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Executive Summary

Space heating and cooling accounts for 61 percent of energy consumption in US households' and
64 percent of residential energy use in Canada.? Half of all homes in both countries are heated
with natural gas furnaces or boilers.’ Residential central air conditioners and air source heat
pumps represent 15 percent of household electricity consumption in the United States.*
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.°

Figure 1. Residential Energy Consumption in Homes by End Use

United States (2015) Canada (2019)
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The CEE®M 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.

' 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.

% 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.

*"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.
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1 Initiative Approach

1.1 Initiative Scope

The CEEM 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.* 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.

1.2 Initiative Goals and Strategies

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

¢ "CEE High Efficiency Commercial Air Conditioning and Heat Pump Initiative," Consortium for Energy Efficiency,
library.ceel.org/content/consortium-energy-efficiency-cee-high efficiency-commercial-air-conditioning-hecac-initiative /
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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:

71 Enable programs to promote solutions that will meet customer needs given their unique
circumstances through customized and educated product selection strategies.

1 Encourage interoperability of HVAC systems with grid and distribution services,
customer authorized third party offerings, and manufacturer solutions that promote

open, nonproprietary, communication standards.

1.2.1 Present Limitations to the Initiative
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;
historically — Seasonal Energy Efficiency Ratio (SEER), Energy Efficiency Ratio (EER), and
Heating Seasonal Performance Factor (HSPF).” 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. This version of the Initiative
marks the transition to the new Appendix M1 Test Procedure®. As of January 1, 2023, SEER, EER,
and HSPF will no longer be used; SEER2, EER2, and HSPF2 will instead be the metrics that

manufacturers will be required to test to and report.

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 performance and load-based

TOUP® YL wx EUDwaon w2 UEESWuw 05 u uxUE ICERRQE, w01 1 wEYT UET T wUEUCT wOl wUxEET
UEOT wOl wi Ol ECUPEEOwWI Ol UT awEOOUUOT EwEawli 1 WEPUWEOOEDUDPOOT UwOUWI 1
¢ %1l wx EUOwQon w2 UEaRY BW'wOL b xuBBDiEDRue 080T wlUi gUPUT EwbOwUiT 1 DOOwW( 5wE UL
Ul EVOOOWIT R x W@ HE G@BEET r OPUD OO wD @ue nxux"l WIEWDREL (Kudlon w2 UE x EU 0 w!

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/£34/CAC_TP_Final_Rule.pdf

6 © 2023 Consortium for Energy Efficiency, Inc. All rights reserved.
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approaches for measuring energy, if and when those are deemed viable and market-ready by

members and industry.

2 Market Overview
2.1 Market Structure

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.

T Manufacturers — 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.” 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.’” 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." The top three manufacturers, by sales, of gas furnace equipment are
Carrier, Goodman, and Lennox."? There are approximately 40 manufacturers and more than

55 brands of residential gas boilers."

1 Wholesale Distributors — 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

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

? US Department of Energy, "Technical Support Document: Energy Efficiency Program for Consumer Products:
Residential Central Air Conditioners and Heat Pumps: Chapter 3 Market and Technology Assessment,"

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

10°US Department of Energy, “Chapter 3 Market and Technology Assessment,” Residential Central Air Conditioners and Heat
Pumps Technical Support Document, 2016.

1'US Department of Energy, “Technical Support Document: Energy Efficiency Program for Consumer Products and
Commercial and Industrial Equipment: Residential Furnaces: Chapter 3 Market and Technology Assessment”,

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

2 Ibid.

B Air-Conditioning, Heating, and Refrigeration Institute, “Directory of Certified Product Performance,” 2013, accessed
October 19, 2020, http:/ /www.ahridirectory.org.
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members with nearly 5,000 branch locations, and close to 500 suppliers, manufacturers, and

service vendors.™

1 HVAC Contractors — 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),"” 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.'

I Retailers - 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.

1 Builders and Developers — 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.

2.2 Market Trends

221 CENTRAL AIR CONDITIONERS AND AIR SOURCE HEAT PUMPS
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.

4 About HARDI," HARDI, http:/ /www.hardinet.org/about-hardi, accessed September 4™, 2019.
15 “About ACCA,” ACCA, https:/ /www.acca.org/about-acca, accessed September 12, 2019.
16 About PHCC,” PHCC, https:/ /www.phceweb.org/about/, accessed September 4, 2019.

8 © 2023 Consortium for Energy Efficiency, Inc. All rights reserved.
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Table 1. Changes in Average Efficiency Ratings Over Time"

Split CAC Packaged CAC Split ASHPs Packaged ASHPs
Average SEER
2007 ©q6 n tut 6+ K 6 h hut 6 K
2014 ©qd P bk 8 Y tuk & A ruK & t
2019 6qo6R uk 6 A huk 6 W huk 6 W
2022 a6 6 UK 6 t huk 6 K UK 6 Kk
Maximum SEER
2007 Oodn hut & K N & Kk hut 8 Y
2014 OPO N l Yoy | KOy hut 0 K
2019 Op o n l Yoy | KoY | KoY
2022 ORG n FUN G | | K&Y | YBY
Average EER
2007 6606 R huhué hu huhué W huhud hu
2014 6006 P hul 6 | hul 8 k huhué N
2019 606 e hul 6+ hul 6 W hul 6 Kk
2022 806 q uhud k hul 61 huhu6 1
Maximum EER
2007 ©q 0 q hut 6 K UK 6 hu hul 6 W
2014 6PG6 N UK 6 W hut 6Y hut 6Y
2019 e UK 6 W b Y hud
2022 6ep b q hu KUG huk 6 k hut 61
Average HSPF
2007 wo K AO W
2014 woé N wo y
2019 woé N wo N
2022 wo A Wwo h
Maximum HSPF
2007 huy o | wo |
2014 hut 6 Y wé k
2019 hut 6 Y hut 6 Y
2022 hut 6 Y huy 6 Y

17 CEE Directory of AHRI Verified HVAC Equipment, http:/ /www.ceedirectory.org/, accessed April 1, 2022
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Figure 2. Ducted ASHP System SEER2 Levels Over Time!®

18
16
Federal Minimum
14 - == ENERGY STAR
CEE Tier 1
12 — CEE Tier 2
CEE Tier 3
10
CEE Advanced Tier
8
’lz © O O & O© D O O D> o D0 AN L
o o)qoo R O OO O I A%
MR wwmwmo’bomo’vowo'bomomwo

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 October 2022, the CEE Directory of Efficient Equipment listed more than
566,031 active central air conditioner and 44,905 heat pump combinations that would qualify for a
CEE tier.”

GAS FURNACES

The market penetration of high efficiency furnaces has increased significantly since the CEE High
Efficiency Residential Gas' 1 E UBPGH WP E D@ ® 1 w" $ $ WOEVUUVUEOwW! EOQUEDEDr EEU
%Ul Qw4 UPODP4&E UD O Audsusd eEl UAUAUE uncd T 9RAUBORE@ LiDAh & Bake Othea

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

Table 2. Model Availability of Residential Furnaces?®
2009 2009 2014 2014 2019 2019
Level Number of Percent of Number of Percent of Number of Percent of
Available Available Available Available Available Available
Models Models Models Models Models Models
All Models 9,722 100% 7,282 100% 8,734 100%
090% AFUE 2,905 30% 2,162 30% 3,108 36%
095% AFUE 851 9% 1,522 21% 2,728 31%
097% AFUE 125 1% 185 3% 312 4%

'8 SEER values were cross walked to SEER?2 values for the purposes of this figure.

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

2 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.

© 2023 Consortium for Energy Efficiency, Inc. All rights reserved.
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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.

223 GAS BOILERS
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).?* In 2020, 41

manufacturers produced a total of 658 condensing boiler models.?

Table 3. Model Availability of Residential Boilers??

2009 2009 2014 2014 2019 2019
Level Number of Percent of Number of Percent of Number of Percent of
Available Available Available Available Available Available
Models Models Models Models Models Models
All Models 1,095 100% 1,115 100% 1,197 100%
085% AFUE 262 24% 485 43% 712 59%
090% AFUE 153 14% 365 33% 590 49%
095% AFUE 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.

2 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.

% 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.

Working Together, Advancing Efficiency 1
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Table 4. US Households with Boilers for Space Heating (in Millions)?*

Entire US Northeast Midwest South West
Year Hh%ljlzese- Percent Hh%lize: Percent Hh%lize: Percent Hh(:)t:f:li- Percent Hh(:::fji- Percent
1993 8.7 9% 43 22% 29 12% 0.7 2% 0.8 4%
1997 7.3 7% 3.6 18% 2.5 10% 0.5 1% 0.7 3%
2001 7.9 7% 43 21% 2.3 9% 0.6 2% 0.7 3%
2005 8.2 7% 49 24% 1.6 6% 1.0 2% 0.6 3%
2009 6.9 6% 43 21% 1.7 7% 0.4 1% 0.4 2%
2015 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.

Table 5. Canadian Households with Boilers for Space Heating (in Millions)®

Year ﬁi:i:;}aor} ds Percent
2003 1.2 11%
2007 1.4 11%

20M 1.3 9%

2015 1.3 9%

CONNECTED THERMOSTATS

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,% $1.36 billion in 2018,% 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.”® Point of sale cost for connected thermostats has

2 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.
% 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”.
% 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
2 Tbid.

© 2023 Consortium for Energy Efficiency, Inc. All rights reserved.
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gone down significantly in the past several years; first-generation models sold for $400, while

2018 models typically cost $150-$250, not including any rebates.”
Figure 3. North America Smart Thermostats Market Revenue (USD Million)*®
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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.

2.3 Market Barriers to In-field Energy Efficiency

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.

1 Consumers are unaware of the benefits of investing in high efficiency equipment.
The majority of heating equipment sales occur 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.

1 Consumers are unaware of what constitutes a “quality installation” or which
contractors provide quality services. Consumers may be unaware of the degree to

? ACEEE, “Energy Impacts of Smart Home Technologies,” Report A1802, April 2018, pg. 17,
http:/ /aceee.org/sites /default/files/publications/researchreports/a1801.pdf.

% Grand View Research. Smart Thermostat Market Analysis by Technology (2012-2022).

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

Contractors lack appropriate tools to sell equipment. 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.

Contractors have limited reasons to provide a quality installation. 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.

Split incentives—building owners versus tenants. 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.

Split incentives—builders versus homebuyers. 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 technologies face technical limitations to increased efficiency. 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.
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3 Program Considerations

3.1 Energy Efficiency Savings Potential

S1LINATURAL GAS EQUIPMENT
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.”» 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.*

Figure 4. Furnace AFUE Levels: Estimated Savings Above Minimum Standards
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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.%

Figure 5. Boiler AFUE Levels: Estimated Savings Above Minimum Standards
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% More Efficient than Federal Minimum Standard as of 2021 (84% AFUE)

ELECTRIC EQUIPMENT

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

2015, with updated standards going into effect on January 1, 2023 The standards vary regionally,

impacting customers living in the North (National), Southeast, and Southwest regions differently.
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The table below lists the residential heat pumps and specialty AC/HP minimum efficiency levels

determined by the US Department of Energy. It shows the old versus new procedures and

efficiency levels; these values apply to the entire United States.

3 Appliance Standards Awareness Project. Boilers. https:/ /appliance-standards.org/product/boilers
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Table 6. Federal Minimum Standards for Electric HVAC Equipment

SEER HSPF SEER HSPF SEER2 HSPF2

Split System Heat Pump 14.0 8.2 15.0 8.8 14.3 7.5
Single Package Heat Pump 14.0 8.0 14.0 8.0 13.4 6.7
Space-constrained AC 12.0 == 12.0 1.7 ==
Space-constrained Heat Pump 12.0 7.4 12.0 7.4 1.9 6.3

Small Duct High-Velocity

12.0 7.2 12.0 7.2 12.0 6.1
Systems

The table below lists old versus new procedures and levels of regional standards for residential

split system and single packaged air conditioners minimum efficiency.

Table 7. Federal Minimum Standards for Electric HVAC Equipment

SEER SEER SEER EER SEER SEER SEER EER SEER2 SEER2 SEER2 EER2

Split AC <45 13.0 14.0 14.0 122 14.0 15.0 15.0 12.2/10.228 134 14.3  14.3 11.7/9.82

kBtu/h
SPItACO45S 425 140 140 N7 140 145 145 17/102° 134 138 138 11.2/9.8°
kBtu/h
Single 140 140 140 1 140 140 14.0 11.0 134 134 134 106

Packaged AC

Note 2 The lower EER requirement is for equipment at or above 16.0 SEER using the M test method (or 15.2
SEER?2 using the M1 test method).

313 CONNECTED THERMOSTATS
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:

T Connected thermostats may save gas in northern climates.
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1 Innorthern climates, gas heating savings from switching from a manual thermostat to a
connected one are about twice those from switching to a programmable thermostat.
{1 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:
0 Connected thermostats provide electric heating energy savings.
0 Connected thermostats save energy in cooling climates and applications.
0 Connected thermostats provide gas heating savings.

1 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
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.

Load Management Potential

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.
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3.3

In 2021, there were 42 CEE members with some form of load flexibility measure as part of their
residential heating and cooling systems offerings.* This is in addition to the more than 70
members who have explored programs with connected thermostats;* 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.*

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.” 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.®

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.

Selection, Design, and Installation Potential

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

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

B 1bid.

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

%7 2019 Utility Demand Response Market Snapshot, Smart Electric Power Alliance. September 2019.

Bys. 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/.
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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 2022 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.

Example Feasibility Considerations: 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
characteristics impacting the cost-effectiveness of different HVAC system options combined with

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

Example Tradeoffs: 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.”

% ENERGY STAR Quality Installation Program Fact Sheet, pg. 2.
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Figure 6. Typical Energy Use Associated with Residential HVAC Installations*
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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.

Air Source Heat Pump Education and Awareness Building Strategies Project

In support of this Initiative, CEE is currently undertaking a supplemental project focused on
establishing consensus based market resources, in collaboration with industry partners, that
members can deploy locally to address some of these challenges. Programs are working to
significantly ramp up the adoption of high performance ASHPs as a critical backbone of their
decarbonization objectives, and the stakes of realizing savings while maintaining comfort will
rise proportionally. Providing proven installation guidance for whole house heat pump solutions
in Northern climates is necessary for utilities to achieve measurable savings, for contractors to
feel confident in promoting these heating solutions without undue risk of call-backs, and for
customers to encounter a positive experience with the technology that results in positive
testimonials. As outlined in the full 2022-2023 Business Plan, this project strives to demonstrate
successful business opportunities presented by the quality installation of ASHPs as a whole
house solution and lower the cost and accessibility of installer training necessary to achieve in-
field performance. Without these market conditions at least partially realized at this early adoption stage
of high performance ASHPs, North American adoption of this equipment will be stunted. The primary
objectives of this collective work are to improve the utilization of efficient heat transfer,
demystify complexities or unknowns, and mitigate market barriers to high performance ASHP
adoption. Outcomes from this work may be incorporated further into future revisions of this

Initiative.

“1bid, pg 2.
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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
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.

Natural Gas Equipment

GAS-FIRED FORCED HOT AIR
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

Table 8. CEE Gas-Fired Forced Hot Air Specification

Level AFUE*
CEE Tier 1 awNlI O
CEE Tier 2 awNkauU
CEE Tier 3 a Nuk

quwwenuw" %lw xxI OEDPR w- wt@b2 OEHORB U WI0wd il Wi BE il @@ 0 EDOO OO i

%UUOEEI UwEOEwW! OPOI UU
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Table 9. CEE Gas-Fired Forced Hot Air Specification

Level AFUE**
Advanced Tier a wyu

u - 2 (w9 0adUdNGBUAME OET w31 UUBMIUWLE@EW PBW) @I0E®IUBOH® OWwEOE w' 1 EUL

ET UDT OEUT Ewi OVw1i1 1 HOOw(S5
412 GAS-FIRED BOILERS (HYDRONIC)
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.

Table 10. CEE Gas-Fired Boiler (Hydronic) Specification

Level AFUE* Other Requirements
CEE Tier 1 AwNYU 371 UOEOw+OEEW,
CEE Tier 2 anul 311 UBEOQw+ OEE W,

den w" %l w xx1 OEPR w- wl Oua20bH >OIOWUE!T Wwdiww /i U OE@D dw w, 1 EV0UDOT wU
%UUOEEI UwEOEwW! OPOI UU
AgrE@E |l wOl DWEA wDOEOUXxOUEUDPOT wOUUEOOUwWUI Ul DWEOGOUUOOOwWDOEDOOU

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

Table 11. CEE Gas-Fired Boiler (Hydronic) Specification
Level AFUE** Other Requirements

Advanced Tier a wyw 311 UOEOQw+ OEE W,

ddw - 2 ( w9l QHEEANNGBEAUE | w31 U U BMIUWLE@Ew PEWH OIOE®IUBOHHD OWWEOE W' 1 EUL
E1 UPT OEUI Ewi OUw1l 1 DOOw(5

Ay EsET wOl DWEa wbOEOUXxOUEUDPOT wOUUEOOUWUT Ul DWEOOULUOOOWPOEOOU

41.3 GAS HEAT PUMPS
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 qpU B E B Qlf Iw® @ib$ASowWw
Ul EOT Opal Waidd ayadqu wUOET Uwilil WBIFEWE B Q@OWO 0P O bW@Diu L
Ul U0wxUOEI EUUI 6
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Table 12. Advanced Tier Additional Reporting Metrics (where applicable)
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Reporting Metric
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4.2 Electric Equipment

CEE references DOE regions 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 regions to determine which specification levels may

be 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 and North (including Canada) climates as defined by the
DOE regional standards 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.

Beginning with this Initiative update, CEE specifications are utilizing the M1 Appendix metrics of
SEER2, EER2 and HSPF2, and no longer utilizing the M Appendix metrics of SEER, EER and
HSPF. However, models that have not yet tested to M1 but have equivalent or higher tested M

values still qualify as meeting CEE Tiers.
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421 CENTRAL AIR CONDITIONERS
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Table 13. CEE Split CAC Specification

Level SEER2 EER2 Connectivity
CEE Tier 1 Ak 6 | ay 6y - ¥
CEE Tier 2 abb 6y Aoy -

CEE Demand Response

CEE Advanced Tier abb 6y amdy Criteria Level 2

Table 14. CEE Packaged CAC Specification

Level SEER2 EER2 Connectivity
CEE Tier 1 abk 61  albud k -
CEE Demand Response

CEE Advanced Tier ay 6 A d y

(@]
o<

Criteria Level 2

4272 AIR SOURCE HEAT PUMPS#
2EOxw( Ox Umg 6D OIUW3 4 v 1
2$$100w$ $ 1 FOOEDHUHYEOWHEFO U UwUi EOOWET wdl EVUUT Ewxi UwUOi |
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Table 15. CEE Split Ducted ASHP Specification - North and Canada

Level SEER2 EER2 HSPF2 Cgf":f‘t ngfig';y Connectivity

CEE Tier 1 Awk 6 awwy o A wW ahd A -
0O58% at

CEE Advanced “ “ PN 2 ) 17°F/47°F or CEE Demand

Tier a whA - ¥ awwce aho A 670% at 5°F/47°F Response

Criteria Level 2

41 Split Ducted means a heat pump that is designed to be permanently installed equipment and delivers conditioned air to
the indoor space through a duct(s).
Non-Ducted means an indoor unit that is designed to be permanently installed, mounted on room walls and/or ceilings,
and that directly heats or cools air within the conditioned space.
Packaged unit means any central air conditioner or heat pump that has all major assemblies enclosed in one cabinet.
i yxUoxypbpbP3Jl EI UinGEASFEGBOIVE Bt &SidbiUr U 0 BB OE DR

xx1 OEPRUON, euOnUOuOn2VUExEUCOUGONn! uoOnOi aoOn/ EVU0NONQon
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Table 16. CEE Non-Ducted ASHP Specification - North and Canada

COP at Capacity .
Level SEER2 EER2 HSPF2 5oF* RatioA Connectivity
CEE Tier 1 aluk 6 aNoGy auwo k ahodAa -
- w = w = w ; w = 0580/0 t
CEE Tier 2 alvt 0 aNoy awNc ahioA 170F/47anor
070% at 5°F/47°F  CEE Demand
$-EE*fdvanced awhit -« awhy ahoa Response
er Criteria Level 2
Table 17. CEE Packaged ASHP Specification - North and Canada
Capacity
Level SEER2 EER2 HSPF2 C;)oFl’:flt RatioA Connectivity
CEE Tier 1 alwk 6 aluy 6 awWc ahioA 658% at -
17°F /47°F or
CEE Advanced . |, N - O70% at CEE Demand
Tier a wavwy - v apoey  ahoA 5°F/47°F Response

Criteria Level 2
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Table 18. CEE Split Ducted ASHP Specification - South
Level SEER2 EER2 HSPF2 Connectivity

CEE Tier 1 akwk 6 Abbud A aiud W - ¥
CEE Advanced Tier a wduy akwlyo alud y

CEE Demand Response
Criteria Level 2

Table 19. CEE Non-Ducted ASHP Specification - South

Level SEER2 EER2 HSPF2 Connectivity
CEE Tier 1 awwk 6 a6 A aiué W - Y

CEE Tier 2 abb 6y akh 6y aMNoYy -7

CEE Advanced Tier 2 wibwy auwdy apgy PP Demand Response

Table 20. CEE Packaged ASHP Specification - South

Level SEER2 EER2 HSPF2 Connectivity
CEE Tier 1 AluRk 6 ay ot a A -7
CEE Advanced Tier & diéuy  awdy aupy PP Demand Response

4.3 Connected Thermostats

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:

1 USEPA 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:

1 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
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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:

=A =4 =4 =4 4 -4 A4 -4 -4

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

4.4 Connected Criteria
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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
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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.

441 ENERGY MANAGEMENT CAPABILITIES (ANY SYSTEM)
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:

Table 21. Energy Management Criteria

Energy Management Capability Requirements (Any System)

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

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.

The ability for firmware updates to the product or connected control for a system,
D to ensure that reliability and cybersecurity remain current with little to no
consumer interaction.

Ul EOUT wEdOO0l EUDPOOwWi UOOWEwWUT 6001 wEOOOUODEEUDPOOWDOUT Ul EET w3 |
ExxwOUwpkPl EUPDUT AOWOUWEWEUULUOO! UDwEUUT OUPAaTl Ewll PUEwWxEUUVUaAWUUET wl
AMpl ] WEEDOBBPAWEOOUUOI UWUOWEEOET OwEwl UPEwWUT gU1 U0wUT O0w0OwUi T wl |
Ul EOwEwWUI UwEI UUEDPOwWUDPOI OPOI wpl 6T 6 Owp Owi OUUUKS

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.

4.4.2 DEMAND RESPONSE FOR VARIABLE CAPACITY SYSTEMS
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
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4.5

4.6

4.6.1
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HVAC Systems in Residential and Small Commercial Applications. Variable capacity HVAC systems

must meet additional requirements to qualify for CEE Level 2, as specified in Table 22 below:
Table 22. Demand Response for Variable Capacity HVAC Systems

Level Requirements

AHRI Standard 1380 as is:

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

Both ANSI/CTA-2045-A AND OpenADR 2.0 communication interfaces;
CEE Level 2  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.

Quality Installation

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.

Education and Awareness Building

Additional information regarding the decision-making considerations that might help

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

CONTRACTOR TRAINING, SUPPORT, AND INSTALLATION GUIDANCE

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
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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.

4.6.2 CONSUMER AND CONTRACTOR EDUCATION AND AWARENESS
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.

4.7 CEE Directory

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 AHRI®. In addition to

%3 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-
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