a home are interoperable, they become an 
ecosystem. These developing smart devices can communicate with one another, working in 
unison and at superior levels of efficiency. 

Many newly manufactured devices operate using smart technology to allow them to optimize 
efficiency even when not integrating with other devices in a home. For example, one 
manufacturer shared that they offer a combination heat pump washer and clothes dryer that 
uses machine learning to optimize how much detergent and water should be used for a load of 
laundry. As another example, and as discussed in previously, the geothermal HVAC and heat 
pump water heater (HPWH) manufacturers shared that their devices gather data and can report 
on operational anomalies to predict and avoid system failure. Another HVAC company recently 
released an AI-powered platform intended for technicians that allowed them to ask specific 
questions during an installation and get real-time answers rather than having to flip through an 
appliance manual. A software developer offering a DIY home energy audit service produces an 
AI-generated report for homeowners to have an easy-to-digest breakdown of their home’s 
energy usage, including an AI-generated person on a screen walking the homeowner through 
the report and offering recommendations for potential upgrades. Even in the absence of 
appliance integration in a home, there are many exciting developments that will reduce energy 
use and optimize the user experience. 

When these advanced efficiency capabilities are aggregated at the whole-home level, the 
potential for energy savings is even greater. Manufacturers offered a unique perspective as to 
how their appliances integrate with a home to yield the greatest benefit to a homeowner and to 
the grid, including the automation of home energy management and the aggregation of 
buildings. 
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While the concept of home energy management isn’t new, the strategies available have 
matured substantially. Two of the software developers interviewed offer a platform where 
homeowners can view and manage their home energy usage. The platforms aim to forecast the 
optimal times to be drawing electricity from the grid. The understanding of “optimal” may vary 
from user to user. Thus, users may input what’s most important to them, whether that be lower 
bills, increased home comfort, using certain forms of electricity generation over others, etc. 
Following these inputs, the algorithm guiding their energy use will update accordingly. One of 
the developers noted that these AI-backed algorithms aren’t changing the strategy behind 
energy efficiency but rather are streamlining the decision-making process. Another developer 
interviewed echoed similar sentiments, expressing that the focus has always been a customized 
desired outcome, and the methodology is evolving to include insights from the integrated home 
systems operating in tandem with AI.  

One of the software developers shared that the platform’s ability to orchestrate devices and 
systems within a home is what makes this new technology so valuable. For example, through 
machine learning based on weather patterns, the software could determine the appropriate time 
for a home to tap into a home’s solar reserves. Similarly, if the software were to receive high 
demand signals from the grid, it could enable a home to reduce its overall energy usage. This 
ability to coordinate among different technologies within a single home reduces the cognitive 
burden on a homeowner while allowing them to experience similar results. Essentially, 
homeowners can save money and energy without thinking about it.  

The HPWH manufacturer shared that its newly launched line of devices can also communicate 
with other systems in a home to optimize results. For example, a homeowner can input electric 
rates, allowing the appliance to calculate when it would be cheapest to heat water. This 
particular HPWH model can also communicate with a home’s solar array to know the optimal 
time to heat water using solar energy. When smart appliances are able to learn not just from 
their own performance or from a homeowner's inputs but from the other participants in the smart 
home system, household energy use can be even further streamlined, all while making no 
additional demands of a homeowner. 

POTENTIAL BARRIERS TO DEPLOYMENT 
While the potential of the smart home is exciting, the manufacturers interviewed noted that there 
remain substantial obstacles to its widespread deployment. Some of these concerns include the 
following. 

KNOWLEDGE GAPS: One software developer noted that while many homeowners already 
own devices with connected capabilities, they are unaware of these offerings and thus don’t 
take full advantage of their potential. A different software developer made a similar observation 
and stated that while many residential customers have smart thermostats, for example, 
commercial demand response programs tend to be much more successful because the 
commercial customer base has a greater awareness of the existence and utility of demand 
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response programs. In a similar vein to customer lack of information is customer misinformation. 
For example, one geothermal HVAC manufacturer offers a software add-on capable of 
gathering hundreds of data points on a geothermal system’s operation every 10 seconds. 
Thousands of customers nationwide have opted out of this add-on because they don’t want a 
“Big Brother” presence in their house that can share their data and control their energy usage. 
Other customers don’t want to relinquish control of their HVAC systems, despite having the 
ability to override the smart devices within their home at any time. These fairly common 
misconceptions discourage countless people from participating in an energy future that would 
lower their bills and reduce grid strain. 

 
DATA ACCESS: Data access has been a topic of conversation for decades, yet little 
substantive progress has been made. One software developer stated that there continues to be 
a large disconnect between what is allowable under the current policy landscape and how these 
policies can pragmatically be implemented. For example, one software developer struggles to 
get substantive customer data because it requires individual customers to opt in and upload 
their data. This burden on the customer may discourage them from sharing their data, and it 
increases the room for error by relying on customers to accurately enter their data in the first 
place. Furthermore, while data security is the reason claimed for the lack of data sharing 
options, companies that provide “screen scraping” options to pose as consumers to jail-breaking 
their data (with their permission) are proving that data sharing is useful and non-threatening. 
 
LACK OF INTEROPERABILITY: Similar to data access, the conversation surrounding 
interoperability is not a new one and is also critically important to success. While significant 
strides have been made, there remains much more streamlining to do. The development of the 
Matter standard10 made interoperability between appliance manufacturers much more robust, 
but there are still glitches. Interoperability of data across customers of different utilities remains 
a challenge for manufacturers. While customers can theoretically download and share their 
utility data using Green Button11 if available to them, this is a voluntary standard, and utilities are 
not required to provide this offering to their customers. Additionally, these Green Button 
downloads differ from utility to utility. With thousands of utilities serving customers nationwide, 
this can make it nearly impossible for a manufacturer seeking to aggregate customer 
information to do so across a state or region. 
 
MAINTAINING CUSTOMER EASE OF USE: As new products are developed, they must 
continue to be fine-tuned to make the user experience as seamless as possible. When an 

 

10 The Matter standard, established in 2019, is a set of protocol for interconnectivity between devices in a 
home, irrespective of manufacturer. While optional, many large tech companies have opted in, setting an 
example for other industry players. 
11 Green Button Data was developed in response to a 2012 White House request that utilities provide 
their customers with easy and secure access to their data. For more, see 
https://www.greenbuttondata.org/.  

https://www.greenbuttondata.org/
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appliance is new to the market, though, the manufacturer may not have yet finalized their 
internal operations. A HPWH company shared that when connecting a customer to their system, 
they have the customer send the team a copy of their utility bill. From this bill, an engineer 
manually enters their time-of-use rates into their HPWH system. On many occasions, this 
involves the engineer calling the utility to verify the rate. While this process insulates the 
customer and ensures their experience is as seamless as possible, it creates an internal 
bottleneck on the manufacturer's end. Many smaller appliance companies will likely face similar 
barriers as they release their products, as they weigh their desire to enter the market as soon as 
possible with their need to reduce internal implementation burdens. 
 
SCALING UP A NEW TECHNOLOGY: Closely related to small manufacturers struggling to 
uphold customer ease of use is the struggle to scale up the adoption of their appliances. For 
example, a HPWH company shared that their company is still quite small, and their engineering 
team continues to manually evaluate every unit weekly. As the company grows, however, the 
manual time of use rate entry and equipment checks will cease to be feasible. The manufacturer 
will need to develop an algorithmic process for data entry and remote diagnostics to avoid a 
sharp growth in necessary manpower. Similarly, a software developer offering a DIY home 
energy audit tool collects thermal images from homeowners to develop a home energy 
assessment. These reports are AI-generated, then verified by a human building scientist, as 
current thermal imaging datasets are not robust enough to place full confidence in AI. As new 
smart devices with new use cases for AI are introduced to the market, their teams will need to 
build up their internal datasets to have better confidence in their AI capabilities and enable them 
to contribute to the market at scale. 

INTERNET CONNECTIVITY: While individual efficient appliances can operate under any 
conditions provided there’s electricity, connected devices require a reliable Wi-Fi network to be 
able to communicate with one another. An unstable internet connection can jeopardize a smart 
home ecosystem’s promise to optimize energy savings. This becomes especially challenging in 
rural and tribal communities and ensuring equity in new program opportunities.  

UPFRONT COSTS: A common deterrent for any purchase is the cost of a product. Cost 
considerations become even more influential when discussing appliances that can cost 
homeowners thousands. For example, a geothermal HVAC manufacturer shared that many 
homeowners opt out from the smart software add-on because it would cost them more. While 
purchasing the software would save them money down the line by avoiding system failure, and 
while the software is a fraction of the overall system cost, the upfront costs of a geothermal 
system is already so high that many homeowners aren’t willing to invest any more money 
upfront, despite the noted benefits. Similar cost considerations are at play whenever a 
homeowner is considering an appliance upgrade and can often result in homeowners choosing 
a less efficient or “dumber” device instead of a more efficient connected device. 
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POTENTIAL SOLUTIONS 
As evidenced by the insights shared by interviewees, many barriers to smart and AI-powered 
appliances remain. However, experts throughout the industry are working to develop solutions 
to some of the obstacles presented above, including the following. 

 
EDUCATION SURROUNDING EXISTING GUARDRAILS: Customers are generally hesitant to 
relinquish control of their home energy systems. While this is an understandable hesitation, 
greater investment needs to be made to educate homeowners on how smart devices truly work. 
Transparency of a smart home's operations will be imperative for developing trust among 
skeptics. Above all, one software developer noted the importance of guardrails. Reminding 
customers that while their smart home of connected devices operates independently using an 
algorithm, they still are empowered to change system inputs or reclaim full control over their 
devices will be imperative to encouraging more customers to make the switch to remote 
technologies. 

UTILITY PARTICIPATION: As noted above, while some utilities are recognizing the benefits of 
data sharing, they are not yet doing so in a way that enables large scale aggregation of smart 
devices or third-party sharing. However, as one software developer hypothesizes, they soon will 
have no choice, as the need for deferred infrastructure investments will outweigh their hesitation 
to provide interoperable data. As demand continues to skyrocket across the nation, utilities must 
maintain reliability for their customers. Large infrastructure investments are too expensive and 
too slow to deploy to offer an effective solution. Utilities looking at fast solutions may turn to 
energy efficiency and demand response. The reliance on demand response, the software 
developer speculated, will make utilities much less hostile towards cross-utility data 
aggregation. 

ON-DEVICE CAPABILITIES: As discussed above, lack of stable internet connection has the 
potential to jeopardize a system of connected devices. Appliance manufacturers have gotten 
creative to ensure that in the event of Wi-Fi failure, devices are still able to deliver smart energy 
savings. For example, an HPWH manufacturer shared that to ensure that customers always 
have hot water, AI algorithms are programmed to run locally on a water heater unit in the event 
of system disfunction. This ensures that even if internet connection is lost and real-time solar 
and time of use rate feeds aren’t able to be delivered to the device, the appliance is still able to 
meet its requirements using the baseline algorithm. Similarly, a geothermal HVAC manufacturer 
stated that their devices, in addition to being connected to the cloud, store data on an SD chip 
on the heat pump. Thus, in the event that Wi-Fi connection is weak, the data that’s being 
gathered every 10 seconds can be stored until it can be accessed on the cloud again. 
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VISION FOR THE FUTURE OF AI AND SMART TECHNOLOGY  
After gathering insights on the current state of play of smart home devices, including obstacles 
to implementation and potential solutions, manufacturers were asked about what their vision of 
the future of AI and smart technology in the home performance industry. A common answer 
among most interviewed manufacturers was that they expected their products to participate in 
demand response programs at scale. If a single smart home’s savings are significant, then an 
aggregated collection of these homes is revolutionary. A software developer opined that as 
more dynamic pricing models enter the residential customer space, demand response would 
become increasingly common. A HPWH manufacturer expressed a similar sentiment, and noted 
that the CTA 2045 standard12 is increasingly prevalent in certain service areas on the West 
Coast. 

Interviewees also stated that they expected to see ongoing monitoring of system performance 
become more common. A software developer noted that this capability would be particularly 
beneficial for measuring energy savings under the Home Energy Rebates program. A HPWH 
manufacturer stated that, if provided with previous customer bill data, they could leverage data 
on current energy consumption to measure energy savings compared to the previous water 
heater system. This capability could yield invaluable insights surrounding the actual 
effectiveness of residential energy efficiency programs rather than blind faith in energy models. 

Another software developer envisioned a digital energy audit that could produce an AI-powered 
home energy assessment for customers in minutes. Not only would this report give 
homeowners a comprehensive look into their energy use but would also provide them with 
recommended upgrades depending on user inputs and preferences (ex. bill reductions, home 
comfort, electrification, topline budget, etc.). The developer plans on having this software then 
connect homeowners with contractors capable of performing these upgrades, as well as 
preparing customers for kitchen table conversations and suggesting questions for them to ask 
their contractor. 

The energy-saving potential of an aggregated network of connected devices across the nation 
will not be possible without the ingenuity of appliance and equipment manufacturers. This 
potential will only continue to grow as demand flexibility is unlocked through the continued 
deployment of smart and connected devices, and as the interoperability of these devices 
improve with data sharing agreements and AI integration. 

  

 

12 CTA 2045 is a “Modular Communications Interface” that enables two-way communication between an 
appliance and a utility. CTA 2045 is a physical plug in that can be attached to a HPWH to enable this form 
of communication. Requirements surrounding this attachment are growing in prevalence. 
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PROMOTING DOMESTIC ENERGY RESOURCE 
PROCUREMENT WITH AI 
Despite the unique perspective offered by each stakeholder across the energy efficiency supply 
chain, all participants made clear that they understood AI and smart devices were rapidly 
entering the energy efficiency space. Each interviewee had begun thinking about AI integration 
in their own work to differing degrees.  

Contractors, the boots on the ground enabling energy efficiency improvements nationwide, 
generally had the broadest range of use cases for AI and smart technology in making their 
businesses more efficient as well as the homes of the customers they serve. While program 
implementors, state energy offices, and manufacturers, were more likely to be regulated in their 
administrative AI use, small contractor business owners were at liberty to use AI as they saw fit 
to streamline their operations, from assisting with email communications to answering phones to 
research to assisting with proposal drafting. Furthermore, residential contractors are 
incorporating smart and AI-powered devices into their offerings to homeowners with increasing 
frequency. The smart devices adopted by a contractor are contingent on the businesses' 
offerings. For example, an insulation contractor leveraged remote blower door and smart spray 
foam technologies, while an HVAC contractor leveraged a remote data logger to monitor system 
performance following an installation. Contractors expressed that while some homeowners 
remain apprehensive, the general population is shifting at the same time as the energy 
efficiency industry is, and folks are increasingly receptive to the idea of a smart home. 

Program implementors and SEO officials, responsible for energy efficiency program design, 
also envisioned leveraging AI to streamline work at the administrative level, but these ideas had 
not come to fruition as much as they had on the contractor side. These stakeholders speculated 
that leveraging AI for tasks such as application review and QA/QC could significantly reduce 
energy efficiency program operational costs, leaving a higher proportion of funding to deliver 
savings to homeowners. However, implementors and SEO officials stated that the addition of 
smart devices into EE programs could be complicated by high upfront costs, interoperability 
constraints, and data access barriers. 

Appliance manufacturers, the engineers behind AI-powered and smart devices, echoed similar 
concerns about interoperability and data access. For the potential of their devices to respond to 
grid events at scale, they conveyed that the industry would need to establish standards allowing 
devices from different brands to better communicate and standards allowing data from differing 
utilities to easily aggregate. Additionally, manufacturers stated that customer education to dispel 
misinformation surrounding smart devices would enable faster market penetration. 

Considering all the feedback received from interviewees, the greatest potential of AI and smart 
devices within the energy efficiency space is to reduce costs to consumers. AI is to reduce 
administrative costs. Contractor businesses are pass-through entities, such that reductions in 
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operational or business expenses can be passed on to the customer and make the contractor 
more competitive. If contractors can leverage AI to reduce administrative costs, homeowners 
may experience these benefits via decreased costs of upgrades. Similarly, when costs are 
reduced at the program implementor level, the funding saved on operations can focus on 
delivering additional customer rebates or program marketing to reach new people. All uses of AI 
at the administrative level have the net effect of lowering energy efficiency upgrade costs for 
consumers, delivering lower energy bills at a lower cost. On the opposite side of the same coin, 
smart devices will enable demand response programs and grid flexibility at scale. The more 
smart devices that exist on the grid, the more energy demand can be made flexible to respond 
to grid signals and high-demand events. Demand flexibility at scale will decrease the need for 
electric infrastructure buildout, saving ratepayers on their monthly bills.  

Energy efficiency remains the fastest resource to deploy. ACEEE estimated that in 2016, energy 
efficiency served as the nation’s third-largest electricity resource. Without investments into 
energy efficiency since 1990, the United States would have needed to deploy 313 additional 
large scale power plants to meet national power demand, costing utility customers nearly $790 
billion.13 Nearly a decade later, as electricity demand continues to skyrocket, continued 
investments into energy efficiency will continue to save ratepayers money on costly 
infrastructure investments. Smart technology, coupled with AI administrative efficiency, can 
accelerate the implementation of this critical resource across the country.  

The adoption of AI and smart devices throughout the energy efficiency supply chain will be 
imperative to balancing U.S. goals of securing American leadership in AI and American energy 
dominance while reducing energy burdens for the nation’s citizens. 

  

 

13 Molina and Nowak, “The Greatest Energy Story You Haven't Heard: How Investing in Energy Efficiency 
Changed the US Power Sector and Gave Us a Tool to Tackle Climate Change,” p.5-8. 
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CONCLUSION 
After interviewing a diverse array of stakeholders across the energy efficiency industry, 
including contractors, program implementors, state energy office officials, and manufacturers, 
our findings indicate that not only are AI tools, remote diagnostics, and smart technology 
increasingly commonplace in home performance, but that they present an opportunity to 
reshape the residential energy industry as it exists today.  

Furthermore, the increasing peak electricity demand in parts of the country due to data center 
promotion or electrification can be tempered with a more flexible load if the 140 million 
residential units were able to respond to grid demands and consumer needs. AI has the 
potential to streamline SEO and utility program administration, improve contractor business 
operations, and promote demand flexibility, ultimately promoting U.S. energy dominance and a 
more resilient grid. 


