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I. EXECUTIVE SUMMARY  

Heat pumps are a mature but still improving technology for energy-efficient space and water 

heating. In the past five years, the cold-weather performance of air-source heat pumps for 

residential applications has improved dramatically, allowing heat pumps to be more practical and 

cost-effective in more areas of the U.S. than was the case previously.  Heat pumps can reduce 

heating costs compared to electric-resistance or fossil fuel-based heating, and can also reduce 

energy consumption and carbon dioxide (CO2) emissions compared to these other heat sources. 

Previous heat pump studies have mainly focused on analyzing the benefits of heat pumps compared 

to electric resistance, propane, and fuel oil heating sources. These expensive heating sources are 

good targets for cost-effective replacement with heat pumps, especially at the time of furnace, 

boiler, or air-conditioning (AC) system replacement. Using this targeted approach, the Northwest 

and Northeast regions have developed comprehensive strategies to encourage installation of heat 

pumps, including state and utility incentives for heat pumps, and education of home owners and 

mechanical contractors.  

In the Southwest states, natural gas is the most common fuel used for home heating. In this study, 

we focus on whether heat pumps can be cost-effective and reduce energy consumption and 

greenhouse gas (GHG) emissions compared to heating with gas furnaces, in homes that also have 

central AC. The study examines these issues for five major southwestern cities (Denver, Salt Lake 

City, Phoenix, Las Vegas, and Reno). We analyze the potential benefits of installing heat pumps in 

new homes, as well as in existing homes at the time of needing to replace either the gas furnace or 

the AC system. We also examine the cost effectiveness and impact on GHG emissions of replacing 

natural gas water heaters with heat pump water heaters (HPWHs). Our cost effectiveness analyses 

consider the life-cycle costs from the consumer’s perspective.   

Main findings   

For new homes, our study shows that duct-less mini-split heat pumps are cost-effective in all areas 

of the Southwest, mainly because of slightly lower installed costs compared to separate gas furnace 

and central AC systems. New homes with both mini-split heat pumps and HPWHs (and without any 

other gas appliances) also eliminate the need for natural gas service to the home, which further 

improves the overall cost-effectiveness, by eliminating the monthly fixed natural gas cost and the 

cost of the natural gas service connection to the home. 

For new homes, ductless mini-split heat pumps also reduce primary energy consumption by an 

average of 31 percent, and reduce GHG emissions by 19-46 percent, depending on the electric 

utility’s GHG emission factor. (See Table ES-1.)  
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Table ES-1.  Heat Pump Energy Savings and GHG Benefits  

 New homes Existing homes 

City Primary Energy 

Savings 

GHG Emission  

Reductions  

Primary 

Energy Savings 

GHG Emission 

Reductions  

Denver  31%  32%  16%  18%  

Salt Lake City 32%  19%  18%  2% 

Reno 32%  46%  17%  35%  

Las Vegas 32%  42%  10%  22%  

Phoenix  29%  36%  3% 14%  

  

For existing homes, the picture is less clear. Heat pumps are cost-effective in Phoenix, at the time of 

replacement of the existing AC system or gas furnace. Heat pumps are not cost-effective in the 

retrofit scenarios in Denver, Salt Lake City, Reno, or Las Vegas, due to slightly higher initial costs for 

a cold-climate heat pump, and/or higher annual heating costs for heat pumps because of relatively 

low natural gas prices in these cities.  

Despite the cost-effectiveness challenges, our study shows that heat pumps reduce source energy 

consumption in the retrofit scenarios by an average of 13 percent across the five cities, and reduce 

GHG emissions by a range of 2 percent (Salt Lake City) to 35 percent (Reno) (see Table ES-1).  

Our study revealed two useful rules of thumb regarding heat pumps compared to natural gas 

furnaces: 

1. We estimate that for heat pumps to reduce annual heating costs, the ratio of the residential 

electricity price to natural gas price (the variable components, in equivalent units) must be 

no more than about 3.2. This assumes an average coefficient of performance (COP) for the 

heat pump of 2.7 and annual efficiency of the gas furnace of 95 percent.  

2. Our analysis shows that for heat pumps to reduce GHG emissions, a heat pump system with 

a seasonal average COP of at least 2.7 requires a regional or utility GHG emission factor of 

no more than 1,200 lb CO2/MWh.  All of the utilities serving the cities we analyzed are 

expected to have an average emission factor below this value over the lifetime of a heat 

pump, with the exception of Rocky Mountain Power in Utah. And for the United States 

generally, 37 states already have average emission factors below this threshold. More states 

are likely to pass this threshold in the future, as utilities continue to retire coal plants and 

replace them with renewable generation (or some combination of renewable and natural 

gas combined-cycle generation).    

Heat pump water heaters (HPWHs) are cost-effective compared to natural gas water heaters in 

Phoenix, with a simple payback period of 6.2 years. HPWHs reduce annual energy costs in all cities 

except Denver and Reno. In addition, ENERGY STAR HPWHs significantly reduce primary energy 

consumption (by about 52 percent) and GHG emissions (by 38-64 percent) compared to ENERGY 

STAR natural gas water heaters, as shown in Table ES-2 below.  
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Table ES-2. Benefits of Heat Pump Water Heaters 

City Energy Cost 

Savings (%)  

Total NPV Cost 

Savings; % Savings 

Primary Energy  

Savings (%)  

GHG Emission 

Reductions (%)  

Denver -18% -$820 -32% 50% 52% 

Salt Lake City 25% -$275 -9% 50% 38% 

Reno -5% -$703 -27% 52% 63% 

Las Vegas 1% -$644 -22% 54% 64% 

Phoenix 41% $289 7% 52% 66% 

Note: Values in red indicate the HPWH has higher energy or total costs. 

Recommendations  

SWEEP recommends that state policy-makers, utilities, and local governments work together in the 

four main areas highlighted below.  

Incentives and Financing. Electric utilities should develop, and obtain approval from regulators as 

necessary, incentives for heat pumps and HPWHs in the following areas and applications: 

¶ Incentives for heat pumps for homes currently using electric resistance heating. For colder 

climates, the incentives should specify the Northeast Energy Efficiency Partnership (NEEP) 

cold-climate heat pump specification. 

¶ Incentives for ENERGY STAR-rated ductless heat pumps for new construction (new homes 

or new additions). 

¶ Incentives for ENERGY STAR-rated HPWHs in any home based on the significant energy and 

GHG emissions benefits.  

¶ For existing homes, we recommend that electric utilities be allowed to promote and offer 

incentives to consumers who are willing to replace a gas furnace (or propane or fuel oil 

heating system) with a heat pump, based on the energy savings and GHG emissions benefits. 

However, we suggest that utilities focus these incentives on the more cost-effective retrofit 

options, namely homes with electric resistance or propane heating, or homes with gas 

furnaces in Phoenix and Las Vegas.  

We also recommend that energy efficiency loan programs in the region include ENERGY STAR heat 

pumps and HPWHs as eligible measures, based on the potential energy savings and GHG emission 

reductions of these technologies. 

Electric Rates. A number of utilities in the Southwest employ inverted block rates (IBRs) for 

residential customers, under which the variable electricity price (price per kWh) increases in tiers 

as electricity use increases. IBRs are a disincentive to heat pump and HPWH adoption because the 

incremental electricity use is likely to be in the highest, most-costly consumption tier. 

To overcome this barrier, electric utilities should offer a time-of-use (TOU) rate option for 

residential customers, if this type of rate is not already available. TOU rates can improve the cost-

effectiveness of heat pumps and HPWHs. Heat pumps would be used for heating in the winter 
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months, when rates would be lower. And HPWHs can be programmed to operate outside of the on-

peak, high rate times, during all months.  

Education. In addition to higher initial costs, heat pumps face challenges including lack of 

awareness on the part of home owners and some HVAC contractors, especially with respect to 

newer technologies such as ductless heat pumps and HPWHs. To overcome this barrier, utilities, 

states, and local governments in the Southwest should consider the following activities either 

individually or in partnership:  

¶ Promote best practices in air-source HP installation, as well as the cold-climate 

specifications and product lists for both heat pumps and HPWHs. 

¶ Increase consumer awareness of the benefits of heat pumps, through developing case 

studies of successful applications and other educational materials. 

¶ Increase confidence of heat pump performance and benefits among HVAC equipment 

installers and home builders, through expanded training and education.  

¶ Promote awareness and training in advanced control technologies to allow automated 

coordination among multiple heating systems (when backup heating systems are employed 

along with heat pumps). 

Regional Market Transformation. The successful heat pump and HPWH initiatives in the Pacific 

Northwest and Northeast employ a comprehensive market transformation approach. This approach 

includes upstream incentives to increase availability of qualifying products in the marketplace and 

in some cases financial incentives for consumers as well as consumer education; training and 

education to create an engaged network of contractors and installers; and collaboration with 

equipment manufacturers to reduce upfront costs. The overall effort is planned and coordinated at 

the regional level by the Northwest Energy Efficiency Alliance (NEEA) in the Northwest and NEEP 

in the Northeast.  

We recommend establishing a similar heat pump market transformation initiative in the Southwest, 

targeting new homes, HPWHs, and the more cost-effective retrofit options. Utilities can and should 

play a key role in this initiative, but experience in the Northwest and Northeast shows that a more 

comprehensive effort is needed to move the marketplace in a substantial way. The regional market 

transformation initiative should include interested state and local governments, trade groups, and 

equipment manufacturers. A Southwest heat pump initiative, if established, should also seek to 

collaborate with NEEA and NEEP in order to learn from their experience promoting heat pumps 

and HPWHs, and to facilitate a larger market impact.     
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II. HEAT PUMPS ON THE RISE 

Air-source heat pumps (ASHPs) have been installed in homes for decades to provide efficient space 

heating and cooling, but until the last few years they were mainly used in moderate or warm 

climates. The capacity and efficiency of older, conventional ASHPs were poor during cold weather 

conditions, resulting in heavy reliance on backup heating systems. However, a new generation of 

ASHPs using variable-speed compressors has come into the market over the past five years, and 

these newer heat pump systems have demonstrated significantly improved heating performance 

under low temperature conditions (at or below 5°F), while continuing to offer highly efficient 

cooling.1 With this dramatically improved cold-climate performance, ASHPs are becoming cost-

effective in more areas of the U.S., potentially including the colder areas of the southwestern states.  

Heat pumps can reduce heating costs compared to alternative electric-resistance or fossil fuel-

based heating, and can also reduce CO2 emissions compared to these other heat sources. In 

addition, some electric utilities are interested in increasing the use of heat pumps because they add 

electricity load during the winter months, thereby making better use of excess power generating 

capacity during these months (assuming the heat pump is used in place of natural gas or another 

fuel for heating). For example, many utilities in the Southwest have substantial excess capacity 

during the winter months and relatively low load factors (the ratio of average electricity demand to 

peak demand), which increases their interest in heat pumps.  

Several states or regions, including California, the Pacific Northwest (primarily Washington and 

Oregon), New York, and New England, have developed programs to promote heat pumps as part of 

their efforts to achieve aggressive energy efficiency or climate goals. (See sidebar below, “What is 

beneficial electrification?”) California and the Northwest have mainly focused on heat pumps as a 

replacement for electric-resistance space heating, and heat pump water heaters to replace electric 

water heaters. The northeastern states have targeted replacing electric as well as propane and oil 

heating with heat pumps. As discussed below, previous studies have concluded that heat pumps are 

cost-effective and beneficial in many of these applications.  

In the southwestern states, natural gas is the most common type of fuel used for space and water 

heating.  The main purpose of this study is to evaluate whether heat pumps are cost-effective and 

reduce GHG emissions compared to gas furnaces and water heaters in the Southwest, including in 

colder areas such as Denver or Salt Lake City.  

                                                             
1 “Northeast/Mid-Atlantic Air-Source Heat Pump Market Strategies Report - 2016 Update,” NEEP, January 2017, 
http://www.neep.org/sites/default/files/NEEP_ASHP_2016MTStrategy_Report_FINAL.pdf.  

http://www.neep.org/sites/default/files/NEEP_ASHP_2016MTStrategy_Report_FINAL.pdf
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Figure 1.  $ÕÃÔÌÅÓÓ ȰÍÉÎÉ-ÓÐÌÉÔȱ ÈÅÁÔ ÐÕÍÐ ÓÙÓÔÅÍ 

 

Photo illustration: U.S. EPA ENERGY STAR  

 

A heat pump is a system which transfers heat from outside to inside a building, or vice versa, using a 

vapor-compression refrigeration system.  Air-source heat pumps (ASHPs) use the outdoor air as the 

heat source to provide heating in cooler weather, and can also be operated in a reverse mode to cool 

indoor spaces in warmer weather (like air conditioners).  ASHPs can use ducts, like most home central 

air conditioning systems, or be designed as “ductless mini-split” and “mini-duct” systems (the latter 

being a hybrid of ductless and ducted systems).  

Ductless heat pumps move refrigerant, rather than heated or cooled air, from the outdoor unit to one or 

more indoor units. The indoor units are typically wall-mounted and include a small fan. Ductless mini-

split heat pumps tend to be more energy-efficient than ducted systems, in part due to eliminating ducts 

and requiring smaller fans. (See diagram below.) 

Cold-climate ASHPs achieve better energy performance at colder temperatures than standard ASHPs. 

These are available in both ducted and ductless mini-split types. The Northeast Energy Efficiency 

Partnership (NEEP) recently developed specifications for cold-climate ASHPs to standardize their 

minimum performance requirements.  Models that meet this specification must achieve a minimum 

coefficient of performance of 1.75 at an outdoor temperature of 5 degrees F. They also typically include 

variable-speed compressor technology, and there are several other requirements.   

Ground-source heat pumps (GSHPs), also known as “geothermal heat pumps,” use water circulated in 

pipes located underground as the heating or cooling medium outside the building. GSHPs are more 

energy-efficient than ASHPs because the ground temperature is more consistent year-round than the 

outdoor air temperature. However, they are also much more expensive and consequently we did not 

include them in this study. 

WHAT IS A HEAT PUMP? 
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What is beneficial electrification, 

and do heat pumps reduce greenhouse gas emissions?   

To achieve aggressive greenhouse gas reduction goals, many states and cities are pursuing a 

three-part strategy: a) Improve energy efficiency as much as possible, b) De-carbonize the 

generation of electricity, and c) Convert non-essential fossil fuel uses to electricity. The third 

part of this strategy is often referred to as “beneficial electrification,” and typically includes 

residential heat pumps and electric vehicles. As the strategy implies, whether or not the 

electrification is truly “beneficial” in reducing GHG emissions depends to a large extent on the 

carbon intensity of the local electricity grid.  

For residential heat pumps, there are two factors that determine whether converting natural 

gas furnaces (or other fuel-based heating methods) to heat pumps will reduce GHG emissions: 

a) the seasonal energy efficiency of the heat pump compared to the gas furnace, and b) the 

CO2 emissions intensity of the local electricity grid.  

Heat pumps typically deliver heat output that is two or three times the amount of electrical 

energy input on average over the heating season, and therefore are much more efficient than 

electric resistance heating. In comparison, ENERGY STAR gas furnaces have an “annual fuel 

utilization efficiency” (AFUE) of at least 95 percent, which is relatively high for combustion-

based space heating. Because of the inefficiencies/losses involved in electricity generation, 

and the consumption of natural gas or coal in order to generate electricity, it is not obvious 

whether a heat pump results in more, or less, GHG emissions than a gas furnace, for the same 

amount of heat output.  

The CO2 emissions intensity or the “GHG emission factor” of electricity from the local grid 

depends on the local utility’s or region’s mix of generating resources (coal, natural gas, wind, 

solar, etc.). Over the past10 years or so, there has been a trend to retire coal plants and 

replace them with renewable resources and natural gas-fired generation nationally as well as 

in the Southwest, resulting in decreasing GHG emission factors for electricity.  Many experts 

expect this trend to continue, due to market forces as well as state, local, and regional 

renewable energy and climate policies.  

Combining these two factors, with a given efficiency of heat pumps vs. natural gas furnaces, at 

some threshold of GHG emission factor for electricity, heat pumps will reduce GHG emissions 

compared to gas furnaces. Our analysis discussed below shows that when comparing an 

ENERGY STAR-rated heat pump with an ENERGY STAR-rated gas furnace, most states’ GHG 

emission factor (37 states) is already at or below this threshold.  
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Market Status 

In 2015, 10.2% of homes in the United States used heat pumps for their primary heating needs, 

mainly those located in warmer climate regions of the U.S. such as the South and Southwest.2 

However, the popularity of heat pumps in new homes has been increasing steadily, in part due to 

the improving performance in colder climates, as mentioned above. As of 2015, 41% of new single 

family homes in the U.S. use a heat pump.3  

Heat Pumps in the Southwest 

According to the Energy Information Administration (EIA), 44 percent of homes in the Southwest 

use natural gas to heat their homes, 25 percent use electric-resistance heating, and 19 percent of 

homes use electric heat pumps. Of the remaining 12 percent, about 5 percent do not use heating 

equipment, and the rest use propane, wood, or fuel oil/kerosene. And 58 percent of Southwestern 

homes use a central warm-air furnace (using any of these fuels and including central heat pumps).4 

Heat pumps are more common (40-50 percent of homes) in the very warm climates of Phoenix and 

Las Vegas, and much less common in other areas of the Southwest. In addition, 84 percent of homes 

in the Southwest have air conditioning, and 79 percent of homes have central AC.5 This is relevant 

because homes with central AC are better candidates for heat pump upgrades, as we discuss below.  

In Arizona, 65 percent of Salt River Project’s residential customers use heat pumps.6 And generally 

in Arizona, about 50 percent of homes use heat pumps.7 According to Rich Morgan, President of 

Magic Touch Mechanical, “there is no reason for a home in the Phoenix area to not consider a heat 

pump. They work much better than 20 years ago, and total installation costs are only slightly higher 

than an equivalent-sized air conditioning system.”8 

In Denver, only about 1 percent of homes use heat pumps.9 For the Denver area, heat pumps are 

significantly more expensive (initially) than simply replacing the central AC system at the end of its 

useful life. This is because for the Denver climate, homes would require a cold-climate heat pump, 

which are significantly more expensive than standard heat pumps. (See “What is a heat pump?” box 

on p. 6 for a brief description of cold-climate heat pumps.) In addition, the heat pump must have a 

                                                             
2 Energy Information Administration (EIA), 2015 Residential Energy Consumption Survey (RECS). 
https://www.eia.gov/consumption/residential/data/2015/hc/php/hc6.6.php. 
3 Melissa Lapsa et al. “The US Residential Heat Pump Market, a Decade after ‘The Crisis.’” In Proceedings of the 
2017 International Heat Pump Conference, Oak Ridge National Laboratory, Building Technologies Research and 
Integration Center, http://hpc2017.org/wp-content/uploads/2017/05/O.2.1.2-The-U.S.-Residential-Heat-Pump-
Market-a-Decade-after-The-Crisis-and-Regional-Report-North-America.pdf  
4 EIA, 2015 RECs, https://www.eia.gov/consumption/residential/data/2015/#sh  
5 EIA, 2015 RECs, https://www.eia.gov/consumption/residential/data/2015/hc/php/hc7.8.php  
6 Nathan Morey, Manager, Product Development, Salt River Project. Personal communication, March 12, 2018. 
nathan.morey@srpnet.com   
7 Rich Morgan, President, Magic Touch Mechanical. Personal communication, February 23, 2018. 
rich.morgan@magictouchair.com.  
8 Rich Morgan, ibid. 
9 “Residential Energy Use Study – Colorado Market, Xcel Energy, Denver, CO, August, 2016.   

https://www.eia.gov/consumption/residential/data/2015/hc/php/hc6.6.php
http://hpc2017.org/wp-content/uploads/2017/05/O.2.1.2-The-U.S.-Residential-Heat-Pump-Market-a-Decade-after-The-Crisis-and-Regional-Report-North-America.pdf
http://hpc2017.org/wp-content/uploads/2017/05/O.2.1.2-The-U.S.-Residential-Heat-Pump-Market-a-Decade-after-The-Crisis-and-Regional-Report-North-America.pdf
https://www.eia.gov/consumption/residential/data/2015/#sh
https://www.eia.gov/consumption/residential/data/2015/hc/php/hc7.8.php
mailto:nathan.morey@srpnet.com
mailto:rich.morgan@magictouchair.com
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slightly greater capacity than an AC system (in terms of cooling tons) in order to meet a Denver 

home’s heating needs (at the design winter temperature), which also increases the cost.10 

Most consumers (and many heating/cooling contractors) are not aware of the availability and 

improved performance of cold-climate heat pumps. For example, one contractor we spoke with 

stated, “heat pumps don’t work well in Denver – below 20 degrees F, they lose all their benefits and 

cost more money to operate than a gas furnace.”11 This is true for standard heat pumps, but is not 

necessarily the case for the newer cold-climate heat pumps.  

Heat Pump Water Heaters  

For providing hot water, 53 percent of southwestern homes use natural gas, 7 percent use propane, 

and 37 percent use electricity (with some very small but unknown percentage of those being heat 

pump water heaters).12 Heat pump water heaters are very efficient, but they have a higher initial 

cost, as we discuss below.  

Cost-Effective Applications 

Heat pumps offer the potential of energy cost savings to home owners, reduced primary energy 

consumption, and reduced GHG emissions. However, these benefits depend on the application, the 

alternative heating system types, and the CO2 emissions intensity of the local electricity grid.  

A recent U.S. DOE-funded national study looked at the cost effectiveness of replacing existing single-

family home heating and air-conditioning (AC) systems with a variable-speed heat pump system, in 

three scenarios: a) the furnace/boiler is at the end of its useful life and requires replacement, b) the 

AC system needs replacement, and c) both the furnace/boiler and AC system need replacement at 

the same time.13 This study determined that if the existing heating system is either propane or fuel 

oil, heat pumps will be cost-effective in the majority of homes when the AC system needs 

replacement (or if both the AC and heating systems need replacement). If both the AC and heating 

system require replacement, then the heat pump will be cost-effective for about half of the U.S. 

homes with gas furnaces. And the heat pump will generally not be cost-effective if only the furnace 

requires replacement (even if replacing fuel oil or propane). This study also found that heat pumps 

were cost-effective for homes with electric-resistance heating for two cases: a) when an electric 

furnace (or electric furnace and AC system) needs to be replaced, and b) for homes with electric 

baseboard heating, at any time (without waiting for the existing heating system to be at the end of 

its life), assuming ductless heat pumps can displace at least 60 percent of the existing electric 

                                                             
10 Generally, for heat pumps the cooling capacity and heating capacity, in Btu/hr of output or tons, are correlated. 
To obtain more heating output, one must buy a larger unit that will also have a higher cooling capacity. 
11 Another example of this can be found on Trane’s web site, which states, “Note that heat pumps are best for 
moderate climates, and a supplemental heating source may be needed for lower temperatures.” 
https://www.trane.com/residential/en/resources/glossary/what-is-a-heat-pump.html  
12 EIA, 2015 RECs, https://www.eia.gov/consumption/residential/data/2015/hc/php/hc8.8.php  
13 Wilson et al. “Energy Efficiency Potential in the U.S. Single-Family Housing Stock,” NREL/TP-5500-68670, 
Appendix C, p. 102-103.  

https://www.trane.com/residential/en/resources/glossary/what-is-a-heat-pump.html
https://www.eia.gov/consumption/residential/data/2015/hc/php/hc8.8.php
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baseboard heating.14 This study also found that cost-effective heat pump installations will reduce 

GHG emissions significantly, assuming today’s average GHG emission factors for the U.S. 

For HPWHs, at the time of needing a new hot water heater, the DOE study concluded that HPWHs 

are often cost-effective when replacing propane, less often cost-effective when replacing fuel oil-

based water heaters, and rarely cost-effective when replacing a natural gas water heater.15  

Another recent study, by the Lawrence Berkeley National Laboratory, provides an overview of 

several recent heat pump studies and generally agrees with the DOE study’s conclusions regarding 

cost-effectiveness of heat pumps and HPWHs.16 

III. METHODOLOGY 

To add to the findings of the previous heat pump studies, and given that most homes in the 

Southwest use natural gas as their primary heating source, we chose to focus on comparing heat 

pumps to natural gas furnaces and natural gas-fired water heaters, as well as to focus on homes that 

also have central AC systems. 

For this study, we analyzed heat pumps for single-family homes in five southwestern cities, in order 

to answer the following questions:   

¶ In what scenarios are heat pumps cost-effective? 

¶ Do heat pumps reduce GHG emissions, compared to a separate gas furnace and central AC 

system?  

¶ Do heat pumps reduce energy consumption for heating as well as total energy consumption 

for heating and cooling?  

¶ Do heat pump water heaters save money, energy, and reduce GHG emissions, compared to 

natural gas water heaters? 

Below we briefly describe our main assumptions and methods for the analysis. More details are 

included in Appendix B.  

Cities Chosen  

We analyzed the performance and cost-effectiveness of air-source heat pumps for the following 

cities in the Southwest, shown with their respective natural gas and electric utilities in Table 1.  

 

 

                                                             
14 Wilson, ibid, see Figures A-5 and A-14 of the Appendix. 
15 Wilson, ibid. This study was done in 2011, when the average efficiency of HPWHs was only about 2.4. The 
performance of HPWHs has improved significantly since then.   
16 J. Deason, et al, “Electrification of buildings and industry in the United States: Drivers, barriers, prospects, and 
policy approaches.” Lawrence Berkeley National Laboratory, March 2018. http://eta -
publications.lbl.gov/sites/default/files/electrification_of_buildings_and_industry_final_0.pdf 

http://eta-publications.lbl.gov/sites/default/files/electrification_of_buildings_and_industry_final_0.pdf
http://eta-publications.lbl.gov/sites/default/files/electrification_of_buildings_and_industry_final_0.pdf
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Table 1.  Cities and Utilities Included in the Study  

City17 Gas Utility  Electric Utility  

Denver, CO Xcel Energy Xcel Energy 

Salt Lake City, UT Dominion Energy Rocky Mountain Power 

Reno, NV NV Energy NV Energy 

Las Vegas, NV Southwest Gas NV Energy 

Phoenix, AZ Southwest Gas Arizona Public Service 
 

We chose these larger southwestern cities because they represent the range of climate conditions 

in the Southwest, from Denver’s relatively cold winters and warm summers to Phoenix’s very mild 

winters and hot summers. And these cities represent four southwestern states with substantial 

utility energy efficiency programs, as well as momentum towards less carbon-intensive electricity 

generation.  

Applications and Equipment Analyzed 

We chose to focus on both existing and new homes, and on those that have (or would have) both 

central air-conditioning (AC) and a gas furnace. Since heat pumps are much more expensive than 

gas furnaces, heat pumps will be much more cost-effective if they replace both the air conditioning 

and heating systems.  

New construction. We analyzed whether heat pumps make sense for new homes in the Southwest, 

compared to the more conventional central AC and gas furnace combination. For this scenario, we 

chose a ductless mini-split heat pump system, with enough zones (3-4) to serve a modest-sized new 

home, which we assume is 2,400 square feet, with two floors of 1,200 square feet each.18 We chose 

mini-splits for the new construction scenario because mini-split systems are much more efficient 

than ducted heat pump systems, and installed costs for a mini-split system are lower than ducted 

heat pumps for a new home because of the avoided costs of the ductwork. For the colder climate 

cities (Denver, Salt Lake City, and Reno), we chose to analyze mini-splits that meet the cold-climate 

heat pump specification mentioned above.  

 

 

                                                             
17 This is the order for coolest to warmest climate in terms of the greatest number of heating degree-days (colder 
winter), and also generally the fewest cooling degree-days (cooler summer). However, Reno actually has slightly 
fewer cooling degree-days than Salt Lake City.  
18 The Department of Energy assumes 2,400 square feet for the size of a typical new home. However, the average 
floor area of new homes is close to 3,000 sq. ft., according to EIA, 2015 RECS, 
https://www.eia.gov/consumption/residential/data/2015/hc/php/hc10.14.php. This size difference does not 
significantly change the cost-effectiveness analysis of heat pumps.    

https://www.eia.gov/consumption/residential/data/2015/hc/php/hc10.14.php
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Figure 2. IECC Climate Zones 

 

For zone 4 or higher, (which includes Denver, Salt Lake City, and Reno), cold-climate heat pumps 

should be installed (unless relying on backup heating for the colder temperatures). These have 

higher heating capacity and efficiency at colder temperatures (below 20 F). (Source: DOE19)   

Retrofit scenarios. For existing homes, we compared installing a ducted heat pump system to 

replace the central AC and gas furnace when either: a) the gas furnace needs to be replaced and the 

AC system is near the end of its useful life, or b) the AC system needs to be replaced (or the 

customer is installing a new AC system) and the gas furnace is near the end of its useful life. These 

two scenarios are described in more detail in Appendix B.   

For both of these retrofit scenarios, we compared installing a new ENERGY STAR ducted heat pump 

to replacing the separate AC and gas furnace systems (also with ENERGY STAR-rated equipment). 

We chose a ducted heat pump system for both of these scenarios because mini-split ductless heat 

pumps are typically more expensive than ducted heat pumps for heating an entire house in retrofit 

applications. For an existing home with a furnace and central AC, it is more practical and less 

expensive to take advantage of the existing HVAC ducts, assuming most of the existing ducts are in 

conditioned space. (For optimal energy efficiency, the ducts should be well-sealed and insulated 

before doing this retrofit.) 

                                                             
19 U.S. DOE, http://buildingadvisor.com/us-climate-zone-map-doe-irc/  

http://buildingadvisor.com/us-climate-zone-map-doe-irc/
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However, if most of the existing ducts are in un-conditioned space (e.g., the attic), then a 

homeowner should consider installing a ductless or mini-duct heat pump system, and capping off 

the existing ducts.20 This would add significantly to the cost of the heat pump retrofit, but would 

also improve comfort and efficiency compared to installing a ducted ASHP, or replacing the furnace 

and AC systems.  We did not analyze this option in detail. 

For Denver, Salt Lake City, and Reno, we assumed the use of a cold-climate rated heat pump, sized 

to handle the home’s entire heating needs. If the gas furnace is at or near the end of its useful life, 

then choosing a cold-climate heat pump large enough to meet the full heat load eliminates the cost 

of maintaining a backup furnace.  

Another option for the colder climate cities (Denver, Salt Lake City, and Reno) is to keep the backup 

furnace in place and size the heat pump to handle the heating needs when outdoor temperatures 

are above 20 to 30 degrees F, using the backup furnace to supplement the heat pump during colder 

outdoor temperatures. This is sometimes referred to as a hybrid heating system. In this case, the 

heat pump would not need to meet the cold-climate specification (but could still be ENERGY STAR-

rated), and can be sized slightly smaller, both of which help reduce the initial costs. We discuss this 

alternative scenario further in the “Results” section below.  

Water heaters. For water heaters, we compared an ENERGY STAR-rated HPWH to an ENERGY 

STAR-rated natural gas storage water heater, both with 50-gallon storage capacity. We evaluated 

the cost effectiveness at time of purchasing a new water heater, whether it is a replacement of an 

existing gas water heater at the end of its life, or a water heater for a new house. In either case, it is 

the same evaluation.  

Other Key Assumptions 

For the cost-effectiveness analysis, we compared the net present value (NPV) of total costs (annual 

energy costs and initial equipment costs) over the life of the equipment using a 5 percent real 

discount rate. We assumed an 18-year life for heat pumps, and 12-year life for heat pump and gas 

water heaters. Other key assumptions in the cost-effectiveness analysis are: a) the variable portion 

of residential electric and natural gas rates, b) equipment costs, and c) equipment efficiencies for 

heating and cooling. These assumptions are shown in Tables 2 and 3. Additional notes, references, 

and discussion regarding methodology are provided in Appendix B.  

 

 

 

 

                                                             
20 Alternatively, the customer could consider sealing and insulating the ducts, and possibly also installing multi-
zonal control. This option would also add significantly to the retrofit cost. 
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   Table 2.  Energy Prices  

City Variable Part of 

Residential 

Natural Gas Rate 

($/MMBtu)  21 

Variable Part of 

Residential 

Electric Rate 
($/kWh)  

Ratio of 

Electricity to 

Natural Gas Rate  
(in equivalent units)  

Fixed Natural 

Gas Charges 
($/month) 22 

Denver  $5.12 $0.105 6.0 $14.82 

Salt Lake City $8.79 $0.124 4.1 $6.75 

Reno $5.40 $0.098 5.3 $14.00 

Las Vegas $6.93 $0.119 5.0 $10.80 

Phoenix  $13.03 $0.133 3.0 $10.70 

 

   Table 3.  Equipment Efficiencies  and Installed  Cost 

Equipment  Type Heating 

Efficiency  

Cooling 

Efficiency  

Total Installed 

Cost 

Gas furnace in existing homes  80% AFUE - - 

ENERGY STAR gas furnace 95% AFUE - $3,740 (Denver) 

AC in existing homes  - 13 SEER - 

ENERGY STAR AC - 19 SEER $5,500 (Denver) 

Ducted heat pump ɀ ENERGY 

STAR 

2.62 COP (Las 

Vegas),  

2.74 (Phoenix) 

18 SEER $8,200  

(Las Vegas) 

Ducted heat pump ɀ cold-

climate (for Denve r, SLC, & 

Reno) 

2.58 (Denver) – 

2.64 (Reno) 

18.6 SEER $8,700 (Denver) 

Ductless heat pump ɀ ENERGY 

STAR 

3.27 COP (Las 

Vegas), 

3.42 (Phoenix) 

22.6 SEER $9,840  

(Las Vegas) 

Ductless heat pump ɀ cold -

climate (for Denver, SLC, & 

Reno) 

2.87 (Denver), 

2.93 (Reno) 

22.6 SEER $10,440 (Denver) 

ENERGY STAR natural gas water 

heater  

0.68 UEF - $1,640 

ENERGY STAR heat pump water 

heater  

3.48 UEF; 3.38 for 

colder climates 

- $2,300 

                                                             
21 These are levelized prices (in real dollars) over the 18-yr heat pump lifetime, and include annual energy price 
escalation rates of 0.49% for electricity and 0.82% for natural gas. See Appendix B for sources. 
22 We included these monthly charges in the evaluation of heat pumps for new homes. We assumed for the heat 
pump scenario the home would not require any natural gas service, thereby eliminating these monthly natural gas 
charges. See Appendix B for sources. 
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Notes: AFUE is the Annual Fuel Utilization Efficiency; COP is the Coefficient of Performance; SEER is the Seasonal 

Energy Efficiency Ratio; and UEF is the Uniform Energy Factor. These are the standard energy efficiency metrics 

for gas furnaces, heat pumps, air conditioners, and water heaters, respectively.    

For ducted heat pumps as well as gas furnaces and central AC systems, we assume duct losses of 

10%. This is a conservative estimate of losses, and assumes the ducts are well-sealed.  For ducted 

heat pumps in existing homes, we also assumed the existing ducts are in a conditioned space or 

insulated crawl space, rather than in the attic. If the ducts are in the attic, even if the ducts are 

sealed and insulated, there may be a significant loss of overall efficiency.23  

For the energy savings and GHG emissions analysis, the key assumptions in addition to equipment 

efficiencies are, respectively, a) the average heat rate for electricity generation24 of the local utility, 

and b) the average electricity GHG emission factor of the local utility. These are provided in Table 4. 

The GHG emission factors are the projected average emission factors for the respective utilities 

over the 18-year heat pump life, considering current utility plans for coal plant retirements and 

new generation resources. We chose to use the “annual average” emission factors rather than 

estimated “marginal” emission factors, but we provide estimates of both factors and compare the 

results, and explain how the emissions factors were derived in Appendix B.  

 Table 4.  Electricity Heat Rates and GHG Emission Factors  

City/Utility  Heat rate 

(MMBtu/MWh)  

2017 GHG 

Emission Factor 
(lb . CO2/MWh)  

18-yr Average GHG 

Emission Factor 
(lb . CO2/MWh)  

Denver /Xcel Energy  8.02 1,450 945 

Salt Lake City/Rocky Mt.  Power  8.02 1,452 1,215 

Reno/NV Energy  8.00 948 732 

Las Vegas/NV Energy  8.00 948 732 

Phoenix /Arizona Public Service  8.30 813 685 

We also estimated the methane emissions from leakage in the natural gas distribution system, from 

the local gas distribution company to the home, to be about 0.3 percent. (See Appendix B for 

sources.) Based on this leakage rate, the GHG emissions (in pounds of CO2 equivalent) from the 

leakage amounts to about 3.3 percent of the emissions from consumption of the natural gas.25 We 

did not include methane leakage upstream from the gas distribution system because a significant 

amount of natural gas is also consumed for electricity generation (at least in the Southwest), and 

thus some amount of this leakage would also be attributable to heat pumps.  

                                                             
23 See Mark Modera, “Improving System Efficiency for a Variable-Capacity Residential Heat Pump System with 
Multi-zone Ductwork,” submitted for publication in Science and Technology in the Built Environment, available 
from the author, mpmodera@ucdavis.edu.  
24 The heat rate is average amount of fuel consumed in MMBtu per MWh of electricity generation. 
25 In other words, the total GHG emissions from residential natural gas furnaces (lb. CO2e) = 1.033 x emission 
factor for natural gas consumption (lb. CO2e/MMBtu) x quantity of gas consumed (MMBtu).  

mailto:mpmodera@ucdavis.edu
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IV. RESULTS  

Our analysis shows that there are several applications and locations in which heat pumps are cost 

effective compared to gas furnaces. HPWHs also are cost effective in some of the cities we 

examined. And generally, heat pumps and HPWHs also help reduce GHG emissions, but there is a 

big difference between cities. As mentioned above, previous studies have concluded that heat 

pumps are cost effective compared to electric resistance, propane, or fuel oil heating, so we did not 

analyze these options in our region.  

Heat Pumps Compared to Gas Furnaces  

The results of our analysis are presented and discussed below. In addition, all the detailed results 

are provided in Appendix A. 

Cost-effectiveness 

New homes. For new homes, according to our analysis, heat pumps are cost-effective in all cities. 

The installed costs of ductless heat pump systems are lower than the separate gas furnace and 

central AC alternative, mainly due to the avoided costs of ductwork, which we assumed adds about 

$4,000 per home to the total installed cost.26 Based on our cost estimates, the difference in the 

installed cost of the heat pump compared to the gas furnace/AC alternative ranges from $2,800 

savings in Denver to $4,700 savings in Las Vegas.   

Ductless heat pumps are also very efficient in both heating and cooling modes, reducing total 

energy consumption in all cities. However, because of low natural gas prices relative to electricity 

prices, heat pumps do not reduce annual heating costs in any city except Phoenix. In addition, for 

new homes that choose a heat pump and heat pump water heater, the cost of installing a natural gas 

line to the home could be avoided, saving another ~$1,500,27 which we did not include in the total 

savings. 

As shown in the Table 5a, the reduction in total life-cycle costs ranges from 14 percent in Denver to 

31 percent in Phoenix. Denver is the only city for which the annual (and lifetime) heating costs are 

greater for the heat pump. (Note that for new homes, we also included the natural gas fixed 

monthly charges in these calculations, based on the assumption that the home also installs a HPWH 

and does not require any natural gas service.) If the local electric utility provided a financial 

incentive to promote the adoption of ductless heat pumps in new homes (as some utilities including 

Xcel Energy are starting to do—see Section V), the total cost savings for the home owner would be 

even greater.    

 

                                                             
26 “2018 Duct Installation Costs,” Home Advisor, https://www.homeadvisor.com/cost/heating-and-cooling/install-
ducts-and-vents/  
27 Rich Morgan, President, Magic Touch Mechanical, personal communication, May 24, 2018, 
rich.morgan@magictouchair.com. 

https://www.homeadvisor.com/cost/heating-and-cooling/install-ducts-and-vents/
https://www.homeadvisor.com/cost/heating-and-cooling/install-ducts-and-vents/
mailto:rich.morgan@magictouchair.com
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 Table 5a.  Heat Pump Cost-Effectiveness  - New Homes 

City Installed 

Cost 

(present 

value)  

NPV of 

Energy 

Costs - 

Heating  

NPV of 

Total 

Energy 

Costs 

Total NPV 

of Costs 

Total NPV 

Cost Savings 

for Heat 

Pump 

Denver  

Ductless heat 

pump  

$10,440  $6,668 $7,508 $17,948  14% 

AC and gas 

furnace  

$13,240  $6,495 $7,605 $20,845  - 

SLC  

Ductless heat 

pump  

$9,840  $6,400 $7,885 $17,725  21% 

AC and gas 

furnace  

$13,090 $7,453 $9,415 $21,726  

$22,505  

- 

Reno  

Ductless heat 
pump  

$9,840  $5,007 $5,989 $15,829  21%  

AC and gas 
furnace  

$13,090  $5,711 

 

$7,008 

 

$20,098  

 

- 

Las Vegas  

Ductless heat 
pump  

$9,840  $2,276 $5,135 $14,975  29%  

AC and gas 
furnace  

$13,940  $3,512 

 

$7,290 

 

$21,230  

 

- 

Phoenix  

Ductl ess heat 
pump  

$11,040 $1,280 $5,843 $16,833  31%  

AC and gas 
furnace  

$14,940 $3,369 

 

$9,400 

 

$24,340  

 

- 

Note: Values in black indicate the heat pump is less costly than the alternative; values in red indicate 

the heat pump has higher costs than the alternative. 

Existing homes. For existing homes, the benefits of heat pumps are not as clear. As shown in Table 

5b , heat pumps are cost-effective in existing homes in Phoenix, and not cost-effective in any of the 

other cities. The lifetime cost savings for heat pumps in the retrofit scenarios ranges from a savings 

of 6 percent in Phoenix to a loss (negative savings) of 30 percent in Denver.  In Phoenix and Las 

Vegas, the added cost for a heat pump compared to the central AC system is not as high as for the 

other cities because a more expensive cold-climate heat pump is not needed. For these cities, the 
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added cost of an ENERGY STAR heat pump compared to a central AC system is only about $1,700,28 

which is much less than the cost of a gas furnace.  However, for Las Vegas, natural gas prices are 

relatively low compared to electricity prices, which hurt the overall cost-effectiveness of heat 

pumps. However, if the local electric utility provided a financial incentive to promote the purchase 

of ducted heat pumps, the net economic benefit for the consumer would be more positive.  

For Denver, Salt Lake City, and Reno, cold-climate heat pumps cost about $2,700 more than a 

central AC system.29 In addition, for Denver, the average home needs a slightly larger capacity heat 

pump (about 3.5 tons) in order to meet the home’s heating needs, compared to the capacity needed 

to meet the home’s cooling needs (3 tons), which adds an additional $500 (approximately) to the 

initial costs.30 So, for these three cities, the higher equipment costs and higher annual heating costs 

result in heat pumps not being cost-effective in the retrofit scenarios. Note that for Salt Lake City, 

the incentive would have to be at least $1,400 to make the heat pump cost-effective for the 

customer (which is more than any of the incentives shown below in Table 11 in Section V below). In 

Denver, the incentive would need to be at least $4,700 to make the heat pump cost effective given 

the assumed energy costs and other factors.   

  

                                                             
28 Rich Morgan, President, Magic Touch Mechanical, personal communication, February 23, 2018, 
rich.morgan@magictouchair.com. We adjusted Rich’s original estimate of $1,2001200 upward to $1,7001700, 
based on reviewing prices of several ENERGY STAR heat pumps vs. AC systems. 
29 This is based on cost estimates from:  a) http://www.heatpumppriceguides.com/, and b) estimates from Jesse 
Pridmore, Sales Manager, Comfort Air Distributing, personal communication, February 7, 2018, 
jpridmore@comfortairdistributing.com.   
30 Rich Morgan, President, Magic Touch Mechanical, personal communication, February 23, 2018, 
rich.morgan@magictouchair.com. Sizing the heat pump at 3.5 tons for Denver to handle the full heating demand is 
still within NREL’s guidance of sizing the heat pump system up to a maximum of 130% of the cooling load.  

mailto:rich.morgan@magictouchair.com
http://www.heatpumppriceguides.com/
mailto:jpridmore@comfortairdistributing.com
mailto:rich.morgan@magictouchair.com
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 Table 5b.  Heat Pump Cost-effectiv eness - Existing Homes  

City Installed 

Cost 
(Present Value)  

NPV of 

Energy Costs 

- Heating  

NPV of Total 

Energy 

Costs 

Total NPV of 

Costs 

Total NPV Cost 

Savings for 

Heat Pump 

Denver  ɀ Existing Homes 

Ducted heat 

pump  

$8,700  $9,688 

 

$11,022 $19,722  -32% 

AC and gas 

furnace 31  

$8,068  $5,459  

 

$6,896 $14,963  - 

Salt Lake City ɀ Existing Homes  

Ducted heat 

pump  

$8,200  $9,298 

 

$11,656 $19,856  -7% 

AC and gas 

furnace  

$7,937  $8,018  

 

$10,557 $18,494   - 

Reno ɀ Existing Homes 

Ducted heat 

pump  

$8,200 $7,275 

 

$8,834 $17,034  -20%  

AC and gas 

furnace  

$7,937  $4,628  

 

$6,307 $14,244   - 

Las Vegas ɀ Existing Homes 

Ducted heat 

pump  

$8,200  $3,721 

 

$8,413 $16,613  -5% 

AC and gas 

furnace  

$8,679  $2,466  

 

$7,134 $15,813  - 

Phoenix ɀ Existing Homes 

Ducted heat 

pump   

$9,200 $2,092 

 

$9,582 $18,782  6% 

AC and gas 

furnace  

$9,814  $2,300  

 

$10,106 $19,920  - 

Note: Values in black indicate the heat pump is less costly than the alternative; values in red indicate 

the heat pump has higher costs than the alternative.  

As mentioned in the Methodology section, an alternative for the colder climate cities is to keep the 

backup furnace in place, operating at temperatures below 20 to -30 degrees F. This would reduce 

the initial equipment costs slightly if the existing furnace does not require replacement in the near 

future.  Although the initial costs for the heat pump would be lower in this scenario because of 

choosing a slightly smaller ENERGY STAR- (and not cold-climate) rated heat pump, the costs of 

replacing the backup furnace at some point would offset some or most of this savings. For example, 

for Denver, we estimate that if the backup furnace required replacement after 12 years, the NPV of 

                                                             
31 For existing homes, the values shown in this table for “AC and gas furnace” are the average values for the two 
retrofit scenarios. See Appendix A for values for each retrofit scenario.  
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the equipment costs for the heat pump and backup furnace is about $600 less than the cost of a 

cold-climate heat pump sized to handle the house’s full heating load. But if the backup furnace 

required replacement after six years, the NPV of the equipment costs for heat pump and backup 

furnace is about $100 more than the cold-climate heat pump alone.  

For Denver, with 20 degrees F as the balance point, we estimate that the heat pump would provide 

about 73 percent of the maximum heating demand (Btu per hour), and 85 percent of the home’s 

annual heating needs (total annual Btu). And because of its higher coefficient of performance above 

20 F, the heat pump would achieve 89 percent of the energy savings (and GHG emissions benefits) 

compared to the “cold-climate heat pump-only” scenario. Our estimates of the benefits of this 

alternative scenario for Denver, Salt Lake City, and Reno are shown below in Table 6.   

A similar strategy involving the use of a backup gas furnace was explored in a recent study 

performed for Rocky Mountain Power in Utah, which assumed a balance point temperature of 40 

degrees F.32  

 Table 6.  Heat Pump  with Backup Gas Furnace  vs. Heat Pump -Only Retrofit  

City Incremental 

Equipment Cost 

Savings (NPV)33 

Balance Point 

Temperature 

(F)34 

Percent of 

Heating Needs 

from Heat Pump  

Relative Energy 

Savings and 

GHG Benefits 

Denver  $600 20 85% 89% 

Salt Lake City $100 27 85% 89% 

Reno $100 23 84% 88% 

 

In general we estimate that for heat pumps to reduce annual heating costs, the ratio of the 

customers’ electricity price to natural gas price (in equivalent units) must be no more than about 

3.2.35 For example, for Phoenix, the variable part of the residential electricity rate is $0.133/kWh, 

and the variable part of the residential natural gas rate is $13.03/MMBtu ($0.0445/kWh). 

Therefore, the ratio of electricity to natural gas price is 2.99, and heat pumps reduce annual heating 

costs.  

                                                             
32 “Residential Dual Fuel Air-Source Heat Pump Analysis,” Nexant, February 2018. Using this balance point 
temperature for Salt Lake City, we estimate the heat pump would provide about 49% of the maximum heating 
demand, and achieve about 58% of the energy savings, with initial equipment cost savings of about $1,100 
(assuming the gas furnace does not require replacement for 12 years), compared to the heat pump-only retrofit 
scenario.   
33 We assumed the backup furnace does not require replacement for 12 years. 
34 We chose a balance point temperature for which the heat pump would provide about 85% of the home’s 
heating needs, and the backup furnace would provide the remainder (at temperatures below this temperature).   
35 This calculation is based on assuming the heat pump has an average coefficient of performance of 2.7, and the 
gas furnace has an efficiency of 95%. 
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Energy Savings and GHG Emissions Benefits 

Table 7 shows that compared to gas furnaces, heat pumps save heating energy (primary energy) in 

all cities, both in retrofit and new construction scenarios. The energy savings for heating is much 

greater than the small amount of savings for cooling, for both new homes and existing homes.  

 Table 7.  Heat Pump Energy Savings and GHG benefits  

 New Homes Existing Homes 

City Primary 

Energy 

Savings 

GHG 

Emissions 

Reductions  

Primary 

Energy 

Savings 

GHG 

Emissions 

Reductions  

Denver  31% 32% 16% 18% 

Salt Lake City 32% 19% 18% 2% 

Reno 32% 46% 17% 35% 

Las Vegas 32% 42% 10% 22% 

Phoenix  29% 36% 3% 14% 

For new homes, heat pumps reduce overall GHG emissions in all southwestern cities with a range of 

19 percent reduction in Salt Lake City to 46 percent reduction in Reno (see Figure 3). The smaller 

reductions for Salt Lake City are due primarily to the higher GHG emission factor for electricity in 

Salt Lake City relative to that for the other cities.  

For existing homes, the GHG emission reductions are less than for new homes, but are still 

significant in all locations except for Salt Lake City.  And as shown, heat pumps reduce energy use in 

existing homes by 3-18 percent depending on the city.    

Figure 3.  Heat Pump GHG Emission Reductions for New Homes 
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Table 8 provides more details on the energy savings for new homes. For new homes, ductless heat 

pumps are more efficient in the cooling mode than the average ENERGY STAR-rated ducted AC 

system, so for new homes heat pumps also save energy for cooling in all cities.  

 Table 8.  Heat Pump Energy Savings for New Homes 
City Lifetime Energy 

Consump tion - 

Heating 

(MMBtu)  

Lifetime Energy 

Consump tion - 

Cooling (kWh)  

Total L ifetime 

Primary Energy 

Consumption 

(MMBtu)  

Heat Pump  

Total Energy 

Savings 

Denver  

Ductless heat 

pump  

831 13,061 936 31% 

AC and gas 

furnace  

1,211 17,261 1,349 - 

Salt Lake City 

Ductless heat 

pump  

729 26,121 938 32% 

AC and gas 

furnace  

1,102 27,865 1,325 - 

Reno  

Ductle ss heat 

pump  

666 16,326 797 32% 

AC and gas 

furnace  

993 21,577 1,165 - 

Las Vegas  

Ductless heat 

pump  

250 39,182 563 32% 

AC and gas 

furnace  

415 51,784 829 - 

Phoenix  

Ductless heat 

pump  

131 63,250 656 29% 

AC and gas 

furnace  

218 73,977 811 - 
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In general, our analysis shows that a heat pump system with an average coefficient of performance 

(COP) of at least 2.736 will reduce GHG emissions in any region or state with a GHG emissions factor 

of no more than 1,200 lb CO2/MWh.37 As shown above in Table 4, all of the utilities serving the cities 

we analyzed are expected to have an average emission factor below this value over the lifetime of a 

heat pump, other than Rocky Mountain Power in Utah. And for the U.S., 37 states already have 

average emission factors below this threshold, indicating potential heat pump GHG emission 

reductions compared to gas furnaces.38 More states are likely to pass this threshold in the future, as 

utilities continue to retire coal plants and replace them with renewable generation (or some 

combination of renewable and natural gas combined-cycle generation).    

In addition, although we did estimate emissions from methane in the natural gas distribution 

system, we did not attempt to estimate leakage of methane from other parts of the natural gas 

supply chain. Several recent studies have pointed out that this leakage is much greater than 

previously estimated, which increases the total GHG emissions associated with natural gas use.39 

Because a significant amount of natural gas is also used in electricity generation, the impacts of this 

upstream methane leakage may be somewhat similar for heat pumps and natural gas furnaces. 

However, as electricity generation continues to shift toward greater reliance on renewable 

resources and away from the use of natural gas, the upstream methane emissions associated with 

heat pumps will decline, and the total GHG emission benefits of heat pumps will increase. 

Heat Pump Water Heaters  

Our analysis of HPWHs is shown in Table 9. We conclude that HPWHs are cost-effective for home-

owners in Phoenix (7 percent reduction in total lifetime costs, with a simple payback period of 6.2 

years).  Although HPWHs do reduce annual energy costs in Salt Lake City and Las Vegas, the annual 

savings are not enough to make up for the higher initial cost. HPWHs are not cost-effective for 

consumers in these cities unless a utility (or other entity) provides a financial incentive. Given our 

energy price assumptions, HPWHs do not reduce annual energy costs in Denver or Reno because of 

the low natural gas price relative to electricity price paid by residential consumers.  In addition, our 

analysis does not include the possible additional cost of a 240 volt circuit, which is $350-$500,40 

and may be needed in some existing homes (e.g., an existing home replacing a gas water heater with 

a HPWH may not have a 240 V circuit serving the water heater location).   

 

                                                             
36 This average COP requires a cold-climate rated heat pump in Climate Zone 4 or higher, or ENERGY STAR-rated 
heat pump in warmer climate zones. 
37 We found this value through trial and error, using our calculations built into Excel spreadsheets. 
38 Based on state annual average emission factors for 2016 from EPA’s eGRID database, 
https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid. 
39 “Greater focus needed on methane leakage from natural gas infrastructure.” Proceedings of the Natural 
Academy of Science, April 2012. http://www.pnas.org/content/109/17/6435.  
40 Rich Morgan, personal communication, May 22, 2018. 

https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid
http://www.pnas.org/content/109/17/6435
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 Table 9.  Benefits of Heat Pump Water Heaters  

City Energy Cost 

Savings (%)  

Total NPV Cost 

Savings; % Savings 

Primary E nergy 

Savin gs (%)  

GHG Emission 

Reduction s (%)  

Denver  -18% -$820 -32% 50% 52% 

Salt Lake City 25% -$275 -9% 50% 38% 

Reno -5% -$703 -27% 52% 63% 

Las Vegas 1% -$644 -22% 54% 64% 

Phoenix  41% $289 7% 52% 66% 

Note: Values in black  indicate the HPWH is less costly than the alternative; values in red indicate the 

HPWH has a higher cost. 

Table 9 shows that in order for a customer in Salt Lake City to “break even,” he or she would need 

an incentive of $280. The incentive would need to be over $600 in Denver, Reno and Las Vegas. As 

shown below in Table 11, typical utility HPWH incentives in the Northwest and Northeast are $300-

$500.  

Compared to natural gas water heaters, heat pump water heaters reduce primary energy 

consumption for all cities by an average of about 52 percent (see Table 9). The GHG emission 

reductions are also significant, ranging from 38-66 percent depending on the city. The energy 

savings and GHG emission reductions are greater for HPWHs compared to heat pumps used for 

space heating because the difference in energy efficiency between a HPWH and gas water heater is 

greater than the difference in energy efficiency between an air-source heat pump and a gas furnace.   

We also examined whether assigning an assumed price (a “social cost”) on CO2 emissions would 

impact the cost–effectiveness of HPWHs or heat pumps in existing homes. We found that the value 

of carbon emissions would need to be at least $50 per ton of CO2 in order to make HPWHs cost-

effective in Salt Lake City (without an additional incentive). (See Appendix B, p. 39 for more details.)  

 

V. REGIONAL EFFORTS TO PROMOTE HEAT PUMPS 

Major efforts to promote the adoption of heat pumps are underway in three regions: the Northeast, 

the Pacific Northwest, and the southeast region served by the Tennessee Valley Authority (TVA). 

NEEP launched a regional market transformation initiative in 2013 to encourage adoption of cold-

climate heat pumps; NEEA has been promoting the adoption of high-efficiency ductless heat pumps 

specifically designed for the Northern climate since 2008. NEEA also began a regional initiative to 

increase the availability and support the adoption of HPWHs in 2013. TVA has been facilitating 

loans to support the adoption of heat pumps for over 30 years. We briefly review these efforts 

below, along with the activities to promote heat pumps in the Southwest.   
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Northeast Heat Pump Efforts 

Under the leadership of NEEP, New England states and New York are actively promoting ductless 

heat pumps to replace oil, propane, or electric-resistance heating for residences. Although some of 

the heat pump programs focus only on electricity savings, most of them are driven by the state’s 

desire to reduce GHG emissions.41 The Northeast’s policies and programs include state and utility 

incentives for heat pumps and HPWHs, and educational efforts for customers and contractors. A 

few of the incentives are midstream programs that provide the incentive to the distributor, while 

most provide the incentive directly to the residential customer. Table 11 includes a few examples of 

incentives for Northeast utilities.  

Along with incentives and educational efforts, NEEP has developed a cold-climate heat pump 

specification, and provides an annually updated list of products that meet the specification.42 NEEP 

has also developed a guide to sizing and selecting cold-climate air-source heat pumps, to help 

contractors and home-owners make better, more cost-effective heat pump choices.43  

  

                                                             
41 “Driving the Heat Pump Market: Lessons Learned from the Northeast.” Vermont Energy Investment Corp. and 
Natural Resources Defense Council, February 2018, https://www.veic.org/resource-library/driving-the-heat-pump-
market-lessons-learned-from-the-northeast.   
42 “Cold-Climate Air Source Heat Pump Specification (Version 2.0).” facilitated by the Northeast Energy Efficiency 
Partnership (NEEP), January 1, 2017. http://www.neep.org/initiatives/high-efficiency-products/emerging-
technologies/ashp/cold-climate-air-source-heat-pump  
43 “Guide to Sizing and Selecting Air-Source Heat Pumps in Cold Climates.” Northeast Energy Efficiency 
Partnerships, March 2017. http://www.neep.org/initiatives/high-efficiency-products/air-source-heat-pumps/air-
source-heat-pump-installer-resources.    

https://www.veic.org/resource-library/driving-the-heat-pump-market-lessons-learned-from-the-northeast
https://www.veic.org/resource-library/driving-the-heat-pump-market-lessons-learned-from-the-northeast
http://www.neep.org/initiatives/high-efficiency-products/emerging-technologies/ashp/cold-climate-air-source-heat-pump
http://www.neep.org/initiatives/high-efficiency-products/emerging-technologies/ashp/cold-climate-air-source-heat-pump
http://www.neep.org/initiatives/high-efficiency-products/air-source-heat-pumps/air-source-heat-pump-installer-resources
http://www.neep.org/initiatives/high-efficiency-products/air-source-heat-pumps/air-source-heat-pump-installer-resources
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Table 11.  Example Heat Pump Incentives O ffered  by Utilities  in the Northeast and Northwest  

Utility /Pr ogram Heat Pump Incentive  HPWH Incentive  

National Grid (MA)  Up to $500 for ducted or ductless heat 

pumps44 

$750 for ENERGY STAR 

models45 

Efficiency Vermont  Up to $800 for ductless heat pumps on 

qualified products list46 

Up to $500, qualified 

products list47 

Energy Trust of Oregon  $800 for ductless heat pumps replacing 

electric resistance heating, min. efficiency 

of 9.0 HSPF, or $700 for ducted heat 

pump, min. efficiency of 8.5 HSPF48 

NEEA qualified product 

list, $100 for tier 1, $300 

for tier 2 or tier 349 

Puget Sound Energy 

(WA)  

$800 for ductless heat pumps replacing 

electric resistance heating, min. efficiency 

of 9.0 HSPF50 

$500,  qualified product 

list, tier 2 or tier 351 

 

Northwest Heat Pump Efforts 

NEEA has developed a comprehensive market transformation program for air-source heat pumps 

in the Northwest. Targeting homes with electric-resistance heating, NEEA facilitated the 

development of utility incentives, developed materials to educate consumers, and worked with 

HVAC contractors and equipment suppliers. NEEA’s member utilities - Bonneville Power 

Administration (BPA) and the Energy Trust of Oregon - provide incentives of $600-$1,200 for 

ductless heat pumps, sometimes through an upstream approach, working with local distributors 

and HVAC contractors, and sometimes through providing the incentive directly to the customer. 

Customers have responded favorably to the incentives and the educational campaign, especially the 

messaging that heat pumps could reduce annual energy costs by up to 50 percent while also 

improving comfort.52 Between October of 2008 and the end of 2016, HVAC contractors installed 

                                                             
44 “Services and Rebates.” National Grid. https://www.nationalgridus.com/Services-
Rebates?filters=For%20Homeowners|Massachusetts|Natural%20Gas|Electric|Heating  
45 National Grid, Ibid. 
46 “Residential Heating, Cooling & Ventilation Rebates.” Efficiency Vermont. 
https://www.efficiencyvermont.com/rebates/list?cat=Heating%2C+Cooling+%26+Ventilation&type=Residential. 
Incentive is an instant discount available through retailers or approved contractors.  
47 Efficiency Vermont, Ibid. 
48 “Ductless Heat Pumps,” Energy Trust of Oregon, https://www.energytrust.org/incentives/ductless-heat-
pump/#tab-two. Note that an HSPF of 9.0 is equivalent to an average COP of 2.6.    
49 “Electric Water Heating.” Energy Trust of Oregon. https://www.energytrust.org/incentive-groups/water-heating-
instant-discounts/#tab-two. These incentives are “instant discounts” available at retail water heater providers.  
50 “Ductless Heat Pump Rebate.” Puget Sound Energy. 
https://pse.com/savingsandenergycenter/Rebates/Heating/Pages/Ductless-heat-pump-
rebate.aspx?WT.mc_id=1149   
51 “Heat Pump Water Heater Rebate.” Puget Sound Energy. 
https://pse.com/savingsandenergycenter/Rebates/Water-Heating/Pages/Heat-Pump-Water-Heater-Rebate.aspx   
52 “Efficient Ductless Heat Pumps,” NEEA, http://neea.org/initiatives/residential/ductless-heat-pumps  

https://www.nationalgridus.com/Services-Rebates?filters=For%20Homeowners|Massachusetts|Natural%20Gas|Electric|Heating
https://www.nationalgridus.com/Services-Rebates?filters=For%20Homeowners|Massachusetts|Natural%20Gas|Electric|Heating
https://www.efficiencyvermont.com/rebates/list?cat=Heating%2C+Cooling+%26+Ventilation&type=Residential
https://www.energytrust.org/incentives/ductless-heat-pump/#tab-two
https://www.energytrust.org/incentives/ductless-heat-pump/#tab-two
https://www.energytrust.org/incentive-groups/water-heating-instant-discounts/#tab-two
https://www.energytrust.org/incentive-groups/water-heating-instant-discounts/#tab-two
https://pse.com/savingsandenergycenter/Rebates/Heating/Pages/Ductless-heat-pump-rebate.aspx?WT.mc_id=1149
https://pse.com/savingsandenergycenter/Rebates/Heating/Pages/Ductless-heat-pump-rebate.aspx?WT.mc_id=1149
https://pse.com/savingsandenergycenter/Rebates/Water-Heating/Pages/Heat-Pump-Water-Heater-Rebate.aspx
http://neea.org/initiatives/residential/ductless-heat-pumps
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more than 68,000 ductless heat pumps in single-family or manufactured homes with electric 

heating in the areas targeted by NEEA.53  

NEEA is also implementing a comprehensive market transformation initiative for HPWHs. As part 

of this initiative, BPA, local distribution utilities, and the Energy Trust of Oregon provide financial 

incentives for HPWHs.  In 2016, NEEA developed an “Advanced Hot Water Heater Specification,” to 

ensure that HPWHs perform well in cooler climates. The specification requires that HPWHs meet 

minimum efficiency requirements at lower inlet water temperatures and lower room temperatures 

than the standard AHRI testing requires, among other requirements.54 NEEA also recommends that 

HPWHs include connectivity for demand-response capabilities, which is included in the “tier 4” 

requirements for meeting this specification. The efforts of NEEA and its partners have resulted in 

the adoption of over 30,000 HPWHs in the Pacific Northwest.55 

TVA Heat Pump Efforts 

TVA supplies power through municipal and cooperative power distributors in seven states in the 

Southeast region. For over 30 years, TVA has facilitated loans to support the adoption of heat 

pumps by residential consumers.56 Since 1997, loans have been provided through a regional bank, 

with TVA providing a repayment guarantee to the bank. This has enabled the bank to loan money at 

a relatively low interest rate (6-8 percent annual interest, with the lower interest rate offered for 

more efficient equipment). Loan repayment is made through the monthly utility bill, meaning this 

effort is considered an on-bill financing program. The maximum heat pump loan is $12,500 with up 

to a 10-year loan term. The program accepts applicants with a credit score as low as 625. 

The TVA program works closely with local utilities and HVAC contractors in the region. Since 1997, 

over $500 million has been loaned out with about 6,200 heat pumps installed per year as of 2012.57 

The default rate for the program has been relatively low, approximately three percent. The threat of 

utility service disconnection has helped to limit the default rate.      

Southwest Heat Pump Efforts 

In the Southwest, several electric utilities offer incentives for heat pumps and HPWHs as shown in 

Table 12 below. These incentives are offered directly to homeowners and are not part of a 

                                                             
53 “Northwest Ductless Heat Pump Initiative: Market Progress Evaluation Report #5, 
https://neea.org/resources/northwest-ductless-heat-pump-initiative-market-progress-evaluation-report-5   
54 “Advanced Heat Pump Water Heater Specification, Version 6.0,” Northwest Energy Efficiency Alliance (NEEA), 
May 2016, http://neea.org/advancedwaterheaterspec. For more information about NEEA’s work to advance 
HPWHs, also see http://www.swenergy.org/Data/Sites/1/media/events/regional-
workshops/2016/presentations/10-Reynolds.pdf   
55 Jeff Mitchell, Northwest Energy Efficiency Alliance, personal communication, May 18, 2018, jmitchell@neea.org.  
56 “Financing Energy Improvements on Utility Bills, Technical Appendix—Case Studies,” prepared by Lawrence 
Berkeley National Laboratory for the SEEAction Network, May 2014, 
https://www4.eere.energy.gov/seeaction/system/files/documents/publications/chapters/onbill_financing_appen
dix.pdf  
57 The program also provides loans for home weatherization, but about 95% of all loans are for heat pumps. 

https://neea.org/resources/northwest-ductless-heat-pump-initiative-market-progress-evaluation-report-5
http://neea.org/advancedwaterheaterspec
http://www.swenergy.org/Data/Sites/1/media/events/regional-workshops/2016/presentations/10-Reynolds.pdf
http://www.swenergy.org/Data/Sites/1/media/events/regional-workshops/2016/presentations/10-Reynolds.pdf
mailto:jmitchell@neea.org
https://www4.eere.energy.gov/seeaction/system/files/documents/publications/chapters/onbill_financing_appendix.pdf
https://www4.eere.energy.gov/seeaction/system/files/documents/publications/chapters/onbill_financing_appendix.pdf
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comprehensive market transformation effort. Consequently, they have had limited impact. For 

example, Xcel Energy provided incentives for only 61 HPWHs in 2016-2017, and only 71 customers 

received incentives for ductless heat pumps in 2017. For Rocky Mountain Power, the heat pump 

incentives are only available to homes with electric-resistance heating, and this has limited the 

number of participants, since most Utah homes are heated with natural gas. Salt River Project 

provided incentives for 5,500 heat pump installations in existing homes in the last two years. These 

are generally replacements of existing heat pump systems with more efficient ones, with a few 

replacements of AC systems with ducted heat pumps.   

 Table 12.  Heat Pump Incentives O ffered  by Utilities  in the Southwest  

Utility  Heat Pump Incentive  HPWH Incentive  

Xcel Energy (CO) $300 per condensing unit for mini-

split HPs; min. efficiency of 15 SEER 

(cooling), 9.0 HSPF (heating)58  

$450, no minimum 

efficiency59 

Rocky Mt. Power (UT)  Up to $1,300 for ductless heat 

pumps, min. efficiency of 16 SEER, 

9.5 HSPF; up to $750 for ducted heat 

pumps, min. efficiency of 15 SEER, 

9.0 HSPF. (both for homes with 

electric resistance heat)60 

$400 (tier 1), or $550 

(tier 2), for replacing 

electric water heater61 

Salt River Project (AZ)  Incentives of $400 to $800 for 

ducted heat pumps, min. efficiency of 

16 SEER, 8.0 HSPF62 

- 

 

Financing for heat pumps and HPWHs is being provided by several programs in Colorado, for 

example in financing programs offered by the Fort Collins and Colorado Springs municipal utilities, 

as well as in a new residential loan program offered throughout Colorado.63    

                                                             
58 “Ductless Mini-Split Heat Pumps,” Xcel Energy, 
https://www.xcelenergy.com/programs_and_rebates/residential_programs_and_rebates/heating_and_cooling/mi
ni-split_heat_pumps  
59 “Water Heater Rebates,” Xcel Energy, 
https://www.xcelenergy.com/programs_and_rebates/residential_programs_and_rebates/equipment_and_applia
nces/water_heater_rebates  
60 “Heat Pumps,” Rocky Mountain Power, http://www.homeenergysavings.net/homeowner/category/heating-and-
cooling/in/utah/heat-pumps. An HSPF of 9.5 is equivalent to an average COP of 2.8. 
61 “Heat Pump Water Heaters,” Rocky Mountain Power, 
http://www.homeenergysavings.net/homeowner/category/plumbing-and-water-heating/in/utah/heat-pump-
water-heaters?region=utah  
62 “Stay Cool with an AC Rebate,” Salt River Project, http://www.savewithsrp.com/RD/CoolCash.aspx. The 
incentives for heat pumps are to replace an existing central AC system with a ducted heat pump.  
63 See information on the Colorado RENU loan program, https://www.colorado.gov/energyoffice/colorado-renu-
loan 

https://www.xcelenergy.com/programs_and_rebates/residential_programs_and_rebates/heating_and_cooling/mini-split_heat_pumps
https://www.xcelenergy.com/programs_and_rebates/residential_programs_and_rebates/heating_and_cooling/mini-split_heat_pumps
https://www.xcelenergy.com/programs_and_rebates/residential_programs_and_rebates/equipment_and_appliances/water_heater_rebates
https://www.xcelenergy.com/programs_and_rebates/residential_programs_and_rebates/equipment_and_appliances/water_heater_rebates
http://www.homeenergysavings.net/homeowner/category/heating-and-cooling/in/utah/heat-pumps
http://www.homeenergysavings.net/homeowner/category/heating-and-cooling/in/utah/heat-pumps
http://www.homeenergysavings.net/homeowner/category/plumbing-and-water-heating/in/utah/heat-pump-water-heaters?region=utah
http://www.homeenergysavings.net/homeowner/category/plumbing-and-water-heating/in/utah/heat-pump-water-heaters?region=utah
http://www.savewithsrp.com/RD/CoolCash.aspx
https://www.colorado.gov/energyoffice/colorado-renu-loan
https://www.colorado.gov/energyoffice/colorado-renu-loan


 

     29  

 

The City of Boulder is part of the “Carbon Neutral Cities Alliance,” which is a group of six cities 

collaborating to explore ways to promote “renewable heating and cooling technologies,” including 

heat pumps.64 Boulder’s heat pump strategy is to target homes that are considering remodeling or 

expansion projects, with assistance towards installing a ductless mini-split heat pump for the 

remodeled area. Boulder is offering incentives of $400 for cold-climate ductless heat pumps and 

$250 for ENERGY STAR HPWHs65 (in addition to the incentives from Xcel Energy shown above), 

and is developing a strategy of education and outreach. 

  

VI. CONCLUSIONS AND RECOMMENDATIONS 

Beneficial Applications 

We know from previous heat pump studies that for homes with electric-resistance, fuel oil, or 

propane heating, heat pumps are often cost-effective at the time of replacing the home’s AC system 

(or replacing the AC system and heating system at the same time).  

In addition to the above applications, from our study we conclude that heat pumps can be cost-

effective for homeowners in the Southwest compared to use of gas furnaces and central AC systems, 

in some applications. Namely, heat pumps are cost-effective for new homes for all the cities, due to 

the lower initial costs that result from not having to install ducts.  Heat pumps for existing homes 

and HPWHs have energy and GHG emission benefits, but the cost-effectiveness results are mixed, 

depending on the city.  

In general, heat pumps will tend to be more cost-effective compared to gas furnaces and central AC 

in warmer climate zones (climate zone 3 or warmer, where a cold-climate heat pump is not 

required). In addition, heat pumps will not reduce annual energy costs compared to a gas furnace 

and central AC system unless the ratio of electricity to natural gas price is less than about 3.2, which 

is only true for Phoenix and Las Vegas among the cities we examined.  However, for new homes, 

eliminating natural gas service entirely (with a heat pump and HPWH and other electric appliances) 

also eliminates the fixed natural gas monthly charges, which can be significant. 

New Homes 

¶ For new homes, ductless HPs are cost effective in all areas of the Southwest because of 

lower installed costs, and also (with the exception of Denver) lower annual energy costs. 

¶ Ductless heat pumps may also be cost effective for new additions to existing homes, for the 

same reasons (including avoiding the cost of new ductwork). 

                                                             
64 The other 5 cities are New York, Boston, San Francisco, Washington DC, and Burlington, VT.  
65 “City of Boulder Residential Rebates,” City of Boulder, http://www.energysmartyes.com/wp-
content/uploads/2018/04/City-of-Boulder-Rebate_Eligible-Measures-Q2_-2018.pdf  

http://www.energysmartyes.com/wp-content/uploads/2018/04/City-of-Boulder-Rebate_Eligible-Measures-Q2_-2018.pdf
http://www.energysmartyes.com/wp-content/uploads/2018/04/City-of-Boulder-Rebate_Eligible-Measures-Q2_-2018.pdf


 

     30  

 

¶ Ductless HPs reduce primary energy consumption in new homes by an average of 31 

percent, and reduce GHG emissions by 19 to46 percent depending on the utility’s GHG 

emission factor, compared to a gas furnace and central AC. 

¶ The energy savings and GHG reductions are more significant for new homes than for 

existing homes because ENERGY STAR or cold-climate rated ductless HPs are more efficient 

than ducted heat pumps. 

Existing Homes/Retrofit Scenarios  

¶ For existing homes, heat pumps are cost effective in Phoenix, at the time of replacement of 

the existing AC system or gas furnace.  

¶ Heat pumps are not cost effective in the retrofit scenarios in Denver, Salt Lake City, Reno, or 

Las Vegas, due to slightly higher initial costs and/or higher annual heating costs.  

¶ Heat pumps reduce primary energy consumption in the retrofit scenarios by an average of 

13 percent across the five cities, and reduce GHG emissions by 2 percent (Salt Lake City) to 

35 percent (Reno).  

¶ If the existing gas furnace is in good condition, using it for backup to the heat pump system 

can be a reasonable strategy for the colder-climate cities (Denver, Salt Lake City, and Reno). 

¶ All these conclusions are for an “average” home in these cities, and of course the actual 

heating and cooling loads, installation costs, and other factors can vary significantly among 

homes. 

Heat Pump Water Heaters  

¶ HPWHs are cost effective compared to natural gas water heaters in Phoenix. HPWHs reduce 

annual energy costs in Salt Lake City and Las Vegas, but are not cost-effective in these cities, 

and are also not cost-effective in Denver or Reno.  

¶ ENERGY STAR HPWHs heaters significantly reduce primary energy consumption (by about 

52 percent) and GHG emissions (by 38 to 66 percent) compared to ENERGY STAR natural 

gas water heaters.  

¶ New homes with both ductless heat pumps and HPWHs may eliminate the need for natural 

gas service to the home, which further improves the overall cost-effectiveness. 

Policy Recommendations  

In the Southwest region, we recommend that state policy-makers, utilities, and local governments 

work together in the four main areas highlighted below.  

Incentives and Financing 

SWEEP recommends that electric utilities develop, and where necessary regulators approve, more 

incentives for heat pumps and HPWHs in the following areas and applications: 

¶ Incentives for heat pumps for homes currently using electric-resistance heating. For colder 

climates, the incentives should specify the NEEP cold-climate heat pump specification. 
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¶ Incentives for ENERGY STAR-rated ductless heat pumps for new construction (new homes 

or new additions). 

¶ Incentives for ENERGY STAR-rated HPWHs in any home based on the significant energy and 

GHG emissions benefits. For HPWHs installed in non-heated spaces in cooler climates, we 

recommend requiring the NEEA Tier 4 HPWH specification, which ensures the HPWHs 

would maintain high energy-efficiency with colder inlet water temperatures or room air 

temperatures (if located in an unheated space). The Tier 4 specification also includes 

demand-response (DR) capabilities, which would provide utilities with additional load 

management benefits. 

For existing homes, we recommend that electric utilities be allowed to promote and offer incentives 

to consumers who are willing to replace a gas furnace (or propane or fuel oil heating system) with a 

heat pump, as long as doing so provides energy savings and GHG emissions benefits. Our analysis 

shows that this is the case in all five cities studied in the Southwest. However, we suggest that 

utilities focus these incentives on the more cost-effective retrofit options, namely homes with 

electric-resistance or propane heating, or homes with gas furnaces in Phoenix and Las Vegas. Our 

analysis suggests that the necessary incentive may be too great for utilities to promote conversion 

to ASHPs in existing homes in Denver and Reno, at least at this time. For combined electric and 

natural gas utilities (such Xcel Energy in Colorado), providing both fuels should facilitate a 

willingness to provide these incentives as well as regulatory approval. For other utilities that only 

supply electricity, regulatory approval may be more difficult due to potential opposition from the 

local gas utility.  

Regarding financing, we recommend that energy efficiency loan programs in the region include 

ENERGY STAR heat pumps and HPWHs as eligible measures, based on the overall energy savings 

and GHG emissions reduction potential of these technologies. 

Electric Rates 

A number of utilities in the Southwest employ inverted block rates (IBRs) for residential customers, 

under which the variable electricity price (price per kWh) increases in tiers as electricity use 

increases. IBRs are a disincentive to heat pump and HPWH adoption because the incremental 

electricity use is likely to be in the highest, most-costly consumption tier. 

To overcome this barrier, electric utilities should offer a time-of-use (TOU) rate option for 

residential customers, if this type of rate is not already available. TOU rates can contribute to 

improving the cost-effectiveness of heat pumps and HPWHs. Heat pumps would be used in the 

winter months, when rates would be lower. And HPWHs can be programmed to operate outside of 

the on-peak, high-rate times, during all months. (See Appendix C for further discussion of the 

potential benefits of TOU rates.)  

Education 

In addition to higher initial costs, heat pumps face challenges including lack of awareness on the 

part of home owners and some HVAC contractors, especially with respect to newer technologies 

such as ductless HPs, cold-climate HPs, and HPWHs. To overcome this barrier, utilities, states, and 
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local governments in the Southwest should consider the following activities either individually or in 

partnership:  

¶ Promote best practices in air-source HP installation, as well as the cold-climate 

specifications and product lists for both heat pumps and HPWHs. 

¶ Increase consumer awareness of the benefits of heat pumps, through developing case 

studies of successful applications and other educational materials. 

¶ Increase confidence of heat pump performance and benefits among HVAC equipment 

installers and home builders, through expanded training and education.  

¶ Promote awareness and training in advanced control technologies to allow automated 

coordination among multiple heating systems (when backup heating systems are employed 

along with heat pumps). 

Regional Market Transformation 

The successful heat pump and HPWH initiatives in the Pacific Northwest and Northeast employ a 

comprehensive market transformation approach. This approach includes upstream incentives to 

increase availability of qualifying products in the marketplace and, in some cases, financial 

incentives for consumers as well. They also involve consumer education; training and education to 

create an engaged network of contractors and installers; and collaboration with equipment 

manufacturers to reduce upfront costs. The overall effort is planned and coordinated at the regional 

level by NEEA in the Northwest and NEEP in the Northeast.  

We recommend establishing a similar heat pump market transformation initiative in the Southwest, 

targeting new homes, HPWHs, and the more cost-effective retrofit options. Utilities can and should 

play a key role in this initiative, but experience in the Northwest and Northeast shows that a more 

comprehensive effort is needed to move the marketplace in a substantial way. The regional market 

transformation initiative should include interested state and local governments, trade groups, and 

equipment manufacturers. A Southwest heat pump initiative, if established, should also seek to 

collaborate with NEEA and NEEP in order to learn from their experience promoting heat pumps and 

HPWHs, and to facilitate a larger market impact.    
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VII. APPENDICES 

Appendix A - Detailed Results 

Heat Pump Study Summary 
City Installed 

Cost 
(present 
value) 

NPV of 
Energy 
Costs - 
Heating 

NPV of 
Energy 
Costs - 
Cooling 

NPV of 
Total 

Energy 
Costs 

Total 
NPV of 
Costs 

Lifetime 
Energy 

Consump-
tion - 

Heating 
(MMBtu) 

Lifetime 
Energy 

Consump-
tion - 

Cooling 
(kWh) 

Total 
Lifetime 
Energy 

Consumption 
(MMBtu) 
(source 
energy) 

Total Nat 
Gas 

Consump-
tion 

(MMBtu) 

Total 
Electricity 
Consump-
tion (kWh) 

Total 
Lifetime 

GHG 
Emissions 
(lb CO2e) 

Denver  

Existing House   

Ducted heat pump $8,700  $9,688 $1,334 $11,022 $19,722 1208 20,744 1374 0 171,417 162,024 

Retrofit a $7,844  $5,245 $1,567 $6,813 $14,657 1424 23,432 1612 1424 23,432 194,347 

Retrofit b $8,291  $5,673 $1,306 $6,978 $15,269 1513 20,307 1676 1513 20,307 202,156 

New Construction   

Mini-split heat pump $10,440  $6,668 $840 $7,508 $17,948 831 13,061 936 0 116,770 110,371 

Separate AC and gas 
furnace 

$13,240  $6,495 $1,110 $7,605 $20,845 1211 17,261 1349 1211 17,261 162,685 

Salt Lake City 
Existing House   

Ducted heat pump $8,200  $9,298 $2,358 $11,656 $19,856 1,059 33,487 1327 0 165,538 201,112 

Retrofit a $7,694  $7,704 $2,771 $10,475 $18,169 1,296 37,825 1599 1,296 37,825 202,655 

Retrofit b $8,179  $8,331 $2,308 $10,640 $18,819 1,377 32,782 1640 1,377 32,782 206,322 

New Construction   

Mini-split heat pump $9,840  $6,400 $1,485 $7,885 $17,725 729 21,083 898 0 111,975 136,038 

Separate AC and gas 
furnace 

$13,090  $7,453 $1,962 $9,415 $22,505 1102 27,865 1325 1,102 27,865 167,049 
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Reno 
Existing House   

Ducted heat pump $8,200 $7,275 $1,559 $8,834 $17,034 968 25,930 1176 0 146,952 107,568 

Retrofit a $7,694 $4,447 $1,832 $6,279 $13,973 1,168 29,289 1402 1,168 29,289 162,643 

Retrofit b $8,179 $4,809 $1,526 $6,335 $14,514 1,228 25,384 1431 1,228 25,384 167,088 

New Construction   

Mini-split heat pump $9,840 $5,007 $981 $5,989 $15,829 666 16,326 797 0 99,626 72,925 

Separate AC and gas 
furnace 

$13,090 $5,711 $1,297 $7,008 $20,098 993 21,577 1165 993 21,577 135,817 

Las Vegas 
Existing House   

Ducted heat pump  $8,200  $3,721 $4,692 $8,413 $16,613 408 64,307 922 0 115,301 84,399 

Retrofit a $8,290  $2,369 $5,336 $7,705 $15,996 488 70,295 1051 488 70,295 110,479 

Retrofit b $9,067  $2,562 $4,001 $6,563 $15,630 519 60,922 1006 519 60,922 107,308 

New Construction   

Mini-split heat pump  $9,840  $2,276 $2,859 $5,135 $14,975 250 39,182 563 0 70,381 51,518 

Separate AC and gas 
furnace 

$13,940  $3,512 $3,778 $7,290 $21,230 415 51,784 829 415 51,784 88,076 

Phoenix  
Existing House  

Ducted heat pump  $9,200 $2,092 $7,489 $9,582 $18,782 213 91,867 975 0 117,529 80,507 

Retrofit a $9,337 $2,210 $8,517 $10,727 $20,063 257 100,421 1090 257 100,421 99,854 

Retrofit b $10,291 $2,389 $7,095 $9,485 $19,776 273 78,328 923 273 78,328 86,662 

New Construction   

Mini-split heat pump  $11,040 $1,280 $4,563 $5,843 $16,883 130 55,974 579 0 71,674 49,097 

Separate AC and gas 
furnace 

$14,940 $3,369 $6,031 $9,400 $24,340 218 73,977 811 218 73,977 77,080 

 

Note: Retrofit a) and retrofit b) are explained below, in the next section. 
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Appendix B - Detailed Methodology 

Details of Retrofit Scenarios 

Here are the two retrofit scenarios in more detail:  

a) Gas furnace requires replacement. The home’s gas furnace is at the end of its useful life, and 

we assume the AC system would last for about 6 more years. For this case we compared:  

¶ Replacing the furnace and AC system with an ENERGY STAR ducted heat pump 

system, vs.  

¶ Replacing the existing (standard) gas furnace with an ENERGY STAR gas furnace  now, 

and replacing the existing (standard) AC system after 6 years with an ENERGY STAR AC 

system.  

b) AC system requires replacement. The home’s AC system is at the end of its useful life, and 

we assume the gas furnace would last for about 6 more years. In this case we compared:  

¶ Replacing the furnace and AC system with an ENERGY STAR ducted heat pump 

system, vs.  

¶ Replacing the existing (standard) AC system now with an ENERGY STAR AC system, 

and replacing the existing (standard) gas furnace after 6 years with an ENERGY STAR 

gas furnace .  

Energy Prices 

For each city, based on the retail natural gas and electricity rates for the relevant gas or electricity 

utilities, we found the variable part of the price. These are shown in Table B-1 below, along with the 

calculated levelized prices over the 18-year heat pump life.   

  



 

     36  

 

 Table B-1.  Energy Prices  
City 2018 Fixed  

Residential 

Natural Gas 

Charges 

($/month)  

Variable Part 

of 2018 

Residential 

Natural Gas 

Rate 

($/MMBtu) 66 

Levelized 

Variable P art of 

Natural Gas 

Rate 

($/MMBtu) 67 

Variable P art 

of 2018 

Residential 

Electricity 

Rate ($/kWh)  

Levelized 

Variable P art 

of Electricity 

Rate 

($/kWh) 68 

Denver  $14.8269 $4.75 $5.23 $0.08570 $0.105 

Salt Lake City $6.7571 $7.99  $8.79 $0.11672 $0.124 

Reno $14.0073 $9.54 $10.50 $0.09174 $0.098 

Las Vegas $10.8075 $6.30 $6.93 $0.11176 $0.119 

Phoenix  $10.7077 $11.84 $13.03 $0.12478 $0.133 

 

                                                             
66 For the variable gas rates, we used the same source/reference as for the fixed natural gas charges, for each 
respective utility. 
67 These are the levelized prices over the 18- year period, 2017-2035, using a price escalation rate of 0.82% per 
year for natural gas, and real discount rate (taking inflation into account) of 5%. Energy price escalation for 
Southwest region from EIA, “Annual Energy Outlook 2018.” Table 3.8, 
https://www.eia.gov/outlooks/aeo/tables_ref.php.  
68 EIA, Ibid, with an electricity price escalation rate of 0.49% per year. 
69 Xcel residential gas rates. https://www.xcelenergy.com/staticfiles/xe/PDF/Regulatory/CO-Rates-&-Regulations-
Entire-Natural-Gas-Tariff-Book.pdf, and https://www.xcelenergy.com/staticfiles/xe/PDF/Regulatory/CO-Rates-&-

Regulations-GCA.pdf. 
70 From Xcel Energy’s electricity rate book. https://www.xcelenergy.com/staticfiles/xe/PDF/Regulatory/CO-Rates-
&-Regulations-Entire-Electric-Book.pdf, p. 30. 
71 “Dominion Energy Utah Tariff.” Dominion Energy, 
https://www.dominionenergy.com/library/domcom/media/home-and-small-business/gas-rates-
and%20tariffs/utah-tariff.pdf?la=en  
72 Rocky Mountain Power’s Residential rate. 
https://www.rockymountainpower.net/content/dam/rocky_mountain_power/doc/About_Us/Rates_and_Regulati
on/Utah/Approved_Tariffs/Rate_Schedules/Residential_Service.pdf  
73 NV Energy residential gas rate for northern Nevada. https://www.nvenergy.com/account-services/energy-
pricing-plans/gas  
74 NV Energy rates for northern Nevada. 
https://www.nvenergy.com/publish/content/dam/nvenergy/brochures_arch/about-nvenergy/rates-
regulatory/np_res_rate.pdf  
75 Southwest Gas residential gas rate for Southern Nevada. https://www.swgas.com/1409184585729/10-11A-
Statement-of-Rates-SNV-Effective-040118.pdf.  
76 NV Energy rates for Southern Nevada. 
https://www.nvenergy.com/publish/content/dam/nvenergy/brochures_arch/about-nvenergy/rates-
regulatory/np_res_rate.pdf  
77 Southwest Gas residential gas rate for Arizona. https://www.swgas.com/1409184757234/Statement-of-Rates-
AZ-2018-05-01_MGC-GCBA-LI-SHR.pdf.  
78 Arizona Public Service residential rates, “Premier Choice.” 
https://www.aps.com/library/rates/PremierChoice.pdf.  

https://www.eia.gov/outlooks/aeo/tables_ref.php
https://www.xcelenergy.com/staticfiles/xe/PDF/Regulatory/CO-Rates-&-Regulations-Entire-Natural-Gas-Tariff-Book.pdf
https://www.xcelenergy.com/staticfiles/xe/PDF/Regulatory/CO-Rates-&-Regulations-Entire-Natural-Gas-Tariff-Book.pdf
https://www.xcelenergy.com/staticfiles/xe/PDF/Regulatory/CO-Rates-&-Regulations-GCA.pdf
https://www.xcelenergy.com/staticfiles/xe/PDF/Regulatory/CO-Rates-&-Regulations-GCA.pdf
https://www.xcelenergy.com/staticfiles/xe/PDF/Regulatory/CO-Rates-&-Regulations-Entire-Electric-Book.pdf
https://www.xcelenergy.com/staticfiles/xe/PDF/Regulatory/CO-Rates-&-Regulations-Entire-Electric-Book.pdf
https://www.dominionenergy.com/library/domcom/media/home-and-small-business/gas-rates-and%20tariffs/utah-tariff.pdf?la=en
https://www.dominionenergy.com/library/domcom/media/home-and-small-business/gas-rates-and%20tariffs/utah-tariff.pdf?la=en
https://www.rockymountainpower.net/content/dam/rocky_mountain_power/doc/About_Us/Rates_and_Regulation/Utah/Approved_Tariffs/Rate_Schedules/Residential_Service.pdf
https://www.rockymountainpower.net/content/dam/rocky_mountain_power/doc/About_Us/Rates_and_Regulation/Utah/Approved_Tariffs/Rate_Schedules/Residential_Service.pdf
https://www.nvenergy.com/account-services/energy-pricing-plans/gas
https://www.nvenergy.com/account-services/energy-pricing-plans/gas
https://www.nvenergy.com/publish/content/dam/nvenergy/brochures_arch/about-nvenergy/rates-regulatory/np_res_rate.pdf
https://www.nvenergy.com/publish/content/dam/nvenergy/brochures_arch/about-nvenergy/rates-regulatory/np_res_rate.pdf
https://www.swgas.com/1409184585729/10-11A-Statement-of-Rates-SNV-Effective-040118.pdf
https://www.swgas.com/1409184585729/10-11A-Statement-of-Rates-SNV-Effective-040118.pdf
https://www.nvenergy.com/publish/content/dam/nvenergy/brochures_arch/about-nvenergy/rates-regulatory/np_res_rate.pdf
https://www.nvenergy.com/publish/content/dam/nvenergy/brochures_arch/about-nvenergy/rates-regulatory/np_res_rate.pdf
https://www.swgas.com/1409184757234/Statement-of-Rates-AZ-2018-05-01_MGC-GCBA-LI-SHR.pdf
https://www.swgas.com/1409184757234/Statement-of-Rates-AZ-2018-05-01_MGC-GCBA-LI-SHR.pdf
https://www.aps.com/library/rates/PremierChoice.pdf
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Equipment Energy Efficiency Ratings/Performance  

We assume the new (and existing) equipment has the efficiencies shown in Table B-2 below. Heat 

pump performance, in terms of overall efficiency, varies with external air temperatures. We used 

performance data for cold climate ductless heat pumps tested in the Northeast, using weather data 

for the cities studied in the Southwest.   

We assumed that ducted cold-climate -rated heat pumps will perform about 90% as efficiently as 

ductless, and for ducted ENERGY STAR heat pumps – 80% as efficiently as ductless (see footnote 

85). As we stated above, we are assuming the ducts are well-sealed and are located in conditioned 

space or insulated crawl space.  In addition we assumed duct losses of 10 percent for all of the 

ducted systems (including ducted heat pumps in existing homes, and all gas furnaces and AC 

systems).   
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 Table B-2. Equipment Energy Efficiency  and Performance  
Equipment  Heating performance  Cooling performance 79 

Ductless heat pump (new 

construction)  

Overall COP ranging from 

2.87(Denver) - 3.42 (Phoenix) 

depending on the climate; based on 

performance curve from Cadmus 

study of cold-climate mini-split 

heat pump systems.80 

22.6 SEER 

Ducted heat pump (retrofit 

scenarios)  

Overall COP ranging from 2.58 

(Denver) - 2.74 (Phoenix)81  

18.6 SEER for cold climate-rated; 

18 SEER for Energy Star-rated 

Existing gas furnace for retrofit 

scenarios  

80% AFUE - 

Existing AC system for retrofit 

scenario s 

- 13 SEER 

Energy Star gas furnace 

(retrofit and new construction)  

95% AFUE82 - 

Energy Star central AC (retrofit 

and new construction)  

- 19.0 SEER83 

Heat pump water heater  3.48 UEF; 3.38 for colder climates84  - 

Gas storage water heater  0.68 UEF85 - 

                                                             
79 For both heat pumps and central AC systems, 15 SEER is the minimum to achieve the Energy Star rating. We 
used the CEE product listing to sort by Energy Star-rated products. For ductless heat pumps: 
http://www.ceedirectory.org/site/1/Home, and for ducted heat pumps, 
http://www.ceedirectory.org/site/1/Home. And we used the NEEP cold-climate product directory to find average 
cooling performances of cold-climate heat pumps, both ducted and ductless, 
http://www.neep.org/initiatives/high-efficiency-products/emerging-technologies/ashp/cold-climate-air-source-
heat-pump. 
80 We took the performance curve from a 2016 Cadmus study for MA and RI states: Cadmus, “Ductless Mini-Split 
Heat Pump Impact Evaluation.” December 2016), and applied it to the specific annual hourly temperature data 
from NREL, “National Solar Radiation Data Base: Typical Meteorological Year 3, 1991- 2005 Update,” to adjust for 
each city. The resulting overall COP varied from 2.87 for Denver to 3.42 for Phoenix. For Phoenix and Las Vegas, we 
assumed the same performance for ENERGY STAR-rated ductless heat pumps as for cold-climate, based on average 
equipment ratings from CEE product listings.  
81 For ducted heat pump systems, we adjusted the performance of the ductless heat pumps from the Cadmus 
study by multiplying the ductless COP by 0.9 for cold-climate and by 0.8 for ENERGY STAR. The ratio of the average 
cold-climate ducted heat pump COP to cold-climate ductless heat pump COP is 95%, so to be slightly more 
conservative we used 90% (which applies to Denver, Salt Lake City, and Reno). For ENERGY-STAR heat pumps, the 
ratio of average COP for ducted vs. ductless is about 83%, so we used 80% (applies to Las Vegas and Phoenix). 
82 95% AFUE is the minimum efficiency to achieve the ENERGY STAR rating, and is also the average rated 
performance of Energy Star-rated furnaces. 
83 This is based on the average of all ENERGY STAR-rated central AC systems in the CEE product listing. 
84 The Uniform energy factors (UEF) for the heat pump water heaters (HPWHs) are the averages for Energy-Star 
rated AO Smith, Rheem, and Bradford-White heat pump water heaters, which control most of the market, from 
the AHRI database. We adjusted the average UEF’s for HPWHs for Colorado, Salt Lake City, and Reno to take into 
account slightly lower performance at colder temperatures (assuming the HPWHs may be in unconditioned space), 
and using average performance data from the NEEA product listing for its cold-climate HPWH specification. 
85 This is the average rating for ENERGY STAR gas water heaters, from the AHRI database. 

http://www.ceedirectory.org/site/1/Home
http://www.ceedirectory.org/site/1/Home
http://www.neep.org/initiatives/high-efficiency-products/emerging-technologies/ashp/cold-climate-air-source-heat-pump
http://www.neep.org/initiatives/high-efficiency-products/emerging-technologies/ashp/cold-climate-air-source-heat-pump
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For the heat pump water heater analysis, we used certified efficiency ratings of the manufacturers, 

and assumed a slight difference for colder climates, assuming the HPWHs may be located in 

unconditioned space such as a garage.  (If the HPWH is located in a conditioned basement, this 

would slightly increase the home’s heating needs, which we did not take into account.) 

Equipment Costs 

An important part of the cost-effectiveness analysis for heat pumps and HPWHs is the estimates of 

installed cost of the equipment. Our assumptions and sources are provided below. 

 Table B-3.  Equipment Costs 

City Central AC 

Equipment 

Cost (Energy 

Star)86 

AC total 

Installed 

Cost87 

Gas Furnace 

Installed 

Cost (95% 

AFUE)88 

Ducted 

ASHP 

Installed 

Cost89 

New 

Construction 

Total ɀ AC and 

Gas Furnace90 

Ductless 

HP 

Installed 

Cost91 

Denver  $4,200 $5,500 $3,740 $8,700 $13,240 $10,440 

Salt Lake 

City 

$4,200 $5,500 $3,590 $8,700 $14,940 $10,440 

Reno $4,200 $5,500 $3,590 $8,200 $13,090 $9,840 

Las Vegas $5,200 $6,500 $3,440 $8,200 $13,090 $9,840 

Phoenix $6,200 $7,500 $3,440 $9,200 $13,940 $11,040 

 

  

                                                             
86 These are estimates from Jesse Pridmore, Sales Director, Comfort Air Distributing, Denver. The AC equipment 
costs include a $1,200 incremental cost for Energy Star compared to a standard AC system. For Denver, SLC, and 
Reno, we assume a 3- ton system; for Las Vegas, a 4-ton, and for Phoenix, a 5-ton system. Each additional ton of 
capacity adds $1,000 to the equipment cost, according to Rich Morgan, Magic Touch, Phoenix.   
87 These assume a $1,300 installation cost for the AC system, which does not change depending on size of system, 
according to Jesse Pridmore. 
88 These are from Jesse Pridmore, Comfort Air Distributing. Note that the installed cost only decreases slightly (in 
$250 increments) with a smaller furnace size, from the size and cost for Denver. 
89 Based on estimates from both the Denver and Phoenix HVAC contractors (Jesse Pridmore and Rich Morgan), and 
also by double-checking several brands of ducted heat pumps, that the incremental cost for the ENERGY STAR 
ducted heat pump vs. the AC system is $1,700 for Las Vegas and Phoenix (where a cold-climate heat pump is not 
needed); and $2,700 for Denver, SLC, and Reno for cold-climate heat pump vs. AC system. In addition, for Denver 
we add an additional $500 because we need a 3.5- ton heat pump (rather than 3 tons) to achieve the needed 
heating capacity at Denver’s design temperature of 5 degrees F.  
90 This is the sum of installation costs for the gas furnace and central AC system, plus $4,000 for ductwork. The 
ductwork cost estimate is from Home Advisor, https://www.homeadvisor.com/cost/heating-and-cooling/install-
ducts-and-vents/   
91 For the cost of the ductless heat pump, we assumed the cost of the equivalent size ducted HP system, plus 20%. 
This is based on data from NYSERDA on installation costs for ducted and ductless HPs, and rounding up to 120% to 
be more conservative. Here is the NYSERDA report: “Renewable Heating and Cooling Policy Framework: Options to 
Advance Industry Growth and Markets in New York,” February 2017. (See Appendix for installed costs.) 

https://www.homeadvisor.com/cost/heating-and-cooling/install-ducts-and-vents/
https://www.homeadvisor.com/cost/heating-and-cooling/install-ducts-and-vents/
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 Table B-4.  Hot Water Heater Installed C osts 

Water Heater Type Equipment Cost 92 Installation Cost 93 Total Installed C ost 

Energy Star HPWH ɀ 

50 Gal. Storage  

$1,200 $1,100 $2,300 

Energy Star Natural 

Gas - 50 Gal. Storage  

$840 $800 $1,640 

 

Climate Conditions of the Five Southwest Cities  

The relative amounts of heating and cooling energy required for each city is shown in the table 

below, along with the design heating temperatures. 

 Table A-5.  Climate and Baseline Energy Consumption  

City Heating 

Degree-

Days94 

Baseline 

Heating 

Consumption 
(MMBtu/yr) 95 

Design Temp for 

Heating 

(degrees F) 

Cooling 

Degree-days 

Baseline 

Cooling 

Consumption 
(kWh/yr)96 

Denver  5,317 78.3 5 412 1,400 

Salt Lake 

City 

4,819 71.3 14 1,116 2,260 

Reno 4,354 64.2 17 713 1,750 

Las Vegas 1,387 26.8 33 2,960 4,200 

Phoenix  635 14.1 40 3,796 6,000 

 

GHG Emission Factors and Heat Rates 

There are two options for choosing electricity emission factors to analyze the potential benefits of 

heat pumps vs. alternative heating systems (gas furnaces in this case). The first is the “annual 

                                                             
92 Retail costs for equipment from Home Depot in Denver, https://www.homedepot.com/b/Plumbing-Water-
Heaters/N-5yc1vZbqly. 
93 Installation costs are from Jesse Pridmore, Comfort Air, who estimated about $300 greater installation cost for 
the HPWH than for the gas water heater. 
94 Heating and cooling degree-days, using 70 F as balance point for cooling and 65 for heating, from 
http://www.weatherdatadepot.com/?gclid=EAIaIQobChMIvKTvvcq_2AIVDcZkCh1lDg6jEAAYAyAAEgIkUfD_BwE. 
The values shown for each city are averages for 2016 and 2017. 
95 These are based on the values obtained from Southwest Gas for Phoenix, and Dominion Gas for Salt Lake City. 
For the other cities we estimated the relative consumption based on ratios of heating degree-days for the 
respective cities.   
96 These are based on the values obtained from Xcel Energy for Denver (adjusted downward slightly), and APS for 
Phoenix (adjusted upward slightly). For the other cities we estimated the relative consumption based on ratios of 
cooling degree-days for the respective cities.   

https://www.homedepot.com/b/Plumbing-Water-Heaters/N-5yc1vZbqly
https://www.homedepot.com/b/Plumbing-Water-Heaters/N-5yc1vZbqly
http://www.weatherdatadepot.com/?gclid=EAIaIQobChMIvKTvvcq_2AIVDcZkCh1lDg6jEAAYAyAAEgIkUfD_BwE
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average” emission factors, for a given state or electric utility service area. This factor, as the name 

implies, is the average of all the emissions from the state or utility’s generation resources, per 

kilowatt-hour of electricity generated, over a given calendar year.  Using this type of emission factor 

assumes that heat pumps (or HPWHs) consume a mix of electricity from all of these generation 

resources over the course of the year. Generally, using this type of emission factor is appropriate for 

answering the question, “what are the emissions from heat pumps as a technology?” The data then 

allow us to compare GHG emissions from heat pumps with GHG emissions from gas furnaces.  

The second choice is to use “marginal” emission factors, which means the emission factors associated 

with generating resources that are “on the margin”– in  other words those used to ramp up and down 

to meet a utility’s changing load conditions. Using marginal emission factors would answer the 

question for policy-makers, “If we develop policies and programs to promote heat pumps, which 

results in a significant number of new heat pumps being added, what would be the net effect on the 

utility’s mix of generating resources and GHG emissions?” In other words, using this type of emission 

factor helps answer the question, “what are the emissions benefits of new policies/programs to 

encourage more heat pumps?ȱ This involves estimating which existing generating resources would 

most likely ramp up during the winter months to meet the increased load, and estimating what new 

generating resources may need to be added. 97  

Annual average emission factors. In our case, it makes sense to start with the annual average 

emission factors to see the benefits of heat pumps vs. gas furnaces. We start with the annual 

average emission factors for 2017 for the respective utilities for the five cities, as shown in the 

second column in table B-5 below. Then, taking into account projected retirements of coal plants 

and new generation resources planned for the next 18 years, we estimated the average emission 

factor for each utility over the 18-year period shown. For example, Xcel Energy has plans to retire 

47 percent of its 2016 coal generation capacity by 2020, and will replace this generation with 

mostly new renewable resources (wind and solar) and some natural gas combined cycle 

generation. These “projected average emission factors” in the third column in Table B-5 are the 

emission factors we used when calculating the results provided above (see Table 7).   

  

                                                             
97 Michael Gillenwater, Executive Director and Dean, GHG Management Institute, personal communication, April 
12, 2018, michael.gillenwater@ghginstitute.org  

mailto:michael.gillenwater@ghginstitute.org
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 Table B-5.  Projected Annual Average GHG Emission Factors  
City/utility  2017 Annual Average 

Emission Factor  
(lb CO2/MWh)  

Projected Average Emission 

Factor for 2018 -2036  
(lb CO2/MWh) 98 

Denver/Xcel Energy  1,450 945 

Salt Lake City/Rocky Mt.  Power  1,452 1,215 

Reno/NV Energy  948 732 

Las Vegas/NV Energy 948 732 

Phoenix/Arizona Public Service  813 685 

 

Marginal emission factors. To compare the possible benefits of heat pumps, we also considered the 

marginal emission factors.  These are more difficult to estimate, so there is more uncertainty in the 

final values. As mentioned above, using these emission factors would help estimate the benefits of 

adopting new policies and programs to promote heat pumps, assuming these policies would be 

successful and result in a significant increase in the rate of residential heat pump installations.    

To estimate the marginal emission factors, we started with EPA’s eGRID state “non-baseload” 

emission factors. The non-baseload emission factors approximate the existing marginal emission 

factor for a given state. We modified these by taking into account the planned coal retirements 

(from the respective utilities). We did this by comparing the eGrid non-baseload emission factors 

for all resources to the non-baseload emission factors for gas-only, and by then using the 

percentage of planned coal retirements to find a reasonable average non-baseload emission factor 

for the next 18-year period.  

In addition, when adding new electricity consumption (by encouraging more heat pumps in this 

case), the marginal emission factor should include a blend of existing marginal resources and new 

generation resources, somewhere between 50 percent existing and 50 percent new generation, and 

up to 100 percent existing and 0 percent new. If the new load being added is small, then the blend 

should emphasize a greater percentage of existing marginal generation, and smaller percentage of 

new generation.99 For Colorado and Utah, we assumed 80 percent existing resources and 20 

percent new generation. For the new generation we assumed 80 percent renewables and 20 

percent natural gas combined cycle, based on the integrated resource plans for Xcel Energy and 

Rocky Mountain Power. For Nevada and Arizona, because there is a much larger difference between 

summer and winter peak loads, we assumed 100 percent existing marginal resources and 0 percent 

new. Our estimates of the marginal emission factors are shown in Table B-6. 

                                                             
98 The GHG emission factors shown here are the projected average emission factors for the respective utilities over 
the 18-yr period shown, provided by Stacy Tellinghuisen, Senior Climate Policy Analyst, Western Resource 
Advocates, stacy@westernresources.org. These take into account planned coal retirements and planned additions 
of new renewable and natural gas generation. The projections for NV Energy include the “preferred option” in NV 
Energy’s most recent Integrated Resource Plan (IRP), which includes ambitious plans for new renewables. 
99 Michael Gillenwater, Executive Director & Dean, GHG Management Institute, personal communication, April 13, 
2018, michael.gillenwater@ghginstitute.org; Derik Broekhoff, Senior Scientist, Stockholm Environment Institute – 
US Center, personal communication, April 13, 2018, derik.broekhoff@sei.org  

mailto:stacy@westernresources.org
mailto:michael.gillenwater@ghginstitute.org
mailto:derik.broekhoff@sei.org
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 Table B-6.  Marginal GHG Emission Factors  

City eGRID 

2016 State 

Non-

Baseload 

Emission 

Factor   
(lb . CO2/MWh)  

eGRID 2016 

State Non-

Baseload 

Emission 

Factor   

- Gas Only  
(lb . CO2/MWh)  

Estimated Avg 

Marginal 

Emission 

Factor  For 

Existing 

Resources 

(2018 -2036)  
(lb . CO2/M Wh) 100 

Assumed % 

New Resources 

vs. Existing 

Marginal; 

Emission 

Factor  for New 

Generation  
(lb .CO2/MWh)  

Calculated 

Marginal   GHG 

Emission 

Factor  

Including N ew 

Generation 

(2018 -2036)  
(lb ./MWh)  

Denver (CO) 1,681 998 1,340 20% 154 1,102 

Salt Lake 

City (UT)  

1,611 905 1,376 20% 154 1,180101 

Reno and 

Las Vegas 

(NV) 

1,048 862 955 0% 955 

Phoenix 

(AZ) 

1,401 898 1,150 0% 1,150 

Table B-7 provides a comparison of the two types of emission factors, along with their 

respective benefits for heat pumps compared to gas furnaces in new homes. The annual 

average CO2 emission factors are lower than the marginal emission factors (for all states 

except Utah), resulting in much greater estimated GHG emissions benefits for heat pumps. 

However, it is helpful to see that even using the marginal emission factors, there would be 

significant GHG emissions benefits for heat pumps in new homes, indicating that a 

potential comprehensive set of policies and programs to promote heat pumps and HPWHs 

would have GHG emissions benefits. 

 

  

                                                             
100 This value for existing marginal resources is based on combining the first two values in the table for each 
utility/city, based on the projected coal retirements, which were obtained with help from Stacy Tellinghuisen, 
Western Resource Advocates. 
101 For Utah we used the average of the calculated marginal emission factor (1,130 lb CO2/MWh) and the projected 
annual average emission factor (1,215 lb CO2/MWh, from Table B-5) because the marginal emission factor should 
not be less than the annual average emission factor. Utah is the only state for which the current annual average 
emission factor is greater than the marginal emission factor, based on 2016 eGRID data (comparing the state non-
baseload and state annual average emission factors). In addition, we have more confidence in the accuracy of the 
projected annual average emission factor. 
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Table B-7.  HP GHG Benefits  for New Homes, Using Marginal  vs. Average Emission 

Factors  

City Annual Average Emission 

Factor  

Marginal Emission  

Factor  

 Emission Factor   
(lb . CO2/MWh)  

HP GHG 

Emission 

Reductions  

Emission 

Factor   
(lb . CO2/MWh)  

HP GHG Emission 

Reduct ions 

Denver  945 25%  1,110 13%  

Salt Lake City 1,215 10%  1,180 12%  

Reno 732 40% 900 35% 

Las Vegas 732 34% 900 26%  

Phoenix  685 29%  1,120 19%  

 

Methane emissions. As mentioned in the results section, we estimated the methane emissions from 

leakage in the natural gas distribution system from the local distribution company (LDC) to the home. 

From an ICF study of methane emissions from the natural gas supply chain, the leakage rates from 

residential gas meters is about 0.114%, and the leakage from LDC meters and regulators is about 

0.184%, for a total leakage rate for residential gas use of about 0.30%.102 We estimate that the GHG 

emissions (in pounds of CO2 equivalent) from this leakage is about 3.3% of the emissions from 

consumption of the natural gas, and we added this additional 3.3% to the emissions associated with 

gas furnaces.  

Heat rates. To calculate the energy savings from heat pumps and HPWHs compared to gas furnaces 

or gas water heaters, it is necessary to estimate the heat rates for electricity generation (energy 

consumption from fuels per unit of net electricity generation, in million Btu per mega-watt-hour 

(MMBtu/MWh). To be conservative, we used the heat rates associated with the marginal GHG 

emission factors just described.103  

To estimate the heat rates for our five cities, we assumed a mix of marginal generation resources 

for each city that results in an emission factor close to the one calculated above. These are shown in 

Table B-8, along with the calculated average heat rates for each city. The heat rate calculations use 

the average heat rates for coal, natural gas, and renewable resources shown in Table B-9. 

 

                                                             
102 “Economic Analysis of Methane Emission Reduction Opportunities in the U.S. Onshore Oil and Natural Gas 
Industries.” Environmental Defense Fund, March 2014,  
https://www.edf.org/sites/default/files/methane_cost_curve_report.pdf. This amount of leakage is an estimate 
for average gas distribution systems, but actually varies significantly depending on the age and type of distribution 
pipes. 
103 For comparison, the EPA’s default source energy factor for electricity generation is 3.14, which is an equivalent 
heat rate of 10.7 MMBtu/MWh. Therefore, to be at least somewhat consistent with EPA, we chose to base our 
heat rates on the marginal, rather than annual average, emission factors. 
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 Table B-8.  Heat Rates 

City Estimated 

Marginal 

Emission Factor  

(2018 -36)  
(lb . CO2/MWh)  

Assumed Marginal 

Generation Mix 

Calculated 

Emission  Factor  

with  

Assumed Mix  
(lb . CO2/MWh)  

Calculated Heat 

Rate for 

Assumed Mix 
(MMBtu/MWh)  

Gas CC; Coal; Gas CT; 

Renewables 

Denver  1,110 60%; 25%; 5%; 10% 1,153 8.02 

Salt Lake 

City 

1,180 60%; 25%; 5%; 10% 1,153 8.02 

Phoenix  1,120 75%; 15%; 10% 1,124 8.30 

Reno and 

Las Vegas  

900 85%; 5%; 10% 987 8.00 

Caption: We assumed the same generation mix and associated heat rate for Colorado and Utah, since 

the final emission factors and assumptions for new generation were similar, and different generation 

mixes and heat rates for Arizona and Nevada. 

 Table B-9.  Heat Rates for Common Electricity Generation T ypes 

Generation Type  Average heat rate (MMBtu/MWh)  

Natural gas combined cycle (new)  6.6104 

Natural gas combustion turbine  9.9105 

Coal (existing plant)  10.5106 

Natural gas combined cycle (existing)  7.5107 

Natural gas combined cycle (existing)  11.0 

Renewable generation  3.4 

 

Social Cost of Carbon 

As shown in the results section above, heat pumps and HPWHs do provide GHG emissions benefits, 

and in many applications they face cost-effectiveness challenges. Table B-10 shows the estimated 

added benefits of avoided GHG emissions, assuming a social cost of $20 per ton of carbon dioxide 

equivalent (CO2e). As shown, the value of the avoided GHG emissions is more significant for HPWHs 

than for heat pumps in existing homes, and even for HPWHs is not great enough to have a 

meaningful impact. For example, for Salt Lake City, the value of the avoided CO2 emissions would 

need to be at least $50 per ton of CO2 to make HPWHs cost-effective, assuming current energy and 

equipment prices. 

                                                             
104 EIA, “Cost and Performance Characteristics of New Generating Technologies.” 
Annual Energy Outlook 2018. https://www.eia.gov/outlooks/aeo/assumptions/pdf/table_8.2.pdf, p. 2.  
105 EIA, Ibid. 
106 EIA, “Average Operating Heat Rate for Selected Energy Sources,” 
https://www.eia.gov/electricity/annual/html/epa_08_01.html  
107 EIA, Ibid. For all natural gas generation, EIA provides an average value of 7.9 MMBtu/MWh. We assumed the 
values shown above are reasonable for the two separate types (combined-cycle and combustion turbines).  

https://www.eia.gov/outlooks/aeo/assumptions/pdf/table_8.2.pdf
https://www.eia.gov/electricity/annual/html/epa_08_01.html
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 Table B-10.  Lifetime Benefits of Valuing Avoided CO 2 Emissions 

City Existing Homes HPWHs 

 Lifetime Total 

Cost Savings  

Value of 

Avoided CO2 

Emissions108 

Lifetime Total 

Cost Savings 

Value of 

Avoide d CO2 

Emissions 

Denver  -$4,260 $330 -$820 $150 

Salt Lake City -$1,160 $30 -$275 $110 

Reno -$2,470 $520 -$703 $180 

Las Vegas $430 $260 -$644 $190 

Phoenix  $1,820 $150 $289 $190 

 

 

  

                                                             
108 This assumes an average price over the 18-year period of $20 per ton of CO2. 
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Appendix C - Electric Rate Design 

Electric rate design can either discourage or promote the adoption of heat pumps for space and 

water heating. A number of utilities in the Southwest employ inverted block rates (IBRs) for 

residential customers, whereby the variable electricity price (price per kWh) increases in tiers as 

electricity use increases. IBRs are more common in summer months, but some utilities also have 

modest IBRs in the winter months. Utilities with winter IBRs in the Southwest include RMP in Utah, 

Public Service Company of New Mexico, and Tucson Electric Power. RMP, for example, charges 

8.85¢ per kWh for the first 400 kWh per month and 10.71¢ per kWh for all additional kWh during 

the months of October through April.109    

 

IBRs are a disincentive to space heat pump adoption because the incremental electricity use is likely 

to be in the highest, most costly consumption tier.110 Likewise, IBRs could discourage the shift from 

a fuel-fired water heater to a HPWH. 

 

Time-of-Use (TOU) rates are also available to residential customers of some utilities in the 

Southwest and are growing in popularity. TOU rates vary the price per kWh, depending on the time 

of day and season, to better align prices with the cost of producing and delivering electricity. TOU 

rates can provide a strong incentive for heat pump adoption because rates are generally lower in 

winter months and during the night and morning hours when electricity prices are typically 

lower.111 For example, APS offers a number of TOU rate options to its residential customers. The 

basic TOU option includes the following rates during winter months (November through April)112: 

¶ On-peak energy charge of $0.23068 per kWh (3 PM-8 PM during week days),  

¶ Off-peak energy charge of $0.10873 per kWh (8 PM-10 AM during week days and all hours 

during weekends and holidays), and 

¶ Super off-peak energy charge of $0.03200 per kWh (10 AM-3 PM during week days). 

 

We recommend that all utilities in the Southwest offer cost-based TOU rates as an option for 

residential customers that install heat pumps for space heating, if these are not already available. 

                                                             
109 
https://www.rockymountainpower.net/content/dam/rocky_mountain_power/doc/About_Us/Rates_and_Regulati
on/Utah/Approved_Tariffs/Rate_Schedules/Residential_Service.pdf 
110 This is not the case if an existing home is converting from electric- resistance heating to a heat pump.   
111 See J. Deason, et al, “Electrification of buildings and industry in the United States: Drivers, barriers, prospect 
and policy approaches,έ Lawrence Berkeley National Laboratory, 2018, pp. 40-41. http://eta -
publications.lbl.gov/sites/default/files/electrification_of_buildings_and_industry_final_0.pdf 
112 https://www.aps.com/library/rates/SaverChoice.pdf 
 

https://www.rockymountainpower.net/content/dam/rocky_mountain_power/doc/About_Us/Rates_and_Regulation/Utah/Approved_Tariffs/Rate_Schedules/Residential_Service.pdf
https://www.rockymountainpower.net/content/dam/rocky_mountain_power/doc/About_Us/Rates_and_Regulation/Utah/Approved_Tariffs/Rate_Schedules/Residential_Service.pdf
http://eta-publications.lbl.gov/sites/default/files/electrification_of_buildings_and_industry_final_0.pdf
http://eta-publications.lbl.gov/sites/default/files/electrification_of_buildings_and_industry_final_0.pdf
https://www.aps.com/library/rates/SaverChoice.pdf

