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Executive Summary 
The goal of this work is to develop energy efficiency, demand flexibility, and other retrofit end-
use load shapes (electricity, natural gas, propane, or fuel oil) that cover a majority of the high-
impact, market-ready (or nearly market-ready) measures. “Measures” refers to retrofits that can 
be applied to buildings during modeling.  

An “end-use savings shape” is the difference in energy consumption between a baseline building 
and a building with an energy efficiency, demand flexibility, or other retrofit measure applied. It 
results in a time-series profile that is broken down by end use and fuel (electricity or on-site gas, 
propane, or fuel oil use) at each time step. 

ResStock™ is a highly granular, physics-based, bottom-up model that uses multiple data 
sources, statistical sampling methods, and advanced building energy simulations to estimate the 
annual subhourly energy consumption of the residential building stock across the United States. 
The baseline model intends to represent the U.S. residential building stock as it existed in 2018. 
Technical documentation for the inputs and assumptions in the baseline building stock model is 
available in Reyna et al. (2025). Calibration and validation of the baseline model results are 
available in the final technical report of the End-Use Load Profiles project (Wilson, et al., 2022).  

This documentation focuses on a single end-use savings shape measure: Natural Gas Water 
Heater upgrade. This measure installs a high-efficiency condensing natural gas tankless water 
heater to all dwelling units that are not currently using solar thermal, heat pump, or gas tankless 
water heaters and have access to natural gas from space heating, water heating, cooking, clothes 
drying, pool heating, or spa heating. With a more compact design and a higher efficiency than 
their conventional fuel storage water heater counterparts, natural gas tankless water heaters 
provide hot water on demand and are gaining popularity in the market. With 55.7% of the U.S. 
housing stock applicable for this upgrade, this measure demonstrated: 

• A total modeled savings potential of 118 TWh per year in site energy and $10 billion per 
year in energy costs based on 2024 state-average fuel rates.  

• An average modeled savings of 1,560 kWh per year (5.1%) in site energy and $136 per 
year (4.9%) in energy bills for applicable occupied dwellings. 

• 60% of the site energy savings come from natural gas and 36% from electricity. 

• An increase in site energy for 4.2% of applicable dwellings and an increase in energy bill 
for less than 0.1% of applicable dwellings. 
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ResStock 2025 Release 1 Measure Documentation: 
Natural Gas Water Heater 
Accessing Results 
This documentation covers the “Natural Gas Water Heater” measure upgrade methodology and 
briefly discusses key results. All results can be accessed on the ResStock™ Open Energy Data 
Initiative “End-Use Load Profiles for the U.S. Building Stock” data lake and on the Data Viewer 
at resstock.nlr.gov.  

Measure Summary 
Measure Title Natural Gas Water Heater 

Measure Definition 
This measure installs a high-efficiency condensing natural gas tankless water 
heater to all dwelling units that are not currently using solar thermal, heat pump, 
or gas tankless water heaters and have access to gas. 

Applicability 

This measure applies to all dwellings that have natural gas space heating, 
water heating, cooking, clothes drying, pool heating, or spa heating, and one of 
the following water heaters: 

• Electric resistance storage or tankless water heater 
• Natural gas storage water heater 
• Non-natural gas fuel storage or tankless water heater. 

With these constraints, the measure applies to 55.7% of existing dwelling units. 
Note: Natural gas lighting, fireplaces, and grills exist in ResStock, but they are 
random and were not used to determine gas access. 

Not Applicable 

This measure does not apply to dwelling units with one of the following 
characteristics: 

• Heat pump water heater 
• Solar thermal water heater  
• Natural gas tankless water heater 
• Does not have access to natural gas based on space heating, water 

heating, cooking, a dryer, a pool heater, or a spa heater all using other 
fuels. 

These constraints exclude 44.3% of dwelling units from receiving this measure 
upgrade. 

Original Release ResStock 2025 Release 1 

Project 
Configuration 
File(s) 

https://github.com/NatLabRockies/resstock/blob/sdr_2025_Release_1/project_n
ational/sdr_upgrades_amy2018.yml 

https://resstock.nlr.gov/
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1 Technology Summary 
This measure models installing a high-efficiency natural gas tankless water heater into all U.S. 
homes that are not already using a heat pump, gas tankless, or solar thermal water heaters and 
have access to natural gas based on these major end uses: space heating, water heating, cooking, 
clothes drying, pool heating, or spa heating. The replacement technology is a high-efficiency 
natural gas tankless condensing water heater with a uniform energy factor (UEF) of 0.95 and a 
burner capacity of 199 kBtu/h, the highest allowed size within the residential application (US 
Code, 2026). 

1.1 Introduction to Technology 
Nearly all U.S. homes use a water heater to supply hot water for sinks, baths/showers, and 
appliances, such as dishwashers and clothes washers. A water heater can be a stand-alone in-unit 
appliance or a centrally located system that serves multiple units in a building. Storage water 
heaters heat water in a tank to store for later use, while tankless water heaters heat water for 
immediate use. Water heaters can use electricity, natural gas, propane, fuel oil, wood, or other 
fuels to heat the water. Fuel-based water heaters are equipped with a flue vent to release exhaust 
gas, and this vent can be atmospheric or powered by a small blower fan. 

Tankless water heaters are designed to produce hot water on demand. Instead of having a tank to 
store hot water, they are equipped with burners several times larger in capacity than tanked water 
heaters. Tankless gas water heaters are a fast-growing subsector within the gas water heater 
market (Granda, 2024) (Horizon Databook, 2025) because they provide “endless” hot water, are 
more efficient, and are more compact than conventional gas storage water heaters (ReportLinker, 
2023). The sales of gas water heaters in 2023 were estimated to be 4.2 million for water heaters 
with storage (81%) (AHRI, 2025) and 1 million for tankless (19%) (Wachunas, 2025). Although 
gas storage water heaters are still dominant based on total sales, the sales are slowly declining, 
with shares replaced by electric and gas tankless options, the latter of which is expected to grow 
by at least 10% per year (Wachunas, 2025). Mirroring this trend, there are more tankless options 
than storage on the gas water heater market. As shown in Table 1, the number of gas tankless 
water heater offerings from two major retailers and the ENERGY STAR® certified products list 
is consistently much higher than their conventional storage counterparts.  

Table 1. Number of Gas Water Heater Offerings Surveyed on July 1, 2025 

Number of Gas Water Heaters Tankless Storage 

HomeDepot.com 156 86 

Lowes.com 185 77 

ENERGY STAR certified products 
(condensing only) 362 66 

https://www.energystar.gov/productfinder/product/certified-gas-water-heaters/
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1.2 Technical Measure Details 

1.2.1 Efficiency 
Gas tankless water heaters are generally more efficient than gas storage water heaters, resulting 
in lower energy consumption and energy utility bills. This is because they do not need to keep a 
large volume of water heated, which avoids heating cycles that other water heaters employ to 
reheat the tank. As a result, their overall energy loss is less, primarily due to reduced combustion 
efficiency losses and cycling. They are also able to supply more hot water in high-demand 
situations than tank water heaters because they are not limited by the storage tank volume. The 
UEF is an industry standard metric used to quantify the energy efficiency of residential water 
heaters, replacing the energy factor (EF) since 2017 (Jutras, 2024). All UEFs come with a usage 
bin or category and should only be compared with other UEFs of the same bin. A higher UEF 
indicates that the water heater is more efficient in converting energy into hot water within its 
specific usage bin.  

Most gas storage water heaters have a UEF between 0.54 and 0.90, whereas tankless gas water 
heaters usually have a UEF between 0.81 and 0.98 according to AHRI’s directory of certified 
product performance (2026). ENERGY STAR Version 5.0 sets the UEF requirement to be 0.95 
for gas tankless water heaters and between 0.81 and 0.86 for gas storage water heaters, 
depending on the tank size and usage bin (ENERGY STAR, Water Heater Key Product Criteria, 
2025). Water heaters that meet this UEF requirement are generally condensing (for both tank and 
tankless), meaning that more heat from the flue gas is absorbed by the water via condensation, 
which leads to cooler exhaust, thereby boosting efficiency. The best-in-class gas tankless water 
heaters have a UEF between 0.95 and 0.98 compared to between 0.88 and 0.90 for the best gas 
storage water heaters. Tankless water heaters are also much more compact, making them a 
popular choice, particularly for homes where space is a constraint or a premium, such as 
multifamily dwellings.  

Tankless gas burners are typically 140–200 kBtu/h compared to 40–100 kBtu/h for 40- to 60-gal 
gas storage water heaters. Because of their larger burners, they require more fuel input to operate 
than storage water heaters. This could mean an expensive upgrade to the indoor gas distribution 
system that sometimes includes the service main. Tankless water heaters need a supply line of at 
least ¾-in. diameter. Longer piping runs and burners with higher heat rates require a larger pipe 
to maintain pressure, so upsizing the gas line depends on how close the water heater is to the 
main and what water heater it is replacing. These limitations could not be modeled or excluded 
from the measure due to a lack of data on gas distribution characteristics. 

Tankless water heaters have a turndown ratio that describes how wide a range they can modulate 
their output. A higher turndown ratio allows the unit to modulate output more precisely, reducing 
cycling losses across a wider range of demand, especially during low-demand periods when 
cycling losses would otherwise be significant (Intellihot, 2024). ResStock cannot accurately 
model the turndown ratio of tankless water heaters at the current time resolution of 15 minutes 
and, as a result, may be overestimating their energy savings potential by underestimating their 
cycling losses. 
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1.2.2 Sizing 
Tankless water heater sizing depends on the maximum hot water flow rate and temperature rise. 
Right-sizing ensures that the water heater is delivering the required hot water demand without 
increasing the equipment upfront cost or operational inefficiencies. Hot water demand is 
primarily driven by the number of occupants, but it can be influenced by many other factors, 
including the type of occupants and the number and type of hot water appliances and fixtures. 
Temperature rise refers to the difference between the hot water setpoint and the mains water 
temperature, which varies by climate zone and time of year. The hot water setpoint is typically 
120°F in manufacturers’ brochures (Rheem, 2026) whereas energy simulations, including 
ResStock, assume 125°F following RESNET standard (2016). Generally, the larger the 
household, and the colder the climate, the larger the tankless water heater heat rate (kBtu/h) will 
need to be. Table 2 summarizes the performance range for ENERGY STAR-rated gas tankless 
water heaters for the U.S. market, retrieved in May 2025 (ENERGY STAR, 2025). Most tankless 
gas water heaters on the market are at or near the sizing limit for residential applications: 180–
199 kBtu/h, likely reflecting consumer preference for higher-power tankless water heaters that 
could better guarantee that their hot water needs are always met. 

For this measure, we replace any applicable housing segments with a gas tankless water heater 
rated at 199 kBtu/h, the maximum allowable for residential application, per market trends. As 
such, there is no distinction based on household size or climate region. 

Table 2. ENERGY STAR Tankless Gas Water Heater Performance Ratings 

Max. Heat Rate (kBtu/h) Max. GPM Over 67°F Rise UEF Recovery Efficiency 

130–150 3.8–4.4 0.95–0.98 0.97–0.99 
160–165 4.6–4.7 0.95–0.98 0.97–0.99 
180–199 5.2–5.8 0.95–0.98 0.97–0.99 

1.2.3 Impact of Flue Vent 
All fuel-based water heaters need to pull in air for combustion and require a way to safely vent 
the exhaust. This additional vent can add to the overall infiltration of the house and needs to be 
balanced to prevent dangerous back-drafting of the flue gas (Moffatt, 1991). Lower-efficiency 
water heaters typically have a large vertical vent that is either atmospheric or powered with a 
blower for better flow control. Higher-efficiency water heaters use a smaller powered vent that 
expels the exhaust gasses outside at a lower temperature (State Water Heaters, 2026). Resizing 
the vent for the new water heater can add to the upfront cost of the measure, but it can improve 
the airtightness of the house, reducing space heating and cooling demand. ResStock captures this 
impact of flue vent on infiltration in its water heater modeling. It assumes that the water heater 
and the space heating system share a flue vent when both systems are in the conditioned space 
and require ventilation, as indicated by the parameter “Has Flue or Chimney in Conditioned 
Space” in Table 5 in Section 3.1; therefore, the measure can remove the fuel water heater flue 
vent and reduce infiltration only when the flue vent is stand-alone and the existing space heating 
system does not require ventilation. 
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1.2.4 Electrical Requirement 
Natural gas tankless water heaters consume a small amount of power for ignition and controls. 
For example, the power supply required for a line of Rheem high-efficiency condensing tankless 
water heaters is 2A at 120V (Rheem, n.d.). While a dedicated circuit is recommended (but not 
required) by the manufacturer for reliability and warranty protection, we assume the water heater 
is powered from an existing 120V outlet, with no other loads on the circuit if necessary as a 
dedicated outlet. Per the National Electrical Code (NEC) (NFPA, 2023), fuel-based, non-motor 
appliances, like gas water heaters, are generally excluded from electrical panel load calculations 
due to their low electric power draw, therefore, the water heater is not considered a new load on 
the panel. For fuel appliances with a motor (e.g., gas dryer) or dual-fuel HVAC systems, the 
electrical portion of the load would be included in such calculations.  
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2 Applicability  
This measure installs a high-efficiency condensing natural gas tankless water heater to all homes 
that are not currently using a solar thermal, heat pump, or gas tankless water heater and have 
access to gas. This includes homes already using natural gas for water heating, space heating, 
cooking, clothes drying, pool heating, or hot tub/spa heating. Although ResStock models gas 
fireplaces, grills, and lighting, their presence is infrequent and random and thus not included in 
the gas access evaluation. Based on this assumption, 55.7% of the housing stock receives a high-
efficiency condensing natural gas tankless water heater upgrade, as shown in Table 3. Note that 
“other fuel” and “wood” water heaters are mapped to coal and wood cord energy consumption in 
the output, respectively. These fuel types are excluded from the published energy results due to 
low confidence in the estimates, meaning they appear in the housing characteristics but not in the 
reported energy consumption. As a result, homes with water heaters of these fuel types will 
appear to show an increase in site energy consumption that does not reflect real energy changes 
from the upgrade.    

Table 3. Summarized Apply Logic for High-Efficiency Natural Gas Tankless Water Heater Upgrade 

Water Heater Fuel Water Heater 
Type 

Access to 
Natural Gas 

Stock 
Saturation 
(%) 

Upgrade to Gas 
Tankless Water 
Heater 

Electricity Heat pump water 
heater N/A 0.3 No 

Electricity Electric 
resistance Yes 12.4 Yes 

Electricity Electric 
resistance No 35.5 No 

Solar thermal All types N/A 0.2 No 

Natural gas Tankless Yes 2.9 No 

Natural gas Storage Yes 42.4 Yes 

Propane/fuel 
oil/wood/other fuel All types Yes 0.9 Yes 

Propane/fuel 
oil/wood/other fuel All types No 5.4 No 
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3 Modeling Approach 
ResStock models one water heater for every home and all water heaters as a stand-alone 
appliance, with diversity in efficiency and installed location informed by Residential Energy 
Consumption Survey (RECS) 2020 microdata (US EIA, 2024). Most water heaters are installed 
in the conditioned space or adjacent to the thermal envelope, with more than 40% in the living 
space and 11% in heated basements. ResStock does not model centralized water heaters in 
multifamily buildings, which exist in approximately 14% of the stock, according to the “Water 
Heater in Unit” parameter in ResStock.1 Instead, a portion of the central water heater’s energy 
consumption is approximated for the modeled dwelling unit using a stand-alone water heater 
model located in a conditioned mechanical space outside the dwelling unit. The out-of-unit 
location prevents the water heater from interacting with any in-unit systems, but the model does 
not account for any realistic hot water distribution and recirculation losses, which can be 
significantly more, depending on the location of the dwelling. This means that the baseline water 
heating energy for multifamily units with out-of-unit central water heating is generally 
underestimated.  

In ResStock, the tankless water heater model has no operational limits and will therefore always 
meet any level of instantaneous hot water demand, unlike real-world units, which are constrained 
by their burner capacity and turndown ratio. Hot water draw schedules are stochastically 
modeled (Hendron, Burch, & Barker, 2010), and the total demand is tabulated from fixture 
(shower, sink, and bath) use and the associated distribution losses, which vary by the number of 
occupants, and from hot water appliances, i.e., dishwashers and clothes washers. Multipliers are 
additionally applied at random to each hot water demand to reflect usage diversity. An impact of 
this usage diversity is that a small family can use a lot of water when assigned large multipliers 
and vice versa, and unmet hot water load is possible. This means that the modeling approach 
could slightly underestimate energy consumption of any storage water heaters in the baseline; 
however, because these edge cases are rare, the impact is limited. Refer to the ResStock 
Technical Reference Documentation for more details on the modeling process of water heating 
(Reyna, et al., 2025). 

3.1 OpenStudio-HPXML Overview 
The ResStock building stock energy model contains conditional probability distributions of 
building characteristics that are representative of the U.S. residential building stock. These are 
sampled to create a synthetic stock where each sample has an assigned option for each 
characteristic for each dwelling unit to be simulated. ResStock uses the OpenStudio-HPXML 
workflow to translate these dwelling characteristics into building models ready to be simulated 
via OpenStudio® and EnergyPlus® through an HPXML file. For reference, OpenStudio-HPXML 
v1.10.0 was used to produce the ResStock 2025 Release 1 dataset.   

 
 
1 “Water Heater in Unit” is a misnomer because the parameter denotes whether the water heater is centralized and 
shared rather than the status of the water heater’s physical location. 

https://github.com/NREL/OpenStudio-HPXML/
https://github.com/NREL/OpenStudio-HPXML/releases/tag/v1.10.0
https://github.com/NREL/OpenStudio-HPXML/releases/tag/v1.10.0
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3.2 High-Efficiency Gas Water Heater Upgrade  
In the model articulation step of the workflow, each building characteristic assigned in ResStock 
is translated to OpenStudio-HPXML parameters. An OpenStudio-HPXML default value is used 
when there is no input from ResStock for a required field. A measure upgrade is modeled as 
changes to specific building characteristics of a model articulated using the baseline building 
stock characteristics. This section discusses the technical details of the high-efficiency 
condensing natural gas tankless water heater changes in the ResStock workflow. 

3.2.1 ResStock Inputs for the High-Efficiency Gas Water Heater Upgrade  
Table 4 summarizes the inputs associated with the high-efficiency condensing natural gas 
tankless water heater in ResStock. These inputs are used by OpenStudio-HPXML to create the 
HPXML file. As shown, ResStock heavily relies on the default assumptions from OpenStudio-
HPXML for miscellaneous details, such as water heater heating and backup heating capacity. 
Table 5 lists the default values assigned by OpenStudio-HPXML. 

Table 4. ResStock Argument Values for the Natural Gas Tankless Water Heater 

ResStock Argument 
High-Efficiency Natural 
Gas Tankless Water 
Heater, Condensing 

Calculated by 
OpenStudio-
HPXML? 

water_heater_type Instantaneous water 
heater No 

water_heater_fuel_type Natural gas No 

water_heater_tank_volume N/A No 

water_heater_efficiency_type UEF No 

water_heater_efficiency 0.98 No 

water_heater_recovery_efficiency N/A No 

water_heater_standby_loss N/A No 

water_heater_jacket_rvalue N/A No 

water_heater_setpoint_temperature [°F] 125 No 

water_heater_heating_capacity Auto Yes 

water_heater_backup_heating_capacity Auto Yes 

water_heater_has_flue_or_chimney Auto Yes 

water_heater_num_bedrooms_served Auto Yes 

water_heater_operating_mode Auto Yes 

water_heater_tank_model_type Auto Yes 

water_heater_usage_bin Auto Yes 

water_heater_uses_desuperheater Auto Yes 
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3.2.2 Default Inputs From OpenStudio-HPXML for the High-Efficiency Gas Water 
Heater Upgrade 

The ResStock inputs in Table 4 are sent to OpenStudio-HPXML. Any values that are not 
specified by ResStock are calculated using the defaults in the BuildResidentialHPXML 
OpenStudio measure. These details can also be found in the OpenStudio-HPXML documentation 
v1.10.0. 

Table 5. HPXML Default Values for the High-Efficiency Condensing Natural Gas Tankless Water 
Heater 

HPXML Default Variable Value Units Notes 

Performance adjustment 0.94  
Multiplier on efficiency, 
typically to account for 
cycling 

Is shared system No  
Whether it serves multiple 
units or a shared laundry 
room 

Fraction domestic hot water load served Auto   
Fraction of hot water load 
from fixtures is determined 
automatically 

Has flue or chimney in conditioned space Depends on the 
heating system   

(Atmospheric) flue vent is 
assumed to be shared 
between space heating and 
water heating. The flue 
vent remains when the 
(existing) fuel heater is in 
the conditioned space and 
has an Annual Fuel 
Utilization Efficiency 
(AFUE) or equivalent 
efficiency rating of <89%, 
even as water heating no 
longer needs it. 

Number of bedrooms served N/A  
Not applicable because it is 
only used if the water 
heater is a shared system 

Usage bin Medium  Used for UEF 

Uses desuperheater False    

  

https://openstudio-hpxml.readthedocs.io/en/v1.10.0/
https://openstudio-hpxml.readthedocs.io/en/v1.10.0/
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4 Results 
4.1 Single Building Example 
This section analyzes three dwelling units that upgrade the natural gas storage water heaters to 
condensing natural gas tankless water heaters with a UEF of 0.98. Table 6 provides key housing 
characteristics of the dwelling unit samples. The samples selected are in Hawai‘i (HI; Climate 
Zone 1A), California (CA; Climate Zone 3B), and Alaska (AK; Climate Zone 7AK), 
representing a range of climate conditions. The samples also vary in terms of attributes that 
influence the hot water demand, including the number of occupants, the hot water fixture usage 
(100% represents average), and the hot water appliances. Note that the water heater location is 
not controlled because the interaction between a tankless water heater and the heating, 
ventilation, and air conditioning is limited. Although it is possible to have a water heater 
installed in the garage in Alaska, it is rare. 
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Table 6. Selected Properties of Dwelling Unit Samples 

Dwelling ID 1 2 3 

State HI CA AK 

International Energy 
Conservation Code  
Climate Zone 

1A 3B 7AK 

Building America Program 
Climate Zone Hot-humid Hot-dry Very cold 

Building Type Single-family 
detached Apartment unit Single-family 

detached 

Occupants 2 1 2 

Bedrooms 2 2 3 

Fixture Usage 80% 120% 160% 

Hot Water Appliances Clothes washer at 
80% usage None 

Clothes washer 
and dishwasher, 
both at 120% 
usage 

Average Hot Water Demand 21.3 gal/day 16.0 gal/day 55.5 gal/day 

Water Heater Natural gas, 30 gal, 
0.59 EF 

Natural gas, 30 gal, 
0.59 EF 

Natural gas, 40 gal, 
0.59 EF 

Water Heater Location Conditioned space Other heated space Garage 

Heating Type None 
Shared heating 
from natural gas 
boiler, 0.78 AFUE  

Natural gas boiler, 
0.8 AFUE, vented 
by atmospheric flue 

Cooling Type Room AC Room AC None 

Atmospheric Flue None None Yes, for both space 
and water heating 

4.1.1 Individual Building Annual 
This section presents selected metrics before and after the gas tankless water heater upgrade and 
percent change. As expected, the total delivered hot water is higher in colder climates; this is 
because the mains water is colder, so more energy is needed to deliver the same amount of hot 
water. The amount of delivered hot water remains the same before and after the upgrade, 
indicating that both the baseline and the upgrade do not have any unmet water heating demand.  

The upgrade led to a significant reduction in water heating energy use across all locations. Water 
heater energy consumption was reduced by 60%, 64%, and 38% for the dwellings in Hawai‘i, 
California, and Alaska, respectively. The percent reduction is lower for the Alaska dwelling 
sample than Hawai‘i and California due to differences in their hot water demand. For Hawai‘i 
and California, hot water demand is low, at 21.3 and 16 gal/day, respectively, due to the low 
occupant count. As a result, the overall efficiency of the baseline storage water heaters is very 
low, and more than half of the savings (i.e., 30%+) comes from eliminating the tank loss of the 
storage water heaters. On the other hand, the Alaska sample has a hot water demand that is three 
to four times higher than the other samples, at 55.5 gal/day. Consequently, the energy savings are 
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primarily driven by the efficiency gain for the burner (~30%) as the tank-loss-related savings 
(8%) are overshadowed in comparison. 

The overall efficiency of the water heater is provided by the annual average efficiency, 
calculated as the ratio of the delivered hot water to the energy consumption for the hot water. As 
show in Table 7, the overall efficiency of the tankless water heater upgrade is 90% for all three 
samples, indicating that it does not vary by climate zone or hot water demand. This is because 
ResStock assumes a constant amount of cycling losses regardless of the amount and timing of 
hot water use. In practice, lower-use homes could have more cycling losses (Bohac, 
Schoenbauer, Hewett, Lobenstein, & Butcher, 2010); thus, the performance and energy savings 
potential of the gas tankless water heater upgrade could be overestimated, particularly for low-
demand households. 

Table 7. Selected Energy Metrics Before and After the High-Efficiency Natural Gas Tankless Water 
Heater Upgrade 

Dwelling ID 1 2 3 

Delivered Hot 
Water (MBtu) 

Baseline 2.73 2.74 13.27 

Upgrade 2.73 2.74 13.27 

Change 0.0% 0.0% 0.0% 

Hot Water Energy 
(MBtu) 

Baseline 7.60 8.40 23.80 

Upgrade 3.03 3.04 14.73 

Change -60% -64% -38% 

Annual Average 
Efficiency 

Baseline 0.36 0.33 0.56 

Upgrade 0.90 0.90 0.90 

Change 151% 176% 62% 

Total Energy 
(MBtu) 

Baseline 24.811 33.834 118.115 

Upgrade 20.095 28.479 109.224 

Change -19% -16% -8% 

Figure 1 presents the breakdown of the modeled annual site energy consumption of the sample 
dwellings before and after the high-efficiency natural gas tankless water heater upgrade. The 
upgrade slightly increases the space heating energy consumption and reduces the cooling energy 
consumption by eliminating the tank loss of the baseline storage water heater from the 
conditioned space. This effect did not apply to the California sample because both its water 
heating and space heating are outside the apartment unit. In Hawai‘i, space cooling energy 
decreased by 4%. In Alaska, space heating energy consumption increased by only 0.3% because 
the water heater is located in the unconditioned attached garage, which indirectly influences the 
thermal envelope.  

The Alaska sample is the only dwelling with an atmospheric flue in the baseline to vent both the 
water heater and the boiler. Despite the high-efficiency water heater upgrade, it did not remove 
the vent for that sample because of the baseline low-efficiency boiler. The upgrade is assumed to 
remove the vent only when the existing space heating system has an efficiency at or exceeding 
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89% and is in the conditioned space. In general, when it is not needed by an existing space 
heating system, removing the atmospheric vent improves the infiltration of the house and reduces 
the space heating and cooling energy. 

 
Figure 1. Modeled annual site energy consumption before and after the high-efficiency natural gas 

tankless water heater upgrade 

4.1.2 Individual Building Time Series 
Section 4.1.1 shows that for the dwelling samples, the high-efficiency natural gas tankless water 
heater upgrade primarily affects the water heater energy consumption, with no or small changes 
in other end uses. So, this section analyzes only the 15-minute time-series data of the water 
heater energy consumption for the three example units, as illustrated in Figure 2. The day Jan. 2, 
2018, is selected as a representative day for this analysis.  

In all three locations, upgrading to a high-efficiency natural gas tankless water heater reduces the 
hot water load profile compared to the baseline natural gas storage water heaters. Because the 
upgrade does not contain any tank loss, its profile represents the actual hot water draw pattern. 
On the other hand, the incumbent storage water heater periodically cycles on to offset the 
standby losses and to maintain the tank temperature, creating frequent and sharp peaks 
approximately 2 hours apart throughout the day. Actual gas storage water heaters might cycle on 
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for a longer duration but less frequently due to a larger deadband on real products than what is 
assumed in the ResStock model, which still requires the same amount of gas annually to offset 
the standby losses. After the upgrade, energy use is substantially lower because there are no 
standby losses associated with keeping a tank of water hot. In Alaska, this day has much more 
hot water use than the other scenarios, and as a result, the baseline includes extended periods of 
high energy use, peaking at more than 7 kWh per 15 minutes between 8 a.m. and 12 p.m. The 
upgrade reduces the peak to 5.7 kWh per 15 minutes, representing a 20% reduction. 

 
Figure 2. Modeled natural gas consumption profile for hot water before and after the high-

efficiency natural gas tankless water heater upgrade on a selected day in 2018 

4.2 Stock Energy Impacts 

4.2.1 Annual Energy 
By applying a high-efficiency tankless natural gas water heater to all homes eligible for such an 
upgrade—55.7% of the housing stock—the modeled overnight savings potential is estimated to 
be nearly 118 TWh in total site energy, with 60% of the savings from natural gas and 36% from 
electricity, as shown in Figure 3. Figure 4–Figure 8 present the measure impacts for the upgraded 
and occupied dwellings only, which represent 50% of the stock. Vacant units are excluded 
because they do not have occupant-driven consumption to illustrate realistic energy savings. 



9 

This report is available at no cost from the National Laboratory of the Rockies at www.nlr.gov/publications. 

Figure 4 compares the modeled energy end use breakdown of the average home before and after 
the water heater upgrade. The modeled average energy savings is 1,560 kWh per year, or 5.1% 
of the total site energy consumption. The savings primarily come from hot water energy 
reduction, with the electricity, propane, and fuel oil used for hot water reduced to zero due to the 
fuel switching and the natural gas for hot water reduced by 42% due to replacing the existing gas 
water heaters with more efficient models. This means that the overall savings from switching all 
the natural gas storage water heaters (76%) in the housing stock to higher-efficiency condensing 
gas tankless water heaters more than offsets the natural gas increase from converting the rest of 
the water heaters (24%)—which are electric resistance, propane, and fuel oil water heaters—to 
natural gas. This highlights the energy efficiency potential for gas tankless water heater adoption 
at scale, although the technology does not lead to energy savings for all the dwelling units, as 
shown in the next few figures. 

 
Figure 3. Total residential stock modeled energy consumption and savings from the high-

efficiency natural gas tankless water heater upgrade 
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Figure 4. Average modeled dwelling end use energy consumption before and after the high-

efficiency natural gas tankless water heater upgrade 

On average, the gas water heater upgrade slightly decreased space cooling and space heating. 
Decreasing space heating can be attributed to the average being skewed by a handful of dwelling 
units with large space heating savings from the upgrade. The impact of the upgrade on space 
heating can be twofold and in opposite directions. First, space heating slightly increases when the 
upgrade removes the tank loss from the incumbent water heater located in a conditioned space or 
other spaces adjacent to the thermal envelope, such as a garage. Most dwellings have this impact, 
and it explains why most gas-heated dwellings have a net increase in space heating gas energy 
after the upgrade, as shown in Figure 5. Second, when the upgrade removes the atmospheric flue 
vent from the conditioned space, infiltration is reduced, and space heating and cooling decrease. 
This applies to dwellings whose water heater has an atmospheric flue vent in the conditioned 
space, but their heating system does not, either because it is high efficiency, with an AFUE of at 
least 89%, or it is located outside the conditioned space. In Figure 5, dwellings to the right of the 
y-axis have net gas heating savings because they have one such heating system.  



11 

This report is available at no cost from the National Laboratory of the Rockies at www.nlr.gov/publications. 

 
Figure 5. Distribution of modeled natural gas savings for space heating from the high-efficiency 

natural gas tankless water heater upgrade 

Figure 6 compares the range of modeled energy savings by the baseline water heater fuel type. 
All fuel-based water heaters see energy savings from the upgrade that are primarily due to the 
efficiency gain. More than half of the electric (resistance) water heaters have a small net increase 
in total site energy consumption that is primarily due to an increase in space heating. Because the 
electric resistance water heaters are similar in overall efficiency (0.92–0.99 EF, depending on 
type) to the condensing gas tankless water heater upgrade (0.98 UEF), the impact of the upgrade 
is more dependent on the secondary effect on heating, ventilation, and air conditioning. 
Additionally, unlike with fuel water heaters, replacing electric water heaters does not change any 
existing flue vent for the heating system, so space heating will either increase or stay the same.  

 
Figure 6. Distribution of modeled percent energy savings by heating equipment from the high-

efficiency natural gas tankless water heater upgrade 

Across climate zones, absolute energy savings from the upgrade generally increase with colder 
climates, where the mains water temperature is lower, and therefore the overall water heating 
energy demand is higher when holding the hot water usage constant. But in relative terms, the 
energy savings do not significantly vary, with the median percent savings between 4% and 9%, 
as shown in Figure 7. This is because the modeled water heater efficiency stays constant at 90% 
regardless of hot water usage or temperature rise, as shown in Section 4.1.  When both the total 
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energy and energy savings increase in a similar proportion with climate zone, the resultant 
percent change stays relatively the same.  

Similarly, the variation in the median percent energy savings across the number of occupants in a 
household is not very substantial, as shown in Figure 8, because both the hot water use and the 
total energy consumption are correlated with household size. The range of relative savings is 
higher for smaller households because their total energy consumption can more significantly 
vary with the ownership of appliances in the smaller dwelling units. As the number of occupants 
increases, so does the floor area, and the total energy consumption becomes increasingly 
dominated by space heating and cooling, and therefore it is increasingly correlated with 
occupants. 

 
Figure 7. Distribution of modeled percent energy savings by Building America climate zone from 

the high-efficiency natural gas tankless water heater upgrade 
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Figure 8. Distribution of modeled percent energy savings by number of occupants from the high-

efficiency natural gas tankless water heater upgrade 

4.2.2 Stock Aggregated Time-Series Impact 
To illustrate the impact of the natural gas tankless water heater measure on the aggregated load 
profile, Figure 9 presents the modeled total residential stock electricity profile before and after 
the measure for Hawai‘i, California, and Alaska during their respective peak days in 2018. The 
measure only slightly reduced the system electric peak across the three states because it replaces 
some electric resistance water heating with gas. For Hawai‘i, the upgrade reduced the electric 
peak on Sept. 30, 2018, 16:30:00 local time, from 0.78 GW by 2.0%. For California, the upgrade 
reduced the electric peak on July 7, 2018, 17:00:00 local time, from 32.17 GW by 1.5%. For 
Alaska, the upgrade reduced the electric peak on Feb. 3, 2018, 19:45:00 local time, from 0.43 
GW by 0.7%. This measure does not significantly impact the electric system load shape because 
on average only one in three homes with an electric resistance water heater has access to natural 
gas, and they are fuel switched in the measure, as shown in Table 3. 
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Figure 9. Modeled total residential stock electricity profiles before and after the high-efficiency 
natural gas tankless water heater upgrade on a state-specific electric system peak day in 2018 

4.3 Stock Energy Utility Bill Impacts 
The modeled overnight energy utility bill savings potential is $10 billion from the high-
efficiency natural gas tankless water heater upgrade, with 64% of the savings from electricity 
and 31% from natural gas, as shown in Figure 10. This is calculated using 2024 state-average 
utility rates and by applying the natural gas tankless water heater to all homes eligible for such 
an upgrade, which is estimated to be 55.7% of the housing stock. When downselected to 
occupied and upgraded dwellings (50% of the stock), the average utility cost savings from the 
upgrade is $136 per year, or 4.9% of the total annual average energy bills.  

On average, 66% of the energy bill savings comes from electricity, which is attributed to only 
36% of the total energy savings. In comparison, natural gas represents 29% of the bill savings 
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but 60% of the energy reduction. Because natural gas is the cheapest energy source per unit of 
site energy in most places analyzed, bill savings are generally higher when switching from 
electric, propane, or fuel oil water heaters and lower when switching from natural gas water 
heaters, as shown in Figure 11 and Figure 11. Overall, less than 0.1% of the applicable dwelling 
units are estimated to see a net bill increase from the water heater upgrade, while 4.2% are 
expected to see a net increase in site energy consumption. 

 
Figure 10. Modeled total residential stock energy utility bills and savings from the high-efficiency 

natural gas tankless water heater upgrade 

 
Figure 11. Distribution of modeled energy utility bill savings from the gas water heater upgrade 

4.4 Electrical Panel Constraints 
Electrical panel constraint modeling was added to ResStock via OpenStudio-HPXML measures 
in 2025 to assess whether the existing panel has enough capacity or breaker space to 
accommodate new loads from an energy retrofit. For details on panel constraint modeling, refer 
to the ResStock Technical Reference Guide (Reyna, et al., 2025). 

Switching to a gas water heater generally does not lead to an electrical panel constraint because it 
does not add new electric load or circuit to the electrical panel. Gas water heaters can be plugged 
into an existing 120V circuit (which is assumed to be a dedicated outlet if one is required by 
local amendments to the NEC). They are not considered an electrical load when sizing the 
electrical panel. Instead, this measure can reduce the total connected load and the number of 
dedicated circuits when the incumbent water heater being switched out is electric, thus freeing up 
capacity and breaker space. Any panel constraints appearing in the upgrade results reflect pre-
existing conditions, as this measure does not worsen them. 2.3% of the existing panels are 
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estimated to already exceed capacity based on code. Pre-existing capacity constraints are an 
artifact of the panel modeling process, in which panel service ratings are estimated from selected 
housing variables rather than detailed inventory data. While anecdotal evidence suggests these 
constraints occur in practice — manifesting as flickering lights or tripping breakers — the lack 
of empirical data prevents us from confirming their prevalence.  
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