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ABSTRACT 

Demand flexibility is the practice of reducing electricity use during peak demand hours. 

It can reduce the need to build and run expensive “peaker” plants, improving grid reliability and 

reducing CO2 emissions. However, while the potential US peak demand reduction from demand 

flexibility is estimated at 20% of US demand in 2030, or 200 GW, current programs can only 

achieve 60 GW (Hledik et al. 2019, 2). One reason for this discrepancy is the lack of smart, 

demand-flexible appliances. Appliance standards can help realize the full potential of demand 

flexibility by making demand-flexible appliances ubiquitous. 

In this paper we provide an overview of flexible demand appliance standards (FDAS) for 

residential electric water heaters adopted in three states (Oregon, Washington, and Colorado), 

discuss how these standards can help overcome barriers to demand flexibility (DF) programs, 

and consider the consumer impacts of such standards. We also outline potential future actions at 

the state and federal levels to advance demand flexibility including federal standardization; state-

level FDAS for an expanded scope of electric water heaters or for a package of appliances; 

increasing DF program availability; load management standards for utilities; and stretch building 

energy codes.  

Introduction 

We open the paper with a discussion of demand flexibility (DF) and its benefits, and we 

introduce DF programs, DF communications technology, and demand-flexible electric storage 

water heaters. We then focus on flexible demand appliance standards (FDAS) for residential 

electric storage water heaters; how these standards can help overcome barriers to DF programs; 

and the consumer impacts of FDAS. Finally, we conclude with potential future actions, including 

alternative approaches to state-level water heater FDAS. To inform this paper, the authors 

conducted interviews with relevant stakeholders including water heater manufacturers, the Open 

Automated Demand Response (OpenADR) Alliance, the Air-Conditioning, Heating and 

Refrigeration Institute (AHRI), utilities, an energy efficiency organization, and a state regulator. 

Demand Flexibility 101 

DF is the capability of electrical end-use equipment to shift or reduce electricity usage 

during hours when demand is high, also known as “the peak.” Fossil fuel “peaker plants”—“low-

use, high emitting power plants that grid operators call on at times of high demand” (Enel 

2023)—are usually required to meet this demand.   

DF can also increase use of renewable electricity by shifting demand to hours of high 

renewable availability. Figure 1 shows the summer average 24-hour electric generation (natural 

gas, solar, and other) of California Independent System Operator (CAISO) and the net electricity 
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demand.1 The net demand is lower in the middle of the day when renewable energy production is 

high. These hours of low net demand, when renewable generation is plentiful, are prime for a DF 

service provider (ISO, utility, or aggregator) to request demand-flexible appliances to utilize 

electricity to perform their tasks. In the evening hours, another DF opportunity arises when solar 

generation plummets and net demand increases sharply. During these hours, a DF service 

provider may request that appliances curtail their usage to help reduce the height and steepness 

of the evening peak. 

 

Figure 1. Average of July and August 2020 daily electricity generation in California (left). Net electricity demand in 

July 2020 in California (right). Source: Modified from EIA 2020; Alexander 2020. 

Water Heaters 101 

This paper focuses on FDAS for residential electric storage water heaters (ESWHs). 

ESWHs include both electric resistance water heaters (ERWHs), which make up nearly half of 

the U.S. residential water heater market, (Wachunas 2024), and heat pump water heaters 

(HPWHs), which are a small, but growing portion of the market (Wachunas 2023). ERWHs 

usually consist of an insulated steel tank lined with glass and two electric resistance elements 

that heat water. ERWHs have two electric resistance elements that heat water. HPWHs transfer 

heat from the ambient air to the stored water using a refrigeration system and are significantly 

more efficient than ERWHs. HPWHs also usually have backup electric resistance elements. The 

other roughly half of the market of residential WHs either burn fossil fuels (natural gas or oil) 

and/or do not store water (i.e., are instantaneous type, also called “tankless”). Since non-electric 

products do not contribute to the demand of the electric grid, and electric “tankless” WHs do not 

have potential to shed electric load, these WH types are not discussed in this paper.  

Benefits of Demand Flexibility 

The benefits of DF can include peak demand reductions, CO2 emissions reductions, and 

cost savings for consumers.  

Peak demand reductions. One study projects that in the US, DF could reduce peak demand by 

200 GW by 2030, or 20% of projected 2030 peak demand. This equates to a more than 3-fold 

increase, from 60 GW in 2017 (Hledik et al. 2019, 2), with other studies concurring (Langevin et 

al. 2021, 2103). This increase would be roughly equivalent to the capacity provided by coal 

 
1 Total demand minus non-dispatchable renewable sources. 
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generation that is scheduled to retire by 2030 (DOE 2023, 34), providing peak capacity without 

added emissions and at lower cost, saving $10 billion annually (DOE 2023, 33). Another 

estimate puts the benefits of DF in buildings at $18 billion annually by 2030 (Schwartz 2021, 6). 

CO2 emissions reductions from DF. Depending on the energy generation mix, DF can have 

varying levels of impact on CO2 emissions reductions. Modeling in New York City under a low 

variable-renewable penetration of 2% showed that DF in buildings could reduce CO2 emissions 

by 3%. Assuming a higher 2030 variable-renewable penetration of 36%, CO2 emissions 

reductions would grow to 10% (Carmichael et al. 2021, 14). Another study of the effect of DF on 

the Spanish and Portuguese electricity market found CO2 emissions reductions of 4.5% (Sousa 

and Soares 2023).  

Economic benefits for customers. In a Department of Energy (DOE)-funded pilot study of 

residential demand-flexible HPWHs in the Southeastern US, participants saw an average load 

reduction of 72 W during a single DF event. Study participants were on time-of-use (TOU) rates2 

and saved an average of $40 in annual electricity costs (Davis and Urigwe 2024). A modeling 

study of four scenarios across different geographies and rate structures estimated that demand-

flexible residential air conditioners together with demand-flexible ESWHs could save 

households 10 to 40% on their electricity bills annually (Bronski et al. 2015, 7). 

Managing Appliances  

Demand Flexibility Programs 

DF programs are the mechanism that allows DF service providers to send DF signals to 

connected appliances. Establishing and administering DF programs generally involves marketing 

the program to potential participants, screening participant eligibility (e.g., ensuring the customer 

has a qualifying device), signing a participation agreement, and installing (if applicable) and 

enabling the DF communications technology. A DF service provider may then send signals to 

manage participating appliances under different scenarios, including daily peaks, critical peaks, 

and grid emergencies. Common types of DF programs include incentive-based direct load 

control (DLC), demand bidding, interruptible tariffs, and emergency load shedding (Lu et al. 

2018).  

One example of a utility program to manage new residential HPWHs is Xcel Energy’s 

Smart Water Heater Program (Xcel Energy 2024); an example of a DF program for managing 

ERWHs in multifamily housing is Pacific Power’s Optimal Time Rewards program (Pacific 

Power 2024). DF programs generally compensate qualifying participants with a modest bill 

credit. However, if TOU rates are available to the customer, larger electric bill savings can be 

achieved. TOU pricing encourages users to also shift and shed load independent of calls for DF 

events. Despite identifying several programs through a web search, we discuss later how DF 

programs for residential ESWHs are not yet widely available. Today, not every consumer with a 

DF-capable ESWH is be able to enroll in a DF program in their area. 

 
2 Higher prices during peak and lower prices during off-peak times. 
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Demand Flexibility Communications Technology 

For a DF service provider to send DF signals to an appliance, the appliance must have the 

necessary communications technology. For ERWHs, the technology that enables this 

communication has historically been a load control switch that is installed as a retrofit to the 

device. For HPWHs, which are newer to the marketplace, it is more common for manufacturers 

to offer a proprietary communications interface and mobile application to enable DF and 

additional “smart” features (Rheem 2024). More recently, due in part to state-level FDAS, 

standardized communications interfaces have been made available for both ERWHs and HPWHs 

from major manufacturers.  

Each DF communications technology (retrofit switch, proprietary communications 

interface, and standardized communications interface) can receive (and/or send) signals. One 

residential water heater retrofit load control switch (of the type required for participation in the 

previously mentioned Pacific Power Optimal Time Rewards program) is compatible with both 

Wi-Fi and cellular data (Armada Power, n.d.-b; n.d.-c). Proprietary manufacturer interfaces 

generally connect through Wi-Fi. Standardized communications technology can receive signals 

via FM broadcast, cellular data, and/or Wi-Fi (SkyCentrics 2024). For DF signals to be sent and 

received, the DF communications technology on the appliance must be compatible with the type 

of signal the DF service provider chooses to transmit.  

Demand-Flexible Electric Storage Water Heaters 

Many residential appliances have loads that can be shifted to different times of the day or 

curtailed. However, in this paper, we focus on ESWHs, which provide flexibility as a managed 

load with little impact on consumer experience. ESWHs make sense as an adopter of DF 

communications technology because they are “low-hanging-fruit" compared to some other 

residential appliances. ESWHs are: 1) in nearly half of homes in the US (EIA 2023), 2) are the 

third-largest home electricity user (EIA 2024), and 3) can shift and shed load with little notice, in 

part due to their ability to store thermal energy. While these “thermal batteries” are somewhat 

less flexible as a managed load than an actual battery (Mansouri and Sioshansi 2023), homes 

already have this equipment, and so the consideration is the incremental cost of enabling DF 

communications technology (instead of requiring an entirely new piece of equipment, like a 

lithium-ion battery). 

 The energy storage capacity of an ESWH depends on both tank size and water storage 

temperature. Under a DF program (or voluntary operation from price signals), when an ESWH 

receives a request to load up, if the stored water temperature is below the consumer setpoint, the 

water heater will turn on and heat the water to the water delivery temperature set by the user; this 

hot water is stored in the tank, ready for the consumer to draw. When the ESWH receives a load 

shed request, the water heater is prevented from using energy.  

Figure 2 illustrates the average hourly load shape from a field study of about two dozen 

HPWHs under normal operation and under DF. A load up request is sent mid-day, and a load 

shed request is sent during the hours of peak demand. Note that an ERWH would operate 

similarly, but ERWHs offer larger potential demand reductions because they typically consume 

about 3-4 times as much energy as HPWHs (DOE 2024b, 7–20). 
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Figure 2. Average 24-hour summer demand profile of a fleet of about two dozen HPWHs in North 

Carolina. The blue curve is the normal operation, the purple curve is the operation under a DF event 

where the HPWHs load up, preheating the water earlier in the day, and shed load during peak hours. 

Source: Modified from Davis and Urigwe 2024.  

Flexible Demand Appliance Standards 

For the DF potential of residential appliances to be realized, two conditions must be met: 

1) a significantly greater volume of appliances must include DF communications technology, 

and 2) DF programs must be more widely available, and consumer participation in those 

programs must be high. Requiring integrated DF communications technology on appliances at 

the point of sale (versus retrofit switches) would address the first condition. 

States have some authority to regulate attributes of appliances sold within their borders. 

One way that states have used this authority is in adopting efficiency standards for products for 

which there are no existing federal energy conservation standards (ECS). As an example, in the 

absence of ECS, the California Energy Commission (CEC) adopted an energy efficiency 

regulation for portable electric spas in 2004, with 13 other states adopting spa standards since. 

Recently, for the first time, several states have adopted regulations for appliances requiring DF 

communication technology. In the following sections we describe these novel FDAS, the 

rulemaking processes, and the specified technology required to be compliant with the regulations 

in each state. 

State-Level FDAS for ESWHs 

Washington, Oregon, and Colorado have adopted regulations requiring that new 

residential ESWHs include DF communications technology at the time of sale. These states’ 

regulations include prescriptive requirements for a standardized communication socket for both 

ERWHs and HPWHs with 40-to-120-gallon storage tanks. The FDAS in each of these states 

were part of regulatory packages that included new or updated energy efficiency standards for 

other appliances. The FDAS address the DF communications technology of the product, but do 

not address energy efficiency.  

Table 1 shows the relevant legislation, authorized state agency, regulation, and 

compliance date for existing and upcoming FDAS for ESWHs. For Washington and Oregon, the 

compliance date refers to the date of manufacture; existing non-compliant inventory at 
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distributors and retailers can continue to be sold past this date. In California, the CEC is expected 

to publish a proposal for FDAS for residential ESWHs in 2024. 

Table 1. State-level FDAS for ESWHs 

 Colorado Oregon Washington California 

Legislation  

(adoption year) 
HB 23-1116 

(2023) 
HB 2062 

(2021) 
HB 1444 

(2019) 
SB 49 

(2019) 

Authorized state 

agency 

Department of 

Public Health 

and Environment 

Department of 

Energy 

Department 

of Commerce 

California Energy 

Commission 

Regulation  

(final rule effective/ 

publication date) 
C.R.S 6-7.5-105 

OAR 330-

092-0020  

(June 2022) 

WAC 194-24-

180 (January 

2021) 
Forthcoming 

Regulation 

compliance date 
Jan 1, 2026 July 1, 2023* Jan 1, 2023* 

No sooner than one year 

after final rule adoption 

* Oregon compliance delayed from January 1, 2022; Washington compliance delayed from January 1, 2021. 

Other state actions include a 2021 bill in Nevada granting authority to the Governor’s 

Office of Energy to “adopt by regulation standards for appliances . . . to facilitate the deployment 

of flexible demand technologies.” (A.B. 383 2021, 2). However, no rulemaking has been 

initiated. 

Additionally, in 2023, CEC adopted its first FDAS for pool pumps and heaters 

(collectively, “pool controls”). Starting in 2025, pool controls sold in the state are required to 

have a default operating schedule between 9 am and 3 pm (CEC 2023, 12–13). This regulation 

does not require a specific onboard DF communications technology, but does require pre-

programmed controls using the local system clock. The regulation also requires system 

capability for communicating the operational status and stored schedule. 

These first-of-their-kind regulations to get DF technology into more homes have only 

been in effect for about 1 and 1.5 years in Oregon and Washington, respectively. In these states, 

where implementation is in early stages, it appears that program effectuation has yet to fully 

ramp up. As programs and participation increase, a next step for analysts and regulators would 

be to evaluate the impacts of these FDAS. 

Communications Technology Requirements for ESWHs 

States have employed two different approaches for regulating communications 

technology in FDAS for residential ESWHs. As shown in Table 2, Washington and Oregon 

require compliance with the Consumer Technology Association (CTA)-2045 technical standard,3 

while Colorado requires compliance with the AHRI 1430-2022 technical standard. The AHRI 

standard was first published in December 2022, after the Oregon and Washington rules became 

effective.  

 The CTA-2045 technical standard includes prescriptive requirements for the DF 

communications interface (socket and plug connections) and describes the basic set of DF 

signals that can be sent and received. CTA-2045 sockets can be integrated into a variety of 

 
3 The term “technical standard” refers to criteria that the communication interface must meet. 
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residential and commercial devices. AHRI 1430 incorporates similar requirements, but the scope 

is limited to residential ESWHs. Importantly, while AHRI 1430 and CTA-2045 can be 

considered harmonized, AHRI 1430 requires the additional step of testing the equipment to 

verify that DF signals are sent and received as expected by the CTA-2045 socket and plug.  

Table 2. Industry technical standards for ESWHs 

 CTA-2045 AHRI 1430 

States requiring the technical 

standard for ESWHs 
Washington, Oregon Colorado 

Scope of technical standard 
Many residential and 

commercial appliances 
Residential ESWHs 

Testing requirement None 
Testing to determine 

compliance with CTA-2045 

 

As currently structured, the state-level FDAS for ESWHs only regulate the CTA-2045 

socket on the equipment, requiring manufacturers of ESWHs to include this socket on products 

sold in these states. Figure 3 illustrates a typical setup for a compliant ESWH in a home.  

 

 

Figure 3. An illustration of a complete DF-enabled ESWH in a home that is receiving and sending DF signals. The 

FDAS boundary (dotted black line), communications interface (solid green line), and home boundary (dashed blue 

line) are shown. Inset: the communications interface is comprised of the CTA-2045 socket (A) and CTA-2045 

communications module (B). Source: Image modified from CTA 2021; inset photo modified from DOE, n.d.-a. 

The communications interface (solid green line) is made up of the CTA-2045 socket (A), 

which must be paired with a CTA-2045 compliant communication module (B). The current state-

level regulations require only the socket at the time of sale. A module, which is typically 

provided by the utility, must be attached after sale to enable DF communication. Because 

installation is plug-and-play, it is expected that the consumer will complete this step 

independently after receiving the module from the utility. Once the complete communications 

interface is assembled, the utility may send DF signals to the ESWH.  
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The communication is two-way: once the communications interface receives a signal 

communicating a DF event request, the internal controls of the water heater determine if the 

device can participate in the event and send a status back to the utility. The ESWH then 

participates or declines participation in the event according to the availability of hot water. In 

addition to the internal logic to prevent cold water events, consumers are able to manually opt 

out of DF events (a required functionality in CTA-2045). How this manual override is engaged 

by the consumer varies among ESWH models. One HPWH model user manual instructs the user 

to disable the connectivity via the user control panel on the tank and specifies that after 72 hours 

(the maximum time period specified in the technical standards), ESWH participation will 

automatically resume (A.O. Smith 2022, 24).  

Overcoming Barriers to DF Programs with Standards 

There are several barriers to the deployment of DF programs including the cost to install 

and/or enable the DF communications technology on appliances, recruitment of program 

participants, and program management and scalability. FDAS—which increase the availability of 

DF-capable appliances—can ease some of the burden associated with the costs/logistics of 

installation of DF communications technology.  

First, policies requiring standardized DF communication technology on ESWHs (i.e., the 

Washington, Oregon, and Colorado policies), can help reduce the cost of enabling DF 

communications technology. These regulations ensure that every new ESWH with a tank size of 

at least 40 gallons is sold with DF communications technology. Alternatively, ESWHs can be 

retrofitted with DF communications technology. However, these retrofit installations are 

typically expensive with an estimated cost of about $400 per ESWH (Daken et al. 2020, 34). The 

higher cost of retrofit installations is partly due to the need for a site visit from an electrician to 

wire a load control switch onto the existing tank (Armada Power, n.d.-a). In contrast, when an 

ESWH has an onboard standardized communication port, a consumer can simply plug a 

communications module into the socket to complete the setup of the communications interface 

(essentially a zero-cost installation). However, utilities typically bear the cost of the DF 

communications module, which today is about $150. If programs are scaled and utilities 

purchase communications modules in large quantities, manufactures of the communications 

modules (e.g., Skycentrics, e-Radio Inc., Steffes) may be able to achieve economies of scale 

(Dayem 2018, 8). One module manufacturer anticipates that with volume production, the cost 

could drop by two-thirds, to as low as $50. 

Second, FDAS could help reduce the costs associated with marketing and recruitment of 

program participants. As with any program, utilities incur the significant cost of recruiting 

participants; the Bonneville Power Administration (BPA) estimated a marketing cost per 

customer of $150 for ESWHs. State-level FDAS will drive the market uptake of DF-capable 

ESWHs, increasing public familiarity and thereby lowering program marketing costs. BPA 

anticipated program marketing costs would decline quickly to about half the initial cost ($80 per 

enrollment) once just 4% of electric water heaters are equipped with the DF technology, with the 

costs further declining to as little as $25 per enrollment in a scenario where 2/3 of electric water 

heaters have this technology (BPA 2018, 54).  
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Finally, FDAS can streamline how DF service providers communicate to a fleet of 

residential appliances. A DF service provider must manage thousands of residential ESWHs to 

realize meaningful load shifts. The existing state-level FDAS in effect have already required the 

major water heater manufacturers to redesign model lines to include the CTA-2045 socket. With 

FDAS, over time, the existing stock of ESWHs will be replaced with new models that include 

the standardized communication ports, simplifying communications and opening the door to 

scaled DF programs.  

Consumer Impacts of FDAS 

Incremental equipment cost. FDAS requiring ESWH communications capability will likely 

impact appliance purchase prices. While the cost of adding an onboard CTA-2045 

communication socket is very low (a few dollars), the cost of adding the necessary internal 

controls could be much higher depending on the ESWH type.  

HPWHs already have sophisticated vapor compression cycle control boards; these units 

will not incur a significant cost to add communications functionality. However, ERWHs’ 

generally simple operation does not require electronics, and these units are expected to incur a 20 

to 30% cost increase to incorporate the electronic controls necessary for CTA-2045 functionality. 

We found that a large retailer sells a 40-gallon ERWH (4.5 kW elements) without DF 

functionality for $439 and an equivalent model with the DF functionality for $579 (The Home 

Depot 2024b; 2024a). In the near future, far fewer consumers will incur this incremental cost as 

the ESWH market transitions to HPWHs. Recent DOE ECS will drive this market shift 

beginning in 2029 with requirements that will effectively require all ESWHs with a rated storage 

volume above 35 gallons to utilize heat pump technology (DOE 2024a, 37798).  

The costs described above relate to the onboard DF communications technology only, 

and not the pluggable communications module. The consumer cost for both ERWHs and 

HPWHs would likely increase if, in addition to the socket, the communications module was 

required at the time of sale. In this scenario, a state may consider requiring the utility to subsidize 

the cost of the communications module so that the additional purchase cost is not borne by the 

consumer. 

 

Recouping costs through program participation. Consumers who bear the incremental cost of 

DF communications and control technology can only recoup the cost by enrolling in an available 

DF program. The economic payback from participation in a DF program is not straightforward 

since enrolling in a DF program does not necessarily guarantee lower electric bills; electricity 

consumption is likely to be shifted to different times of the day without decreasing overall. In 

some cases, electricity consumption could even slightly increase.  

Generally, utilities structure a program offering guaranteed compensation or bill credits 

for program participants. For example, program participants in Xcel Energy’s Smart Water 

Heater Program receive a $100 one-time enrollment incentive and a $25 incentive annually (Xcel 

Energy 2023). The incentive amounts vary by utility but are small compared to the potential bill 

savings for consumers that have access to advantageous electricity rates. One study that modeled 

savings for ERWHs and HPWHs with a TOU rate structure estimated operational cost savings 

for a managed ERWH of 25%, or $120 annually, relative to an unmanaged ERWH (even with a 
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modest increase in total energy consumption). For HPWHs, the modeled savings were smaller, 

as expected, because HPWHs have significantly lower operating costs than ERWHs. The study 

estimated operational cost savings of 15% for HPWHs, or $30 annually, again with a modest 

increase in annual electricity consumption (Carew et al. 2018, 23).  

Consumers who do not enroll in an available DF program may experience indirect 

benefits—lower electricity rates, or rates that do not rise as quickly as they would have 

otherwise—due to avoided infrastructure investment by the utility (DOE 2023, 33).  

Potential Future Actions 

In the previous sections, we discussed the current approach to FDAS for residential 

ESWHs and how these state-level regulations can be a market transformation tool to increase the 

uptake of standardized DF communications technology. Here, we consider a range of potential 

future actions that we consider complementary approaches to achieving broader market 

transformation and increased consumer savings. First, we discuss alternative approaches to 

FDAS including federal standardization; state-level FDAS for residential ESWHs with an 

expanded scope; and state-level FDAS for packages of residential and commercial equipment. 

Second, we discuss the need for more DF programs to realize the potential of DF-capable 

devices. Third, we discuss load management standards and alternative rate structures, which 

could enable greater bill savings for consumers. Lastly, we consider building codes as an 

alternative pathway to requiring appliances with DF communications technology in new 

construction and major renovations. 

Considering Different Approaches to FDAS 

Federal standardization. Like many types of regulations, there could be significant benefits to 

federalizing FDAS. For example, federal FDAS for residential ESWHs would have a significant 

impact, resulting in the sale of up to about 5 million DF-ready residential ESWHs each year 

(DOE 2024b, 9–20).  

This path has been forged before; for many appliance energy efficiency standards, states 

first adopted state-level efficiency standards, with Congress or DOE subsequently establishing a 

federal standard. Most recently, five states adopted efficiency standards for room air cleaners 

(between 2020 and 2022); DOE subsequently issued a federal standard for room air cleaners in 

2023. These national standards have generally had the support of the regulated industry since 

manufacturers prefer to avoid a “patchwork” of state standards. For the same reasons, 

federalization of FDAS would likely appeal to manufacturers. For DF service providers, a 

national approach would ensure that all regulated ESWHs have DF capability, regardless of 

where the device is sold.  

However, FDAS are a prescriptive requirement not directly related to the energy 

consumption of the appliance, and, therefore, likely not within DOE’s authority. The Energy 

Policy and Conservation Act (EPCA) would likely have to be amended to grant DOE the 

authority to consider DF communications technology requirements. In 2022, the bipartisan 

legislation H.R. 7962 would have given DOE the authority to consider “demand response 

capabilities” for residential ESWHs (H. R. 7962 2022). While the bill was supported by industry 

and energy efficiency advocates, it did not progress beyond initial introduction. 
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State-level ESWH standards with an expanded scope. Additional states considering the 

adoption of FDAS for ESWHs could choose to harmonize with existing FDAS or could elect to 

change the scope of the regulation in at least two ways. 

First, a state could consider an expanded scope to include smaller ESWH tank sizes to 

future-proof the regulation—ensuring that most new ESWHs continue to be sold with DF 

communications technology after the updated DOE energy efficiency standards for residential 

water heaters take effect in 2029. The three existing state regulations exclude tanks below 40 

gallons. However, DOE estimates that when the new water heater standards take effect in 2029, 

about 40% of the ESWH market will be below this capacity (DOE 2024b, 9–23). To capture the 

DF potential from smaller units, the scope of FDAS could be expanded to include smaller tank 

sizes. 

Second, the existing state FDAS require that ESWHs must include the DF 

communications socket, but do not specify that the DF communications module must be present 

at the time of sale. Requiring inclusion of the module would represent an important step towards 

DF-readiness. However, this potential benefit would need to be balanced against the additional 

cost that would be incurred by consumers, including for consumers who do not have a DF 

program available to them or do not enroll in one. 

 

Including additional appliances. Potential state-level FDAS could also include a suite of 

residential and/or commercial products; this bundling could unlock greater demand shifting 

potential. This paper has primarily focused on FDAS for ESWHs because of the success in 

establishing standards for these products. However, many other residential products have the 

potential to be included in FDAS. When considering other products for regulation, it could be 

useful to examine the existing voluntary specifications or technical standards relating to DF 

capability. For example, the ENERGY STAR program has established “connected criteria” for 

many types of equipment including connected thermostats (and air conditioning equipment), 

clothes washers and dryers, and dishwashers. 

AHRI 1380-2019 and 1530-202X are additional technical standards that could be 

referenced in state-level FDAS. AHRI 1380 covers DF for variable-capacity residential and 

small commercial HVAC equipment. This standard is referenced in the Consortium for Energy 

Efficiency (CEE) specification for variable-capacity central air conditioning and heat pump 

systems and in the ENERGY STAR v6.1 specification for central ACs and heat pumps. 

However, to date, no AHRI 1380 certified equipment is available on the market. AHRI recently 

initiated the development of AHRI 1530-202X, the technical standard for DF of commercial 

ESWHs, which will likely resemble AHRI 1430 for residential ESWHs. 

 

Increasing DF Program Availability 

 

The first-ever state-level FDAS for ESWHs are early in their implementation. However, 

water heater manufacturers have observed that many of the CTA-2045-compliant water heaters 

in these states are not engaging in DF activities. From a web search, we found that some of the 

largest electric utilities in the region are not currently advertising DF programs to customers. As 
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the purpose of FDAS is to make devices available for utilities to manage at scale, it will be 

critical for state policymakers and public utility commissions to work with utilities to increase 

the availability of DF programs. In addition, policymakers should work with demand-side 

resource aggregators to identify barriers that may prevent the scaled deployment of demand-

flexible residential appliances. 

Adopting Load Management Standards for Utilities and Alternative Rate Structures 

Adopting load management standards would be a way to complement FDAS and 

successfully achieve load shifting from appliances. For example, California’s Load Management 

Standards (LMS) provide directives to utilities to make DF programs available to commercial 

and residential customers. LMS involve maintaining publicly available time-varying rates and 

may require utilities to conduct consumer education and outreach.  

Using price signals, which is a more passive way to shift the load, can also be a tool for 

load shifting. Price signals can potentially save consumers money by incentivizing load shifting 

away from peak—effective even for those consumers who lack a DF program in their area. 

Furthermore, consumers with DF programs may find them more appealing with the addition of 

price signals. Examples of price signals include TOU; critical peak pricing (similar to TOU 

pricing, but based around a handful of peak days and events yearly, rather than peak hours daily); 

demand charges (where customers pay a monthly or yearly fee based on their maximum power 

demand4); and real-time pricing (where customers are not insulated from wholesale electricity 

price variation, and the price of power depends on supply and demand) (GridFabric 2020). 

Considering Building Codes as an Alternative Pathway 

Building codes could serve as an alternative pathway to promote market transformation 

to appliances with DF communications technology. For instance, California’s Title 24 building 

code’s Joint Appendix 13 (JA13), “Qualifications for Heat Pump Water Heater Demand 

Management Systems,” defines the DF requirements that must be met for a HPWH to receive 

credit to demonstrate compliance with the building code (CEC 2022). The CEC maintains a list 

of HPWHs that have been declared by the manufacturer to meet the specifications in JA13. 

California’s Title 24 energy code also includes DF requirements for lighting and zonal HVAC 

controls such as smart thermostats.  

To inform the development of “stretch codes,” DOE has developed a series of technical 

briefs, some of which relate to DF of water heaters and thermostats (DOE, n.d.). Stretch codes 

are alternative compliance pathways that are more ambitious than base codes; they can be 

included in existing building energy codes, such as state and local codes, the International 

Energy Conservation Code (IECC), and American Society of Heating, Refrigerating and Air-

Conditioning Engineers (ASHRAE) Standard 90.1.  

 
4 This approach is common for commercial and industrial customers but has the potential to negatively impact 

residential customers. 
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Conclusion 

DF has the potential to reduce US peak demand by 20% in 2030, or 200 GW. However, 

current programs can only achieve reductions of 60 GW due to the lack of demand-flexible 

appliances in homes, businesses, and other buildings. The significant electricity use of ESWHs 

and their ability to store thermal energy makes these appliances a desirable managed load for a 

utility, with little impact on the consumer’s experience with the device. 

State-level FDAS for residential ESWHs in Washington, Oregon, and Colorado will 

increase the number of appliances that have DF communications technology. The standards 

should reduce barriers to DF programs through the standardization and simplification of DF 

communications technology installation. However, the availability of DF programs that manage 

ESWHs is still inadequate. Achieving broader market transformation could involve a range of 

complementary approaches including federal standardization; state-level regulations of 

residential ESWHs with an expanded scope; state-level regulations of packages of residential and 

commercial equipment; increasing DF program availability; load management standards for 

utilities; and building codes. 
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