
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For information, contact: 

arosenberg@cee1.org  

617-337-9287 

Consortium for Energy Efficiency 

Ferncroft Corporate Center, 35 Village Road 

Middleton, Massachusetts 01949 

January 15, 2021 



November 1995 CEESM Residential HVAC Initiative publication 

January 1998 CEESM High Efficiency Residential Gas Heating Initiative publication 

October 2002 CEESM High Efficiency Residential Gas Heating Initiative revision 

November 2003 CEESM High Efficiency Residential Gas Heating Initiative revision 

July 2005 CEESM High Efficiency Residential Gas Heating Initiative revision 

October 2005 CEESM Residential HVAC Initiative revision 

October 2013 CEESM High Efficiency Residential Gas Heating Initiative revision 

February 2010 CEESM High Efficiency Residential Gas Heating Initiative revision 

January 2014 CEESM High Efficiency Residential Gas Heating Initiative revision 

January 2015 CEESM Residential Heating and Cooling System Initiative publication 

May 2015 CEESM Residential Heating and Cooling System Initiative revision 

January 2021 CEESM Residential Heating and Cooling System Initiative revision 

 

This document may not be reproduced, disseminated, published, or transferred in any form or by 

any means, except with the prior written permission of CEE or as specifically provided below. 

CEE grants its Members and Participants permission to use the material for their own use in 

implementing or administering the specific CEE Initiative to which the material relates on the 

understanding that: (a) CEE copyright notice will appear on all copies; (b) no modifications to the 

material will be made; (c) you will not claim ownership or rights in the material; (d) the material 

will not be published, reproduced, transmitted, stored, sold, or distributed for profit, including in 

any advertisement or commercial publication; (e) the materials will not be copied or posted on 

any Internet site, server or computer network without express consent by CEE; and (f) the 

foregoing limitations have been communicated to all persons who obtain access to or use of the 

materials as the result of your access and use thereof. 

CEE does not make, sell, or distribute any products or services, other than CEE membership 

services, and CEE does not play any implementation role in the programs offered and operated 

by or on behalf of its members. The accuracy of member program information and of 

manufacturer product information discussed or compiled in this site is the sole responsibility of 

the organization furnishing such information to CEE, and CEE is not responsible for any 

inaccuracies or misrepresentations that may appear therein. 

CEE does not itself test or cause to be tested any equipment or technology for merchantability, 

fitness for purpose, product safety, or energy efficiency and makes no claim with respect thereto. 

The references and descriptions of products or services within the site are provided "As Is" 

without any warranty of any kind, express or implied. CEE is not liable for any damages, 

including consequential damages, of any kind that may result to the user from the use of the site, 

or any of the product or services described therein.



 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 



Space heating and cooling accounts for 61 percent of energy consumption in US households1 and 

64 percent of residential energy use in Canada.2 Half of all homes in both countries are heated 

with natural gas furnaces or boilers.3 Residential central air conditioners and air source heat 

pumps represent 15 percent of household electricity consumption in the United States.4 

Additionally, the percentage of US households with central air conditioner and air source heat 

pump systems has increased from less than 40 percent in 1991 to over 90 percent in 2017.5  

 

 

 

 

 

 

 

 

 

 

The CEESM Residential Heating and Cooling Systems Initiative ("CEE Res HVAC Initiative") 

harmonizes binational program approaches by supporting the production and adoption of high 

efficiency and connected equipment in the market, implementation of installation and 

maintenance guidance, and facilitation of program opportunities aimed at selection of the 

appropriate heating and cooling system solutions for each unique customer. 

 
1 U.S. Department of Energy—Energy Information Agency, “Residential Energy Consumption Survey (RECS), 2015 RECS 

Survey Data,” accessed September 13, 2019, https://www.eia.gov/consumption/residential/data/2015/. 

2 Natural Resources Canada, “Energy Efficiency Trends in Canada, 1990 to 2015,” accessed September 13, 2019, 

http://oee.nrcan.gc.ca/publications/statistics/trends/2015/residential.cfm.  

3 Statistics Canada, “Type of main heating fuel used, by province, 2011,” accessed November 14, 2013, 

http://www.statcan.gc.ca/pub/11-526-s/2013002/t002-eng.htm.  

4 "How is Electricity used in U.S. Homes?," Energy Information Administration, accessed September 16, 2019. 

5 "American Housing Survey," U.S. Census Bureau, Housing and Household Economic Statistics Division, 

https://www.census.gov/programs-surveys/ahs.html, accessed September 16, 2019. 

http://www.statcan.gc.ca/pub/11-526-s/2013002/t002-eng.htm


 

 

The CEESM Residential Heating and Cooling Systems Initiative covers residential central air 

conditioners, air source heat pumps, gas furnaces, gas-fired boilers, gas heat pumps, and 

connected thermostats. Single-phase central air conditioner and air source heat pump equipment, 

both ducted and ductless equipment, and equipment with up to 65,000 Btu/hour cooling capacity 

are within the scope of this Initiative, including both single-package and split systems. 

Residential natural gas forced hot air systems with input rates of less than 225,000 Btu/hour and 

residential natural gas boiler/hydronic systems with input rates of less than 300,000 Btu/hour are 

within scope of the Initiative as well. 

Evaporative cooling equipment and geothermal or ground source heat pumps are outside the 

scope of this Initiative. Due to differences between residential and commercial air conditioners in 

terms of both equipment characteristics and market dynamics, three phase equipment and 

equipment of greater than 65,000 Btu/hour cooling capacity are covered under a separate CEE 

High Efficiency Commercial Air Conditioning and Heat Pump Initiative.6 Natural gas boilers with 

input rates of greater than 300,000 Btu/hour are classified as commercial units by American and 

Canadian standards, and are therefore covered under the CEE Commercial Boiler Systems Initiative. 

 

The primary objective of the CEESM Residential Heating and Cooling System Initiative is to increase 

market penetration and quality installation of high efficiency and connected heating, ventilation, 

and air conditioning (HVAC) systems, including systems capable of communicating with 

customers, authorized third-party service providers, and the utility grid. The goals of the 

Initiative are to:  

1. Encourage the introduction of HVAC technologies into the market that can cost-effectively 

achieve greater efficiency, utility system, customer, and nonenergy benefits than baseline 

equipment. 

2. Increase the percentage of trade allies and consumers who adopt HVAC system options that 

can achieve greater efficiency, utility system, customer, and nonenergy benefits than a same-

system-type replacement would.  

3. Enable programs to identify and promote the HVAC system solutions that will meet 

customers’ unique needs given climate and fuel source, while also enabling, load 

 
6 "CEE High Efficiency Commercial Air Conditioning and Heat Pump Initiative," Consortium for Energy Efficiency, 

library.cee1.org/content/consortium-energy-efficiency-cee-high efficiency-commercial-air-conditioning-hecac-initiative/  

http://library.cee1.org/content/consortium-energy-efficiency-cee-high-efficiency-commercial-air-conditioning-hecac-initiativ/


management, decarbonization, resiliency, and affordability.  

 

To address persistent barriers surrounding the adoption of high efficiency and connected heating 

and cooling systems, CEE promotes an increased emphasis on customized approaches that 

encourage individualized selection of equipment to best meet the needs and objectives of 

individual projects. These take into consideration factors associated with construction type, 

location, existing materials and infrastructure, consumer preferences, feasibility, and climate, 

among others. In the longer term, this Initiative strives to concentrate on the following two 

objectives: 

• Enable programs to promote solutions that will meet customer needs given their unique 

circumstances through customized and educated product selection strategies. 

• Encourage interoperability of HVAC systems with grid and distribution services, 

customer authorized third party offerings, and manufacturer solutions that promote 

open, nonproprietary, communication standards.  

 

This Initiative strives to address the highest priority topics and areas for which there is member 

consensus on approaches to achieve binational market transformation. CEE adopts the same US 

Department of Energy (DOE) metrics that are used for the federal minimum efficiency standards 

– Seasonal Energy Efficiency Ratio (SEER), Energy Efficiency Ratio (EER), and Heating Seasonal 

Performance Factor (HSPF).7 These nationally recognized metrics have been in place since 1992, 

and came about as a result of the National Appliance Energy Conservation Act of 1987, which 

established the first minimum efficiency standards. 

The Initiative continues to leverage the US DOE metrics (SEER, EER, HSPF) for electric 

equipment specifications, and CEE plans to revise the efficiency levels to comply with metrics 

articulated in the Appendix M1 Test Procedure8 (SEER2, EER2, HSPF2) for when those go into 

effect (January 1, 2023). However, members note that these federal rating metrics for 

differentiating equipment are not consistently reliable indicators of real-world operation or 

expected energy savings. CEE is interested in identifying methods that better reflect in-field 

 
7 SEER is the total heat removed from the conditioned space during the annual cooling season, expressed in Btu, divided 

by the total electrical energy consumed by the air conditioner or heat pump during the same season, expressed in watt-

hours (CFR part 430 Subpart B, Appendix M). EER is the ratio of the average rate of space cooling delivered to the average 

rate of electrical energy consumed by the air conditioner or heat pump. This ratio is expressed in Btu per watt.h (Btu/W.h) 

(CFR part 430 Subpart B, Appendix M). HSPF is the total space heating required in region IV during the space heating 

season, expressed in Btu, divided by the total electrical energy consumed by the heat pump system during the same 

season, expressed in watt-hours (based on definition in 10 CFR part 430 Subpart B, Appendix M). 

8 US Department of Energy. Docket No. EERE-2016-BT-TP-0029. Energy Conservation Program: Test Procedures for Central 

Air Conditioners and Heat Pumps https://www.energy.gov/sites/prod/files/2016/11/f34/CAC_TP_Final_Rule.pdf  

https://www.energy.gov/sites/prod/files/2016/11/f34/CAC_TP_Final_Rule.pdf


performance and load-based approaches for measuring energy, if and when those are deemed 

viable and market-ready by members and industry.  

 

 
Both electric and gas residential HVAC equipment typically reaches the end consumer through a 

distribution chain consisting of manufacturers, wholesale distributors, and HVAC contractors. 

The pathways for both electric central air conditioners and heat pumps as well as natural gas 

furnaces and boilers are generally similar in the United States and Canada. Alternative channels 

may include a retailer or builder, or may otherwise bypass the primary market actors; for 

example, manufacturers may employ a direct-to-dealer approach. The approach may also vary 

based on whether equipment is being replaced or deployed as part of a new construction project. 

The various residential HVAC market players are described below. 

•  – Of the roughly 30 manufacturers of central air conditioners and air source 

heat pumps, seven manufacturers control over 95 percent of the US central air conditioner 

and air source heat pump market.9 In the United States, Carrier, Goodman, and Trane are the 

top three manufacturers of central air conditioner and air source heat pump equipment by 

sales.10 While there are more than 36 gas furnace manufacturers selling equipment in the US 

under more than a hundred brand names, six manufacturers make up more than 90 percent 

of the market share.11 The top three manufacturers, by sales, of gas furnace equipment are 

Carrier, Goodman, and Lennox.12 There are approximately 40 manufacturers and more than 

55 brands of residential gas boilers.13 

•  – There are both independent and manufacturer-owned 

distributors of gas and electric residential HVAC equipment. Some manufacturers use 

independent wholesalers exclusively, some own all of their wholesale operations, and others 

use a combination of both. Buying groups, also known as purchasing alliances or marketing 

cooperatives, offer greater purchasing power and lower product costs to independent 

 
9 "Technical Support Document: Energy Efficiency Program for Consumer Products: Residential Central Air Conditioners 

and Heat Pumps: Chapter 3 Market and Technology Assessment," U.S. Department of Energy, 

https://www.regulations.gov/document?D=EERE-2014-BT-STD-0048-0098, 2016. 

10 U.S. Department of Energy, “Chapter 3 Market and Technology Assessment,” Residential Central Air Conditioners and 

Heat Pumps Technical Support Document, 2016. 

11 Technical Support Document: Energy Efficiency Program for Consumer Products and Commercial and Industrial 

Equipment: Residential Furnaces: Chapter 3 Market and Technology Assessment," U.S. Department of Energy, 

https://www.regulations.gov/document?D=EERE-2014-BT-STD-0031-0217, 2016. 

12 Ibid. 

13 Air-Conditioning, Heating, and Refrigeration Institute, “Directory of Certified Product Performance,” 2013, accessed 

October 19, 2020, http://www.ahridirectory.org. 

https://www.regulations.gov/document?D=EERE-2014-BT-STD-0048-0098
https://www.regulations.gov/document?D=EERE-2014-BT-STD-0031-0217
http://www.ahridirectory.org/


distributors. The distributor trade association, HARDI, represents more than 480 distributor 

members with nearly 5,000 branch locations, and close to 500 suppliers, manufacturers, and 

service vendors.14 

•  – Contractors and installing technicians, who may also be general 

contractors, have direct contact with residential customers and play a key role in influencing 

purchasing decisions for gas and electric residential HVAC equipment. More than 60,000 

contractors in the indoor environment and energy services community are represented by the 

Air Conditioning Contractors of America (ACCA),15 a contractor trade association. The 

Plumbing-Heating-Cooling Contractors (PHCC) National Association includes more than 

3,300 members and benefits from regional chapters across the United States and Canada.16

• – Retailers include national mass merchandisers, national retailers, and retail 

dealers. National mass merchandisers and retailers typically purchase equipment directly 

from manufacturers and sell directly to customers, using their own affiliated contractors for 

installation.  

•  – Home builders and developers are also important players in 

the residential heating and cooling market since they sell equipment to customers as part of 

home purchases. Builders and developers may make decisions about equipment selection 

with or without engaging the eventual homebuyer regarding high efficiency options. 

 

 

 

When the CEESM Residential Central Air Conditioner and Air Source Heat Pump Initiative was first 

introduced in 1995, only 10 percent of the central air conditioner and air source heat pump market 

attained a rating of 12 SEER. Since then, the average and maximum efficiencies have increased 

steadily, as demonstrated in Table 1 below.  

 
14 "About HARDI," HARDI, http://www.hardinet.org/about-hardi, accessed September 4th, 2019. 

15 “About ACCA,” ACCA, https://www.acca.org/about-acca, accessed September 12th, 2019. 

16 “About PHCC,” PHCC, https://www.phccweb.org/about/, accessed September 4th, 2019. 

http://www.hardinet.org/about-hardi
https://www.acca.org/about-acca
https://www.phccweb.org/about/
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14.0 13.3 14.1 13.4 
15.6 15.0 15.7 14.6 
15.8 15.7 15.8 15.8 

    
23.0 16.4 19.5 16.0 
26.0 20.0 24.0 16.4 
27.0 20.0 25.0 25.0 

    
11.8 11.1 11.8 11.1 
12.6 12.2 12.5 11.9 
12.9 12.3 12.8 12.5 

    
15.5 13.4 14.1 12.8 
16.0 14.8 16.0 13.0 
25.0 14.8 25.0 25.0 

    
  8.4 7.8 
  8.9 8.0 
  8.9 8.9 

    
  10.2 8.2 
  13.0 8.5 
  13.0 13.0 

 

 
17 CEE Directory of AHRI Verified HVAC Equipment, http://www.ceedirectory.org/, accessed March 2, 2020 

http://www.ceedirectory.org/
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The availability of efficient equipment has also increased significantly since 1995, when 1,693 

central air conditioners and heat pumps were listed on the California Energy Commission’s 

electronic database. In June 2019, the CEE Directory of Efficient Equipment listed more than 

521,000 active central air conditioner and 162,000 heat pump combinations that would qualify for 

a CEE tier or the ENERGY STAR performance requirements.19  

 

The market penetration of high efficiency furnaces has increased significantly since the CEE High 

Efficiency Residential Gas Heating Initiative began; the CEE natural gas specifications use Annual 

Fuel Utilization Efficiency (AFUE) to measure thermal efficiency. Table 2 below illustrates the 

recent changes in the estimated market penetration of condensing furnaces in the US.  

 20

9,722 100% 7,282 100% 8,734 100% 

≥  2,905 30% 2,162 30% 3,108 36% 

≥ 851 9% 1,522 21% 2,728 31% 

≥ 125 1% 185 3% 312 4% 

 

 
18 Alignment was achieved between the CEE Tier 1 and ENERGY STAR SEER metric for split system central air 

conditioners and air source heat pumps, with the exception of 2002-2003, as indicated in the red line in the chart below. 

19 Due to brand proliferation, the unit data may not be representative of unique models. 

20 This represents the total number of approved models of residential furnaces available based in October 2009, August 

2014, and October 2019 searches of the AHRI Directory of Certified Product Performance.  

8

10

12

14

16

18

20

Federal Minimum

ENERGY STAR
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CEE Tier 2

CEE Tier 3

http://www.ceedirectory.org/
https://www.ahridirectory.org/


Increased availability of efficient furnaces improves awareness and increases the likelihood that 

contractors will market these products. Despite greater availability, high efficiency models 

continue to be more expensive, likely due to the promotion of high efficiency as a premium 

feature. These national averages, however, mask the true impact of efficiency programs. For 

example, in regions of North America where the heating season is long and where condensing 

furnaces have been widely promoted by efficiency programs, penetration rates are significantly 

higher. The national average in the United States is affected by states with little heating 

demand—where condensing furnaces may not yet be cost-effective—and by states where there is 

little promotion or understanding of the benefits of high efficiency equipment. By leveraging the 

efforts of active programs and employing a consistent specification, the initiative aims to further 

increase the penetration rate in all markets.  

 

The availability and market penetration of high efficiency boilers has also risen since the 

inception of the CEE High Efficiency Residential Gas Heating Initiative. In 1998, four manufacturers 

produced a total of only 15 condensing boiler models (90 percent AFUE or higher).21 In 2020, 41 

manufacturers produced a total of 658 condensing boiler models.22  

 

1,095 100% 1,115 100% 1,197 100% 

≥ 262 24% 485 43% 712 59% 

≥ 153 14% 365 33% 590 49% 

≥      453 38% 

 

The boiler market is smaller than the furnace market and is concentrated in the Northeast United 

States. Table 4 provides regional insight on the overall market for boilers, including both hot 

water and steam systems. 

 
21 Stanonik, Frank, “Condensing Boilers: A Key to Success,” AHRI Trends, Fall/Winter 2008. 

22 Air-Conditioning, Heating, and Refrigeration Institute, “Directory of Certified Product Performance”, accessed July, 

2020, http://www.ahridirectory.org.  

23 This represents the total number of “approved” models of gas-fired boilers available based on October 2009, August 

2014, and October 2019 searches of the AHRI Directory of Certified Product Performance.  

http://www.ahridirectory.org/
http://www.ahridirectory.org/


 

8.7 9% 4.3 22% 2.9 12% 0.7 2% 0.8 4% 

7.3 7% 3.6 18% 2.5 10% 0.5 1% 0.7 3% 

7.9 7% 4.3 21% 2.3 9% 0.6 2% 0.7 3% 

8.2 7% 4.9 24% 1.6 6% 1.0 2% 0.6 3% 

6.9 6% 4.3 21% 1.7 7% 0.4 1% 0.4 2% 

6.6 6% 3.9 19% 1.5 6% 0.6 1% 0.6 1% 

 

Similarly, in Canada the boiler market represents only a small percentage of heating systems. 

Table 5 provides insight on the overall market for boilers as a percentage of households across 

Canada. 

 25

1.2 11% 

1.4 11% 

1.3 9% 

1.3 9% 

 

With the rapid pace of technological innovation, the connected thermostat market has 

experienced tremendous growth in the number of units sold and the number of firms offering 

competing products. The global smart thermostat market was valued at USD $785.4 million in 

2015,26 $1.36 billion in 2018,27 and is projected to reach $8.78 billion by 2026. According to one 

study, revenue from connected thermostats is expected to expand at a compound annual growth 

rate of 26.0 percent between 2018 and 2026.28 Point of sale cost for connected thermostats has gone 

 
24 U.S. Department of Energy, Energy Information Agency, “Residential Energy Consumption Surveys, 1993, 1997, 2001, 

2005, 2009, and 2015” accessed October, 2019, http://www.eia.gov/consumption/residential. 

25 Natural Resources Canada. Natural Resources Canada, “2003 Survey of Household Energy Use,” “2007 Survey of 

Household Energy Use”, “2011 Survey of Household Energy Use”, and “2015 Survey of Household Energy Use”. 

26 Park Associates, “Over 40% of Thermostats Sold in 2015 Will be Smart Thermostats,” July 15, 2015, 

http://www.parksassociates.com/blog/article/pr0715-smart-thermostats. 

27 Allied Market Research “Smart Thermostat Market Outlook – 2026”. https://www.alliedmarketresearch.com/smart-

thermostat-market 

28 Ibid. 

http://www.eia.gov/consumption/residential/
http://oee.nrcan.gc.ca/Publications/statistics/sheu03/index.cfm
http://oee.nrcan.gc.ca/Publications/statistics/sheu-summary07/space-heating.cfm.
http://oee.nrcan.gc.ca/Publications/statistics/sheu-summary07/space-heating.cfm.
http://oee.nrcan.gc.ca/publications/statistics/sheu/2011/pdf/sheu2011.pdf
http://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/menus/sheu/2015/tables.cfm
http://www.parksassociates.com/blog/article/pr0715-smart-thermostats


down significantly in the past several years; first-generation models sold for $400, while 2018 

models typically cost $150–$250, not including any rebates.29 

 30

Customers are currently able to purchase standalone connected thermostats in local big-box 

retailers and through online outlets. To attract and increase customer interest, manufacturers of 

smart thermostats are promoting their products by working with retail stores and online outlets 

such as Best Buy, Lowe’s, Apple, Amazon, Comcast, and Home Depot. US Environmental 

Protection Agency (EPA) estimates that households using an ENERGY STAR Connected 

Thermostat (certified to the Version 1.0 specification) will reduce their overall heating and cooling 

energy use by more than eight percent on average.  

 
The key barriers to increasing market penetration of efficient space heating and cooling 

equipment and achieving a greater number of quality installations are listed below.  

•  

The majority of heating equipment sales occurs in the retrofit market where the need is often 

to replace equipment quickly, and first cost is an important consideration. Consumers may 

lack information to make informed decisions about HVAC equipment and rely on the 

contractor as an expert to guide them through the purchase. HVAC contractors may lack the 

training and tools necessary to educate consumers effectively and to promote the benefits 

and cost-effectiveness of high efficiency equipment. 

 

•  

. Consumers may be unaware of the degree to 

 
29 ACEEE, “Energy Impacts of Smart Home Technologies,” Report A1802, April 2018, pg. 17, 

http://aceee.org/sites/default/files/publications/researchreports/a1801.pdf. 
30 Grand View Research. Smart Thermostat Market Analysis by Technology (2012-2022). 

https://www.grandviewresearch.com/industry-analysis/smart-thermostat-market  

http://aceee.org/sites/default/files/publications/researchreports/a1801.pdf
https://www.grandviewresearch.com/industry-analysis/smart-thermostat-market


which installation can affect the operating efficiency of heating equipment. Moreover, even if 

consumers are aware of this fact, they often do not know how to achieve a quality 

installation. 

 

•  HVAC contractors may lack the 

appropriate marketing tools or may not be proficient in selling the benefits of high efficiency 

equipment. Lowest bid quotes are a strong driver in the sale of residential HVAC equipment. 

Contractors, however, have an opportunity to sell high efficiency equipment by educating 

customers about the life cycle benefits of such investments. This equipment may be more 

costly up front but may also offer a higher profit margin to installers. 

 

•  If consumers do 

not demand a quality installation, contractors may provide a low-cost installation as a means 

of supporting a competitive quote. Other factors that deter the use of quality installation 

practices are: the perceived high first cost in a low bid industry; a limited understanding by 

contractors of key aspects and benefits of quality installation; the need for additional 

recruitment, training, and certification by organizations such as North American Technician 

Excellence (NATE), and high turnover and relatively low barriers to entry into the industry.  

 

•  Building owners may lack the 

incentive to purchase higher priced, energy efficient equipment, especially in instances where 

they are not responsible for residents’ energy bills. 

 

•  Homebuilders are understandably 

concerned with upfront equipment costs but may be indifferent to ongoing energy costs. 

Builders can reduce their expenses by choosing lower efficiency equipment. Premium 

features such as kitchen finishes and bath amenities tend to be highly visible to consumers 

whereas HVAC equipment is less visible, and therefore may constitute less of a selling point. 

 

•  Existing 

single-stage central air conditioner and air source heat pump equipment may be nearing its 

thermodynamic limits of performance, particularly for EER in larger capacity systems. 

Incremental efficiency improvements at peak have diminishing returns, meaning that 

additional improvements may not be cost justified and, in fact, may even be cost prohibitive. 

The most efficient residential furnaces currently available on the market exceed 98 percent 

AFUE. As furnaces approach their technical limits of performance, the efficiency of the 

overall heating system, including ducts, grows in importance.  



 

 

 

A central furnace or boiler's efficiency is measured by annual fuel utilization efficiency (AFUE). 

AFUE measures how efficient the appliance is in converting the energy in its fuel to heat over the 

course of a typical year. It is the ratio of annual heat output of the furnace or boiler compared to 

the total annual fossil fuel energy consumed by a furnace or boiler.31 AFUE does not include the 

heat losses of the ducting or piping, which can account for up to 35 percent of the energy for 

output of a furnace depending on location of the duct system. Nearly all furnaces and boilers 

rated with an AFUE of 90 percent or higher are condensing models that require certain system 

settings, such as correct return water temperature, in order to achieve condensing conditions. 

Additional costs can result from the materials necessary to handle corrosive condensation and the 

added installation expense to ensure the proper removal of condensate. Although most homes 

are suited for condensing equipment, this Initiative recognizes that programs may choose to set a 

lower specification level in instances where the design of a home does not allow for condensing 

equipment. 

In 2011, DOE issued new standards that established regional standards for non-weatherized gas 

furnaces. These current standard levels are 90% AFUE in the North and 80% AFUE in the South.32  

 

 

 
31 US Department of Energy. Furnaces and Boilers. https://www.energy.gov/energysaver/home-heating-systems/furnaces-

and-boilers  

32 Appliance Standards Awareness Project. Furnaces. https://appliance-standards.org/product/furnaces  
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Congress established standards for residential boilers as part of the Energy Independence and 

Security Act (EISA) of 2007, which took effect in 2012. These standards require an AFUE for each 

type of boiler and/or design requirements. These levels set a minimum efficiency of 82% for gas-

fired equipment and 84% for oil-fired equipment. In 2016, DOE finalized new standards for 

residential boilers that raise the AFUE levels to 84% and 86% for gas-fired and oil-fired hot water 

boilers, respectively. These new standards take effect in 2021.33 

 

 

The most recent standards for air conditioners and heat pumps went into effect on January 1, 

2015. For the first time, the new standards vary regionally, impacting customers living in the 

North, Southeast, and Southwest regions differently. Residential central air conditioners and 

central air conditioning heat pumps manufactured and distributed in commerce, must meet the 

energy conservation standards specified in the Code of Federal Regulations at CFR 430.32(c)(3). 

Calculating energy savings depends on many variables and factors, including assumed baseline, 

configuration of the system, quality of the installation, existing building characteristics. and 

several other considerations. 

 
33 Appliance Standards Awareness Project. Boilers. https://appliance-standards.org/product/boilers  
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13.0 SEER North 

14.0 SEER South 

11.7‡ / 12.2† 

(South Only) 
N/A 

14.0 SEER  N/A 

14.0 SEER  8.2 HSPF 

14.0 SEER  8.0 HSPF 

†Units with rated capacity of less than 45,000 Btu/h 

‡Units with rated capacity of equal to or greater than 45,000 Btu/h 

 

 

The more than 50 CEE member organizations involved in developing the CEE Connected 

Thermostat Program Guide (published January, 2019) believe that connected thermostats represent 

a potentially significant source of energy savings. Almost all reviewed pilots and assessments 

demonstrated that connected thermostats can save energy compared to baseline conditions. The 

CEE analysis further suggested that: 

• Connected thermostats may save gas in northern climates. 

• In northern climates, gas heating savings from switching from a manual thermostat to a 

connected one are about twice those from switching to a programmable thermostat. 

• Savings vary by baseline, and furthermore, the appropriate baseline to use is still subject 

to some debate. Given this caveat, it is generally true that: 

o Connected thermostats provide electric heating energy savings. 

o Connected thermostats save energy in cooling climates and applications. 

o Connected thermostats provide gas heating savings.  

• Optimization controls can increase cooling season energy savings. 

US EPA estimates that the ENERGY STAR Connected Thermostat Version 1.0 specification and 

associated test method represent savings potential and that households using an ENERGY STAR 

thermostat will reduce their overall heating and cooling energy use by more than eight percent 

on average. However, the growth of connected thermostats in residential homes does not directly 

equate to a corresponding increase in energy savings.  

Estimating energy savings can be challenging because of the multitude of factors that can affect 

results, including climate, general occupancy schedule of the residents, demographics, type of 

HVAC equipment, baseline energy consumption, efficiency of the physical home, and user 

 
34 US DOE. Explaining Central Air Conditioner & Heat Pump Standards. 

https://www.energy.gov/sites/prod/files/2015/11/f27/CAC%20Brochure.pdf  

https://library.cee1.org/system/files/library/13813/CEE_ConnectedThermostats_ProgramGuide_15Jan2019.pdf
https://library.cee1.org/system/files/library/13813/CEE_ConnectedThermostats_ProgramGuide_15Jan2019.pdf
https://www.energy.gov/sites/prod/files/2015/11/f27/CAC%20Brochure.pdf


behavior. Program administrators may experience additional challenges isolating impacts of 

operational changes in household HVAC equipment owing to manual control of the smart 

thermostat and variation among devices’ capabilities for sensing, learning, and communicating. 

 

Greenhouse gas reduction through demand response and grid services is key to ensuring a 

reliable energy ecosystem in a low carbon economy. As both the electrical grid and natural gas 

distribution systems face challenges associated with rapid changes in resource mix and demand, 

the time and location of energy use takes on tremendous new value. Energy supply and demand 

are becoming increasingly dynamic, and, as a result, utilities are facing an enhanced need for 

load flexibility. Products can enable the delivery of key load management functionality to serve 

grid and distribution system needs through functionality such as modulation, storage capacity, 

and delay in the amenity.   

CEE members are increasingly looking to promote an integrated home that is grid-interactive, 

efficient, and encompasses connected technologies and communicating capabilities that improve 

energy management and optimize performance of the home Residential heating and cooling 

systems provide the ability to supply many of these amenities. 

In 2019, there were 42 CEE members with some form of load flexibility measure as part of their 

residential heating and cooling systems offerings.35 This is in addition to the more than 70 

members who have explored programs with connected thermostats;36 the number of CEE 

members running connected thermostat pilots or programs has steadily and consistently grown 

from six in 2013 to 162 in 2019. With HVAC systems representing 51% and 64% of the residential 

load in the United States and Canada, respectively, efficiency improvements due to energy 

management has the potential to deliver significant energy savings.37  

HVAC systems can contribute greatly to the reliability and resiliency of the distribution system, 

highlighted by research showing that HVAC systems constituted 26.4% of the total enrolled 

demand response in 2018.38 With HVAC representing roughly 44% of total load in the United 

States, the savings potential associated with demand response from heating and cooling 

measures represents about 12% of the total load.39  

 
35 CEE 2019 Residential Heating and Cooling Systems Program Summary. October 2020.  

36 Ibid. 

37 U.S. Department of Energy—Energy Information Agency, “Residential Energy Consumption Survey (RECS), 2015 RECS 

Survey Data” 

38 2019 Utility Demand Response Market Snapshot, Smart Electric Power Alliance. September 2019. 

39 U.S. Department of Energy—Energy Information Agency, “Residential Energy Consumption Survey (RECS), 2015 RECS 

Survey Data,” accessed September 13, 2019, https://www.eia.gov/consumption/residential/data/2015/. 



With such a large potential for savings, there is industry, utility, and societal benefit of 

standardization in communication protocols designed to provide members with flexibility while 

giving industry a clear path to operate in the growing market. Standardization provides a direct 

pathway for market stakeholders to adopt consensus driven approaches that can decrease cost of 

integration, simplify purchasing decisions, and increase consumer choice by limiting 

inefficiencies. This is evident in the case of communication protocols, where standardization 

benefits consumers by facilitating system integration while maintaining competitive integrity for 

market players. While CEE promotes the adoption of certain communication standards, it is 

recognized that standardization is but one solution to the challenges surrounding integration and 

efficiency. Alternatives that provide the same benefits may also arise; CEE will continue to 

monitor and assess these alternatives for effectiveness and adoption. 

 

Technological advances in HVAC systems and changes to US and Canadian utility systems are 

creating new opportunities for single-family homeowners to save on utility bills, increase home 

comfort, and make purchasing decisions that reflect their personal values. These new 

opportunities often require homeowners to consider HVAC system options that go beyond like-

for-like equipment replacements or upgrades. The most suitable solution for a given homeowner 

or application may involve multiple fuels or technologies to deliver optimal comfort. For 

instance, dual fuel products presently offer a potentially cost effective approach for adoption in 

low ambient conditions; the heat pump operates to heat the home when the outdoor temperature 

is greater than 40°F, while natural gas serves as the primary heat source for outdoor temperatures 

below 40°F. This may not represent a perfect solution, yet offers an improvement to a traditional 

furnace for both the consumer and the utility, and assures reliable heating in cold climates. 

As depicted in the US DOE Energy Saver 101 Home Heating Systems Infographic and Home 

Cooling Systems Infographic, there are many heating and cooling system options. While the 

highest efficiency systems as of 2021 are electric heat pumps and gas heat pumps, the feasible and 

preferable options for any given homeowner will depend on several factors. Feasibility 

considerations may dictate whether a homeowner can consider certain HVAC system options 

when replacing their existing system.  

: fuel feasibility; regulatory or community feasibility; 

outdoor unit location feasibility; distribution system feasibility; weather feasibility; and 

availability feasibility.  

Tradeoffs are another type of consideration that will impact how each homeowner or contractor 

analyze and weigh for the specific home. In many cases, tradeoffs involve a mix of home 

https://www.energy.gov/articles/energy-saver-101-infographic-home-heating
https://www.energy.gov/articles/energy-saver-101-infographic-home-cooling
https://www.energy.gov/articles/energy-saver-101-infographic-home-cooling


characteristics impacting the cost-effectiveness of different HVAC system options combined with 

homeowner preferences related to amenities, comfort, and personal values. 

: cost; impacts to plumbing; quality installation, commissioning, and 

serviceability; comfort and amenities; aesthetics and space implications; emergency backup 

capabilities; and potential global climate change impacts. 

CEE has asserted the importance of quality installation for residential heating and cooling 

equipment for many years; the impacts of improper installation, as well as the benefits associated 

with proper practices, are well documented. Estimated savings potential from improved 

installations ranges from 18% to 36% for air conditioners and heat pumps, and 11% to 18% for 

furnaces.40 

 41

In addition, the relative value of quality installation has risen over time as federal equipment 

efficiency standards have become more stringent, and the delta of energy savings potential from 

promoting high SEER/EER/HSPF equipment alone has diminished. 

 

 

Efficiency programs can promote CEE multitier performance specifications to build demand for 

higher efficiency among consumers and encourage manufacturers to design products that meet 

this demand. CEE Tier 1 is generally set at a level proven to be attainable by products currently 

available on the market and may also align with ENERGY STAR performance requirements in a 

specific product category. Intermediate tiers are developed, if appropriate, at levels reflecting 

 
40 ENERGY STAR Quality Installation Program Fact Sheet, pg. 2. 

41 Ibid, pg 2. 

https://www.energystar.gov/ia/home_improvement/downloads/ESQI_factsheet.pdf?59dc-36fa


significant performance improvements, but remain technologically feasible and within the realm 

of what efficiency program administrators can cost-effectively promote. A CEE Advanced Tier 

represents an aspirational level of efficient and product performance agreed by manufacturers to 

be technically feasible. While few or no products may fulfill the Advanced Tier specification 

requirements at the time it goes into effect, and those that exist may not be appropriate for all 

applications, it lays the groundwork for future programs. It establishes a longer-term aspiration, 

creates a consistent goal for the market to move towards, and provides recognition for the first 

manufacturers to develop products that achieve even greater levels of efficiency and 

performance. 

CEE tiers are updated periodically to enable CEE members to continue promoting the most 

efficient, cost-effective equipment available, and to send signals to industry about the future 

equipment performance that members are interested in promoting with financial incentives. Over 

time, requirements of CEE tiers have been modified to address advances in technology and 

changing market conditions. Additional drivers of revisions include increasing model 

availability, changes in incremental cost, energy savings potential, load management 

opportunity, potential for strategic alignment with ENERGY STAR, and rising federal minimum 

standards. 

 

 

Scope: A heating unit with a heat input rate of less than 225,000 Btu per hour 

Optional distinction for units less than or equal to 40,000 Btu per hour 

 

≥ 92% 

≥ 95% 

≥ 97% 

*  10 CFR Appendix N to Subpart B of Part 430 - Uniform Test Method for Measuring the Energy Consumption of 

Furnaces and Boilers 

 

≥ 120% 

** ANSI Z21.40.4 Performance Testing and Rating of Gas-Fired, Air Conditioning and Heat Pump Appliances, 

designated for Region IV 



 

Scope: A self-contained fuel-burning appliance, with input less than 300,000 Btu per hour and 

operating at or below 160 psig water pressure and 250°F water temperature, that supplies low-

pressure steam or hot water for space heating applications. 

 

≥ 90% Thermal Load Management^ 

≥ 95% Thermal Load Management^ 

* 10 CFR Appendix N to Subpart B of Part 430 - Uniform Test Method for Measuring the Energy Consumption of 

Furnaces and Boilers 
^  May be met by incorporating outdoor reset control, indoor load reset, or thermal targeting strategies 

 

Scope: A self-contained fuel-burning appliance, with input less than 225,000 Btu per hour   

 

≥ 120% Thermal Load Management^ 

** ANSI Z21.40.4 Performance Testing and Rating of Gas-Fired, Air Conditioning and Heat Pump Appliances, 

designated for Region IV 
^  May be met by incorporating outdoor reset control, indoor load reset, or thermal targeting strategies 

 

 

As gas heat pumps are still a relatively nascent technology and there are few commercially 

available models currently on the market, CEE is interested in gaining additional insight into the 

capabilities of emerging equipment and metrics that could best reflect future differentiation in 

performance. For this reason, we request that manufacturers who submit data for products that 

qualify for the Advanced Tier of either the Gas-Fired Forced Hot Air Specification or Gas-Fired 

Boiler (Hydronic) Specification also provide CEE with information that may be useful in 

assessing future revisions as the market of available models evolves (see Table 11 below). CEE 

recognizes that ANSI Z21.40.4 is under review at the time of this revision and will monitor the state of this 

test procedure. 

 

Include the air dry bulb temperature and water supply temperature for the relevant ratings below:

System Type – absorption, IC engine driven/vapor, adsorption, thermal compression 

Refrigerant/Working Fluid(s) – water, ammonia, R410a, R134a, carbon dioxide, helium, other 

Target Applications (all that apply) – residential, commercial, space heating, hot water, cooling  

Heat Rejection or Acceptance – air, water, geothermal 

Heating Capacity (kBtu/h) (at 47°F air dry bulb temperature and 95°F return water temperature) 



Input Modulation Range (MBH) 

Maximum Supply Water Output Temperature (Heating °F) 

Cooling Capacity (Tons) 

COPgas HHV (at 17°F air dry bulb temperature and 95°F return water temperature) 

COPcooling (at 95°F air dry bulb temperature and 55°F return water temperature per ANSI Z21.40.4)  

Annual Electric Power (kWh)  

Percentage of Rated Heating Capacity (at 7°F air dry bulb temperature and 95°F return water temp) 

Maximum Number of Units that Can be Interconnected 

Noise (dBA) – note standard or methodology used 

 

CEE references DOE climate zones to provide a set of suggested applications of the central air 

conditioners and air source heat pumps specifications for more regionally specific efficiency 

needs. Members may wish to reference these zones in tandem with CEE tiers to determine which 

specification levels are most relevant for local adoption. 

The Initiative denotes regional-climate specific and technology agnostic specifications to address 

both the changing market landscape and the unique considerations of different climates. CEE 

provides distinction between South, Southwest, and North (including Canada) climates as 

defined by the DOE rulemaking processes to enable members to utilize the tier levels that best 

address their goals. Definitions for these zones are provided in Appendix B. The Air Source Heat 

Pump specifications also include a metric to address the provision of adequate capacity in low 

ambient temperatures; addition guidance for cautioning customers about performance 

uncertainty below 17°F and benefits of auxiliary heat are required to ensure proper adoption.   

 

Scope: Input Rating ≤65,000 BTU/h 

 

≥ 16.0 ≥ 12.5 

≥ 18.0 ≥ 13.0 

 

 

≥ 15.0 ≥ 12.0 

≥ 16.0 ≥ 12.0 

 



 

Scope: Input Rating ≤65,000 BTU/h 

 

≥ 15.0 ≥ 12.5 ≥ 8.5 ≥ 56%  

≥ 16.0 ≥ 12.5 ≥ 9.0 ≥ 56%  

≥ 18.0 ≥ 13.0 ≥ 9.5 ≥ 56%  

 

 

≥ 15.0 ≥ 11.0 ≥ 9.0 ≥ 56%  

≥ 16.0 ≥ 11.0 ≥ 9.5 ≥ 56%  

≥ 18.0 ≥ 11.5 ≥ 10.0 ≥ 56%  

 

 

 

^

≥ 18.0 ≥ 11.0 ≥ 10.0 ≥ 56%  

^ Capacity Ratio is an optional requirement for South and Southwest DOE climates 

 

 

^

≥ 15.0 ≥ 12.0 ≥ 8.5 ≥ 56% 

≥ 16.0 ≥ 12.0 ≥ 9.0 ≥ 56% 

^ Rated Capacity is an optional requirement for South and Southwest DOE climates 

 

CEE uses the term “connected thermostats” to refer to those with wireless or remote management 

capabilities that also enable active management of settings. Connected thermostat technologies 

may serve a diverse range of program objectives; member consensus on these diverse 

applications are further laid out in the 2019 CEE Connected Thermostats Program Guide.  

For connected thermostat applications in conjunction with single speed systems, CEE promotes a 

performance-based approach. CEE recommends the following criteria: 

https://library.cee1.org/system/files/library/13813/CEE_ConnectedThermostats_ProgramGuide_15Jan2019.pdf


• US EPA ENERGY STAR® Connected Thermostat Program Requirements Version 1.0 and 

Method to Demonstrate Field Savings Version 1.0. 

For connected thermostat applications in conjunction with variable speed systems, CEE promotes 

a features-based approach. CEE recommends that the connected thermostat: 

• Provides customers with the option of an energy-saving mode; the default operation 

mode is an energy-saving mode if the customer chooses not to otherwise configure it 

upon setup 

• Includes ongoing, active management of settings through features like automatic 

scheduling or learning-based schedule creation based on customer preferences and 

habits; must specify strategies used 

• Is able to reduce HVAC use (change setpoints) when it detects that the home is 

unoccupied through some form of occupancy discernment such as sensors or geofencing; 

must specify strategies used 

• Is able to minimize electric resistance heat runtimes for heat pumps with electric 

resistance backup systems; must specify strategies used 

• Is controllable by the customer through a product interface and a remote interface 

• Specifies HVAC system type compatibility: AC only (electric), heating only (gas furnace 

or boiler), heat pump (electric heating and cooling), dual fuel (electric AC and gas 

heating), or line voltage  

• Is able to collect, aggregate, and analyze HVAC performance data that enables ongoing 

energy savings measurement and verification, while being mindful of consumer privacy 

concerns 

In order to comply with CEE Connected Criteria, connected thermostats must include the Energy 

Management Capabilities outlined in Section 4.4.1. It is recommended that the following data 

points are also reportable: 

• Runtime data 

• Set point 

• Indoor air temperature 

• Operation mode 

• Programmed mode 

• Thermostat serial number, MAC address, or device ID, as well as customer ID 

• Thermostat deadband 

• Date of installation or connection 

• Installation zip code 

https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Program%20Requirements%20for%20Connected%20Thermostats%20Version%201.0.pdf
https://www.energystar.gov/sites/default/files/Version%201.0%20Method%20to%20Demonstrate%20Field%20Savings%20of%20ENERGY%20STAR%20Connected%20Thermostats.pdf


 

To claim compliance with the CEE Connected Criteria, residential HVAC systems must meet the 

scope and efficiency requirements set forth under the Initiative’s efficiency specifications and 

include at least one two-way communication interface that conforms with an open 

communication standard. The inclusion of the functionality described below shall not supersede 

existing safety protections and functions.  

CEE requires that a product must enable economical and direct, on-premise, open standards-

based translation using an industry-accepted communication interface. Manufacturers may also 

choose to include a secondary communication interface to facilitate load management capabilities 

and customer interactions that may be proprietary to the manufacturer or a customer designated 

third party.  

CEE Connected Criteria for residential HVAC systems are informed by CEE’s Consensus 

Principles of Connectivity, in order to ensure that data needs and efficiency goals of member 

utilities are met.  

  

 

To comply with CEE’s Connected Criteria, the HVAC system must include Energy Management 

Capabilities, such as data reporting and basic user control Connected HVAC products and 

systems must meet the requirements outlined below:  

A. The ability to report operational status of the product or system upon request.  

B. The ability for remote operation^ of the product or system by a customer-authorized third 

party. 

C. The ability for the customer to override^^ remote changes of load states. 

D. The ability for firmware updates to the product or connected control for a system, to ensure 

that reliability and cybersecurity remain current with little to no consumer interaction. 

 
^  The ability to manage functions by receiving signals from a control system external to the native system via a 
secure connection from a remote communication interface. This can be for the consumer (e.g., via a smartphone app 
or website), or a customer authorized third party such as the utility, manufacturer, or home energy management 
operator. 
^^  The ability for a consumer to cancel a grid request sent to the equipment via a secure connection for no more 
than a set certain timeline (e.g., 72 hours). 
 

Compliance with data link layers of accepted standardized protocols will satisfy all of the Energy 

Management Capabilities requirements. To date, acceptable protocols that meet these 

requirements include OpenADR 2.0 and ANSI/CTA-2045-A. 

 

https://www.cee1.org/content/principles-connectivity
https://www.cee1.org/content/principles-connectivity


 

CEE Demand Response Criteria apply only to variable capacity systems. To comply with the 

Demand Response Criteria, residential HVAC systems must meet the preceding requirements 

outlined in CEE’s Connected Criteria, and must further meet all of the requirements and 

conditions outlined in AHRI Standard 1380 (I-P)-2019: Demand Response through Variable Capacity 

HVAC Systems in Residential and Small Commercial Applications, included in Table 18. Variable 

capacity HVAC systems must meet additional requirements to qualify for CEE Tier 2, as specified 

in Table 18 below: 

 

AHRI Standard 1380 as is: 

Either ANSI/CTA-2045-A OR OpenADR 2.0 communication interfaces. 

Both ANSI/CTA-2045-A AND OpenADR 2.0 communication interfaces; 

An open modular physical interface of ANSI/CTA-2045-A; and 

A secondary communication interface to facilitate customer interactions.  

 

CEE was heavily involved in, and financially underwrote, the development of AHRI Standard 

1380. CEE believes that the standard will help provide industry with necessary direction to make 

demand response a more viable component for utilities to deliver grid and consumer benefits.  

 

While significant energy savings can be attained through high efficiency equipment, improper 

installation can negatively impact overall system performance. CEE originally incorporated a 

quality installation specification into its HVAC work in 2000. As interest in quality installation 

grew, CEE worked closely with the Air Conditioning Contractors of America (ACCA) to develop 

a single, credible standard for a quality HVAC installation that is recognized by industry 

stakeholders, particularly contractors. The ANSI/ACCA 5 Quality Installation Specification 

outlines energy efficient installation practices for residential and light commercial HVAC 

systems. This specification provides consistent guidelines that can be incorporated into an 

efficiency program with the goal of maximizing energy savings through quality installation. The 

specification was adopted by the CEE Board of Directors in May 2007 and was last updated in 

2010. Initiative participants are encouraged to sponsor HVAC contractor training opportunities 

that focus on the principles of selling and performing installs based on ANSI/ACCA 5 QI-2010. 

http://www.ahrinet.org/App_Content/ahri/files/STANDARDS/AHRI/AHRI_Standard_1380_I-P_2019.pdf
http://www.ahrinet.org/App_Content/ahri/files/STANDARDS/AHRI/AHRI_Standard_1380_I-P_2019.pdf
https://library.cee1.org/content/hvac-quality-installation-specification-standard-number-ansiacca-5-qi-2010


 

Additional information regarding the decision-making considerations that might help 

homeowners or contractors select the appropriate HVAC solution is included in Appendix C. 

 

The replacement market is the largest market for heating and cooling equipment. Contractors 

represent the primary market channel for the sale of HVAC equipment, and HVAC contractors 

can significantly influence consumers’ decisions about what equipment to purchase. Initiative 

participants are encouraged to sponsor HVAC contractor training opportunities that focus on 

promoting high efficiency equipment and the principles of selling and performing quality 

installations based on ANSI/ACCA 5 QI-2010. Education offerings should refer contractors to 

manufacturers for additional guidance on advanced venting and condensate drains required for 

condensing boilers and furnaces. 

Initiative participants may provide contractors with resources that focus on promoting 

connected, efficient equipment and the principles of installing and selling these systems. 

Educational offerings should refer contractors to manufacturers for additional guidance about 

advanced technologies, solutions that are appropriate for the given consumer needs, and system 

design to meet the specific conditions of the home. Programs may either develop their own 

materials or use resources that already exist, such as training programs provided by 

manufacturers, distributors, or plumbing organizations. Various stakeholders throughout the 

supply chain may be available to offer additional support for these efforts. 

 

Education and awareness of those responsible for HVAC purchasing decisions play a critical role 

in the market penetration of high efficiency equipment. Programs should provide consumer 

awareness campaigns on the benefits of choosing high efficiency residential heating and cooling 

equipment. An effective campaign targets both the replacement and new construction markets. 

Successful campaigns may include the use of customer brochures, bill stuffers, fact sheets, 

advertisements, or online messaging. Education and awareness materials targeted at contractors 

and installers serve as an additional opportunity to promote the benefits of efficient equipment—

and quality installation—to key influencers in purchasing decisions. Initiative participants should 

provide consumers with information about the benefits of choosing efficient, connected 

residential heating and cooling equipment. In addition, programs should supply contractors with 

information about the consumer benefits of choosing efficient, connected HVAC solutions. 

https://library.cee1.org/system/files/library/9792/CEE_CommHVAC_ACCA_QIspec_2010.pdf


 

The CEE Directory of Efficient Equipment serves as the qualified products list for the CEE 

Residential Heating and Cooling Systems Initiative, enabling users to sort AHRI-verified 

equipment by CEE tier and a range of other criteria. Since 2004, the CEE Directory has covered 

residential central air conditioners and air source heat pumps, with the scope of coverage being 

expanded in 2014 to include gas water heaters, gas boilers, and residential gas furnaces. For 

central air conditioners and air source heat pumps, the CEE Directory also identifies those 

ENERGY STAR qualified products that have undergone certification at AHRI42. In addition to 

providing efficiency performance information to assist HVAC contractors, consumers, and 

efficiency program administrators, the CEE Directory serves as a public-facing resource on 

quality installation. Equipment does not have to be listed in the CEE Directory to comply with 

the CEE performance specification. CEE requires only that the complete system, including any 

supplemental devices, be listed by Underwriters Laboratories (UL) or another nationally 

recognized testing organization in accordance with the appropriate UL standards.  

 

Initiative participation is open to individual efficiency organizations. Other Initiative 

stakeholders have a variety of opportunities to engage in Initiative activities and influence the 

Initiative focus. To be considered an Initiative participant, individual efficiency organizations 

must fulfill each of the following requirements: 

1. Incorporate at least one of the CEE specifications for residential heating and cooling system 

equipment included in Section 4 through an educational or incentive-based program. 

2. Deploy a significant and focused educational or promotional program that expresses the 

importance of taking an integrated approach to encouraging efficient heating and cooling 

systems. This can be achieved through the identification and marketing of the CEE Quality 

Installation Specification OR the deployment of incentives for installations that address 

integrated HVAC system efficiency and adhere to principles outlined in Section 4.5. 

3. Promote one or both of the Education and Awareness Building Strategies identified in 

Section 4.6 and further supported by content in Appendix C. When promoting heat pump 

technology, Initiative participants are required to inform customers about uncertain capacity 

 
42 Data on the ENERGY STAR status of equipment listed in the CEE Directory is limited to equipment that has been 

certified by AHRI. Equipment qualified through any other EPA-recognized certification body is unable to be 

affirmatively represented as such by CEE. 

http://www.ceedirectory.org/
https://library.cee1.org/content/hvac-quality-installation-specification-standard-number-ansiacca-5-qi-2010
https://library.cee1.org/content/hvac-quality-installation-specification-standard-number-ansiacca-5-qi-2010


at very low temperatures, and proper sizing or encourage auxiliary heat in climates where 

temperatures fall below 17°F. 

4. Communicate to CEE that you voluntarily elect to participate in the Initiative and commit to 

enabling periodic analysis of the uptake and impact of the Initiative. 

These requirements provide Initiative participants with discretion to design programs that 

optimize effectiveness around local conditions; it is up to the individual utility to decide whether 

or not to offer incentives and the relative amount of any incentives offered. The requirements do 

not preclude the existence of additional program elements such as: (a) the promotion of 

equipment that achieves the CEE specifications in this Initiative as well as equipment that does 

not; (b) the promotion of quality installation for equipment that achieves the CEE specifications 

in this Initiative as well as equipment that does not; and (c) different levels of promotion or 

incentives relating to (a) and (b). 

 

 

The test methods used to differentiate performance of electric heating and cooling equipment 

through SEER, EER, and HSPF do not effectively reflect real-world savings, particularly for 

variable capacity heat pump equipment. They rely on steady-state conditions that are subject to 

specific, fixed (or locked) indoor and outdoor air conditions, and are measured compared to 

similarly rated equipment, not actual in-field performance. The metrics were designed to rate the 

thermodynamic efficiency for single-speed equipment and therefore are not well suited to 

address variable capacity equipment or low/high ambient conditions. They are lab-induced fixed 

speed and fixed condition, tested under the system’s own controls, as shipped. For this reason, 

CEE is highly invested in exploring alternative approaches to defining and testing heating and 

cooling systems that better represent in-field energy use. To date, CEE has identified three 

potential strategies: a load-based test method (such as the Canadian Standards Association EXP 

07), embedded monitoring capabilities that provide a stream of field data, and a controls 

verification test (such as the one under development by the Japanese Industrial Standards (JIS) 

Committee). CEE will continue to explore potential alternative methods for differentiating high 

performance equipment in future Initiative revisions. 

 

Future revisions and updates to this Initiative may focus on complimentary and additive ways to 

support the existing QI specification, in which participants are encouraged to sponsor HVAC 

contractor training opportunities that focus on the principles of selling and performing quality 

installation based on the ANSI/ACCA 5 Quality Installation Specification 2010. This may include the  

https://www.jisc.go.jp/eng/
https://www.jisc.go.jp/eng/
http://library.cee1.org/content/hvac-quality-installation-specification-standard-number-ansiacca-5-qi-2010


role for connected capabilities to augment verification and reduce manual on-site requirements 

from contractors, for example.  

 

In addition to quality installation, proper maintenance is necessary to achieve efficient in-field 

performance for the life of air-conditioning and space heating equipment. Regularly scheduled 

inspections, maintenance, and cleaning of HVAC systems help preserve equipment efficiency 

and prolong useful life. While some energy efficiency program administrators promote proper 

maintenance or tune-ups with financial incentives, this is not required for program participation 

in the CEESM Residential Heating and Cooling System Initiative. Resources such as the ANSI/ACCA 4 

Standard for Maintenance of Residential HVAC Systems, last updated in 2019, may offer guidance in 

this area.43 CEE may consider including a more comprehensive maintenance and tune-up element 

in a future version of the Initiative. 

 

Sensors and communicating functionality embedded within heating and cooling systems can 

provide added energy and nonenergy benefits. Beyond the criteria outlined in this Initiative, CEE 

is interested in exploring further opportunities around verification, quality installation, energy 

management, fault detection and diagnostics, and enhanced maintenance through connected 

capabilities embedded in HVAC systems. Active CEE both through this Initiative as well as a 

new CEE Integrated Home Initiative will pursue potential benefits of connectivity and 

automation on the electric grid and natural gas distribution systems.  

Although onboard communications and intelligence capabilities such as fault detection and 

diagnostics for residential central air-conditioner and air source heat pump equipment are not yet 

widespread and remain largely proprietary, there is growing evidence that integration of these 

capabilities in HVAC equipment may help reduce or avoid instances of poor installation, and 

may also contribute to improved patterns of system maintenance. CEE will continue to monitor 

developments regarding fault detection and diagnostics in order to gain a better understanding 

of the savings potential and the role that equipment intelligence may play in delivering efficient 

in-field performance. 

CEE members are also actively exploring the potential of gas demand response and how a broad 

range of prospective program approaches could be considered within a portfolio of offerings for 

utilities to respond to ever more challenging constraints on the gas system. The membership is 

looking at when demand response for natural gas end uses is beneficial to the distribution system 

and how utilities can target and implement strategies for demand response. As this work evolves, 

 
43 "ANSI/ACCA 4 QM - 2013: Maintenance of Residential HVAC Systems," Air Conditioning Contractors of America, 

http://www.acca.org/wp-content/uploads/2014/02/quality-maintenance.pdf. 

https://www.acca.org/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=6b7b0e29-2876-7299-5f7d-edd84589c5f1&forceDialog=0
https://www.acca.org/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=6b7b0e29-2876-7299-5f7d-edd84589c5f1&forceDialog=0
http://www.acca.org/wp-content/uploads/2014/02/quality-maintenance.pdf


CEE will evaluate the role of natural gas heating and cooling systems to support these objectives, 

including potential applications within this Initiative.   

 

Integrated control systems enable customers to control multiple HVAC units that were not 

necessarily designed to operate as a system, from one central controller or application. These 

systems can include configurations such as one or multiple cooling technologies used in 

conjunction with an electric resistance heating unit or oil heating system, or one or multiple air 

source heat pumps used in conjunction with a central air conditioning unit. Integrated controls 

for residential heating and cooling systems are gaining interest among energy program 

developers due to their potential to bring in additional energy savings and provide increased 

customer amenity. CEE will continue to explore this category of offerings and their potential role 

in future Initiative revisions 

 

Through their efficient transfer of heat from one location to another, heat pump technologies 

have a myriad of applications that present opportunities for utility programs to achieve 

additional savings. The three fundamental types of heat pumps are air-to-air, water source, and 

geothermal. Generally speaking, heat pumps collect heat from the respective external medium 

and concentrate it for internal use within a building. Member interest in heat pump technology 

spans a broad range of product types, fuel types, and building types. CEE has investigated 

several promising categories over the past few years, including variable capacity heat pumps, 

multi-function heat pumps, space and water conditioning, systems using CO2 as refrigerants, 

hybrid fuel systems, systems with backup heat, gas heat pumps, and commercial heat pump 

water heaters. This Initiative revision introduces residential gas air source heat pumps into scope, 

and CEE hopes to expand the scope of heat pump specification offerings to additional equipment 

types as products that demonstrate high efficiency performance across a broader range of 

applications become available in the US and Canadian markets.  

 

The CEE Residential Heating and Cooling Systems Initiative includes specifications that are 

technology and fuel neutral, thus enabling the market to drive innovation and competition of 

solutions that can deliver to members’ savings objectives. While this overall approach is integral 

to the Initiative, the landscape of residential systems continues to become more diverse as the 

market evolves. CEE will monitor the opportunity to further distinguish subcategories of 

products beyond those currently outlined in the present specifications. This includes but is not 

limited to: division between mini-split, multi-split, variable speed, and central heat pump 

systems; additional categorization based on discrete climate or weather conditions; further 

distinction of natural gas equipment types or categories; and further delineation for specific 



applications (i.e., new construction vs. existing homes, single family vs. multifamily zoning, 

integration across multiple fuel sources). 

 

DOE established the first national efficiency standards for furnace fans in 201444, which went into 

effect on July 3, 2019. This standard specifies a maximum fan energy rating (FER) that varies 

based on the airflow provided by the furnace fan; the metric is expressed in terms of power 

consumption (W) per delivered airflow (1,000 cfm) and incorporates energy consumption in three 

different modes: heating, cooling, and constant circulation. The standard is expected to reduce 

the energy consumption of furnace fans by about 40%. Given that there was not sufficient data 

about the new metric and available models at the time of this Initiative’s publication, CEE does 

not currently have a standalone specification for furnace fans, although this product area is of 

great interest to members, as the savings potential for these large-use loads can be significant. 

According to the Appliance Standards Awareness Project (ASAP), “furnace fans are among the 

largest users of electricity in a typical household, consuming about 1,000 kWh of electricity per 

year on average, or nearly 10% of an average household’s electricity use.”45 CEE will continue to 

monitor and assess the viability to develop a specification for furnace fans in this Initiative once 

more data about the FER metrics is available. 

 

Heating and cooling equipment contribute greatly to the overall environment of a home, 

including the air quality and health of residential ecosystems. With evolving trends of some 

people spending much more time at home and working remotely due to the COVID-19 

pandemic, there is an increased interest in addressing the health impacts of residential 

occupancy.  Increasing ventilation, upgrading air filters, and incorporating ultraviolet germicidal 

irradiation technologies, particularly UV-C, are among some of the recent strategies and 

technologies that may contribute to improved indoor environmental quality when applied 

properly under suitable conditions, but they all impact energy consumption. CEE will coordinate 

with industry partners to further explore these topics and implications of HVAC technologies, 

strategies, and features aimed at optimizing health and safety, and potential synergistic 

opportunities for energy efficiency.   

 
44 Appliance Standards Awareness Project (ASAP). https://appliance-standards.org/product/furnace-fans  

45 ASAP: “Furnace Fans” https://appliance-standards.org/product/furnace-fans. 

https://appliance-standards.org/product/furnace-fans
https://appliance-standards.org/product/furnace-fans
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CEE utilizes the US DOE climate definitions46 applied in rulemakings47 in order to provide 

guidance for cooling and heating dominated regions.48 Further, the North Climate specifications 

are intended to also include all Canadian regions, as the provinces are heating dominated. The 

use of climate zones will be at the discretion of CEE members. 

•  a region that receives more than 20 in. (50 cm) of annual precipitation 

and where one or more of the following occur: 

o A 67°F (19.5°C) or higher wet bulb temperature for 3,000 or more hours during the 

warmest 6 consecutive months of the year; or 

o A 73°F (23°C) or higher wet bulb temperature for 1,500 or more hours during the warmest 

6 consecutive months of the year; or 

o Has approximately 5,400 heating degree days (65°F basis) or fewer, and where the 

average monthly outdoor temperature drops below 45°F (7°C) during the winter months. 

• a region that receives less than 20 in. (50 cm) of annual precipitation 

where: 

o The monthly average outdoor temperature remains above 45°F (7°C) throughout the 

year; or 

o Has approximately 5,400 heating degree days (65°F basis) or less, and where the average 

monthly outdoor temperature drops below 45°F (7°C) during the winter months. 

•  a region with approximately 5,400 heating degree days (65°F basis) or more and 

fewer than approximately 9,000 heating degree days. 

•  a region with approximately 9,000 heating degree days (65°F basis) or more 

and fewer than approximately 12,600 heating degree days. 

  

 
46 “Climate Zones.” Energy.gov. Accessed October 31, 2019. https://www.energy.gov/eere/buildings/climate-zones  

47 “Appliance Standards Questions and Answers: AC, Heat Pump, and Gas Furnace Standards.” Appliance-standards.org. Accessed 

October 31, 2019. http://appliance-standards.org/sites/default/files/Fact_Sheet_Furnaces_ACHP_Nov_2011_FINAL.pdf  

48 The Hot and Dry climate definition is inclusive of the Mixed-Dry climate definition while the Hot and Humid definition is 

inclusive of Mixed-Humid climate definition.  

https://www.energy.gov/eere/buildings/climate-zones
http://appliance-standards.org/sites/default/files/Fact_Sheet_Furnaces_ACHP_Nov_2011_FINAL.pdf


 

There are many factors that can either limit or influence a homeowner's choice of HVAC system 

selection, including feasibility considerations as well as tradeoffs. The list below outlines some 

elements that should be considered by the contractor and homeowner when deciding what 

products or equipment to purchase and install. 

• – Switching fuel sources may have implications 

for infrastructural needs and cost. Depending on what fuel the customer is switching to or 

from, there might be considerations regarding availability, cost, storage, and capability. In 

addition, as different kinds of HVAC equipment are optimized for specific distribution 

systems and/or climates, some HVAC systems may not be viable options for certain 

homeowners, depending on the existing type of distribution system, climates, and 

requirements of prospective alternatives. A similar consideration applies to existing backup 

power systems, such as generators or battery storage systems, as installation of new systems 

may have implications to the emergency backup amenities and functions. Lastly, there might 

be implications to the existing plumbing system, particularly if these arrangements are 

designed for auxiliary uses. For example, equipment located in basements or garages often 

serve a secondary purpose of keeping spaces about freezing during the winter in colder 

climates and ensuring pipes do not freeze. 

•  – Town, city, state, or community regulations may limit the kinds of 

equipment that can be installed in certain locations. For example, there are regional laws 

regarding indoor air quality. Additionally, condo associations may have restrictions on 

outdoor unit placements or towns might limit the manner in which a homeowner uses 

renewable energy systems. 

•  – In emergency replacement situations, short-term weather 

conditions (such as frozen ground and blizzard conditions) may preclude consideration of 

installation of systems involving newly sited outdoor equipment. Similarly, the temperature 

may be so extreme that the most important factor is speed of system replacement, in which 

case the decision may be contingent in part on what is already locally available. 

•  – There are three kinds of costs to consider: upfront cost includes the equipment and 

installation; annual operating cost includes the cost of the electricity and/or fuel to power the 

equipment, plus maintenance costs; and lifecycle cost is the sum of the annual operating 

costs multiplied by the expected life of the system and the upfront (equipment plus 

installation) cost. The relative importance of each type of cost to a given homeowner will 

depend on several variables and personal priorities.  

• – Contractors may not have much experience with 

newer products or technologies and therefore might not have as robust knowledge about 

how to properly install or commission the equipment When assessing the overall risks and 

potential benefits associated with equipment selection, homeowners may want to take into 

consideration the level of trade ally experience,  



•  – Homeowners and contractors will need to consider tradeoffs 

between the comfort and amenities provided and the costs of different HVAC systems given 

that various types of equipment function in different ways and provide diverse results in a 

home, such as localized heating and cooling, control over various zones, and improved 

indoor air quality.  

•  – Different types of equipment have various spatial 

needs and indoor facility requirements. Some ductless systems have "indoor units" on the 

walls while others offer options for flush-ceiling-mounted cartridges. Furnaces and boilers 

typically take up a significant amount of space in a home's basement, garage, or utility closet. 

These visual and spatial considerations are important to take into account when selecting 

HVAC equipment. Similarly, the outdoor unit location has associated spatial requirements; 

the viability of installing components like condensate drains and refrigeration tubing is 

dependent on various factors, such as distance from the power source, distance from indoor 

units, setbacks from property lines, and the ability to mount the equipment to the home. 

 

These considerations are examples of the decision-making factors that homeowners and 

contractors should be aware of and work through as they select the best heating and cooling 

system for a given application. The CEE specifications outlined in this Initiative can help 

homeowners and contractors identify the package of equipment, controls, and installation 

guidance that differentiates high performance and is capable of delivering low cost, clean, and 

reliable energy, while contributing to the resilience of utility and distribution systems.  

 


