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EXECUTIVE SUMMARY
The Massachusetts Residential Heating and Cooling Program offers prescriptive rebates for the
installation of high-efficiency ductless mini-split heat pump (DMSHP) systems. The energy-efficiencyrelated costs of HVAC equipment can change rapidly. In a mature market, such as the market for
conventional split-system central air conditioners and heat pumps, changes in the total installed costs are
driven by changes in equipment prices as manufacturers adjust their designs in response to federal
appliance regulations and fluctuating material prices. In a less mature market, such as the market for
DMSHP systems, changes in the total installed cost are driven both by changes in equipment costs and
changes in the cost of installation. In the recent past, DMSHPs were considered a niche product and it
was difficult to find contractors who were qualified to install them. The market share of DMSHPs and the
awareness of their benefits has grown rapidly in recent years, and recent market developments have
likely reduced the cost of installing a baseline product. Additionally, manufacturing process improvements
and reduced component costs (particularly for electronic controls) are likely to further reduce the
equipment cost of higher-efficiency DMSHP systems. Taking all these factors into account, cost-efficiency
curves that are several years old may not represent the current market for DMSHPs.

Evaluation Objectives & Methodology
The goal of this study was to evaluate the energy-efficiency related total and incremental costs of single
family home installations of DMSHP systems currently rebated through the Residential Heating and
Cooling program.
Navigant developed the Ductless Mini-Split Heat Pump Cost Study to answer the following questions:
•

What are the consumer costs of purchasing and installing residential DMSHP systems in single
family homes in both the retrofit and lost opportunity scenarios, and what proportion of these
costs go towards equipment and labor?

•

What is the relationship between cost and efficiency for DMSHP systems?

•

What are the total costs and incremental costs associated with installing DMSHP systems at
different efficiency levels with different configurations (i.e., single-head vs. multi-head)? Do these
total and incremental costs determined from research align with the actual costs reported on
invoices in collected PA program data?

Evaluation Activities
This study relies on three main data sources: 1) a survey of HVAC contractors in Massachusetts, 2) retail
prices gathered by webscraping, and 3) a sample of scanned invoices for system installations that were
rebated through the program. This study combines data from these three sources to construct costefficiency curves that describe the total installed cost of DMSHP systems across a range of different
system sizes and efficiency levels.
The evaluation team first defined the representative product sizes that are typically installed in the PAs’
service areas. The team then gathered cost data by surveying contractors and webscraping retail prices,
and merged the data from these two sources to construct cost-efficiency curves. Finally, the team
reviewed a sample of program invoices to confirm that the constructed cost-efficiency curves fall in the
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ranges of costs reported on program invoices. Table 1 describes the scope and rationale for each activity
in this cost study.
Table 1. Cost Study Activities
Activity

Rationale

Survey of HVAC
Contractors in
Massachusetts

Surveys can provide accurate cost estimates for specific installation
scenarios relevant to this study. Survey data was used to assess how
installation costs change based on a variety of installation factors, and to
assess the equipment costs at efficiency levels rebated by the program.

Webscraping of Retail
DMSHP Price Data

Webscraping is inexpensive and can yield data across many brands, sizes,
and efficiency levels. Webscraped data was used to fill in gaps between and
above the limited efficiency levels probed in the contractor survey.

Analysis of Program
Rebate Invoices

Although program invoice data is of mixed quality, many records can be
gathered and processed at little cost. Program invoice data reflects the total
installed costs that customers actually pay for products that meet the
program’s rebate thresholds. Program invoice data was used to corroborate
the cost curves constructed using survey and webscraping data.

Source: Adapted from Stage 3 Evaluation Plan for Ductless Mini-Split Heat Pump Cost Study (RES 28)

Findings & Considerations
The following sections summarize the findings from the contractor survey and webscraping activities.

Installation Costs of Different DMSHP Configurations
The evaluation team used contractor survey data to assess the customer costs associated with different
installation factors.
•

On average, the total cost of a retrofit DMSHP installation is about $75 higher than the total cost
of a replacement DMSHP installation.

•

On average, installations through brick exterior walls cost about $260 more than installations
through other exterior wall types (with +$200 for labor and +$60 for supplies), but this varies
depending on the specifics of the installation site and the contractor’s in-house capabilities.

•

Relative to the base case installation where the outdoor condenser unit is located on a ground
pad:

•

o

Mounting the outdoor unit to an exterior ground-floor wall is $70 less expensive.

o

Mounting the outdoor unit on the roof is about $400 more expensive.

o

Mounting the outdoor unit on an exterior wall above the ground floor is about $1,000 more
expensive.

Installing an indoor ceiling cassette unit that is embedded in the ceiling of the conditioned space
is about $1,050 more expensive than the base case installation where the indoor unit is an
exposed wall-mounted unit.
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•

When two DMSHP system installations are performed in the same job, customers receive a
discount of about 15% on the total installed cost of the second system, compared to if the second
system had been installed as a separate job.

The Cost of Efficiency in DMSHPs
Based on the contractor survey results, the evaluation team concluded that for a given capacity level, the
cost of equipment changes with efficiency level, but that the cost of labor, supplies and other costs do not
vary with efficiency. While the costs presented below represent the total installed cost of the system
(including labor, equipment, supplies and other costs), the incremental costs between low- and highefficiency systems are driven entirely by increases in equipment costs. The evaluation team created
separate cost-efficiency curves for regular DMSHP systems and for DMSHP systems that meet the coldclimate air-source heat pump (ccASHP) specification. 1
Table 2 presents the total installed cost for the base case and the current program rebate thresholds.
Table 3 shows the incremental installed costs for the rebate thresholds compared to the base case.
Table 2. Total Installed Cost of DMSHP Systems at Common SEER-HSPF Combinations

Capacity,
kBtu/h

Number
of
Zones

Base
Case
15 SEER,
8.2 HSPF

Lower Rebate
Threshold
18 SEER, 10 HSPF

Upper Rebate
Threshold
20 SEER, 12 HSPF

Above Current
Rebate Levels
28 SEER, 14 HSPF

Regular

Regular

Cold
Climate

Regular

Cold
Climate

Regular

Cold
Climate

9 ± 1.5

1

$3,643

$3,860

$3,993

$4,212

$4,035

-*

$4,419

12 ± 1.5

1

$3,717

$3,957

$4,058

$4,407

$4,199

$4,407

$4,515

18†

1

$4,276

$4,475

$4,646

$4,956

$4,812

-‡

-‡

24 ± 3

1

$4,586

$4,811

$5,016

$5,256

$5,176

-*

-*

24 ± 3

2

$6,263

$6,679

$7,060

-*

-*

-*

-*

24 ± 3

3

$7,434

$7,852

$8,202

-*

-*

-*

-*

30 ± 3

3

$7,962

$8,024

$9,049

-*

-*

-*

-*

36 ± 3

4

$8,857

$8,857

$10,438

-*

-*

-*

-*

* The evaluation team could not identify any systems available on the market with this combination of
capacity, zones, and efficiency levels.
† The evaluation team estimated the equipment costs for 18 kBtu/h using linear interpolation between
the equipment costs at 12 kBtu/h and 24 kBtu/h. Based on contractor survey data, the team assumed
that installation costs for 18 kBtu/h systems are the same as for 24 kBtu/h systems.
‡ Since the 18 kBtu/h data was estimated based on data for 12 and 24 kBtu/h systems, it could only be
calculated for system configurations that are available at both the 12 and 24 kBtu/h capacities.
Source: Navigant Analysis

1

The Cold Climate Air-Source Heat Pump Specification (ccASHP) was developed by a group of interested
stakeholders facilitated by the Northeast Energy Efficiency Partnerships (NEEP). Qualifying heat pumps must meet
certain performance and technology requirements, including high-efficiency performance at low ambient
temperatures. For details, see section 2.3.
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Table 3. Incremental Installed Cost Relative to the Base Case,
and Program Rebates at Common SEER-HSPF Combinations

Capacity,
kBtu/h

Number
of
Zones

Lower Rebate Threshold
18 SEER, 10 HSPF

Upper Rebate Threshold
20 SEER, 12 HSPF

Regular

Cold
Climate

Rebate
Amount

Regular

Cold
Climate

Rebate
Amount

Above Current
Rebates
28 SEER, 14 HSPF
Cold
Regular
Climate

9 ± 1.5

1

$217

$350

$100

$569

$392**

$300

-*

$776

12 ± 1.5

1

$239

$340

$100

$689

$481**

$300

$689

$797
-‡

18†

1

$198

$370

$100

$680

$536

$100

-‡

24 ± 3

1

$225

$430

$100

$670

$590**

$300

-*

-*

24 ± 3

2

$416

$797

$200

-*

-*

$600

-*

-*

24 ± 3

3

$418

$768

$300

-*

-*

$900

-*

-*

30 ± 3

3

$62

$1,087

$300

-*

-*

$900

-*

-*

36 ± 3

4

$0

$1,581

$400

-*

-*

$1,200

-*

-*

* The evaluation team could not identify any systems available on the market with this combination of capacity,
zones, and efficiency levels.
** Cold climate units tend to cost less than regular units at high efficiencies due to a design approach that
involves downsizing the compressor and overspeeding it at maximum load. For details, see section 3.3.
† The evaluation team estimated the equipment costs for 18 kBtu/h using linear interpolation between the
equipment costs at 12 kBtu/h and 24 kBtu/h. Based on contractor survey data, the team assumed that
installation costs for 18 kBtu/h systems are the same as for 24 kBtu/h systems.
‡ Since the 18 kBtu/h data was estimated based on data for 12 and 24 kBtu/h systems, it could only be
calculated for system configurations that are available at both the 12 and 24 kBtu/h capacities.
Source: Navigant Analysis

Program Implications and Conclusions
One main finding of this study is that for a given capacity level, the cost changes associated with
increasing efficiency are due entirely to changes in the cost of equipment (i.e., the installation costs do
not vary with efficiency). Table 3, above, illustrates how the incremental installed costs for regular and
cold-climate systems compare to the current rebate amounts for systems with different sizes and number
of zones. At smaller system capacities of 24 kBtu/h and less, the incremental cost of high-efficiency
systems exceeds the rebate amounts offered for those systems. However, at larger system capacities of
30 and 36 kBtu/h, the rebate amount exceeds the incremental cost of efficiency for regular (non-coldclimate) systems.
There are three strategies the Program Administrators (PAs) could pursue to improve the cost
effectiveness of the DMSHP rebate offerings.
Consideration 1: To motivate the adoption of smaller capacity systems at very high-efficiencies, the PAs
should consider adding a premium rebate level at 28 SEER and 14 HSPF.
Finding 1: About 25% of the DMSHP rebate records in the period January 1, 2016 through July
31, 2017 were for systems within the capacity range of 9.5-13.5 kBtu/h rated below 28 SEER and
14 HSPF. There are systems in this capacity range on the market that are rated at or above 28
SEER and 14 HSPF, and these systems present a savings opportunity.

Page v

Ductless Mini-Split Heat Pump Cost Study (RES 28)
Consideration 2: At larger capacities (>30 kBtu/h) the current rebate structure incentivizes the
installation of non-cold-climate systems that have little or no incremental cost above the base case. Coldclimate systems should provide additional savings at all capacity levels for a small additional cost, so the
PAs should consider limiting the rebate eligibility for DMSHP systems to systems that are cold-climate
qualified. This limitation may be implemented by requiring ccASHP qualification or by providing specific
efficiency requirements at low outdoor temperatures.
Finding 2: At larger DMSHP system capacities, such as sizes of 30 kBtu/h + 3 zones and 36
kBtu/h + 4 zones, there is little or no incremental cost to increase efficiency from the base case of
15 SEER / 8.2 HSPF to a regular (non-cold-climate) system at the lower rebate threshold of 18
SEER / 10 HSPF. On the other hand, at these sizes there are significant incremental costs for
qualified cold-climate systems at the lower rebate threshold of 18 SEER / 10 HSPF.
Consideration 3: Since ducted DMSHP systems may comprise an increasing portion of DMSHP rebate
claims, the PAs should consider an add-on task to evaluate how equipment and installation costs of
ducted systems compare to the non-ducted systems examined in the current study.
Finding 3: The majority of DMSHP systems rebated in 2016-2017 used wall-mounted indoor
units. As such, wall-mounted units were the focus of this cost study. However, midway through
this study, the evaluation team received anecdotal evidence that an increasing proportion of
DMSHP installations in Massachusetts are using ducted indoor units. The evaluation team
expects that ducted indoor units may offer comparable savings to non-ducted indoor units, but
that ducted units could incur greater total installed costs due to the different equipment costs and
the tradeoff between installing refrigerant lines versus installing ductwork.
Section 4 describes these strategies in more detail.
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1. PROGRAM BACKGROUND AND STUDY OBJECTIVES
1.1 Program Background
The Massachusetts Residential Heating and Cooling Program offers prescriptive rebates for the
installation of high-efficiency ductless mini-split heat pump (DMSHP) systems. The energy-efficiencyrelated costs of HVAC equipment can change rapidly. In a mature market, such as the market for
conventional split-system central air conditioners and heat pumps, changes in the total installed costs are
driven by changes in equipment prices as manufacturers adjust their designs in response to federal
appliance regulations and fluctuating material prices. In a less mature market, such as the market for
DMSHP systems, changes in the total installed cost are driven both by changes in equipment costs and
changes in the cost of installation. In the recent past, DMSHPs were considered a niche product and it
was difficult to find contractors who were qualified to install them. The market share of DMSHPs and the
awareness of their benefits has grown rapidly in recent years, and recent market developments have
likely reduced the cost of installing a baseline product. Additionally, manufacturing process improvements
and reduced component costs (particularly for electronic controls) are likely to further reduce the
equipment cost of higher-efficiency DMSHP systems. Taking all these factors into account, cost-efficiency
curves that are several years old may not represent the current market for DMSHPs.
The goal of this study was to evaluate the energy-efficiency related total and incremental costs of single
family home installations of DMSHP systems currently rebated through the Residential Heating and
Cooling program.

1.2 Product Description
Ductless mini-split heat pumps are electrical HVAC systems capable of providing heating and cooling to
one or more conditioned zones in a building. They work by transferring thermal energy between the
conditioned space and the outside environment. DMSHP systems are composed of one outdoor unit and
one or more indoor unit(s) connected by refrigeration tubing and electrical wiring. Generally, the units in
the system are bought as a package, with matching indoor and outdoor units. The components of the
system can also be bought independently, for example to replace a single unit that failed. In the analysis
discussed here, all systems are assumed to be purchased as a package.
The efficiency of heat pumps is usually expressed in terms of several metrics, specified below.
a) Coefficient of Performance (COP): The coefficient of performance is the ratio of the useful heat
added (in heating) or removed (in cooling) from the conditioned space to the energy consumed by
the product. The COP is used to express performance at a specific set of testing conditions.
Common COP testing conditions are an indoor temperature of 70 °F and an outdoor temperature
of 47 °F for high-temperature heating, 17 °F for low-temperature heating, or 5 °F for cold-climate
heating. For a given set of indoor and outdoor conditions, the larger the COP, the greater the
operating efficiency. Because the COP depends on the testing conditions, the testing conditions
are usually stated with the COP value. As the ratio of two energy or power quantities, the COP is
a dimensionless number, though it is sometimes expressed in units of watt/watt (W/W).
b) Energy Efficiency Ratio (EER): Like the COP, the EER is a ratio of useful heat moved to the
energy consumed by the product. The EER is generally only used to express cooling
performance at a specific set of testing conditions (95 °F outdoor temperature and 80 °F indoor
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temperature). The EER metric is usually expressed in British thermal units per Watt-hour
(Btu/W.h).
c) Seasonal Energy Efficiency Ratio (SEER): The SEER metric is the weighted average of EER
measured across a range of cooling conditions. The standard conditions specified for the SEER
metric provide an estimate of efficiency over an entire cooling season, thus providing a more
representative estimate of “real-world” performance than that provided by the EER metric. The
SEER metric is expressed in Btu/W.h.
d) Heating Seasonal Performance Factor (HSPF): The HSPF is the weighted average of the COP
measured across a range of heating conditions. Analogously to the SEER metric, the HSPF is
intended to provide an estimate of efficiency over an entire heating season, thus providing a more
representative estimate of “real-world” performance than that provided by the COP. The HSPF
metric is expressed in Btu/W.h.
DMSHPs are available in the market in a variety of capacities and efficiencies. Additionally, DMSHPs are
sold with varying numbers of indoor units, which allow a single system to serve more than one
conditioned zone. Generally, the cost of a DMSHP system increases with efficiency, capacity, and the
number of zones supplied. The Residential Heating and Cooling program offers rebates to customers for
DMSHP systems that meet certain efficiency requirements, listed in Table 4. 2 The evaluation team
separately examined the costs of DMSHP systems that meet the Northeast Energy Efficiency
Partnerships (NEEP) Cold Climate Air-Source Heat Pump (ccASHP) Specification, which uses the criteria
presented in Table 4. 3
Table 4. MassSave Rebate Thresholds and Cold Climate Specification Criteria.
MassSave DMSHP Rebate Criteria
Two rebate levels:
• $100 per indoor unit for DMSHP systems
rated at ≥18 SEER and ≥10 HSPF
• $300 per indoor unit for DMSHP systems
rated at ≥20 SEER and ≥12 HSPF

NEEP Cold Climate Air Source Heat Pump
Specification Criteria
Systems must:
• Have a variable capacity compressor
• Be a matched system in the AHRI directory
• Be ENERGY STAR certified
• Have COP > 1.75 at 5 °F
• Have HSPF ≥ 10

Source: Navigant analysis

DMSHPs may be installed in many different configurations depending on the specifics of the job site and
the conditioning requirements of the home. Each configuration requires specific equipment, hardware and
a certain amount of labor to install, all of which lead to varying installation costs. The evaluation team
considered the following configurations in this study:
a) Wall type: Certain wall materials may be more difficult to drill through or may require additional
hardware to ensure safe installation of the equipment. The study considered the following wall
types: siding (base case), shingles, wood, and brick.
b) Outdoor unit location: The outdoor unit of a DMSHP system may be installed in different
locations depending on the available space and the maximum distance to the indoor unit. This
study considered the following outdoor installation types: on the ground (base case), mounted on
2
3

For details, see https://www.masssave.com/en/saving/residential-rebates/electric-heating-and-cooling/.
See section 2.3 for further discussion of cold-climate systems.
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the wall at the ground floor level, on the roof, and mounted on the wall above the ground floor
level. These installation types are shown in Figure 1.
Figure 1. Outdoor Installation Types

Image Sources: Earth Energy Innovations 4, The Home Store 5, Alpine Heat 6, McGarry and Madsen 7

c) Indoor unit type: Customers may select different indoor unit types depending on the available
space, the type of construction, and their aesthetic preferences. This study considered the
following common indoor installation types: wall-mounted (base case) and ceiling cassette. These
installation types are shown in Figure 2.

4

Earth Energy Innovations. “Ductless Mini Split Installation - Lewistown, PA.” Available at:
http://www.earthenergyinnovations.com/ductless-mini-split-installations-gallery/ductless-mini-split-installationlewistown-pa
5 The Home Store. “Ductless Mini-Split Heating and Cooling Systems.” Available at:
https://www.the-homestore.com/blog/2014/10/ductless-mini-split-systems/
6 Alpine Heat. “LG Ductless MiniSplit.” Available at: http://alpineheat.com/lg-ductless-minisplit/
7 McGarry and Madsen Home Inspection. “What is a Ductless Mini-Split Air Conditioner?” Available at:
http://www.mcgarryandmadsen.com/inspection/Blog/Entries/2017/2/2_What_is_a_ductless_minisplit_air_conditioner.html
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Figure 2. Indoor Installation Types

Source: ClimateRight.com 8

d) Number of individual systems: Some job sites such as multi-unit buildings may require the
installation of more than one DMSHP system, each with its own indoor and outdoor units.
Contractors may offer discounts when consumers install more than one system at once. This
study considered the additional costs of installing more than one system in a single job.

1.3 Study Objectives
This study sought to answer the following research questions:
•

What are the consumer costs of purchasing and installing residential DMSHP systems in single
family homes in both the retrofit and lost opportunity scenarios, and what proportion of these
costs go towards equipment and labor?

•

What is the relationship between cost and efficiency for DMSHP systems?

•

What are the total costs and incremental costs associated with installing DMSHP systems at
different efficiency levels with different configurations (i.e., single-head vs. multi-head)? Do these
total and incremental costs determined from research align with the actual costs reported on
invoices in collected PA program data?

1.4 Structure of this Report
The remainder of this report is organized into three sections. Section 2 contains the study methodology
and describes the data collection and analysis approaches. Section 3 presents the results of the
analyses. Section 4 provides considerations for program offerings and the evaluation team’s conclusions.
Appendix A provides the contractor survey that was administered during this study.

8

Climate Right. “Ductless Mini Split 12,000btu Air Conditioner & Heater.” Available at:
https://climateright.com/mini-split-4000-12000btu-diy-quick-connect-air-conditioner-heater.html
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2. METHODOLOGY
2.1 Overview and Sources of Data
This study relies on three main data sources: 1) a contractor survey conducted in Task 1 of this study, 2)
retail prices gathered by webscraping in Task 2 of this study, and 3) a sample of scanned program
invoices analyzed in Task 3 of this study. There are advantages and disadvantages associated with each
of these data sources, as described in Table 5.
Table 5. Data Sources for DMSHP Costs and their Advantages and Disadvantages
Data Source

Advantages

Disadvantages

Surveys are an accurate source of
information, since costs are provided
by the companies that conduct the
installation and billing.

It is expensive to gather large amounts of
survey data due to the outreach efforts
required and the incentive rewards for
participants. The number of data points
gathered by survey must be limited to
avoid survey fatigue. Contractors are
likely to offer estimates from memory
instead of going through past invoices, so
survey data is subject to recall bias.

Webscraping

Webscraping is inexpensive and can
yield data across many brands, sizes,
and efficiency levels.

Most customers do not purchase
equipment online, and webscraped prices
must be adjusted to estimate the markedup prices that contractors charge for
products. Webscraping does not provide
installation costs. Webscraped data
encompasses many retailers and brands,
so the costs must be normalized.

Program
Invoices

Program invoice data is only
moderately expensive to retrieve and
process.

Invoice data is of mixed quality, since only
a small percentage of invoices provide
line-item details distinguishing the costs
of equipment, labor, and supplies
separately.

Contractor
Survey

Source: Navigant analysis

The methodology in this study combines data from these three sources to construct cost efficiency curves
that describe the total installed cost of DMSHP systems across a range of different system sizes and
efficiency levels. At a high level, this study used the following methodology. The evaluation team first
defined the representative product sizes that are typically installed in the PAs’ service areas. The team
then gathered cost data by surveying contractors and webscraping retail prices, and merged the data
from these two sources to construct cost-efficiency curves. Finally, the team reviewed a sample of
program invoices to check whether the constructed cost-efficiency curves fall in the ranges of costs
reported on program invoices.
The following sections describe each of these steps in detail.
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2.2 Representative Product Sizes and Number of Zones
The evaluation team identified “representative sizes” for DSMHPs that represent the DMSHP system
sizes most commonly rebated in the Massachusetts PAs’ service areas. The evaluation team examined
rebate data provided by the PAs to determine the number of zones that are typically served by each
representative capacity.
DSMHP systems can provide cooling and heating, and most vendors market systems by their nominal
cooling capacity. Consequently, the evaluation team used the nominal cooling capacity as the
representative variable in its cost calculations. It should be noted that the nominal capacity may not
always reflect the exact performance of the DMSHP system, especially for small systems with very high
efficiency. In many cases, a DMSHP system’s maximum achievable capacity is higher than its nominal
capacity, since manufacturers frequently engineer systems to achieve a higher SEER rating, and the
SEER metric measures part-load operation. For the purposes of this study, the evaluation team
considered this strategy to be one of the many legitimate design options that manufacturers may adopt to
improve rated efficiency. The evaluation team did not adjust the data to account for differences in nominal
capacity and full-load capacity. Generally, the cooling and heating capacities of any given system
correlate strongly; in other words, a system that can provide twice as much cooling than another system
is likely to provide twice as much heating than the other system as well.
The DMSHP market is largely clustered around a few capacity levels. These capacity levels tend to match
with fractions of a cooling ton (12 kBtu/h), such as 0.75 ton (9 kBtu/h), 1 ton (12 kBtu/h) and so on. Figure
3 illustrates this clustering with a histogram of the system cooling capacities for 11,295 participant rebate
records filed between 1/1/2016 and 7/31/2017.
Figure 3. Number of Massachusetts PA Rebate Records for DSMHPs in the Period from January
2016 to July 2017 as a Function of Capacity.

Source: Navigant analysis of rebate data provided by Massachusetts PAs

Given this clear clustering of the DMSHP market around certain capacity levels, the evaluation team
selected a few typical capacities to represent the main clusters in the market. This allowed for a univariate
analysis of cost as a function of efficiency for each capacity level, which is much simpler than creating a
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bivariate analysis of cost as a function of efficiency and capacity. The evaluation team selected the
following capacity levels for the analysis: 9, 12, 24, 30 and 36 kBtu/h. Table 6 shows the number of zones
typically offered with these capacities, as well as potential uses for them.
Table 6. Details of the Representative Cooling Capacities of DMSHP Systems
Cooling
Capacity (Btu/h)

Number
of Zones

Description

1

These are relatively small systems that would be an appropriate, more
efficient option or replacement for room or window air conditioners or
packaged terminal air conditioners (PTACs). Individually, they may
find application in additions, or in cold or hot spots in a building.

1

Systems rated at 12,000 can condition a larger space than systems
rated at 9,000 Btu/h systems. They are not large enough to condition
an entire home. Thus, they make appropriate replacements for room
or window air conditioners or packaged terminal air conditioners
(PTACs). They may find application in garages or living rooms.

1

These systems can cool large individual rooms and even small homes,
if the conditioned air can be circulated through all rooms. These
systems are typically used to supplement a home’s existing HVAC
system or to provide heating and cooling capacity to a newly finished
space.

24,000 ± 3,000

2

Due to the significant capacity (equivalent to a small residential ducted
system) and the ability to provide conditioning to two zones, these
systems could provide conditioning for a small home. The capacity is
split between the two zones, which can be used to tailor the
conditioning to the size of each zone. They could replace, for example,
two room HPs or PTHPs, or even a ducted heat pump.

24,000 ± 3,000

3

These systems can provide cooling to a small home, with added
flexibility compared to two-zone systems. They could replace, for
example, three small room HPs or a ducted heat pump.

30,000 ± 3,000

3

With similar applications to the three-zone 24,000 Btu/h systems,
these systems can provide cooling and heating to larger spaces. They
could replace three room HPs or PTHPs, or a ducted heat pump.

4

These systems are equivalent to a medium-sized ducted residential
heat pump system and would be an appropriate replacement for them.
Because four zones are available, there is flexibility in terms of
conditioning when compared to the other categories analyzed. These
systems can provide conditioning to small and medium-sized homes.

9,000 ± 1,500

12,000 ± 1,500

24,000 ± 3,000

36,000 ± 3,000

Source: Navigant analysis, eComfort 9, Mitsubishi Electric 10

9

eComfort.com. “Mini-split Room Sizing Guide.” Available at:
https://www.ecomfort.com/stories/1185-How-to-Properly-Size-Your-Mini-Split.html
10 Mitsubishi Electric. “What Size System Do I Need?” Available at:
http://mitsubishiacdealers.com/info/what-size-system
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2.3 Cold Climate Air-Source Heat Pump Specification
Due to the particularly cold climate in the Northeast, a group of interested stakeholders facilitated by the
Northeast Energy Efficiency Partnerships (NEEP) developed a specification for cold climate heat pumps
(“Cold Climate Air-Source Heat Pump Specification”, or “ccASHP specification”). 11 This specification has
the following requirements:
•

The system must have a variable capacity compressor.

•

The indoor and outdoor units must be part of a matched system in the AHRI directory.

•

The system must be ENERGY STAR certified.

•

The COP of the system must be greater than 1.75 at 5 °F.

•

The HSPF of the system must be greater than 10.

•

The system performance data must be reported to NEEP in a specific format.

NEEP hosts a database of the systems that meet the ccASHP specification. The evaluation team utilized
this database to determine which systems were cold-climate ready. Because the ccASHP specification
has strict requirements, the evaluation team expected units that meet the ccASHP specification to cost
more than units that do not meet this specification. Systems that meet the ccASHP specification would
show significant energy savings in the Massachusetts climate and, during the planning phase of this
study, several PAs showed interest in learning the costs associated with ccASHP systems. The
evaluation team created separate cost-efficiency curves for systems that meet the ccASHP specification
and for systems that do not meet the specification.
DMSHP systems that are cold-climate qualified have high heating efficiency (measured by COP) at low
ambient temperatures. Cold-climate systems provide the greatest benefit in colder regions, since in those
regions the outdoor temperature is low for much of the year and the heating load associated with low
outdoor temperatures is high. When installed in colder regions, these systems often show energy savings
compared to regular (non-cold-climate) systems. This difference in performance between cold-climate
and non-cold-climate systems is not fully captured by the HSPF metric, however, since the HSPF metric
is a weighted average of heating efficiency at several different temperatures. In fact, cold-climate-qualified
systems installed in colder regions may show savings when compared to non-cold-climate systems with
similar HSPF ratings. 12 Estimates of yearly energy savings using cold climate units should not be
calculated based on HSPF ratings alone. Instead, the yearly energy savings may be estimated by dividing
the annual heating load across the typical range of outdoor temperatures by a system’s COP rating at
those temperatures.

2.4 Contractor Survey
In Task 1 of this study, the evaluation team obtained data from Massachusetts contractors via a web
survey. Over a period of six weeks, the evaluation team contacted a sample of 145 HVAC contractors in
Massachusetts with significant experience installing DMSHP systems, as evidenced by the program
rebate records. The evaluation team emailed survey invitations to 115 of the contractors in that sample,
and 13 contractors completed the online survey.

11 http://www.neep.org/initiatives/high-efficiency-products/emerging-technologies/ashp/cold-climate-air-source-heatpump, accessed on December 18th, 2017.
12 For a comparison of the performance of cold climate and regular systems at low temperatures, see figures 54 and
55 of the Ductless Mini-Split Heat Pump Impact Evaluation published by the Cadmus Group. Available at http://maeeac.org/wordpress/wp-content/uploads/Ductless-Mini-Split-Heat-Pump-Impact-Evaluation.pdf.
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The contractor survey was designed to obtain cost information around three main cost drivers: efficiency,
capacity, and installation factors. The evaluation team selected specific levels and configurations for each
of these cost drivers, and requested cost data at those levels. This allowed for a structured analysis of the
cost drivers, in which relatively few data points can provide a comprehensive understanding of the costs
associated with each cost driver. The contractor survey is included in Appendix A of this report.

2.5 Webscraping
In Task 2 of this study, the evaluation team gathered retail prices of DMSHP systems using webscraping,
then used this data to characterize the relationship between the retail product costs and system
efficiency, accounting for the cost of non-efficiency-related features and the possibility of cost outliers.
For each of the representative capacities in Table 6, the evaluation team used webscraped data to
develop a cost-efficiency frontier describing the retail costs across the full range of available efficiency
levels. Initially, the team developed these cost-efficiency curves based on the lowest-cost systems
available at each efficiency level. However, after reviewing the contractor survey data, the evaluation
team concluded that the Massachusetts market is largely served by Mitsubishi and Fujitsu, two brands
that tend to be more expensive than the average unit available online. In other words, the DMSHP
systems available to customers through contractors in Massachusetts tend to be more expensive than a
cost-efficiency frontier based on the lowest available prices would indicate.
Based on this fact and considering that the market shares of other brands will likely increase over time,
the evaluation team revised its approach to developing cost-efficiency curves. The new approach
calculates the cost-efficiency curves based on the average cost of systems at each efficiency level. This
was done by splitting the efficiency domains (SEER and HSPF) into bins and calculating the average cost
within each bin (the bin sizes were 0.5 SEER and 0.5 HSPF). This approach yields a series of average
costs at each increment of 0.5-SEER or 0.5-HSPF. The evaluation team then applied a waterfall process
to that series to develop cost-efficiency curves that grow monotonically with efficiency. This process is
illustrated in Figure 4.
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Figure 4. Process to Develop the Webscraping Cost-Efficiency Curves
The original webscraping data (a) is divided into bins, each of which is averaged independently, such as in (b) and (c). Once all bins
have been averaged (d), the waterfall process is applied (e), leading to the bin-average cost-efficiency curve for retail prices (f).

Source: Navigant analysis

2.6 Cost-Efficiency Curve Construction
This section describes how the evaluation team combined contractor survey data at a limited number of
efficiency levels with webscraped retail prices to estimate complete cost-efficiency curve across the full
range of efficiency levels available in the market. The contractor survey covered three efficiency levels:
the base case 13 (15 SEER, 8.2 HSPF), the first rebate level (18 SEER, 10 HSPF) and the second rebate
level (20 SEER, 12 HSPF). The evaluation team limited the survey to three efficiency levels to avoid
survey respondent fatigue that could have impacted the survey response rate. However, the DMSHP
market is complex and covers a much wider and more granular range of efficiencies than the three levels
covered by the contractor survey.
The team used a three-step process to adapt the webscraping data to “fill in the gaps” between and
above the survey data. The team first determined how contractor equipment costs relate to online retail
DMSHP prices. Understanding this relationship allows the team to estimate what contractors would
charge for systems that were included in webscraping but not included in the contractor survey. The team
analyzed the non-equipment installation costs from the contractor survey to determine how installation
costs depend on the system capacity, efficiency, and other variables. The team then combined these
findings with the webscraping data to calculate the cost-efficiency relationships for DMSHP systems at
different capacities. Each step of this process is described below:
1. Determine the relationship between retail prices and contractor equipment costs. Survey
respondents provided equipment costs for three efficiency levels, and all the survey respondents
13 The evaluation team understands that the 2016 Plan-Year Report Version of the Massachusetts Technical
Reference Manual reports a baseline level of 14 SEER and 8.2 HSPF for the DMSHP system measure (measure
#MAE16A2a05ALL). However, the evaluation team could not identify any 14-SEER systems with cooling capacity
less than 20 kBtu/h. The least efficient 12 kBtu/h systems on the market today are rated at 15 SEER and 8.2 HSPF,
and this is the base case the evaluation team selected for this study.
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reported that they install Fujitsu and/or Mitsubishi systems. To determine the relationship
between online retail prices and typical contractor prices, the evaluation team compared the
survey average equipment costs to the lowest available webscraped cost from Mitsubishi or
Fujitsu at the three efficiency levels covered in the survey. The team found that contractors report
equipment costs that are, on average, $875 higher than retail prices advertised online. The
evaluation team observed that this cost relationship does not trend up or down with either system
capacity or efficiency. In other words, contractors will typically charge an equipment cost that is
$875 higher than the advertised retail cost of a system, regardless of the system capacity or
efficiency.
2. Analyze the non-equipment installation costs. The evaluation team analyzed the contractor
survey results for the non-equipment installation costs associated with labor, supplies, and other
costs. The team concluded the following:
a. The non-equipment costs are $1,751 for the installation of a single system with one wallmounted indoor unit and one ground-mounted outdoor unit, at 15 SEER / 8.2 HSPF and
12,000 Btu/h capacity in a siding-clad home. These costs are split into categories of
$1,123 for labor, $396 for supplies, and $232 for other costs.
b. The non-equipment installation costs do not vary significantly with efficiency for DMSHP
systems. In other words, for a given capacity, systems rated at 8.2 HSPF, 10 HSPF, and
12 HSPF would all have about the same costs associated with labor, supplies and other
costs.
c.

Installations of systems with cooling capacity larger than 18 kBtu/h tend to cost more than
systems smaller than 18 kBtu/h. 14 This cost increase is due in part to changes in the line
set that connects the indoor and outdoor units of the system. On average, a system
above 18 kBtu/h costs $250 more to install than a system below 18 kBtu/h.

d. The non-equipment installation costs increase with each additional indoor head that is
included in the system. This cost increase to go from a single-zone system to a two-zone
system is $974, on average. For each additional zone beyond the second zone, the
installation cost is slightly less, at $887 per additional head on average.
3. Calculate the total installed costs. The evaluation team started with the bin-average retail price
cost-efficiency curves described in section 2.5 above. The team added the average contractor
markup of $875 to the retail equipment prices, and then added the average installation costs
(including labor, supplies and other costs) with adjustments based on capacity and number of
zones as described above. The team calculated tables of total installation costs for the most
common combinations of efficiency, capacity and number of zones in Massachusetts, as
determined based on invoice data.
The three-step process described above yielded the tables of results that are presented in section 3.2 of
this report.

2.7 Corroboration with Program Invoices
To corroborate the results of the cost-efficiency curves developed in this study, the evaluation team
examined program invoice data provided by the Massachusetts PAs. The team received summary rebate
data for 11,295 rebate records submitted during the period 1/1/16-7/31/17. The team selected a sample

14

While the analysis did not look specifically into the costs at 18 kBtu/h, a contractor survey respondent noted that 18
kBtu/h is an important threshold in cost due to changes to the line set.
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set of 305 rebate records that cover the representative capacities, efficiencies, and system configurations
that are being examined in this cost study. The team segmented the rebate records by geographic region
of Massachusetts, which was divided into seven regions: Greater Boston, Metro West, South of Boston,
Central MA, North of Boston, Western MA, Cape Cod & Islands. The team refined the sample set to
ensure the different geographic regions were well-represented
The evaluation team visually processed the records to remove records that were deemed “not useful,”
and to collect DMSHP model information and cost data from the remaining records 15. The team used the
AHRI certification number and the product model number reported in the rebate application attached to
each invoice to reference the capacity and efficiency of the DMSHP system from the AHRI Directory of
Certified Product Performance. The team categorized the invoice records into bins based on system
cooling capacity and number of indoor zones. For each capacity/zone bin that contained a sufficient
number of invoice records, the team compared the installed costs reported on program invoices with the
installed costs calculated for the cost-efficiency curves.

2.8 Comparison to MassCEC Rebate Records
The Massachusetts Clean Energy Center (MassCEC) operates an Air-Source Heat Pump program that
provides customer rebates for installations of qualifying DMSHPs, and MassCEC published a dataset with
11,728 rebate records filed from 2014-2018. 16 These records provide the rebate date, the number of
outdoor and indoor units installed, the system manufacturer and model number, and the total system
installation costs, as well as other data. The evaluation team cleaned the MassCEC dataset and
developed summary statistics that the team then compared with the cost-efficiency curves developed in
this RES28 study. The team summarized the methodology and results of this comparison in a memo
submitted to the PAs on June 21, 2018. This memo is included in Appendix B of this report.

15

Individual invoice records were deemed “not useful” if the record included non-itemized services beyond the
DMSHP installation (such as furnace tune-up or installation of other equipment), if the record included non-itemized
installation of multiple unique systems, if the record was a duplicate of another record in the sample set, if the record
was illegible or the cost information it contained was ambiguous, or if the record was not part of the sample set
submitted in the initial data request.
16 MassCEC published rebate data for the Air-Source Heat Pump Program in response to a public records request.
The dataset is linked from: http://www.masscec.com/contact-masscec/public-records-requests
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3. FINDINGS
In this section, the combined results of the analysis are presented and discussed. This includes the
following:
•

The installation costs of various installation factors, which were determined based on survey data

•

The total installed costs as a function of efficiency, which were determined by combining survey
and webscraping data

•

The team’s findings regarding cold climate units, which are based on webscraping data

•

A comparison of the calculated cost-efficiency curves with costs reported on program invoices

3.1 Installation Costs of Different DMSHP Configurations
This sub-section describes the total installation costs of a base case installation and the effects that
various installation factors have on the total installed cost of a DMSHP system.

3.1.1 Base Case Installation Costs
In this cost study, the base case is defined as a single DMSHP system (with one indoor wall-mounted unit
and one outdoor ground-mounted unit), with efficiency ratings of 15 SEER and 8.2 HSPF and capacity of
12,000 Btu/h (1 Ton), installed in a siding-clad single family home. The contractor survey results indicated
that, on average, the total installed cost for this system would be $3,875. 17 This cost is divided among the
cost categories with 30% labor, 55% equipment, 10% supplies, and 5% other costs.

3.1.2 Retrofit and Replacement
The study considered the costs of installing DMSHP systems in a retrofit scenario (where a DMSHP has
not previously been installed) and a replacement scenario. The contractor survey data indicated that the
total cost of a retrofit installation is about $75 higher than the total cost of a replacement installation.
Retrofit installations tend to have lower labor costs and higher supplies and “other” costs compared to
replacement installations. It should be noted, however, that there may be significant variation in costs on
a case-by-case basis.

3.1.3 Exterior Wall Types
The study considered four exterior wall types: siding (base case), shingles, wood, and brick. The
contractor survey data and the comments provided by contractors indicate that brick construction is
associated with the greatest installation costs, when compared to siding, shingles and wood. Some
contractors need to hire a third-party to drill the exterior hole for the line set, while others may have the
necessary equipment in-house. On average, installations through brick exteriors cost about $260 more
than installations through other exterior wall types (with +$200 for labor and +$60 for supplies), but this
varies depending on the specifics of the installation site and the contractor’s in-house capabilities.
17

Readers should note that the analysis adjusted this base case cost downward to $3,717 for the cost curves
reported in Table 9 because the evaluation team identified DMSHP systems at efficiencies above the base case with
lower costs than systems at the base case efficiency.
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3.1.4 Exterior Unit Locations
This study considered the following outdoor installation types: on the ground (base case), mounted on the
wall at the ground floor level, on the roof, and mounted on the wall above the ground floor level. The
survey data indicates that ground and first-floor wall installations are the least expensive, only differing by
the type of support material used; ground installations may require a pad and a base stand, while wall
installations require a bracket. First-floor wall installations are about $70 less expensive than ground
installations. Roof installation is the next highest in cost, with an additional cost of approximately $400
when compared to ground installation. The difference is due to the additional labor requirements and the
need to hire a roofer. High wall installation (second floor and up) is the most expensive option for locating
the outdoor unit, with an additional cost of approximately $1000 compared to ground installation. This is
due to increased labor costs and to the potential need to rent a lift so that the contractor can work on the
outside of the building.

3.1.5 Indoor Unit Types
This study considered two common indoor installation types: wall-mounted (base case) and ceiling
cassette. Contractor survey data indicates that ceiling cassettes are costlier to install than wall-mounted
indoor units. This is due to the higher labor cost (+$475, on average) and higher supplies cost (+$75, on
average) involved in installing the unit in the ceiling, in addition to the higher equipment cost of ceiling
cassettes (+$525, on average) compared to wall-mounted cassettes. Contractors reported lower costs in
the “other” cost category (–$25) for ceiling cassette installations. In total, a single-zone DMSHP system
with an indoor ceiling cassette unit costs an average $1,050 more than a comparable system with a wallmounted indoor unit.

3.1.6 Multi-System Installations
This study considered the additional costs of installing more than one DMSHP system in a single job,
each composed of an indoor and an outdoor unit. The contractor survey data indicates that when
customers install a second DMSHP system in a single job, they save about 15% on the total installed
costs of the second system compared to when two installations are performed separately. These savings
derive from the reduced labor, supplies and other costs when bundling the installation of the second
system into one job.

3.2 The Cost of Efficiency in DMSHPs
This section presents the cost-efficiency curves developed for non-cold-climate DMSHP systems at each
of the representative sizes listed in Table 6. The costs presented below represent the total installed cost
to the customer, including the costs associated with labor, supplies, equipment and other costs. Based on
the results of the contractor survey, the evaluation team concluded that only the equipment costs change
with efficiency. For a given system capacity, the labor, supplies and other costs remain constant
regardless of the efficiency installed. While the costs presented below represent the total installed cost of
the system, it should be noted that the incremental costs between low- and high-efficiency systems are
driven entirely by increases in the cost of equipment. Table 7 shows the total installation costs at different
cooling efficiency levels measured by the SEER metric. Table 8 shows the total installation costs at
different heating efficiency levels measured by the HSPF metric. The evaluation team also identified six
combinations of SEER and HSPF ratings that are commonly available in the market. Table 9 shows the
total installed cost and Table 10 shows the incremental installed costs for these SEER-HSPF
combinations compared to the base case.
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Table 7. Total Installed Cost of Non-Cold-Climate DMSHP Systems, by Capacity, Zones, and SEER
SEER

Capacity,
kBtu/h

Number
of Zones

15

16

17

18

20

22

25

28

9 ± 1.5

1

$3,593

$3,593

$3,593

$3,734

$3,793

$3,793

$3,849

-

12 ± 1.5

1

$3,673

$3,673

$3,673

$3,835

$3,835

$3,961

$4,407

$4,407

18

1

$4,191

$4,191

$4,276

$4,448

$4,448

-

-

-

24 ± 3

1

$4,460

$4,460

$4,628

$4,811

$4,811

-

-

-

24 ± 3

2

$6,263

$6,263

$6,679

$6,679

$6,679

$6,949

-

-

24 ± 3

3

$7,434

$7,434

$7,852

$7,852

$7,852

$8,659

-

-

30 ± 3

3

$7,932

$7,932

$7,954

$7,954

$7,954

$8,718

-

-

36 ± 3

4

$8,857

$8,857

$8,857

$8,857

$8,857

$10,252

-

-

Source: Navigant analysis

Table 8. Total Installed Cost of Non-Cold-Climate DMSHP Systems, by Capacity, Zones, and HSPF
HSPF

Capacity,
kBtu/h

Number
of Zones

8.0

8.2

9.0

10.0

11.0

12.0

13.0

14.0

9 ± 1.5

1

$3,643

$3,643

$3,682

$3,860

$3,867

$4,212

-

-

12 ± 1.5

1

$3,717

$3,717

$3,717

$3,957

$4,053

$4,407

$4,407

$4,407

18

1

$4,276

$4,276

$4,355

$4,475

$4,523

$4,956

-

-

24 ± 3

1

$4,586

$4,586

$4,743

$4,743

$4,743

$5,256

-

-

24 ± 3

2

$6,097

$6,097

$6,097

$6,097

$7,055

$7,055

-

-

24 ± 3

3

$7,434

$7,434

$7,459

$7,459

$8,388

$8,388

-

-

30 ± 3

3

$7,962

$7,962

$8,024

$8,024

$8,425

$8,425

-

-

36 ± 3

4

$8,857

$8,857

$8,857

$8,857

$9,827

$9,827

-

-

Source: Navigant analysis
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Table 9. Total Installed Cost of Non-Cold-Climate DMSHP Systems at SEER-HSPF Combinations

Capacity,
kBtu/h

Number
of Zones

9 ± 1.5

1

12 ± 1.5

15 SEER,
8.2 HSPF

18 SEER,
10 HSPF

20 SEER,
12 HSPF

28 SEER,
14 HSPF

Lower
Rebate
Threshold

Upper
Rebate
Threshold

Above
Current
Rebates

16 SEER,
8.5 HSPF

17 SEER,
9 HSPF

$3,643

$3,662

$3,682

$3,860

$4,212

-

1

$3,717

$3,717

$3,717

$3,957

$4,407

$4,407

18

1

$4,276

$4,316

$4,355

$4,475

$4,956

-

24 ± 3

1

$4,586

$4,665

$4,743

$4,811

$5,256

-

24 ± 3

2

$6,263

$6,263

$6,679

$6,679

-

-

24 ± 3

3

$7,434

$7,446

$7,852

$7,852

-

-

30 ± 3

3

$7,962

$7,993

$8,024

$8,024

-

-

36 ± 3

4

$8,857

$8,857

$8,857

$8,857

-

-

Base
Case

Source: Navigant analysis

Table 10. Incremental Installed Cost of Non-Cold-Climate DMSHP Systems, and Rebate Amounts
at Common Combinations of SEER and HSPF
18 SEER,
10 HSPF

Number
of
zones

16 SEER,
8.5 HSPF

17 SEER,
9 HSPF

9 ± 1.5

1

$20

$39

$218

$100

$569

$300

-*

12 ± 1.5

1

$0

$0

$239

$100

$689

$300

$689

18†

1

$39

$79

$198

$100

$680

$300

-‡

24 ± 3

1

$79

$157

$225

$100

$670

$300

-*

24 ± 3

2

$0

$416

$416

$200

-*

$600

-*

24 ± 3

3

$12

$418

$418

$300

-*

$900

-*

30 ± 3

3

$31

$62

$62

$300

-*

$900

-*

36 ± 3

4

$0

$0

$0

$400

-*

$1,200

-*

Upper
Rebate
Threshold

Upper
Rebate
Amount

28 SEER,
14 HSPF

Capacity,
kBtu/h

Lower
Rebate
Threshold

Lower
Rebate
Amount

20 SEER,
12 HSPF

Above
Current
Rebates

* There are no regular (non-cold-climate) systems available on the market with this combination of capacity,
zones, and efficiency levels.
† The evaluation team estimated the equipment costs for 18 kBtu/h using linear interpolation between the
equipment costs at 12 kBtu/h and 24 kBtu/h. Based on contractor survey data, the team assumed that installation
costs for 18 kBtu/h systems are the same as for 24 kBtu/h systems.
‡ Since the 18 kBtu/h data was estimated based on data for 12 and 24 kBtu/h systems, it could only be
calculated for system configurations that are available at both the 12 and 24 kBtu/h capacities.
Source: Navigant analysis

3.3 Cold Climate DMSHP Systems
This section presents the cost-efficiency curves developed for cold-climate DMSHP systems at each of
the representative sizes listed in Table 6. Section 2.3 above describes the requirements for DMSHP
systems to qualify as cold-climate systems and the method that the team used to identify systems that
Page 16

Ductless Mini-Split Heat Pump Cost Study (RES 28)
meet the ccASHP qualification. Based on contractor survey results, the evaluation team concluded that
the installation costs (including labor, supplies, and other costs) for cold-climate DMSHP systems are the
same as the installation costs for non-cold-climate DMSHP systems. Any differences between the total
installed cost of cold-climate and non-cold-climate DMSHP systems are entirely due to differences in the
cost of equipment. Table 11 shows the total installed cost for rebate-eligible cold-climate systems.
Table 11. Total Installed Cost of Cold-Climate DMSHP Systems, and Rebate Amounts at Common
Combinations of SEER and HSPF
18 SEER, 10 HSPF

20 SEER, 12 HSPF

28 SEER, 14 HSPF

Lower Rebate
Threshold

Upper Rebate
Threshold

Above Current
Rebate Levels

1

$3,993

$4,035

$4,419

12 ± 1.5

1

$4,058

$4,199

$4,515

18†

1

$4,646

$4,812

-‡

24 ± 3

1

$5,016

$5,176

-*

24 ± 3

2

$7,060

-*

-*

24 ± 3

3

8,202

-*

-*

30 ± 3

3

$9,049

-*

-*

36 ± 3

4

$10,438

-*

-*

Capacity,
kBtu/h

Number
of zones

9 ± 1.5

* There are no cold-climate systems available on the market with this combination of
capacity, zones, and efficiency levels.
† The evaluation team estimated the equipment costs for 18 kBtu/h using linear
interpolation between the equipment costs at 12 kBtu/h and 24 kBtu/h. Based on contractor
survey data, the team assumed that installation costs for 18 kBtu/h systems are the same
as for 24 kBtu/h systems.
‡ Since the 18 kBtu/h data was estimated based on data for 12 and 24 kBtu/h systems, it
could only be calculated for system configurations that are available at both the 12 and 24
kBtu/h capacities.
Source: Navigant analysis

At the lower rebate threshold of 18 SEER and 10 HSPF, the total installed cost of cold-climate systems is
consistently higher than the installed cost of regular non-cold-climate systems. This is because at lower
efficiency levels, cold climate systems often include components that are not present in non-cold-climate
systems. Using Mitsubishi’s product line as an example, Mitsubishi’s 18-SEER cold-climate model (MUZFH12) has a defrost heater while Mitsubishi’s regular non-cold climate model (Model MUZ-HM12) does
not.
However, at the upper rebate threshold of 20 SEER and 12 HSPF, the total installed cost of cold-climate
systems is consistently lower than the installed cost of regular non-cold-climate systems. At higher
efficiency levels, cold-climate models do not typically include extra componentry. Continuing with the
Mitsubishi example at 20 SEER, defrost heaters are included both in Mitsubishi’s cold-climate model
(MUZ-GL12) and in its regular model (MUFZ-KJ12). Another design difference between regular and coldclimate models at high efficiencies is that cold-climate systems typically use an undersized (less costly)
compressor that is then over-speeded, compared to regular units that use a larger (costlier) compressor.
For instance, at 20 SEER, Mitsubishi’s cold-climate model at 12 kBtu/h uses a smaller 9 kBtu/h
compressor, while their regular non-cold-climate model at 12 kBtu/h uses a larger 14 kBtu/h compressor.
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3.4 Comparison to Program Invoice Data
As described in section 2.7, the evaluation team retrieved a sample set of scanned invoices to compare
the calculated cost-efficiency curves with actual cost data reported by program participants. The team
removed records that were not useful from this sample set of invoice records, 18 and sorted the remaining
records into bins based on the installed system’s cooling capacity and number of zones.
Three of these capacity/zone bins contained more than 10 invoice records. These were the bin of 1-zone
12 kBtu/h systems, the bin of 2-zone 24 kBtu/h systems, and the bin of 3-zone 24 kBtu/h systems. In
each of these bins, the team removed outlier records where the total installation cost for the record
deviated markedly from other records at the same capacity and efficiency. The team then plotted the total
installed cost of systems invoiced in each bin and compared the set of invoice costs at each efficiency
level with the cost curves constructed in this study. Figure 5, Figure 6, and Figure 7 present box-andwhiskers plots of the total system installed costs reported on invoices at different SEER efficiency levels
in these three bins. For comparison, these plots also show points from the calculated cost-efficiency
curves that correspond to the SEER efficiency levels in these bins.
For the 1-zone 12 kBtu/h bin presented in Figure 5, the sample set of usable invoices did not include
invoices for DMSHP systems below 22 SEER. For the efficiency levels reported in the program invoice
data (22, 24, and 26 SEER), the calculated cost-efficiency curve tracks closely with the median of the
total installed costs reported in the sample of program invoices.
Figure 5. Program Invoice and Cost Efficiency Curve Data for 1-Zone DMSHP Systems at 12 kBtu/h

Source: Navigant analysis of scanned invoice records provided by the Massachusetts PAs

18 Invoice records were deemed “not useful” if they included non-itemized services beyond the DMSHP installation
(such as furnace tune-up or installation of other equipment), if they included the non-itemized installation of multiple
unique systems, if the record was a duplicate of another record in the sample set (possibly because the rebate
application was submitted more than one time), if the record was illegible or the cost information it contained was
ambiguous, or if the record was not part of the sample set submitted in the initial data request.
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For the 2-zone 24 kBtu/h bin presented in Figure 6, the sample set of usable invoices included invoices
for DMSHP systems at 18 SEER and 20 SEER. At these efficiency levels, the calculated cost-efficiency
curve falls within the range of total installed costs reported in the program invoice data, but below the
median cost for the invoices in this bin.
Figure 6. Program Invoice and Cost Efficiency Curve Data for 2-Zone DMSHP Systems at 24 kBtu/h

Source: Navigant analysis of scanned invoice records provided by the Massachusetts PAs

For the 3-zone 24 kBtu/h bin presented in Figure 7, the sample set of usable invoices included invoices
for DMSHP systems at 18 SEER and 20 SEER. At these efficiency levels, the calculated cost-efficiency
curve falls within the range of total installed costs reported in the program invoice data, but below the
median cost for the invoices in this bin.
Figure 7. Program Invoice and Cost Efficiency Curve Data for 3-Zone DMSHP Systems at 24 kBtu/h

Source: Navigant analysis of scanned invoice records provided by the Massachusetts PAs

To understand why the cost curves calculated in this study estimated prices for 24 kBtu/h classes that
were below the median price from the invoice records, the evaluation team identified the specific DMSHP
models that were referenced in the individual invoices. The team found that all of the invoice records
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plotted in Figure 6 and Figure 7 represent just two DMSHP system models. The records plotted in the 18
SEER bins represent Mitsubishi model MXZ3C24NAHZ2 and the records plotted in the 20 SEER bins
represent Fujitsu model AOU24RLXFZH. In contrast, the cost efficiency curves in this study are based on
an average of all the systems available at each efficiency level, from brands that offer at least a 5-year
warranty. The cost efficiency curves include major brands that often have lower retail system prices
compared to Mitsubishi and Fujitsu, such as Daikin, Friedrich, GREE, and LG.
Another source of cost discrepancy is the related to the timing of the invoices and the contractor survey.
The invoices reviewed in this task are from installations conducted between 1/1/2016 and 7/31/2017,
while the contractor survey concluded on 1/29/2018. It is possible that installation costs decreased
somewhet in the period between the sampled invoices and the contractor survey.
Although the cost-efficiency curves fall below the median invoice prices for 2- and 3-zone 24 kBtu/h
systems, Figure 6 and Figure 7 show that the curves provide cost estimates that are within the range of
costs that customers in Massachusetts may expect to pay for installations of DMSHP systems. As
described in section 2.7, the evaluation team selected a sample set of program invoices that is
geographically diverse, representing all the PA service areas. However, after the team removed records
that were not useful, the sample set did not contain a sufficient number of invoices for the team to draw
conclusions regarding how total installed costs may vary by geographic region.
The team notes that many of the invoices reported the total installed cost, but did not provide information
regarding the different cost categories of equipment, labor, supplies, and other costs. This makes it
difficult to use the invoices to analyze how different cost categories contribute to the total installed cost.
The team believes that future cost studies would benefit if the Residential Heating and Cooling Program
were to require that contractor invoices submitted with rebate forms include itemized costs.

3.5 Comparison to MassCEC Program Data
As described in section 2.8, the evaluation team compared MassCEC rebate data for DMSHP
installations with the cost-efficiency results developed in this RES28 study. The team summarized the
results of this comparison in a memo submitted to the PAs on June 21, 2018 (see Appendix B of this
report). The results of this comparison were mixed, as illustrated in Table 13 in Appendix B. Notably, the
MassCEC and RES28 are within 5% of each other at a key program level of 20 SEER/12 HSPF.
Compared to the cost-efficiency curves presented above, the MassCEC data showed lower costs for
small-capacity, very-high-efficiency systems and showed higher costs for large-capacity systems.
However, the evaluation team could not readily rationalize these cost disparities, and the team chose not
to adapt the results of this study to reflect the findings of our MassCEC data analysis. Nonetheless, there
are possible yet unverifiable explanations for these cost disparities: (1) the MassCEC rebate costs may
include other equipment and ancillary costs that are not reflected in the RES28 costs; and (2) the
MassCEC rebate costs appear to reflect the more expensive systems offered by premium DMSHP
manufacturers. To reconcile and further update the costs for DMSHP systems, the PAs could consider
conducting a more comprehensive investigation of the MassCEC rebate data in 2020.
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4. CONCLUSIONS AND CONSIDERATIONS
One main finding of this study is that the installation costs for DMSHP systems do not vary with efficiency,
and that the cost changes with increasing efficiency are due entirely to changes in the cost of equipment.
Table 3 in the Executive Summary illustrates how the incremental installed costs for regular and coldclimate systems compare to the current rebate amounts for systems with different sizes and number of
zones. At smaller system capacities of 24 kBtu/h and less, the incremental cost of high-efficiency systems
exceeds the rebate amounts offered for those systems. However, at larger system capacities of 30 and
36 kBtu/h, the rebate amount exceeds the incremental cost of efficiency for regular (non-cold-climate)
systems.
There are three strategies the Program Administrators (PAs) could pursue to improve the cost
effectiveness of the DMSHP rebate offerings.
•

Consideration 1: To motivate the adoption of smaller capacity systems at very high-efficiencies,
the PAs should consider adding a premium rebate level at 28 SEER and 14 HSPF.

•

Finding 1: About 25% of the DMSHP rebate records in the period January 1, 2016 through July
31, 2017 were for systems within the capacity range of 9.5-13.5 kBtu/h rated below 28 SEER and
14 HSPF. There are systems in this capacity range on the market that are rated at or above 28
SEER and 14 HSPF, and these systems present a savings opportunity.

•

Consideration 2: At larger capacities (>30 kBtu/h) the current rebate structure incentivizes the
installation of non-cold-climate systems that have little or no incremental cost above the base
case. Cold-climate systems should provide additional savings at all capacity levels for a small
additional cost, so the PAs should consider limiting the rebate eligibility for DMSHP systems to
systems that are cold-climate qualified. This limitation may be implemented by requiring ccASHP
qualification or by providing specific efficiency requirements at low outdoor temperatures.

•

Finding 2: At larger DMSHP system capacities, such as sizes of 30 kBtu/h + 3 zones and 36
kBtu/h + 4 zones, there are little or no incremental cost to increase from the base case of 15
SEER / 8.2 HSPF to a regular (non-cold-climate) system at the lower rebate threshold of 18
SEER / 10 HSPF. On the other hand, at these sizes there are significant incremental costs for
qualified cold-climate systems at the lower rebate threshold of 18 SEER / 10 HSPF.

•

Consideration 3: Since ducted DMSHP systems may comprise an increasing portion of DMSHP
rebate claims, the PAs should consider an add-on task to evaluate how equipment and
installation costs of ducted systems compare to the non-ducted systems examined in the current
study.

•

Finding 3: The majority of DMSHP systems rebated in 2016-2017 used wall-mounted indoor
units. As such, wall-mounted units were the focus of this cost study. However, midway through
this study, the evaluation team received anecdotal evidence that an increasing proportion of
DMSHP installations in Massachusetts are using ducted indoor units. The evaluation team
expects that ducted indoor units may offer comparable savings to non-ducted indoor units, but
that they will incur greater installation costs due to the increased equipment costs and the added
task of installing ductwork.

The following sections describe these options in more detail.
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4.1 Premium Rebate Levels at 28 SEER and 14 HSPF
During the period January 1, 2016 through July 31, 2017, about 11,300 rebates were filed for DMSHP
systems, and about 25% of those rebates covered DMSHP systems with capacity between 9.5-13.5
kBtu/h and efficiency ratings lower than 28 SEER and 14 HSPF. Figure 8 illustrates the proportions of
DMSHP rebates in this period that have capacity 7.5-13.5 kBtu/h and are rated above or below 28 SEER
and 14 HSPF. Table 12 lists five unique DMSHP systems from four manufacturers that have efficiency
ratings of SEER ≥ 28 and HSPF ≥ 14. These findings show there is an opportunity to incentivize the
adoption of very-high-efficiency DMSHP systems at low capacity.
Figure 8. DMSHP Rebates from January 2016 to July 2017 Included a High Proportion of LowCapacity Systems Rated below 28 SEER and 14 HSPF

Source: Navigant analysis of program rebate records provided by the Massachusetts PAs

Table 12. Very-High-Efficiency DMSHP Systems Available on the Market
Manufacturer

Outdoor Unit Model
Number

Cooling
Capacity
(Btu/h)

SEER Rating
(Btu/W.h)

HSPF Rating
(Btu/W.h)

Cold
Climate
Qualified

Fujitsu

AOU12RLS3

12000

29.3

14

Y

Fujitsu

AOU9RLS3

9000

33

14.2

Y

Panasonic

CU-XE9SKUA

8700

30.6

14

Y

Rheem

ROSH12AHWJ

12000

29.3

14

N

Gree

SAP12HP230V1AO

12000

30.5

14

N

Source: Navigant webscrape of DMSHP systems

4.2 Cold-Climate Systems at High Capacities
This study estimated the total and incremental installed costs for regular and cold-climate DMSHP
systems at different capacities and efficiencies, and compared the incremental installed costs to the
Residential Heating and Cooling Program’s current rebate offerings for DMSHP systems. The study found
that, for a DMSHP system at 36 kBtu/h with 4 zones, there is no incremental cost to improve from the
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base case of 15 SEER / 8.2 HSPF to a regular (non-cold-climate) system at the lower rebate threshold of
18 SEER / 10 HSPF. In other words, there are 4-zone 36 kBtu/h systems available at or above the lower
rebate threshold that are less expensive than a baseline system at 15 SEER / 8.2 HSPF. The evaluation
team investigated this phenomenon and concluded that it is the result of the selection and pricing of
systems that are available on the market. At present, retailers are selling several 36-kBtu/h systems at 18
SEER / 10 HSPF at prices that are competitive with 15 SEER / 8.2 HSPF systems. If there is no
incremental cost to install a high-efficiency system, then program incentives may be redesigned to
motivate savings elsewhere.
For 4-zone 36 kBtu/h systems that are cold-climate qualified, there are significant incremental costs at the
lower rebate threshold of 18 SEER / 10 HSPF. Cold-climate systems can provide significant savings in
the Massachusetts climate, since they maintain a high COP efficiency even at low ambient temperatures.
The comparison of incremental costs and rebate amounts in Table 3 (page v) of this report suggests that
it may be more cost-effective for the program to limit rebates to DMSHP systems that are cold-climate
qualified. The PAs should consider requiring cold climate qualification at all DMSHP capacity levels rather
than requiring qualification at a subset of available capacities, to make the program simple for customers
to understand. This may be done by requiring that systems meet NEEP’s ccASHP qualification or by
providing specific efficiency requirements at low outdoor temperatures.

4.3 DMSHP Systems with Ducted Indoor Units
The PAs received anecdotal evidence that an increasing proportion of DMSHP installations in
Massachusetts are using ducted indoor units. The evaluation team’s preliminary research on ducted
indoor units yielded the following findings:
•

In contrast to the ductless wall-mounted indoor units, ducted systems are located outside of the
conditioned space, and they typically deliver conditioned air to more than one room of a building.

•

Some DMSHP installations use a single ducted air handler to serve an entire home, as illustrated
in Figure 9. These installations may take advantage of the DMSHP’s variable-speed capabilities
with controllers that can control individual zones using supply dampers.

•

Some DMSHP installations combine different indoor unit types with a single outdoor compressor,
as illustrated in Figure 10. These installations may use non-ducted wall-mount or ceiling cassette
units to serve larger living spaces, and use a single ducted unit to serve several smaller spaces
(such as a bathroom and/or small bedrooms). In an installation with mixed indoor units, each
zone may have an individual thermostat control.

•

Ducted systems may have higher installation costs than non-ducted wall-mount systems, since
equipment costs are typically higher for ducted units and there is a tradeoff between the cost of
installing multiple through-wall refrigerant lines versus installing ductwork in attics or crawlspaces
that may be difficult to access.

The PAs should consider completing a follow up study to assess the total installed costs associated with
DMSHP systems that contain ducted indoor units. This study could also evaluate the cost of control
options for multi-zone ducted indoor units and assess how multi-zone ducted indoor units are
differentiated from conventional split system central heat pumps.
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Figure 9. Schematic of Variable-Speed Mini-Split Heat Pump Supplying Whole-Home Conditioning
with one Ducted Indoor Unit

Source: Mitsubishi Electric 19

Figure 10. Schematic of Variable-Speed Mini-Split Heat Pump Supplying Whole-Home
Conditioning with a Mix of Ducted and Non-Ducted Indoor Unit Types

Source: U.S. Department of Energy 20

19

Mitsubishi Electric (2018). “Ducted Air Conditioning.” Available at:
http://www.mitsubishielectric.com.au/ducted-air-conditioning.html
20 U.S. Dept. of Energy, Building America Solution Center (2015). “Mini-Split (Ductless) Heat Pumps.” Available at:
https://basc.pnnl.gov/resource-guides/mini-split-ductless-heat-pumps#quicktabs-guides=1
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CONTRACTOR SURVEY
This appendix contains a hard copy of the web-based cost survey that was delivered to a sample of
HVAC contractors in Massachusetts between December 2017 and January 2018.

1. What is your name?
2. To which address should we send your gift card (provided you complete this survey)?
3. What is the best phone number to reach you at for a follow up interview (if necessary)?
4. What company do you work for?
5. Where is your company headquartered?
 Greater Boston
 Metro West
 North of Boston
 South of Boston

 Central MA
 Western MA
 Cape Cod & Islands
 Other.
.

6. In which regions do you operate?
 Greater Boston
 Metro West
 North of Boston
 South of Boston

 Central MA
 Western MA
 Cape Cod & Islands
 Other.
.

7. Approximately how many DMSHP installations do you do annually?
8. Do you primarily install DMSHPs for heating only, for cooling only, or for both heating and
cooling?
 Primarily Heating

 Primarily Cooling

 Both Heating and Cooling

9. Which brands of DMSHPs do you typically install?
 Bryant
 Lennox
 Samsung
 Daikin
 LG
 Toshiba
 Fujitsu
 Midea / MDV
 Trane
 Gree
 Mitsubishi
 Hisense
 Panasonic
 Other(s). Please list brand name(s) ___________________________
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Installation Scenarios
For the following residential installation scenarios, please provide an estimate for the labor,
equipment, and other costs. The following prompts ask about the total costs for each installation
described and not the incremental price differentials between different models.

Installation Scenario A: System with 1 Outdoor Unit and 1 Indoor Unit
Indoor Unit / Evaporator

Conduit for
Refrigerant
Lines & Wiring

Outdoor
Unit /
Condenser

Installation of a single system (1 air handler/indoor unit and 1 condenser/outdoor unit);
15 SEER / 8.2 HSPF (or lowest available efficiency), 12,000 Btu/h (1 Ton), ground-mounted in a
single family home with aluminum, vinyl, or steel siding
10. How much would you charge for the installation scenario described above if it is a new installation
where a DMSHP has not been installed previously?
New Installation
Labor costs, burdened ($)
Equipment costs (indoor & outdoor units), including markup
($)
Supplies costs (mounting supplies, additional lines, tools, etc.)
Other costs (travel, warranty, insurance, etc.)
Total

___________________________
___________________________
___________________________
___________________________
Calculated

Comments/Additional notes

11. How much would you charge if the installation described previously involves the replacement of
an existing ductless mini-split system, (including evacuation of refrigerant, disassembly, and
disposal of the old system)?
Replacement Installation
Labor costs, burdened ($)
Equipment costs (indoor & outdoor units), including markup ($)
Supplies costs (mounting supplies, additional lines, tools, etc.)
Other costs (travel, warranty, insurance, etc.)
Total

___________________________
___________________________
___________________________
___________________________
Calculated

Comments/Additional notes
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12. How much would you charge for the same Installation Scenario A, but in a home with different
exterior wall types? Your previous responses for a vinyl-siding home are provided for
reference.
Indoor Unit / Evaporator

Major Outside Wall
Construction
Siding?
Wood?
Brick?
Shingles?
Conduit for
Refrigerant
Lines & Wiring

Outdoor
Unit /
Condenser

Installation of a single unit (1 air handler/indoor unit and 1 condenser/outdoor unit);
15 SEER / 8.2 HSPF (or lowest available efficiency), 12,000 Btu/h (1 Ton), ground-mounted in a
single family home with the following wall types:

Labor costs, burdened ($)
Equipment costs (indoor &
outdoor units), including
markup ($)
Supplies costs (mounting
supplies, additional lines, tools,
etc.)
Other costs (travel, warranty,
insurance, etc.)
Total

Siding
(aluminum,
vinyl, or steel)
[ANSWERS
POPULATED
FROM Q-10]
___________
___________

Wood
Exterior Wall

Brick

Shingles
(composition)

___________
___________

___________
___________

___________
___________

___________

___________

___________

___________

___________

___________

___________

___________

Calculated

Calculated

Calculated

Calculated

Comments/Additional notes
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13. How much would you charge for the same Installation Scenario A, but with equipment of
different efficiency levels? Your previous responses for a 15-SEER unit are provided for
reference.
Indoor Unit / Evaporator

Equipment
Performance
Baseline?
Medium Efficiency?
High Efficiency?
Conduit for
Refrigerant
Lines & Wiring

Outdoor
Unit /
Condenser

Installation of a single unit (1 air handler/indoor unit and 1 condenser/outdoor unit);
12,000 Btu/h (1 Ton), ground-mounted in a single family home with aluminum, vinyl, or steel
siding and an efficiency of:

Labor costs, burdened ($)
Equipment costs (indoor & outdoor units),
including markup ($)
Supplies costs (mounting supplies,
additional lines, tools, etc.)
Other costs (travel, warranty, insurance,
etc.)
Total

Lowest
Available
Efficiency
(e.g., 15 SEER,
8.2 HSPF)
[ANSWERS
POPULATED
FROM Q-10]
___________
___________

Medium
Efficiency
(≥18 SEER,
≥10 HSPF)

High Efficiency
(≥20 SEER,
≥12 HSPF)

___________
___________

___________
___________

___________

___________

___________

___________

___________

___________

Calculated

Calculated

Calculated

Comments/Additional notes
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14. How much would you charge for the same Installation Scenario A, but with different equipment
sizes? Your previous responses for a 12,000 Btu/h system are provided for reference.
Indoor Unit / Evaporator

Equipment Size
9 kBtu/h?
12 kBtu/h?
24 kBtu/h?
30 kBtu/h?
Conduit for
Refrigerant
Lines & Wiring

Outdoor
Unit /
Condenser

Installation of a single unit (1 air handler/indoor unit and 1 condenser/outdoor unit);
15 SEER / 8.2 HSPF (or lowest available efficiency), ground-mounted in a single family home
with vinyl siding and the following sizes:
9,000 Btu/h
(0.75 Ton)

Labor costs, burdened ($)
Equipment costs (indoor &
outdoor units), including
markup ($)
Supplies costs (mounting
supplies, additional lines, tools,
etc.)
Other costs (travel, warranty,
insurance, etc.)
Total

24,000 Btu/h
(2.0 Ton)

30,000 Btu/h
(2.5 Ton)

___________
___________

12,000 Btu/h
(1.0 Ton)
[ANSWERS
POPULATED
FROM Q-10]
___________
___________

___________
___________

___________
___________

___________

___________

___________

___________

___________

___________

___________

___________

Calculated

Calculated

Calculated

Calculated

Comments/Additional notes
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15. How much would you charge for the same Installation Scenario A, but with different installation
locations? Your previous responses for a ground installation are provided for reference.
Indoor Unit / Evaporator

Installation
Location
Ground?
Wall-mounted?
Rooftop?
Conduit for
Refrigerant
Lines & Wiring

Outdoor
Unit /
Condenser

Installation of a single unit (1 air handler/indoor unit and 1 condenser/outdoor unit);
15 SEER / 8.2 HSPF (or lowest available efficiency), 12,000 Btu/h (1 Ton), in a single family
home with siding in the following configurations:

Ground Installation

Ground-Floor Wall
Mounted

Labor costs, burdened ($)
Equipment costs (indoor & outdoor
units), including markup ($)
Supplies costs (mounting supplies,
additional lines, tools, etc.)
Other costs (travel, warranty,
insurance, etc.)
Total

Roof Installation

Non-ground-floor Wall
Mounted (e.g. wall of a
2nd-floor apartment)

Ground
Installation
[ANSWERS
POPULATED
FROM Q-10]

GroundFloor Wall
Mounted

Roof
Installation

___________
___________

___________
___________

___________
___________

Non-groundfloor Wall
Mounted (e.g.
outer wall of a
2nd-floor
apartment)
___________
___________

___________

___________

___________

___________

___________

___________

___________

___________

Calculated

Calculated

Calculated

Calculated

Comments/Additional notes

Page A-6

Ductless Mini-Split Heat Pump Cost Study (RES 28)

16. How much would you charge for the same Installation Scenario A, but with a different indoor
unit configuration? Your previous responses for a wall-mounted indoor unit are provided for
reference.
Indoor Unit / Evaporator
Indoor Unit
Configuration
Ceiling Cassette

Conduit for
Refrigerant
Lines & Wiring

Outdoor
Unit /
Condenser

Installation of a single unit (1 air handler/indoor unit and 1 condenser/outdoor unit);
15 SEER / 8.2 HSPF (or lowest available efficiency), 12,000 Btu/h (1 Ton), ground-mounted in a
single family home with the following indoor unit types:

Wall-Mounted Indoor Unit [ANSWERS POPULATED FROM Q-10]
Labor costs, burdened ($)
___________________________
Equipment costs (indoor & outdoor units), including markup
___________________________
($)
___________________________
Supplies costs (mounting supplies, additional lines, tools,
___________________________
etc.)
Other costs (travel, warranty, insurance, etc.)
Total
Calculated

Ceiling Cassette Indoor Unit
Labor costs, burdened ($)
Equipment costs (indoor & outdoor units), including markup
($)
Supplies costs (mounting supplies, additional lines, tools,
etc.)
Other costs (travel, warranty, insurance, etc.)
Total

___________________________
___________________________
___________________________
___________________________

Calculated
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Installation Scenario B: System with 1 Outdoor Unit and Multiple Indoor Units
How much would you charge for Installation Scenario B, which has one outdoor condenser unit and
more than one indoor evaporator?

Installation of a multi-head unit (Multiple air handlers/indoor units and 1 condenser/outdoor
unit);
15 SEER / 8.2 HSPF (or lowest available efficiency), ground-mounted in a single family home
with vinyl siding
17. How much would you charge for the installation above?
Single 24,000 Btu/h (2.0 Ton) outdoor unit and 2 indoor units
Labor costs, burdened ($)
Equipment costs (indoor & outdoor units), including markup ($)
Supplies costs (mounting supplies, additional lines, tools, etc.)
Other costs (travel, warranty, insurance, etc.)
Total

___________________________
___________________________
___________________________
___________________________
Calculated

Single 36,000 Btu/h (3.0 Ton) outdoor unit and 3 indoor units
Labor costs, burdened ($)
Equipment costs (indoor & outdoor units), including markup ($)
Supplies costs (mounting supplies, additional lines, tools, etc.)
Other costs (travel, warranty, insurance, etc.)
Total

___________________________
___________________________
___________________________
___________________________
Calculated

Single 42,000 Btu/h (3.5 Ton) outdoor unit and 4 indoor units
Labor costs, burdened ($)
Equipment costs (indoor & outdoor units), including markup ($)
Supplies costs (mounting supplies, additional lines, tools, etc.)
Other costs (travel, warranty, insurance, etc.)
Total

___________________________
___________________________
___________________________
___________________________
Calculated

Page A-8

Ductless Mini-Split Heat Pump Cost Study (RES 28)
Installation Scenario C: Two systems with 1 outdoor and 1 indoor unit each
How much would you charge for Installation Scenario C, which has two separate ductless mini-split
systems, and each system has one outdoor condenser unit and more than one indoor evaporator?
Your previous responses for the installation of a single system are provided for reference.

Installation of 2 systems (2 air handlers/indoor units and 2 condensers/outdoor units);
12,000 Btu/h (1 Ton) per system, 15 SEER / 8.2 HSPF (or lowest available efficiency), groundmounted in a single family home with vinyl siding
1 outdoor unit, 1 indoor unit (1.0 Ton) [ANSWERS POPULATED FROM Q-10]
Labor costs, burdened ($)
___________________________
Equipment costs (indoor & outdoor units), including markup ($) ___________________________
Supplies costs (mounting supplies, additional lines, tools, etc.) ___________________________
Other costs (travel, warranty, insurance, etc.)
___________________________
Total
Calculated
18. How much would you charge for the installation above?
2 outdoor units, 2 indoor units
Labor costs, burdened ($)
Equipment costs (indoor & outdoor units), including markup ($)
Supplies costs (mounting supplies, additional lines, tools, etc.)
Other costs (travel, warranty, insurance, etc.)
Total

___________________________
___________________________
___________________________
___________________________
Calculated

19. Are there any additional factors that contribute to your pricing that we did not consider?
Additional Factors

20. Were there any issues with data you entered in the survey?
Data Issues

21. Do you have any suggestions to improve the Mass Save® rebate program for ductless mini-split
heat pump systems?
Suggestions
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COMPARISON TO MassCEC PROGRAM RECORDS
This appendix contains a memo submitted to the PAs and EEAC on June 21, 2018 that describes an
analysis the evaluation team conducted to compare the cost-efficiency results of the RES28 study
with rebate record data published by the Massachusetts Clean Energy Center (MassCEC). This
analysis is provided for informational purposes. The team did not use the results of the MassCEC
analysis to adjust the cost results of the RES28 study.

To:

Massachusetts Program Administrators and Energy Efficiency Advisory Council

From:

Decker Ringo; Navigant Consulting Inc.

Date:

June 21, 2018

Re:

Comparison of RES28 study results to MassCEC Air-Source Heat Pump Program
Records

The Ductless Mini-Split Heat Pump Cost Study (RES 28) estimated the energy-efficiency related total
and incremental costs of single family home installations of DMSHP systems currently rebated
through the Residential Heating and Cooling program. The study used three primary sources of data
to compile these estimates: (1) a contractor survey, (2) webscraping of retail prices, and (3) a sample
of invoices submitted with rebate applications to the MassSave program in 2016-2017. The study’s
final report (submitted on 4/2/2018) presented estimates of the total installed cost of different system
sizes and configurations for DMSHP systems at common combinations of SEER and HSPF.
In an email message on May 10, 2018, Chris Chan asked the evaluation team to compare the cost
results of the RES28 study to rebate record data published by the Massachusetts Clean Energy
Center (MassCEC). MassCEC operates an Air-Source Heat Pump program that provides rebates for
installations of qualifying DMSHPs, and MassCEC published a dataset with 11,728 rebate records
filed from 2014-2018. 21 These records provide the rebate date, the number of outdoor and indoor
units installed, the system manufacturer and model number, and the total system installation costs, as
well as other data.
The evaluation team adapted the MassCEC dataset to enable a comparison with the RES28
conclusions. The team took the following steps:
•

Removed incomplete records. The team discarded 12 records that omitted either the
installation cost or the DMSHP model number.

•

Linked capacity and efficiency information. The MassCEC dataset did not provide the
efficiency ratings of the DMSHP records, so the team used the manufacturer and model
number information from the MassCEC data to look up the cooling capacity and efficiency
ratings of each record in the AHRI database of certified product performance.

21

MassCEC published rebate data for the Air-Source Heat Pump Program in response to a public records
request. The dataset is linked from: http://www.masscec.com/contact-masscec/public-records-requests
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•

Looked up cold-climate qualification. The MassCEC dataset did not indicate whether the
rebated models in its dataset are cold-climate qualified. The team used the manufacturer and
model number information to look up cold climate qualifications in a listing maintained by
NEEP. 22

•

Filtered by date. The MassCEC dataset contains records dating from 2014. Because the
market for DMSHPs is changing rapidly and costs from 2014 may not represent the current
market, the team limited this comparison analysis to MassCEC rebates filed after 1/1/2016.

•

Filtered by number of outdoor units. The RES28 study estimated costs for scenarios
where just one DMSHP system is installed (i.e., where installations include only one outdoor
unit). To enable a straight comparison with the RES28 results, the evaluation team filtered
the MassCEC records to only include records with one outdoor unit.

After performing the steps listed above, the evaluation team binned the MassCEC records based on
the cooling capacity, efficiency, and number of indoor units. The team found that nearly all of the
single-system MassCEC records in the specified timeframe (since 1/1/2016) are for cold-climatequalified systems. Table 13 compares the cold climate system costs presented in the RES28 final
report with the median costs calculated for MassCEC records in each bin. The table also reports the
number of MassCEC records in each bin.
For the purpose of this exercise, the team assumed that the costs reported in the MassCEC rebate
records include only the cost of DMSHP system installation.
The summary findings of this exercise are as follows:
•

In the specified timeframe (since 1/1/2016), MassCEC did not rebate 9 kBtu/h or 12 kBtu/h
systems at the lower MassSave rebate threshold of 18 SEER and 10 HSPF.

•

For systems at capacities of 9 kBtu/h and 12 kBtu/h, the MassCEC records for high-efficiency
systems at 28 SEER and 14 HSPF had median installation costs that were $300-$360 lower
than the MassCEC median installation cost of systems at 20 SEER and 12 HSPF. This is
contrary to the RES28 finding that high-efficiency systems have higher installation costs than
lower-efficiency systems.

•

For systems at capacities of 9 kBtu/h and 12 kBtu/h, the MassCEC records for high-efficiency
systems at 28 SEER and 14 HSPF had median installation costs that were 12%-21% lower
than the costs reported in the RES28 study.

•

For systems at capacities from 24 kBtu/h to 36 kBtu/h, the MassCEC records showed median
installation costs that were 22%-52% higher than the costs reported in the RES28 study.

22

http://www.neep.org/initiatives/high-efficiency-products/emerging-technologies/ashp/cold-climateair-source-heat-pump
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Table 13. Total Installed Cost of DMSHP Systems at Common SEER-HSPF Combinations

Capacity,
kBtu/h

No. of
Indoor
Zones

Lower Rebate Threshold
18 SEER, 10 HSPF

RES28

Cold Climate
MassCEC MassCEC
Median
: RES28

Upper Rebate Threshold
20 SEER, 12 HSPF

RES28

Cold Climate
MassCEC MassCEC
Median
: RES28

Above Current Rebate Levels
28 SEER, 14 HSPF

RES28

Cold Climate
MassCEC
MassCEC
Median
: RES28

9 ± 1.5

1

$3,993

-

-

$4,035

$3,878
(n=22)

–4%

$4,419

$3,513
(n=140)

–21%

12 ± 1.5

1

$4,058

-

-

$4,199

$4,300
(n=707)

+2%

$4,515

$3,966
(n=148)

–12%

24 ± 3

1

$5,016

$7,616
(n=12)

+52%

$5,176

-

-

-

-

-

24 ± 3

2

$7,060

$8,583
(n=447)

+22%

-

-

-

-

-

-

24 ± 3

3

$8,202

$10,330
(n=219)

+26%

-

-

-

-

-

-

30 ± 3

3

$9,049

$11,015
(n=611)

+22%

-

-

-

-

-

-

36 ± 3

4

$10,438

$15,496
(n=257)

+48%

-

-

-

-

-

-
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CONTRACTOR PRICE QUOTES (TASK 1 MEMO)
To:

Massachusetts Program Administrators and Energy Efficiency Advisory Council

From:

Decker Ringo and David Basak; Navigant Consulting Inc.

Date:

February 5, 2018

Re:

Ductless Mini-Split Heat Pump Cost Study (RES 28)
Task 1: Contractor Price Quotes

Encl:

Ductless Mini-Split Survey, Final Version

This memo summarizes the evaluation team’s findings from a contractor survey for ductless mini-split
heat pump (DMSHP) products rebated through the Residential Heating and Cooling program. The
evaluation team obtained data from Massachusetts contractors via a web survey. The web survey
asked contractors to provide the cost of labor, equipment, supplies and other costs to the consumer.
In the next stage of this cost study, the evaluation team will combine these survey results with other
cost data to characterize the relationship between consumer costs and system efficiency. The
sections below describe the sources and methodology used in this task, as well as its key findings.

Summary
Ductless mini-split heat pumps (DMSHPs) are electrical HVAC systems capable of providing heating
and cooling to one or more conditioned zones in a building. They work by transferring thermal energy
between the conditioned space and the outside environment. DMSHP systems are composed of one
outdoor unit and one or more indoor unit(s) connected by refrigeration tubing and electrical wiring.
Generally, the units in the system are bought as a package, with matching indoor and outdoor units.
The components of the system can also be bought independently, for example to replace a single unit
that failed. In the analysis discussed here, all systems are assumed to be purchased as a package.
DMSHPs are available in the market in a range of capacities and efficiencies. Additionally, DMSHP
systems are sold with varying numbers of indoor units, which allow a single system to serve more
than one conditioned zone. Generally, the cost of a DMSHP system increases with efficiency,
capacity, and the number of zones supplied. The Residential Heating and Cooling program offers
rebates to customers for DMSHP systems that meet certain efficiency requirements. Two rebate
levels are currently available based on the efficiency metrics of Seasonal Energy Efficiency Ratio
(SEER) and Heating Seasonal Performance Factor (HSPF). The rebate levels are $100 per indoor
unit for a system rated at or above 18 SEER and 10 HSPF, and $300 per indoor unit for a system
rated at or above 20 SEER and 12 HSPF. 23
In this task, the evaluation team identified “representative sizes” for DSMHPs that represent the
DMSHP system sizes most commonly rebated in the Massachusetts Program Administrators’ (PAs’)
service areas. The evaluation team examined rebate data provided by the PAs to determine the
number of zones that are typically served by each representative capacity. In this task, the evaluation
team conducted a web survey with HVAC contractors to determine the consumer costs as a function

23

For details, see https://www.masssave.com/en/saving/residential-rebates/electric-heating-and-cooling/.
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of three main cost drivers: efficiency, capacity and the installation scenario (number of zones, number
of systems, wall material, and other factors).
Over a period of six weeks, the evaluation team contacted a sample of 145 contractors in
Massachusetts. The evaluation team emailed survey invitations to 115 of the contractors in that
sample, and 13 contractors completed the online survey. The survey asked contractors to provide
cost information for the base case, which was characterized by a single-zone DMSHP installation with
a cooling capacity of 12 kBtu/h. Then, the survey asked contractors to provide cost information for
other cases derived from the base case by varying the cost drivers. This allowed for the collection of
data regarding the cost of efficiency, capacity, different system configurations, and various installation
conditions.
Table 14 shows a summary of the results of the survey. The results are presented as the average
cost for each case considering all contractors who participated in the survey. The results for each
case are described in detail under the Key Findings section.
In addition to the contractor survey described in this memo, the activities in this cost study include
gathering online retail prices via webscraping (Task 2) and collecting installation cost data from
rebate applications (Task 3). The evaluation team will combine the data collected from these three
sources to estimate the cost-efficiency relationships for ductless mini-split heat pumps.
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Table 14. Results summary
Cost Driver

Cooling
Installation
Number of
Capacity
Type
Zones
(kBtu/h)

Efficiency
SEER

HSPF

Exterior
Wall Type

Outdoor
Placement

Indoor Type

Incremental
Number of
Total
Cost, Relative
Systems Installed Cost
to Base Case

Base Case

New

12

1

15

8.2

Siding

Ground

Wall mount

1

$3,877

-

Installation
Type

Replacement

12

1

15

8.2

Siding

Ground

Wall mount

1

$3,803

($75)

New

9

1

15

8.2

Siding

Ground

Wall mount

1

$3,638

($240)

New

24

1

15

8.2

Siding

Ground

Wall mount

1

$4,791

$913

New

30

1

15

8.2

Siding

Ground

Wall mount

1

$5,202

$1,325

New

24

2

15

8.2

Siding

Ground

Wall mount

1

$6,754

$2,877

New

36

3

15

8.2

Siding

Ground

Wall mount

1

$8,858

$4,980

New

42

4

15

8.2

Siding

Ground

Wall mount

1

$10,729

$6,851

New

12

1

18

10

Siding

Ground

Wall mount

1

$4,030

$153

New

12

1

20

12

Siding

Ground

Wall mount

1

$4,274

$396

New

12

1

15

8.2

Shingles

Ground

Wall mount

1

$3,775

($102)

New

12

1

15

8.2

Wood

Ground

Wall mount

1

$3,764

($114)

Capacity

Number of
Zones

Efficiency

Exterior
Wall Type

Outdoor Unit
Placement

New

12

1

15

8.2

Brick

Ground

Wall mount

1

$4,175

$298

New

12

1

15

8.2

Siding

1st floor wall

Wall mount

1

$3,806

($71)

New

12

1

15

8.2

Siding

Roof

Wall mount

1

$4,305

$427

floor wall

Wall mount

1

$4,863

$986

nd+

New

12

1

15

8.2

Siding

Indoor Unit
Type

2

New

12

1

15

8.2

Siding

Ground

Ceiling cassette

1

$4,928

$1,051

Number of
Systems

New

12+12

1+1

15

8.2

Siding

Ground

Wall mount

2

$7,182

$3,304
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Background
Contractor Survey
The purpose of this task is to estimate the consumer cost of a complete DMSHP installation in the
Massachusetts PAs’ service areas. In particular, the evaluation team is interested in determining the cost
of higher efficiency equipment relative to the cost of base case equipment.
When customers purchase DMSHPs to install in their home, they typically purchase them from the
contractor that they hire to perform the installation, as in the distribution channel illustrated in Figure 11. 24
In this channel, the product price is marked up at three stages, by the manufacturer, the wholesaler, and
the mechanical contractor. This is the most likely distribution channel that customers would use to
purchase rebate-eligible products, since the MassSave® program will not provide rebate payments
unless the products are installed by a licensed HVAC contractor.
Figure 11. Contractor Distribution Channel for Replacement of Residential DMSHPs.

Manufacturer

Wholesaler

Mechanical
Contractor

Customer

The mechanical contractor is the last step in the supply chain, so the cost to customers is the price
charged by the mechanical contractor. This price includes all equipment markups added along the supply
chain, as well as the additional markups and rates charged by the contractor. For that reason, the
evaluation team decided to limit the survey sample to contractors and to not survey wholesalers.
Contractor markups and labor rates vary by geographic location. Thus, national aggregate data for
contractor prices or survey data from other states may not provide an accurate estimate of the consumer
costs in the Massachusetts PAs’ service areas. To obtain price estimates, the evaluation team developed
a web survey and delivered it to contractors in the Massachusetts PAs’ service areas. Details of the
survey sample, design, and execution are presented in the Methodology section.

Efficiency Metrics for Ductless Mini-Split Heat Pumps
The efficiency of heat pumps in general is usually expressed in terms of several metrics, specified below.
a) Coefficient of Performance (COP): the coefficient of performance is the ratio of the useful heat
added (in heating) or removed (in cooling) from the conditioned space to the energy consumed by
the product. The COP is used to express performance at a specific set of testing conditions.
Common COP testing conditions are an indoor temperature of 70 °F and an outdoor temperature
of 47 °F for high-temperature heating, 17 °F for low-temperature heating, or 5 °F for cold-climate
heating. For a given set of indoor and outdoor conditions, the larger the COP, the greater the
operating efficiency. Because the COP depends on the testing conditions, the testing conditions

24

Customers may also purchase equipment from online retailers, but that is less common in the context of the
MassSave® program. Nonetheless, the data from online retailers can provide useful insight on the cost to
consumers. For details, see the Task 2 memo.
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are usually stated with the COP value. As the ratio of two energy or power quantities, the COP is
a dimensionless number, though it is sometimes expressed in units of watt/watt (W/W).
b) Energy Efficiency Ratio (EER): like the COP, the EER is a ratio of useful heat moved to the
energy consumed by the product. The EER is generally only used to express cooling
performance at a specific set of testing conditions (95 °F outdoor temperature and 80 °F indoor
temperature). The EER metric is usually expressed in British thermal units per Watt-hour
(Btu/W.h).
c) Seasonal Energy Efficiency Ratio (SEER): the SEER metric is the weighted average of EER
measured across a range of cooling conditions. The standard conditions specified for the SEER
metric provide an estimate of efficiency over an entire cooling season, thus providing a more
representative estimate of “real-world” performance than that provided by the EER metric. The
SEER metric is expressed in Btu/W.h.
d) Heating Seasonal Performance Factor (HSPF): the HSPF is the weighted average of the COP
measured across a range of heating conditions. Analogously to the SEER metric, the HSPF is
intended to provide an estimate of efficiency over an entire heating season, thus providing a more
representative estimate of “real-world” performance than that provided by the COP. The HSPF
metric is expressed in Btu/W.h.

Methodology
This section describes the methodology used in developing and applying the contractor survey. The
following points are described:
•

The development of the contractor sample

•

The survey design, including the topics covered and inputs requested from the contractors

•

The survey delivery and follow-up methods

Contractor Sample
The PAs provided the evaluation team with participant rebate data assembled by Energy Federation Inc.
(EFI) for the period of January 1, 2016 through July 31, 2017. Each DMSHP rebate record includes the
name and contact information for the contractor who performed the installation. The evaluation team
selected a survey sample from these records, selecting contractors that had significant experience with
DMSHPs based on the number of rebate records they submitted for DMSHP installations. Additionally,
the evaluation team considered the geographic location of the contractors so that all the PAs’ service
areas were represented in the survey sample.
Table 15 presents the number of contractors contacted by the evaluation team in each region, as well as
the aggregate number of DMSHP rebate records filed by those contractors. The evaluation team counted
the number of contractors based on the region in which they are based, not the region(s) they serve. This
was because the regions served were not available to the evaluation team prior to the survey (and, in
fact, the region(s) served is one of the questions on the survey). Contractors often serve regions other
than those in which they are based. For example, a contractor based in the South of Boston region may
serve the Greater Boston region and parts of Cape Cod and Central Massachusetts. Thus, the number of
contractors shown in Table 15 can be considered a conservative estimate of the number of contractors in
the sample that serve each region.
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Table 15. Number of contractors and rebate records in selected sample per region.

Region

‡

Number of Sampled Contractors
Based in the Region‡

Total Number of DMSHP
Rebate Records Filed by the
Sampled Contractors

Number

% of Sample

Number

% of Records

Cape Cod & Islands

22

15%

1118

23%

Central MA

19

13%

557

12%

Western MA

21

14%

900

19%

South of Boston

17

12%

466

10%

Metro West

52

36%

1333

28%

North of Boston

11

8%

413

9%

Greater Boston

3

2%

37

1%

TOTAL

145

100%

4824

100%

Each contractor may serve regions other than the one in which they are based.

The evaluation team believes that this contractor sample is sufficient to represent the geographic
distribution of contractors in Massachusetts. The sample contains at least 8 contractors for each region,
except for Greater Boston. Greater Boston is the smallest region among those considered and is also the
one with the costliest real estate. Thus, it is not surprising that fewer contractors have offices in that
region.

Survey Design
The evaluation team designed the contractor survey to obtain cost information around three main cost
drivers: efficiency, capacity, and installation factors. The evaluation team selected specific levels and
configurations for each of these cost drivers and requested data at those levels. This allowed for a
structured analysis of the cost drivers, in which relatively few data points can provide a comprehensive
understanding of the costs associated with each cost driver.
The evaluation team selected three efficiency levels: the base case 25 (15 SEER and 8.2 HSPF) and the
two efficiency levels currently rebated by the Massachusetts PAs (18 SEER and 10 HSPF, 20 SEER and
12 HSPF). For capacity, the evaluation team analyzed the current rebate data for Massachusetts and
selected representative capacity levels; this process is described in detail in the Representative Sizes
subsection below. For the installation scenarios, the evaluation team considered the most common
configurations found in DMSHPs; these configurations are described in the Installation Scenarios
subsection below. For an overall perspective on all scenarios presented in the survey, see Table 14.
The survey asked contractors to provide cost information in several billing categories: burdened labor
costs, equipment costs including markups (total for indoor and outdoor units), supplies costs (mounting
supplies, line sets, brazing material, etc.) and other costs (travel, warranty, insurance, overhead, etc.) for
each scenario in Table 14. This allowed the evaluation team to analyze how different cost drivers impact
25 The evaluation team understands that the 2016 Plan-Year Report Version of the Massachusetts Technical
Reference Manual reports a baseline level of 14 SEER and 8.2 HSPF for the DMSHP system measure (measure
#MAE16A2a05ALL). However, the evaluation team could not identify any 14 SEER systems with cooling capacity
less than 20 kBtu/h. The least efficient 12 kBtu/h systems on the market today are rated at 15 SEER and 8.2 HSPF,
and this is the base case the evaluation team selected for this study.
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the different cost categories. For example, single-zone DMSHP systems with different capacities
generally have different equipment costs but very similar labor and supplies costs. In contrast, DMSHP
systems with the same capacity but serving a different number of zones (e.g. a 24 kBtu/h system with one
zone versus two zones) generally have different equipment and labor costs. By requesting equipment
costs as a single line-item cost, the evaluation team can compare the equipment costs provided by
contractors with the retail costs retrieved by webscraping in Task 2 of this study.
The evaluation team designed the survey with input from the Massachusetts PAs and EEAC and with
input from contractors. The PAs and EEAC reviewed an initial soft-copy draft of the survey and provided
preliminary feedback. Then, after the evaluation team programmed the online survey, the PAs tested the
survey and provided further comments. The evaluation team provided a digital soft copy of the survey to
an initial sample set of 25 contractors. Based on the feedback and questions received from this initial
contractor sample, the evaluation team updated the survey to its final form. The final form of the survey is
enclosed for reference with this memo deliverable.
Representative Sizes and Number of Zones
The cost of a DMSHP system varies with many factors, such as the size of the system, its efficiency and
its additional features (connectivity, advanced user interface, etc.). Of those factors, efficiency and
capacity tend to be the main drivers of cost variations because they tend to require changes to the
costliest components in the system: the heat exchangers, the electric motors, and the compressor. Thus,
a cost analysis of DSMHPs must account for efficiency and capacity to yield accurate results.
DSMHP systems can provide cooling and heating, and most vendors marketed the systems by their
nominal cooling capacity. Consequently, the evaluation team used the nominal cooling capacity as the
representative variable in its cost calculations. It should be noted that the nominal capacity may not
always reflect the exact performance of the DMSHP system, especially for small systems with very high
efficiency. In many cases, a DMSHP system’s maximum achievable capacity is higher than its nominal
capacity, since manufacturers frequently engineer systems to achieve a higher SEER rating, and the
SEER metric measures part-load operation. For the purposes of this study, the evaluation team
considered this strategy to be one of the many legitimate design options that manufacturers may adopt to
improve rated efficiency. The evaluation team did not adjust the data to account for differences in nominal
capacity and full-load capacity.
Generally, the cooling and heating capacities of any given system correlate strongly; in other words, a
system that can provide twice as much cooling than another system is likely to provide twice as much
heating than the other system as well. The DSMHP systems in the market are clustered around certain
cooling capacity values (e.g. 12 kBtu/h, 24 kBtu/h, etc.). This is illustrated in Figure 12, which shows a
histogram of the number of Massachusetts PA rebate records as a function of cooling capacity.
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Figure 12. Number of Massachusetts PA rebate records for DSMHPs in the period from 1/1/16 to
7/31/17 as a function of capacity.

Given this clear clustering of the DMSHP market around certain capacity levels, the evaluation team
selected a few typical capacities to represent the main clusters in the market. The evaluation team
selected the following capacity levels for the analysis: 9, 12, 24, 30, 36 and 42 kBtu/h. Table 16 shows
the number of zones typically offered with these capacities, as well as potential applications for a system
at each capacity.
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Table 16. Details of the capacity ranges analyzed
Cooling
Capacity
(Btu/h)

Number
of Zones

Description

1

These are relatively small systems that would be an appropriate,
more efficient option or replacement for room or window air
conditioners or packaged terminal air conditioners (PTACs).
Individually, they may be used in home additions, or to condition
cold or hot spots in a building.

1

Systems rated at 12,000 can condition a larger space than systems
rated at 9,000 Btu/h systems, but they are not large enough to
condition an entire home. Thus, they make appropriate
replacements for room or window air conditioners or PTACs. They
may find application in garages or living rooms.

1

These systems can cool large individual rooms and even small
homes, if the conditioned air can be circulated through all rooms.
These systems are typically used to supplement a home’s existing
HVAC system or to provide heating and cooling capacity to a newly
finished space.

24,000

2

Due to the significant capacity (equivalent to a small residential
ducted system) and the ability to provide conditioning to two zones,
these systems could provide conditioning for a small home. The
capacity is split between the two zones, which can be used to tailor
the conditioning to the size of each zone. They could replace, for
example, two window air conditioners, or even a ducted heat pump.

30,000

1

With similar applications to the single-zone 24,000 Btu/h systems,
these systems can provide cooling and heating to larger spaces.

3

These systems are equivalent to a medium-sized ducted residential
heat pump system and would be an appropriate replacement for
them. These systems can provide conditioning to small and mediumsized homes.

4

These systems are equivalent to a medium-sized ducted residential
heat pump system and would be an appropriate replacement for
them. With four zones and 42,000 Btu/h of cooling capacity, these
systems could provide conditioning for small, medium and even
some large homes.

9,000

12,000

24,000

36,000

42,000

Installation Scenarios
DMSHPs may be installed in many different configurations depending on the specifics of the job site and
the conditioning requirements of the home. Each configuration requires specific equipment, hardware and
a certain amount of work to install, all of which lead to varying installation costs. The evaluation team
considered this issue and requested information about the following configurations in the contractor
survey:
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e) Wall type: certain wall materials may be more difficult to drill through or may require additional
hardware to ensure safe installation of the equipment. The survey requested costs for the
following wall types: siding (base case), shingles, wood, and brick.
f)

Outdoor installation: the outdoor unit of a DMSHP system may be installed in different
configurations depending on the available space and the maximum distance to the indoor unit.
The survey requested costs for the following outdoor installation types: on the ground (base
case), mounted on the wall at the ground floor level, on the roof, and mounted on the wall above
the ground floor level. These installation types are shown in Figure 13.
Figure 13. Outdoor installation types

g) Indoor installation: customers may select different indoor unit types depending on the available
space, the type of construction, and their aesthetic preferences. The survey requested costs for
the following indoor installation types: wall-mounted (base case) and ceiling cassette. These
installation types are shown in Figure 14.
Figure 14. Indoor installation types

h) Number of individual systems: some job sites such as multi-unit buildings may require the
installation of more than one DMSHP system, each with its own indoor and outdoor units.
Contractors may offer discounts when consumers install more than one system at once. To
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capture this, the survey requested data for one-system installations and for two-system
installations, where each system has a single zone and a cooling capacity of 12 kBtu/h.

Survey Execution
The evaluation team conducted the survey over a six-week period from December 14, 2017 to January
25, 2018. The evaluation team first contacted all the contractors in the survey sample by telephone to
request an email address for a point of contact who would be qualified to answer questions regarding
DMSHP installation costs. During these initial phone calls, the team offered an incentive in the form of a
$250 gift card in exchange for completing the survey. Of the 145 contractors sampled, 23 contractors
indicated that they did not want to participate and 10 contractors did not respond to phone calls to provide
a valid email address. The evaluation team sent an email invitation to the remaining 112 contractors with
a link to participate in the online survey. The online survey allowed respondents to submit their answers
via a web browser. The evaluation team followed the responses to the survey and sent follow-up emails
to again ask the contractors to fill out the survey.
The evaluation team made several efforts to improve the response rate of the survey. The team
conducted pre-screening calls as mentioned above, and the team sent follow-up reminder emails one
week after contractors received the survey invitations. Despite these efforts, the survey had a low
response rate. Out of 145 contractors sampled, only 13 provided complete survey responses. The
evaluation team identified the following obstacles to obtaining a higher response rate:
•

The survey was released during the holiday season, when many contractors take time off.

•

The survey release coincided with a long cold spell, when many contractors were busy handling
emergency calls from their customers.

•

A particularly large winter storm hit Massachusetts around the same time, leading to work
disruptions and power outages. Many contractors were affected and did not have the time or the
means to participate.

•

The survey collects sensitive data, which may be a concern to certain contractors.

To improve the response rate in future surveys, the evaluation team recommends releasing the survey at
times when contractors are less busy with customer calls, such as in the spring or autumn.

Key Findings
This section presents the key findings from the contractor survey for DMSHPs. Each of the cost drivers
analyzed by the team is presented in a separate subsection below. All values are presented in U.S.
dollars and represent an average of the values provided by the contractors. Consequently, the values
provided by any single contractor cannot be derived from the results presented here.
Each cost driver is presented in a separate subsection, and costs are presented in categories of labor,
equipment, supplies and other costs. Each subsection includes a chart and table showing how costs
change relative to the base case, depending on the cost driver.
In their comments on the survey, more than one contractor noted that the electrical installation is an
important cost factor. Some contractors stated that they included this cost in their estimates, some
contractors stated they did not include electrical costs, and other contractors did not mention this issue at
all. Some contractors may have electricians on staff, which would reduce the costs associated with this
issue, while others may have to hire a third-party company. We assume that each contractor’s response
was internally consistent regarding whether or not they reported electrical costs. In other words, we
assume contractors did not report electrical costs in their response to one question and then omit them on
a different question.
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Another concern mentioned by the contractors is that any unexpected difficulty in installing the line set
can add a significant cost to the project (by one estimate, this can add about $500).

Brands Installed by Contractors
The survey respondents mentioned a total of four DMSHP brands: Daikin, Fujitsu, Lennox and Mitsubishi.
Of those brands, Fujitsu and Mitsubishi were most often mentioned (eight different contractors), while
Daikin and Lennox were each mentioned by two different contractors. The evaluation team reviewed
DMSHP rebate records for the period 1/1/16 to 7/31/17 and found that 92.5% of the records were for
systems from Fujitsu and Mitsubishi.

Base Case
In the survey delivered to contractors, the first question on costs regard a base case installation, which is
defined as a single-zone DMSHP system with cooling capacity of 12 kBtu/h and efficiency of 15 SEER
and 8.2 HSPF, installed as a new (i.e., not replacement) system in a home with exterior siding, with a
wall-mounted indoor unit and a ground-mounted outdoor unit. All of the subsequent scenarios presented
in the survey were treated as variations on this base case scenario, and each cost question in the survey
reminded respondents of the costs their provided for this base case scenario. Figure 15 compares the
cost of a base case (i.e., new) installation to the cost of installing a replacement system to take the place
of an existing DMSHP system.
Figure 15. Base case costs, new installation compared to replacement
Average Costs by Category in 2017$
Installation Type
New System
Replacement
Labor
1,132
1,230
Equip.
2,088
2,066
Supplies
426
402
Other
232
105
Total
3,877
3,803

$2,500
$2,000
$1,500
$1,000
$500
$0

Labor

Equipment

New (Base Case)

Supplies

Other

Replacement
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Geographic Variation
The number of responses per region served is shown in Table 17 below. The number of responses in
Table 17 is greater than the number of survey respondents who took the survey because some
contractors serve more than one region. Figure 16 shows the average costs for the base case scenario in
different cost categories for each region.
One goal of this study is to assess how installation costs vary across different service areas in
Massachusetts. However, the evaluation team observed high variability in costs within each given region.
This is particularly true regarding the labor rates, which can vary by more than 100% from contractor to
contractor. This variability and the low rate of responses to this survey make it impossible to draw strong
conclusions regarding the relationship between cost and geographic region. Instead, the evaluation team
focused its efforts on an analysis of Massachusetts as a whole.
Table 17. Number of survey responses per region
Average Costs for Base Case Installation (2017$)

Region

Number of
Survey
Responses

Labor

Equipment

Supplies

Other

Total

Cape Cod & Islands

2

1,275

1,904

393

171

3,743

Central MA

3

1,311

2,134

439

276

4,160

Greater Boston

2

1,350

1,736

668

207

3,961

Metro West

2

1,540

2,121

543

179

4,383

North of Boston

2

1,350

1,736

668

207

3,961

South of Boston

3

1,100

1,871

1,000

100

4,071

Western MA

5

1,046

2,163

336

290

3,835

1,132

2,088

426

232

3,877

Average across survey respondents:

Figure 16. Average base case scenario costs per region served
$2,500
$2,000
$1,500
$1,000
$500
$0

Labor

Equipment

Supplies

Cape Cod & Islands

Central MA

Greater Boston

North of Boston

South of Boston

Western MA

Other
Metro West
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Capacity and Number of Zones
Figure 17 reports installation costs for single-zone DMSHP systems and Figure 18 reports installation
costs for single- and multi-zone DMSHP systems. Both figures report costs for systems with efficiency of
15 SEER and 8.2 HSPF installed in homes with exterior siding, with a wall-mounted indoor unit and a
ground-mounted outdoor unit.
Figure 17. Costs as a function of capacity for single-zone systems
Average Costs by Category in 2017$
Single-Zone System Capacity
9
12
24
30
kBtu/h kBtu/h kBtu/h kBtu/h
Labor
1,114
1,132
1,283
1,337
Equip.
1,926
2,088
2,830
3,162
Supplies
366
426
431
446
Other
232
232
247
257
Total
3,638
3,877
4,791
5,202

$3,500
$3,000
$2,500
$2,000
$1,500
$1,000
$500
$0

Labor

Equipment

9 kBtu/h
24 kBtu/h

Supplies

Other

12 kBtu/h (base case)
30 kBtu/h

Figure 18. Costs as a function of capacity and the number of conditioned zones
Average Costs by Category in 2017$
Multi-Zone System Capacity
12 kBtu 24 kBtu 36 kBtu 42 kBtu
1-zone 2-zone 3-zone 4-zone
Labor
1,132
1,996
2,533
3,083
Equip.
2,088
3,741
4,956
5,941
Supplies
426
704
983
1,238
Other
232
313
385
466
Total
3,877
6,754
8,858 10,729

$7,000
$6,000
$5,000
$4,000
$3,000
$2,000
$1,000
$0

Labor

Equipment

Supplies

Other

12 Kbtu/h, 1-zone

24 Kbtu/h, 2-zone

36 Kbtu/h, 3-zone

42 Kbtu/h, 4-zone

Findings related system capacity and number of zones:
•

Two contractors mentioned that the installation costs are the same for all capacities of singlezone systems; according to them, only the equipment costs (including markup) change with
capacity. One respondent noted that there may be a slight increase in the cost of the line set for
capacities greater than 18,000 Btu/h.

•

On average, each additional zone adds about $2,285 per zone, broken into $650 for labor,
$1,285 for equipment, $270 for supplies, and $80 for other costs.
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System Efficiency
Figure 19 reports installation costs for single-zone DMSHP systems with cooling capacity of 12 kBtu/h
installed in homes with exterior siding, with a wall-mounted indoor unit and a ground-mounted outdoor
unit.
Figure 19. Costs as a function of system efficiency.
Average Costs by Category in 2017$
System Efficiency
15 SEER/ 18 SEER/ 20 SEER/
8.2 HSPF 10 HSPF 12 HSPF
Labor
1,132
1,083
1,118
Equip.
2,088
2,337
2,554
Supplies
426
412
407
Other
232
198
194
Total
3,877
4,030
4,274

$3,000
$2,500
$2,000
$1,500
$1,000
$500
$0

Labor

Equipment

15 SEER, 8.2 HSPF
20 SEER, 12 HSPF

Supplies

Other

18 SEER, 10 HSPF

Findings related to system efficiency:
•

The average cost of increasing from 15 SEER to 18 SEER is about $150.

•

The average cost of increasing from 15 SEER to 20 SEER is about $400.

•

Two respondents commented that the equipment cost (including markup) is the only cost
category that changes with efficiency.

•

One respondent commented that the change in profit margin is small with efficiency.
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Exterior Wall Type
Figure 20 reports installation costs for single-zone DMSHP systems with cooling capacity of 12 kBtu/h
and efficiency of 15 SEER and 8.2 HSPF, with a wall-mounted indoor unit and a ground-mounted outdoor
unit.
Figure 20. Costs as a function of the exterior wall type
Average Costs by Category in 2017$
Exterior Wall Type
Siding Shingles Wood
Brick
Labor
1,132
1,111 1,099
1,322
Equip.
2,088
2,073 2,073
2,127
Supplies
426
400
396
492
Other
232
192
196
234
Total
3,877
3,775 3,764
4,175

$2,500
$2,000
$1,500
$1,000
$500
$0

Labor

Equipment

Siding (base case)

Supplies

Shingles

Wood

Other
Brick

Findings related to exterior wall type:
•

A common remark from the contractors was that brick and concrete constructions are the most
complex installation setup. In those cases, contractors often must hire a third-party core drilling
company to drill into the wall. According to one contractor, this adds an average of $400 to the
cost of the project.

•

In all survey responses, the labor cost associated with brick construction was greater or equal to
the labor cost of other types of construction. Some contractors may have the necessary
machinery in-house, which would explain the cases in which the labor cost is equal for brick and
for the other materials.
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Outdoor Unit Placement
Figure 21 reports installation costs for single-zone DMSHP systems with cooling capacity of 12 kBtu/h
and efficiency of 15 SEER and 8.2 HSPF, installed in homes with exterior siding, with a wall-mounted
indoor unit.
Figure 21. Costs as a function of the outdoor installation type
Average Costs by Category in 2017$
Outdoor Unit Placement
Ground
Wall,
Roof
Wall,
1st floor
2+ floor
Labor
1,132
1,083
1,392
1,755
Equip.
2,088
2,085
2,059
2,156
Supplies
426
446
508
620
Other
232
192
346
333
Total
3,877
3,806
4,305
4,863

$2,500
$2,000
$1,500
$1,000
$500
$0

Labor

Ground (base case)

Equipment

Supplies

1st-floor wall

Roof

Other
2+ floor Wall

Findings related to outdoor unit placement:
•

Some contractors do not provide installation on walls above the ground floor or on the roof. One
contractor attributed this choice to the difficulty in providing system maintenance.

•

One respondent commented that the change in cost between an on-the-ground installation and a
ground-floor-wall installation is only from the cost of the bracket.

•

Responses said that roof installations and installations above the ground floor require additional
labor. One contractor noted that installation above the ground floor may require the use of a lift,
which leads to an increase in costs.

In sum, installations on the ground or on the ground floor wall tend to be less expensive than roof or high
wall installations, and this difference is mostly due to labor costs.
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Indoor Unit Type
Figure 22 reports installation costs for single-zone DMSHP systems with cooling capacity of 12 kBtu/h
and efficiency of 15 SEER and 8.2 HSPF, installed in homes with exterior siding, with a ground-mounted
outdoor unit.
Figure 22. Costs as a function of the indoor installation type
Average Costs by Category in 2017$
Indoor Unit Type
Wall-Mount
Ceiling Cassette
Labor
1,132
1,609
Equip.
2,088
2,618
Supplies
426
500
Other
232
201
Total
3,877
4,928

$3,000
$2,500
$2,000
$1,500
$1,000
$500
$0

Labor

Equipment

Wall mount (baseline)

Supplies

Other

Ceiling cassette

Findings related to indoor unit type:
•

Responses indicated that the installation of ceiling cassettes is about $1,050 more per DMSHP
system compared to wall-mounted units.

•

The cost increase is split between the increased equipment cost of indoor ceiling cassette units
compared to wall-mounted units and the additional labor required to cut knockout holes and run
refrigerant lines through ceiling.
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Number of Systems
Figure 23 reports installation costs for the installation of one system or two systems at a single address.
In this case, each system is a single-zone DMSHP system with cooling capacity of 12 kBtu/h and
efficiency of 15 SEER and 8.2 HSPF, in a home with exterior siding, with a wall-mounted indoor unit and
a ground-mounted outdoor unit.
Figure 23. Costs as a function of the number of systems
Average Costs by Category in 2017$
Number of Complete Systems
One System
Two Systems
Labor
1,132
2,036
Equip.
2,088
4,125
Supplies
426
719
Other
232
302
Total
3,877
7,182

$4,500
$4,000
$3,500
$3,000
$2,500
$2,000
$1,500
$1,000
$500
$0

Labor

Equipment

Supplies

Other

12 Kbtu/h, 1 system (base case)
12+12 Kbtu/h, 2 systems

Findings related to number of complete systems:
•

Responses indicate that doubling the number of systems in an installation does not necessarily
double the cost.

•

There appear to be some slight equipment and supplies discounts in two-system installations,
since doubling the number of systems installed increases total equipment and supply costs by
about 93%.

•

There appear to be labor economies of scale with a two-system installation, since doubling the
number of systems increases labor costs by 80%. This is likely due to savings in travel and setup
time.
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DETERMINE COST-EFFICIENCY RELATIONSHIP (TASK
2 MEMO)
To:

Massachusetts Program Administrators and Energy Efficiency Advisory Council

From:

Decker Ringo and David Basak; Navigant Consulting Inc.

Date:

February 19, 2018

Re:

Ductless Mini-Split Heat Pump Cost Study (RES 28)
Task 2: Determine Cost-Efficiency Relationship

This memo summarizes the evaluation team’s findings from a comprehensive webscrape of prices
and performance ratings for ductless mini-split heat pump (DMSHP) products incentivized through
the Residential Heating and Cooling program. The evaluation team gathered DMSHP prices using
webscraping, then used this pricing data to characterize the relationship between the retail product
cost and system efficiency, accounting for the cost of non-efficiency-related features and the
possibility of cost outliers. The sections below describe the sources and methodology used in this
task, as well as its key findings.

Summary
Ductless mini-split heat pumps (DMSHPs) are electrical HVAC systems capable of providing heating
and cooling to one or more conditioned zones in a building. They work by transferring thermal
energy between the conditioned space and the outside environment. DMSHP systems are
composed of one outdoor unit and one or more indoor unit(s) connected by refrigeration tubing and
electrical wiring. Generally, the units in the system are bought as a package, with matching indoor
and outdoor units. The components of the system can also be bought independently, for example to
replace a single unit that failed. In the analysis discussed here, all systems are assumed to be
purchased as a package.
DMSHPs are available in the market in a range of capacities and efficiencies. Additionally, DMSHPs
are sold with varying numbers of indoor units, which allow a single system to serve more than one
conditioned zone. Generally, the cost of a DMSHP system increases with efficiency, capacity, and
the number of zones supplied. The Residential Heating and Cooling program offers rebates to
customers for DMSHP systems that meet certain efficiency requirements, listed in Table 18. 26 The
evaluation team examined the costs of DMSHP systems that meet the Northeast Energy Efficiency
Partnerships (NEEP) Cold Climate Air-Source Heat Pump (ccASHP) Specification, which uses the
criteria presented in Table 18. 27

26
27

For details, see https://www.masssave.com/en/saving/residential-rebates/electric-heating-and-cooling/.
See the Cold Climate Air-Source Heat Pump Specification section for details.
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Table 18. MassSave Rebate Thresholds and Cold Climate Specification Criteria
MassSave DMSHP Rebate Criteria
for Two Rebate Levels
A rebate of $100 per indoor unit for DMSHP
systems rated at ≥18 SEER and ≥10 HSPF
A rebate of $300 per indoor unit for DMSHP
systems rated at ≥20 SEER and ≥12 HSPF

NEEP Cold Climate Air Source Heat Pump
Specification Criteria
Systems must:
• Have a variable capacity compressor
• Be a matched system in the AHRI directory
• Be ENERGY STAR certified
• Have COP > 1.75 at 5 °F
• Have ≥10 HSPF

Previously in this cost study, the evaluation team identified “representative sizes” for DSMHPs that
represent the DMSHP system sizes most commonly rebated in the Massachusetts Program
Administrators (PAs) service areas. The evaluation team examined rebate data provided by the PAs
to determine the number of zones that are typically served by each representative capacity. In this
task, the evaluation team used webscraping to gather online retail prices for representatively sized
systems across the full range of available efficiencies for each of the system configurations
considered in this study.
The team organized the webscraped data to determine the lowest-cost models available at each
efficiency level from the lowest efficiency to the highest efficiency available in the market. The
lowest-cost path from low efficiency to high efficiency is termed the “cost-efficiency frontier.” The
team examined the feature sets of models on the cost-efficiency frontier to determine whether the
higher efficiency models include any non-efficiency-related features that may affect the retail cost of
the product. Some examples of non-efficiency-related features include anti-corrosion coatings, “night
mode” controls, and air ionizers. The team estimated the cost of these features and subtracted that
cost from the price of the affected models.
In short, the evaluation team performed Task 2 using the following steps: select the representative
capacities; identify viable data sources for webscraping; use webscraping to obtain a large costefficiency data set; determine the typical system configurations (for example, the usual number of
indoor units per outdoor unit); determine the cost-efficiency frontiers for each capacity and
configuration; process the data points in the cost-efficiency frontier considering any price markups,
non-efficiency-related features and cost-efficiency data outliers.
Figure 24. Simplified workflow, Task 2
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Table 19 shows a summary of the results at the efficiency levels rebated by the MassSave program.
The results are provided for regular DMSHP systems and for systems that meet NEEP’s Cold
Climate Air-Source Heat Pump (ccASHP) Specification. 28 The results for each type and
representative capacity of mini-split heat pump are described in detail under the Key Findings
section. Readers should note that the tables in the Key Findings section show the individual curves
for SEER (regardless of HSPF) and for HSPF (regardless of SEER). The table below shows the
costs at or above the rebated combinations of SEER and HSPF ratings. Where the costs in the Key
Findings tables do not match the costs in the Summary table, it is because the Key Findings tables
show systems that meet only one of the SEER and HSPF criteria.
Table 19. Results summary
Online Retail Price
Nominal
Capacity
(kBtu/h)

Number
of Zones

9.0 ± 1.5

1

$909

12 ± 1.5†

1

$969

24 ± 3.0

1

$1,529

24 ± 3.0

2

$1,974

24 ± 3.0

3

$2,697

30 ± 3.0

3

$2,908

36 ± 3.0

4

$3,233

<16 SEER, <9 HSPF*
Cold Climate

There are no cold
climate units in this
range

Regular

18 SEER, 10 HSPF

20 SEER, 12 HSPF

Regular

Cold
Climate

Regular

Cold
Climate

$1,113

$1,219

$1,586

$1,397

$1,176

$1,329

$1,780

$1,528

$1,638

$1,509

$2,341

$2,129

$2,180

$2,870

N/A**

N/A‡

$2,721

$3,330

N/A**

N/A‡

$2,908

$3,410

N/A**

N/A‡

$3,233

$4,380

N/A**

N/A‡

* The evaluation team understands that the 2016 Plan-Year Report Version of the Massachusetts
Technical Reference Manual reports a baseline level of 14 SEER and 8.2 HSPF for the DMSHP
system measure (measure #MAE16A2a05ALL). However, the evaluation team could not identify any
14 SEER systems with cooling capacity less than 20 kBtu/h. The least efficient 12 kBtu/h systems on
the market today are rated at 15 SEER and 8.2 HSPF, and this is the base case the evaluation team
selected for this study.
†
This is the most popular configuration in Massachusetts based on rebate data from 1/1/16-7/31/17.
** There are no multi-split systems with this combination of capacity and efficiency in the AHRI
Database of Certified Product Performance.
‡ The NEEP database of ccASHP certified systems does not list any ductless, multi-zone systems at
this capacity that meet the specified rebate level.
In addition to the analysis of webscraping data in Task 2, RES 28 also includes the analysis of
contractor price quotes via a web survey (Task 1) and the analysis of invoice data provided by the
program PAs (Task 3). The data from each of these analyses is focused on a specific domain and
has limitations inherent to the data sources; by combining the results from each analysis, the
evaluation team will be able to estimate the cost-efficiency relationships for ductless mini-split heat
pumps with great confidence.

28

See the Cold Climate Air-Source Heat Pump Specification section for details.
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Background
Initially, the evaluation team reviewed the incremental cost study that Cadmus conducted for Ameren
and Commonwealth Edison in Illinois, which the team expected to use as the main source for the
cost-efficiency analysis in Task 2 of RES 28. However, the team determined that the Cadmus study
would not be an ideal source for this task for the following reasons: a) the study did not assign costs
to cold-climate systems; b) the study did not assign costs to connected product capabilities; c) the
study is 6 months old, and prices in the DMSHP market have been changing very rapidly; and d) the
results from the study showed occasional drops in cost with increases in efficiency, which did not
align with market observations. As a result, on November 10, 2017 the team requested permission
from the PAs and Energy Efficiency Advisory Council (EEAC) to adjust the approach of this task and
determine the cost-efficiency relationship using webscraping instead. The PAs and EEAC approved
of this change in approach.
Webscraping consists of obtaining data (in the present case, price) from online sources in an
automated fashion. By applying webscraping, the evaluation team obtained a large price data set in
a much shorter time than would be possible through manual data acquisition. This allows for a more
comprehensive understanding of the market and the costs associated with different efficiency levels.
The evaluation team used the processed webscraping data to develop a cost-efficiency analysis of
DSMHPs. The webscraping data yielded a collection of cost-efficiency points. By analyzing those
points, the evaluation team identified the cost-efficiency frontier, i.e. the lowest cost required to
achieve a given efficiency level. This process is explained in greater detail in the methodology
section.

Cost Assumptions
When customers purchase DMSHPs to install in their home, they typically purchase them from the
contractor that they hire to perform the installation, as in the distribution channel illustrated in Figure
25. In this channel, the product price is marked up at three stages, by the manufacturer, the
wholesaler, and the mechanical contractor. This is the most likely distribution channel that customers
would use to purchase rebate-eligible products, since the MassSave® program will not provide
rebate payments unless the products are installed by a licensed HVAC contractor.
Figure 25. Contractor Distribution Channel for Replacement of Residential DMSHPs

Manufacturer

Mechanical
Contractor

Wholesaler

Customer

The prices and cost curves presented in this memo represent the retail cost of heating products
purchased through online vendors, and the distribution channel for this mode of sale is illustrated in
Figure 26. In this channel, the product price is marked up at just two stages, by the manufacturer
and the online retailer.
Figure 26. Online Distribution Channel for Replacements of Residential DMSHPs

Manufacturer

Online
Retailer

Customer
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For other types of products, such as gas furnaces and central A/C systems, there is a limited
selection of brands available through online vendors because manufacturers of these other products
maintain tight control of their supply chain and they discourage the sale of uninstalled products. The
evaluation team observed that manufacturers of DMSHP products do not exert the same controls,
and there is ample pricing data available for a wide variety of mainstream brands and models. This
webscraping analysis includes hundreds of system prices for Fujitsu and Mitsubishi (the most
commonly rebated brands in Massachusetts), as well as for Daikin, Gree, LG, Midea, Panasonic,
and other mainstream brands.
The evaluation team recognizes that a small percentage of customers purchase DMSHPs online.
This memo does not claim that customers would pay the same price to purchase products through
contractors as they would pay to purchase products online. The prices presented in this memo
should not be interpreted as the final product prices that customers will pay for contractor-installed
equipment. The online price data gathered in this task serves as one of several inputs that the
evaluation team will consider when estimating the cost of installing products at different efficiency
levels. Online price data is useful because it indicates the proportional price difference between lowand high-efficiency products.

Efficiency Metrics for Ductless Mini-Split Heat Pumps
The efficiency of heat pumps in general is usually expressed in terms of several metrics, specified
below.
e) Coefficient of Performance (COP): the coefficient of performance is the ratio of the useful
heat added (in heating) or removed (in cooling) from the conditioned space to the energy
consumed by the product. The COP is used to express performance at a specific set of
testing conditions. Common COP testing conditions are 70 °F indoor temperature and
outdoor temperature of 47 °F for high-temperature heating, 17 °F for low-temperature
heating, or 5 °F for cold climate heating. For a given set of indoor and outdoor conditions,
the larger the COP, the greater the operating efficiency. Because the COP depends on the
testing conditions, the testing conditions are usually stated with the COP value. As the ratio
of two energy or power quantities, the COP is expressed in units of watt/watt (W/W), a
dimensionless number.
f)

Energy Efficiency Ratio (EER): like the COP, the EER is a ratio of useful heat moved to the
energy consumed by the product. The EER is generally only used to express cooling
performance at a specific set of testing conditions (95 °F outdoor temperature and 80 °F
indoor temperature). Furthermore, it is usually expressed in British thermal units per Watthour (Btu/W.h).

g) Seasonal Energy Efficiency Ratio (SEER): the SEER metric is the weighted average of EER
measured across a range of cooling conditions. These conditions were selected to provide
an estimate of efficiency over an entire cooling season, thus providing a more representative
estimate of “real-world” performance than that provided by the EER metric. The SEER
metric is expressed in Btu/W.h.
h) Heating Seasonal Performance Factor (HSPF): the HSPF is the weighted average of the
COP measured across a range of heating conditions. Analogously to the SEER metric, the
HSPF is intended to provide an estimate of efficiency over an entire heating season, thus
providing a more representative estimate of “real-world” performance than that provided by
the COP. The HSPF metric is expressed in Btu/W.h.
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Data Sources
The evaluation team used the following publicly-available data sources throughout the analyses
conducted for this task.
•

AHRI Directory of Certified Product Performance
Link: https://www.ahridirectory.org/
The AHRI Directory contains product performance data submitted by manufacturers to
certify that their products conform to industry standards. Manufacturers typically contract 3rdparty laboratories to conduct performance testing for ductless mini-split heat pumps. The
evaluation team used the AHRI database to study the population of certified products, to
select the baseline efficiency levels, and to select representative models for cost analysis.

•

Northeast Energy Efficiency Partnerships (NEEP) Cold Climate Air-Source Heat Pump
(ccASHP) Specification and Product Listing
Link: http://www.neep.org/initiatives/high-efficiency-products/emergingtechnologies/ashp/cold-climate-air-source-heat-pump
The Northeast Energy Efficiency Partnerships (NEEP) define cold climate air-source heat
pumps as products with HSPF ≥ 10 and COP @ 5°F ≥ 1.75. NEEP maintains a list of coldclimate qualified DMSHP products.

•

Retail Merchant Websites
Many retailers advertise the prices of ductless mini-split heat pumps online. The evaluation
team conducted targeted webscraping to retrieve pricing data from different online retailers.
The prices used in this analysis were sourced from ACWholesalers.com,
AlpineHomeAir.com, AppliancesConnection.com, SupplyHouse.com, Ingrams.com,
TotalHomeSupply.com, ComfortUp.com, CasteelQuote.com, CoolRunningHS.com and
Ecomfort.com. The evaluation team used these retail sites to estimate the purchase cost of
ductless mini-split heat pumps at different efficiency levels.

Methodology
This section describes the methodology used to develop the cost-efficiency frontiers for different
product capacities.

Representative Sizes and Number of Zones
The cost of a DMSHP system varies with many factors, such as the size of the system, number of
zones, its efficiency, and its additional features (connectivity, advanced user interface, etc.). Of those
factors, efficiency and capacity tend to be the main drivers of cost variations because they tend to
require changes to the costliest components in the system: the heat exchangers, the electric motors
and the compressor. Thus, a cost analysis of DSMHPs must account for efficiency, number of
zones, and capacity to yield accurate results.
DSMHP systems can provide cooling and heating, and most vendors market systems by their
nominal cooling capacity. Consequently, the evaluation team used the nominal cooling capacity as
the representative variable in its cost calculations. It should be noted that the nominal capacity may
not always reflect the exact performance of the DMSHP system, especially for small systems with
very high efficiency. In many cases, a DMSHP system’s maximum achievable capacity is higher than
its nominal capacity, since manufacturers frequently engineer systems to achieve a higher SEER
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rating, and the SEER metric measures part-load operation. For the purposes of this study, the
evaluation team considered this strategy to be one of the many legitimate design options that
manufacturers may adopt to improve rated efficiency. The evaluation team did not adjust the data to
account for differences in nominal capacity and full-load capacity. Generally, the cooling and heating
capacities of any given system correlate strongly; in other words, a system that can provide twice as
much cooling than another system is likely to provide twice as much heating than the other system
as well.
DSMHP systems in the market are clustered around certain cooling capacity values (e.g. 12 kBtu/h,
24 kBtu/h, etc.). This is clearly seen in the figure below, which shows a histogram of the number of
Massachusetts PA rebate records as a function of cooling capacity.
Figure 27. Number of Massachusetts PA rebate records for DSMHPs in the period from 1/1/16
to 7/31/17 as a function of capacity.

Given this clear clustering of the DMSHP market around certain capacity levels, the evaluation team
selected a few typical capacities to represent the main clusters in the market. This allowed for a
univariate analysis of cost as a function of efficiency for each capacity level, which is much simpler
than creating a bivariate analysis of cost as a function of efficiency and capacity. The evaluation
team selected the following capacity levels for the analysis: 9, 12, 24, 30 and 36 kBtu/h. Table 20
shows the number of zones typically offered with these capacities, as well as potential uses for them.
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Table 20. Details of the capacity ranges analyzed
Cooling
Capacity
(Btu/h)

Number
of Zones

Description

1

These are relatively small systems that would be an appropriate,
more efficient option or replacement for room or window air
conditioners or packaged terminal air conditioners (PTACs).
Individually, they may find application in additions, or in cold or hot
spots in a building.

1

Systems rated at 12,000 can condition a larger space than systems
rated at 9,000 Btu/h systems. They are not large enough to
condition an entire home. Thus, they make appropriate
replacements for room or window air conditioners or packaged
terminal air conditioners (PTACs). They may find application in
garages or living rooms.

1

These systems can cool large individual rooms and even small
homes, if the conditioned air can be circulated through all rooms.
These systems are typically used to supplement a home’s existing
HVAC system or to provide heating and cooling capacity to a newly
finished space.

24,000 ± 3,000

2

Due to the significant capacity (equivalent to a small residential
ducted system) and the ability to provide conditioning to two zones,
these systems could provide conditioning for a small home. The
capacity is split between the two zones, which can be used to tailor
the conditioning to the size of each zone. They could replace, for
example, two room HPs or PTHPs, or even a ducted heat pump.

24,000 ± 3,000

3

These systems can provide cooling to a small home, with added
flexibility compared to two-zone systems. They could replace, for
example, three small room HPs or a ducted heat pump.

3

With similar applications to the three-zone 24,000 Btu/h systems,
these systems can provide cooling and heating to larger spaces.
They could replace three room HPs or PTHPs, or a ducted heat
pump.

4

These systems are equivalent to a medium-sized ducted residential
heat pump system and would be an appropriate replacement for
them. Because four zones are available, there is flexibility in terms
of conditioning when compared to the other categories analyzed.
These systems can provide conditioning to small and medium-sized
homes.

9,000 ± 1,500

12,000 ± 1,500

24,000 ± 3,000

30,000 ± 3,000

36,000 ± 3,000

Cold Climate Air-Source Heat Pump Specification
Due to the particularly cold climate in the Northeast, a group of interested stakeholders facilitated by
the Northeast Energy Efficiency Partnerships (NEEP) developed a specification for cold climate heat
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pumps (“Cold Climate Air-Source Heat Pump Specification”, or “ccASHP specification”). 29 This
specification has the following requirements:
•

The system must have a variable capacity compressor.

•

The indoor and outdoor units must be part of a matched system in the AHRI directory.

•

The system must be ENERGY STAR certified.

•

The COP of the system must be greater than 1.75 at 5 °F.

•

The HSPF of the system must be greater than 10.

•

The system performance data must be reported to NEEP in a specific format.

NEEP hosts a database of the systems that meet the ccASHP specification. The evaluation team
utilized this database to determine which systems were cold-climate ready. Because the ccASHP
specification has strict requirements, the evaluation team expected units that meet the ccASHP
specification to cost more than units that do not meet this specification. Systems that meet the
ccASHP specification would show significant energy savings in the Massachusetts climate and,
during the planning phase of this study, several PAs showed interest in learning the costs associated
with ccASHP systems. The evaluation team created separate cost-efficiency curves systems that
meet the ccASHP specification and for systems that do not meet the specification.

Webscraping Activities
The evaluation team conducted webscraping to obtain price and performance data for DMSHPs. We
began by coding WebHarvey, an automated webscraping tool, to capture the website pagearchitectures for each of the online vendors. We then programmed a secondary webscraping tool,
webscraper.io, to pull data from each of the individual product pages. Programming the
webscraper.io tool involves developing a model of a website’s content (i.e., a sitemap) with specific
tags corresponding to data points of interest to our analysis. Figure 28 provides a visual
representation of a sitemap to scrape single-zone DMSHP listings from the ACWholesalers.com
website. Figure 29 shows a sample webpage where data has been tagged for webscraping.
Figure 28. Sample Website Page Architecture for DMSHP Webscraping
Manufacturer
Price
_root

Ductless
Mini Split
Single Zone

System Model #

Items

Description
Pages

Specs

Outdoor model #
Indoor model #s
Cooling Capacity
SEER
Mounting Style
Number of Zones
Compressor Warranty
Parts Warranty

29

http://www.neep.org/initiatives/high-efficiency-products/emerging-technologies/ashp/cold-climate-air-source-heatpump, accessed on December 18th, 2017.
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Figure 29. Sample Website Content Model, with Data Tags Indicated by Red Boxes

The evaluation team gathered data from seven retailer websites and organized it into a table, with
each system occupying one entry in the table. The team gathered the following variables:
•

brand

•

model numbers of the system, the outdoor units and the indoor unit(s)

•

number of zones served by the system

•

cooling capacity
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•

mounting style of the indoor unit(s)

•

SEER rating

•

Price (including shipping costs, if applicable)

•

connected capability

The evaluation team linked the data from webscraping to the AHRI Directory of Certified Product
Performance to obtain the AHRI certification number and the HSPF rating for each system in the
dataset. 30 Additionally, the evaluation team utilized the NEEP Cold Climate Air Source Heat Pump
database to identify the cold climate systems in the dataset.

Non-Efficiency-Related Features
The features included in DMSHPs can be classified into two broad groups:
a) Efficiency-related features are those that provide an improvement in the operating efficiency
of the DMSHP system. Since this analysis is based on cost as a function of SEER and
HSPF, the evaluation team based its classification on whether the feature improves SEER or
HSPF. Common strategies for improving DSMHP efficiency are: high efficiency
compressors, high efficiency fan motors and increased heat exchanger size.
b) Non-efficiency-related features are any features that do not improve SEER or HSPF. Some
features classified as non-efficiency-related may have a tangible effect on energy
consumption, but not on SEER or HSPF (as measured by the DOE test procedure that is
used to rate DMSHP systems). Examples of non-efficiency-related features are: specific
control strategies (night mode, defrost, auto-changeover), features that improve consumer
comfort and safety (auto-restart, timers, rapid cooling/heating), product warranties that
reduce the cost of near-term equipment failures, and features that improve durability (anticorrosive coating).
The purpose of this cost study is to determine the cost of increasing the operating efficiency relative
to a base case system at 15 SEER and 8.2 HSPF. 31 However, the retail prices gathered by
webscraping also include the cost of any non-efficiency-related features that may be bundled with
DMSHP systems. That means that the difference in price between two DMSHP systems is given in
part by the different non-efficiency-related features each system has. Consequently, to obtain an
accurate measure of the cost of efficiency, it is necessary to correct for price variations that are due
to non-efficiency-related features.
The evaluation team took a careful approach to limit the effect of non-efficiency-related features on
the incremental cost of efficiency. Basing the analysis on the lowest-cost systems at each efficiency
level (as opposed to the average-cost system at each level) is a way to mitigate this issue. The
lowest-priced systems tend to be the simplest and least costly to manufacture, so they are less likely
to include non-efficiency-related features.

30

https://www.ahridirectory.org/ahridirectory/pages/home.aspx, updated on September 11th, 2017.
The evaluation team understands that the 2016 Plan-Year Report Version of the Massachusetts Technical
Reference Manual reports a baseline level of 14 SEER and 8.2 HSPF for the DMSHP system measure (measure
#MAE16A2a05ALL). However, the evaluation team could not identify any 14 SEER systems with cooling capacity
less than 20 kBtu/h. The least efficient 12 kBtu/h systems on the market today are rated at 15 SEER and 8.2 HSPF,
and this is the base case the evaluation team selected for this study.
31
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Nevertheless, manufacturers may include advanced non-efficiency-related features even in their
least expensive high-efficiency units, thus providing consumer value beyond the efficiency gains.
Also, some manufacturers may include non-efficiency-related features that other manufacturers
choose not to include. These variations in the market could mask the actual cost of improved
efficiency in the webscraped data even with the lowest-cost approach described above.
To mitigate this issue, the evaluation team manually reviewed the marketing materials and
catalogued the features that are included in DMSHP systems that define the cost-efficiency frontier
in each product configuration. Where the team identified non-efficiency-related features, the team
estimated the consumer cost associated with these features and subtracted it from the retail price of
the system. The methodology for this cost estimation is described below. If a non-efficiency-related
feature was present in the least efficient system on the cost-efficiency frontier, the team considered it
to be a baseline feature and did not subtract its cost from the cost of the systems.
Through this process, the evaluation team deemed the following features to be baseline features
since they are common in both low- and high-efficiency units across different manufacturers’ product
lines:
•

•

Efficiency-related:
o

Inverter-driven compressor, which are usually used with variable-speed controls but
may be driven at a single speed in rare, lower-efficiency cases

o

Brushless fan motors, which are more efficient than the cheaper permanent split
capacitor motors

Non-efficiency-related:
o

Rapid cooling and heating function, which ramps up the compressor to bring the
room quickly to the set temperature

o

Energy-saving night mode

o

Anti-corrosive coating on the outdoor fins

o

Auto-restart after a power outage

o

Auto changeover (from cooling to heating or vice-versa, as the set temperature and
room temperature require)

o

24-hour timer

o

Defrost control (auto defrost of the outdoor coil)

Since these non-efficiency-related features are available across the efficiency range, the evaluation
team did not include cost correction factors to compensate for them.
The evaluation team also found that the manufacturers tend to advertise features that are required
for proper system operation (such as compressor heaters, base pan heaters or electronic expansion
valves), and features that add negligible cost to the system (such as specialized air louver control
methods). The evaluation team did not adjust the costs of the systems to account for these features.
Five non-efficiency-related features stood out as potential cost drivers: occupancy sensors, air
ionizers, the ambient temperature range, the connected capabilities, and the manufacturer warranty.
These features are discussed in detail below. To develop cost estimates for the occupancy sensors
and the air ionizers, the evaluation team referenced Navigant Consulting’s database of appliance
component costs. Navigant maintains a database of appliance component costs aggregated from a
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variety of sources, including wholesale price quotes, manufacturer interviews, and independent cost
modeling. The database contains over 8,000 appliance components, and database costs are
updated on a monthly basis.
Occupancy Sensors
DMSHP systems from one manufacturer include occupancy sensors to detect whether conditioned
space is occupied and to decrease the conditioning action when the space is not occupied. The
marketing materials for these systems claim the occupancy sensor reduces the system’s energy
consumption. However, this reduction would not be captured in the SEER or HSPF measurements,
so this feature was considered non-efficiency-related for the purposes of this analysis.
The evaluation team estimated the manufacturing cost per unit to include an occupancy sensor, then
applied a markup to determine the price to the consumer. This estimated price was subtracted from
the systems with occupancy sensors on the cost-efficiency frontier. Using Navigant’s appliance
component cost database, the evaluation team estimated the retail price effect of adding an
occupancy sensor to be $7.88 per indoor unit, including the sensor component itself and necessary
wiring, connectors and electronic components.
Air Ionizers
The evaluation team found a few systems that used air ionizers to assist in cleaning the air as it goes
through the indoor unit. This technology may have some effect on customer comfort, but it does not
affect the system efficiency. Therefore, the evaluation team evaluated the consumer price of a
simple air ionizer implementation and subtracted that price from the price of units with this feature on
the cost-efficiency frontier. Using Navigant’s appliance component cost database, the evaluation
team estimated the retail price effect of adding an air ionizer to be $4.99 per indoor unit, including
the component itself and necessary wiring, connectors and electronic components.
Ambient Temperature Range
In reviewing the data at the cost-efficiency frontier, the evaluation team identified many units that are
advertised as being able to operate at even lower temperatures than the 5 °F required by the
ccASHP specification, but that are not listed on the ccASHP database. This could mean that these
units cannot meet the efficiency requirements of the ccASHP specification, or that the manufacturers
simply did not submit the performance data to NEEP. In either case, without the ccASHP approval
the evaluation team could not determine if these units would perform appropriately under low
temperatures, so they were treated as regular units in the analysis.
The evaluation team investigated the units rated for very low temperatures and found that their cost
did not vary significantly from their warmer temperature counterparts. This indicates that the low
temperature operation is achieved through inexpensive design options, such as specific control
strategies. Generally, these design options are not clearly stated by manufacturers. Considering the
lack of information and the minimal cost differences involved, the evaluation team decided not to
apply a correction factor based on the stated temperature of operation of each system.
Connected Product Capabilities
Connected products give the consumer (or a third party, if user-approved) the ability to control the
product remotely via the Internet. This allows the consumer to, for example, change the temperature
setting of an indoor unit while they are away from the home. From a utility’s perspective, it allows for
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the application of demand response programs (that is, utility-consumer agreements in which the
system can be controlled by the utility in such a way as to reduce peaks in demand).
The evaluation team found no mention of demand response in manufacturer marketing materials,
likely because marketing is usually focused on the consumer-facing aspects of connectivity (i.e. the
ability to control one’s own system remotely). Thus, it is not possible to determine if demand
response capabilities are available in the market within the scope of this webscraping activity.
Still, the technology required in the HVAC system is essentially the same in both cases, the
difference being mainly in terms of where the commands come from (a consumer’s account or a
third party’s account). Thus, it is safe to assume that the systems that already have consumer-facing
connected capabilities would only require minor changes to enable utility-facing connected
capabilities, such that the difference in product price, if any, would be marginal.
There are currently two main forms of implementation of connected capabilities: a) using an add-on
module, which the consumer can purchase separately and install on each indoor unit to be
controlled; and b) using built-in technology that is hard-wired into the indoor unit. The evaluation
team estimated the costs of each case independently and treated the systems in each case
differently.
The evaluation team utilized the webscraping data to estimate the cost incremental of built-in
modules. This was done by comparing the costs of nearly identical units, comparing one unit that
which features connected capabilities with another unit that does not. The evaluation team found
three cases that were suitable for this sort of comparison, and ignored one such case because the
same price was listed with and without connected capabilities. The other two cases were averaged
to obtain the estimated cost. For the add-on modules, the evaluation team obtained 24 online prices
for modules from five HVAC manufacturers; those quotes were averaged to obtain an estimated
cost. 32 The costs of each type of implementation are shown in Table 21.
Table 21. Average cost of implementation of connected capabilities per indoor unit based on
webscraping data
Implementation
Method

Average Cost
(per indoor unit)

Add-on Module

$153.92

Built-in

$58.92

The average cost of an add-on module is nearly three times that of a built-in module. This is
consistent with the evaluation team’s expectations; while built-in modules are installed at the factory
and sold as part of the unit, add-on modules must be manufactured, shipped, marketed and sold as
a separate product, thus accumulating additional costs throughout the supply chain. Thus, built-in
solutions are generally less expensive to purchase.
The evaluation team notes, however, that connected capabilities do not affect the operating
efficiency of an HVAC system. Rather, they allow for more efficient use of the system itself.
32

In developing the cost-efficiency frontiers, the evaluation team determined the least expensive means of increasing
efficiency by focusing on the lowest-cost systems available in the market. In the case of add-on control features,
consumers do not have a choice of which module or built-in device to purchase, because modules generally have
proprietary manufacturer technology. Thus, the team believes an average-cost approach is a more accurate estimate
of what the consumer will pay for the additional connected capability feature.
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Consequently, in determining the cost-efficiency frontiers for DMSHPs, the evaluation team removed
the cost of implementation of connected capabilities. This is only necessary in the built-in case,
where the cost of the hardware must be bundled with the cost of the DMSHP system. The evaluation
team subtracted the cost of the built-in connectivity hardware ($58.92 times the number of zones)
from the cost of all systems that offer that feature.
Manufacturer Warranty
The evaluation team found that the least expensive DMSHP systems are marketed with brands that
offer standard warranties of 2 years or less, such as Blueridge, EMI, Mirage, and OLMO. The team
found that rebates for systems from these short-warranty brands comprise less than 2% of the
rebate records filed through MassSave for the period 1/1/16-7/31/17. The team omitted those shortwarranty brands from our analysis as outliers because we found that a short warranty has a strong
effect on system cost, and because systems with short warranties do not represent typical
warranties in the PAs’ service areas.
For the ductless mini-split systems that were included in our analysis, we observed that a 5-year
parts/7-year compressor warranty was standard across the range of prices and brands (including the
most frequently rebated brands, Mitsubishi and Fujitsu). The exception is Daikin, which offers 10year warranties on many of its systems. By removing the short-warranty models from the analysis,
the evaluation team controlled for the cost effects of manufacturer warranty options.

Mandatory Additional Equipment
In addition to the DSMHP system itself, customers must often purchase additional equipment to
complete the installation. DMSHP systems that are intended for installation by contractors do not
ship with refrigerant line sets or electrical connecting wires. 33 These supplies must be purchased
according to the length required for a given installation. Additionally, one manufacturer requires the
purchase of a refrigerant distribution box for their multi-zone units. The evaluation team investigated
the cost of this mandatory additional equipment and added that cost to the webscraped system cost,
as applicable. The additional costs used are shown in Table 22.
Table 22. Estimated average cost of mandatory equipment
Mandatory Equipment

Cost

Line Sets (all systems)

$129.50 per zone

Refrigerant Distribution Box
(only applicable to certain
manufacturers)

$307.95 for two zones
$313.95 for three zones
$397.95 for four zones

33

There are several brands of DMSHP kits on the market that ship with line sets, wires, and all the hardware
necessary to install the system. These kits are marketed for installation by DIY homeowners. These kits are omitted
from this analysis because homeowner-installed systems are not eligible for rebates.
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Identifying and Removing Cost Outliers
Webscraped data typically contains outlier data points due to the variability in suppliers,
manufacturers, price markups and markdowns, etc. The evaluation team focused its efforts in
removing outliers whose price was too low for a given efficiency. This was done by investigating the
systems at the cost-efficiency frontier and evaluating whether their price is consistent with the
features provided. In particular, the team considered whether the stated SEER rating was
reasonable relative to the price of the system. The evaluation team considered the price of the
system relative to similar systems to determine if the system was an outlier or not.
The team removed outlier systems from the analysis and the outliers did not play a role in setting the
cost-efficiency frontiers. In total, the team identified 17 systems as outliers and removed them from
the analysis. The plots presented in the Key Findings section distinguish these outliers from other
data points.

Plotting the Cost-Efficiency Frontier
The evaluation team determined the cost to achieve a certain efficiency based on the concept of a
cost-efficiency frontier. The cost-efficiency frontier is the minimum incremental price required to
achieve a given efficiency. To determine the cost-efficiency frontier, the team used a “waterfall”
approach: a) the highest efficiency available is determined; b) the least expensive system at the
highest efficiency is selected as the cost-efficiency frontier at that efficiency; c) then, for each
efficiency lower than the maximum, the cost-efficiency frontier is defined as the lowest price
available at that efficiency for the next efficiency level above. With this definition, the cost-efficiency
frontier cannot decrease as the efficiency goes up. In other words, the cost-efficiency frontier either
remains constant or goes up as the efficiency goes up. The process is illustrated in Figure 30.
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Figure 30. "Waterfall" process to determine the cost-efficiency frontier

The evaluation team created separate cost-efficiency frontiers for SEER and HSPF.

Key Findings
This section presents the key findings from the evaluation team’s webscraping of retail DMSHP
system prices. Each of the system types we analyzed is presented in a sub-section below. For each
system type, we present the following information:
•

Charts that show the cost-efficiency data and the cost-efficiency frontier. Separate charts are
provided for SEER and HSPF, and for regular and cold climate systems, with a total of four
charts per subsection. The outliers, which were ignored in the analysis, are shown in
different format so they are clearly identifiable.

•

Two tables (regular and cold climate) showing the cost-efficiency frontier in absolute terms
and in terms of incremental cost. Each table shows the SEER frontier and the HSPF frontier
for that product type.

The findings begin on the following page.
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Figure 31. Cost and cost-efficiency frontier for 9 kBtu/h single-zone wall-mounted systems
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Table 23. Cost-efficiency frontier for regular systems, 9 kBtu/h
Incremental Price
Incremental
Frontier
HSPF
Frontier
SEER Range
from Lowest
Price from
Price
Range
Price
SEER
Lowest HSPF
15 – 16

$909

-

8.2 – 8.6

$909

-

16.1 – 19

$959

$50

8.7 – 9

$943

$34

19.1 – 22.4

$1,113

$205

9.1 – 10.5

$1,113

$205

22.5 – 27.7

$1,222

$314

10.6 – 11

$1,229

$320

11.1 – 12.8

$1,586

$677

Table 24. Cost-efficiency frontier for cold climate systems, 9 kBtu/h
Incremental Price
Incremental
Frontier
HSPF
Frontier
from Lowest
Price from
SEER Range
Price
Range
Price
SEER
Lowest HSPF
20 – 21.5

$1,219

-

10 – 11

$1,219

-

21.6 – 23

$1,314

$95

11.1 – 12

$1,397

$178

23.1 – 27.5

$1,397

$178

12.1 – 12.5

$1,434

$215

27.6 – 30.6

$1,717

$498

12.6 – 12.8

$1,586

$367

30.7 – 33

$1,728

$510

12.9 – 14

$1,717

$498

14.1 – 14.2

$1,728

$510
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Figure 32. Cost and cost-efficiency frontier for 12 kBtu/h single-zone wall-mounted systems
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Table 25. Cost-efficiency frontier for regular systems, 12 kBtu/h
Incremental
Incremental
SEER
Frontier
Price from
HSPF
Frontier
Price from
Range
Price
Lowest
Range
Price
Lowest
SEER
HSPF
15 – 16
16.1 – 17
17.1 – 20.4
20.5 – 21.5
21.6 – 22
22.1 – 30.5

$969
$1,027
$1,176
$1,281
$1,317
$1,780

$58
$208
$313
$348
$812

8.2 – 8.6
8.7 – 9
9.1 – 9.2
9.3 – 11
11.1 – 14

$969
$1,021
$1,029
$1,176
$1,780

$52
$60
$208
$812

Table 26. Cost-efficiency frontier for cold climate systems, 12 kBtu/h
Incremental Price
Incremental
Frontier
HSPF
Frontier
SEER Range
from Lowest
Price from
Price
Range
Price
SEER
Lowest HSPF
20 – 21.5
21.6 – 23
23.1 – 25
25.1 – 25.5
25.6 – 26.2
26.3 – 29.3

$1,329
$1,421
$1,479
$1,528
$1,722
$1,797

$92
$150
$199
$393
$469

10 – 11
11.1 – 12
12.1 – 12.5
12.6 – 14

$1,329
$1,528
$1,603
$1,797

$199
$274
$469
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Figure 33. Cost and cost-efficiency frontier for 24 kBtu/h single-zone wall-mounted systems
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Table 27. Cost-efficiency frontier for regular systems, 24 kBtu/h, 1 zone
Incremental Price
Incremental
Frontier
HSPF
Frontier
SEER Range
from Lowest
Price from
Price
Range
Price
SEER
Lowest HSPF
15 – 16

$1,529

-

8.2 – 8.5

$1,529

-

16.1 – 17

$1,559

$30

8.6 – 9

$1,532

$3

17.1 – 20

$1,638

$110

9.1 – 10

$1,638

$110

20.1 – 21.5

$1,820

$291

10.1 – 11

$1,820

$291

11.1 – 12

$2,341

$812

Table 28. Cost-efficiency frontier for cold climate systems, 24 kBtu/h, 1 zone
Incremental Price
Incremental
Frontier
HSPF
Frontier
SEER Range
from Lowest
Price from
Price
Range
Price
SEER
Lowest HSPF
20

$1,509

-

10 – 11.5

$1,509

-

20.1 – 21

$1,970

$460

11.6 – 12

$2,129

$619

21.1 – 22

$2,129

$619
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Figure 34. Cost and cost-efficiency frontier for 24 kBtu/h two-zone wall-mounted systems

8

9

10

8

9

10

HSPF

11

12

13

11

12

13

4500
4000
3500
3000

12

14

16

18

SEER

20

22

24

2500

HSPF

Table 29. Cost-efficiency frontier for regular systems, 24 kBtu/h, 2 zones
Incremental Price
Incremental
Frontier
HSPF
Frontier
from Lowest
Price from
SEER Range
Price
Range
Price
SEER
Lowest HSPF
14.1 – 21.1

$1,974

-

8.2 – 9.7

$1,974

-

21.2 – 22

$2,680

$706

9.8 – 10.2

$2,180

$206

10.3 – 10.8

$2,228

$254

10.9 – 12.2

$3,170

$1,196

Table 30. Cost-efficiency frontier for cold climate systems, 24 kBtu/h, 2 zones
Incremental Price
Incremental
Frontier
HSPF
Frontier
SEER Range
from Lowest
Price from
Price
Range
Price
SEER
Lowest HSPF
17.9 – 21.7

$2,870

-

10 – 10.6

$2,870

-

21.8 – 22

$3,473

$603

10.7 – 12.5

$3,025

$155
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Figure 35. Cost and cost-efficiency frontier for 24 kBtu/h three-zone wall-mounted systems
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Table 31. Cost-efficiency frontier for regular systems, 24 kBtu/h, 3 zones
Incremental Price
Incremental
Frontier
HSPF
Frontier
from Lowest
Price from
SEER Range
Price
Range
Price
SEER
Lowest HSPF
15.8 – 16

$2,697

-

8.2

$2,697

-

16.1 – 20.4

$2,721

$25

8.3 – 10.8

$2,721

$25

20.5 – 21

$2,877

$180

10.9 – 12.2

$3,610

$913

21.1 – 21.7

$3,115

$418

21.8 – 22

$3,922

$1,225

Table 32. Cost-efficiency frontier for cold climate systems, 24 kBtu/h, 3 zones
Incremental Price
Incremental
Frontier
HSPF
Frontier
SEER Range
from Lowest
Price from
Price
Range
Price
SEER
Lowest HSPF
17.9 – 21.7

$3,330

-

10 – 10.6

$3,330

-

21.8 – 22

$3,761

$431

10.7 – 12.5

$3,556

$226
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Figure 36. Cost and cost-efficiency frontier for 30 kBtu/h three-zone wall-mounted systems
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Table 33. Cost-efficiency frontier for regular systems, 30 kBtu/h, 3 zones
Incremental
Incremental
Price from
SEER
Frontier
HSPF
Frontier Price from
Range
Price
Lowest
Range
Price
Lowest
SEER
HSPF
15 – 21

$2,908

-

8.2 – 10.2

$2,908

-

21.1 –
21.7

$3,188

$280

10.3 – 12.2

$3,658

$750

21.8 –
22

$3,981

$1,073

Table 34. Cost-efficiency frontier for cold climate systems, 30 kBtu/h, 3 zones
Incremental Price
Incremental
Frontier
HSPF
Frontier
SEER Range
from Lowest
Price from
Price
Range
Price
SEER
Lowest HSPF
18 – 21.7

$3,410

-

10 – 10.6

$3,410

-

21.8 – 22

$3,821

$411

10.7 – 11

$5,845

$2,435
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Figure 37. Cost and cost-efficiency frontier for 36 kBtu/h four-zone wall-mounted systems
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Table 35. Cost-efficiency frontier for regular systems, 36 kBtu/h, 4 zones
Incremental Price
Incremental
Frontier
HSPF
Frontier
from Lowest
Price from
SEER Range
Price
Range
Price
SEER
Lowest HSPF
15 – 20.4

$3,233

-

8.2 – 10.8

$3,233

-

20.5 – 21

$3,287

$54

10.9 – 12.2

$4,189

$956

21.1 – 21.4

$3,688

$455

21.5 – 22

$4,542

$1,309

Table 36. Cost-efficiency frontier for cold climate systems, 36 kBtu/h, 4 zones
Incremental Price
Incremental
Frontier
HSPF
Frontier
SEER Range
from Lowest
Price from
Price
Range
Price
SEER
Lowest HSPF
17.5 – 22

$4,380

-

10

$4,380

-

10.1 - 10.3

$5,790

$1,410
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