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Residential Ducted Mini-Splits vs. Ductless Heat Pumps
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BPA asked the WSU Energy Program to research residential ducted mini-split (DMS) systems to
determine the potential to expand BPA’s current ductless mini-split heat pump (DHP) incentive
programs to include a category of DMS systems. This paper evaluates insights from stakeholders on how
DMS systems compare to DHPs in specific segments of the electrically heated housing sector: single- and
low-rise, multi-family new and existing, and site-built and factory-built.

WSU conducted informal discussions via email, phone, and meetings with key HVAC industry and utility
stakeholders. These manufacturers, utility and other stakeholders (listed in Appendix A) provided
technical and market information. Results from a WSU Energy Library literature search on utility
programs and short duct run DMS systems, stakeholder discussions related to demonstration/research
case studies, and other correspondence are provided in the appendices.

This information was used to address four primary research questions:

1. What types of DMS units and manufacturers have been most successful?

2. What are the estimated energy savings compared to a single head DHP baseline?

3. Have the DMS units been offered in utility programs and, if so, where?

4. What barriers to adoption were identified by early adopters of DMS in the Pacific Northwest?

Background

Highly efficient and effective, DHP mini-split systems are the ideal primary heating and cooling solution
for homes with electric resistance (ER) baseboard heaters, wall heaters, or ER furnaces. DHPs are ultra-
quiet and designed to provide maximum comfort, control, and efficiency while cutting ER heating costs
and providing AC.

DMS heat pump systems use outdoor units similar to DHP systems, with a small indoor fan coil unit and
ductwork typically installed in suspended ceiling “chase” areas in the conditioned space to deliver
heating and cooling to different rooms (e.g., bedrooms on the same hall). Heating or cooling rooms
through one zone in a short-run ducted system is less expensive than individual DHPs for each room
because two or more zones use the same fan coil unit.

DMS systems can be used in both retrofit and new construction. Due to the logistics of duct installation,
DMS application in new construction is easier and likely more cost-effective (at least on the incremental
cost side of the equation). Short-run duct systems can be less expensive than multiple head and/or
multiple single-splits. For HVAC retrofits and remodels, DMS systems can solve problems in houses
where performance of existing ducts is inadequate. While not more difficult to install than other types of
indoor units, DMS systems introduce added complexity and potential quality issues when ducting is
involved.

DMS concealed units are not as efficient as DHPs due to fan energy required to overcome the additional
static pressure of the ducts that are connected to the DMS. Ducts must be properly sized and installed to
overcome the system’s inherent lower external static pressure (ESP).

DMS system types

The typical types of DMS systems are one that requires the construction of a rectangular ductwork
(Figure 1) and one designed to connect to short runs of round flex ducting for two to four zones (Figure
2). These are often referred to as “concealed,” “slim duct,” and “horizontal ducted” low-profile units,
respectively. These units have smaller fans (typically in the 0.2-0.4 ESP range) than typical central
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forced-air heat pumps. They are ideal for smaller apartments and homes with low heating loads, where
there is adequate room to install ductwork in the conditioned space to deliver conditioned air to
bedrooms and main living area to offset ER heat that may be required by code to maintain comfort in all
zones.

A third type of DMS system is designed for use with larger ductwork systems (Figure 3). These are much
higher in cost with multi-position air handling units with higher ESP (0.5 to 0.8) to accommodate the
needs of larger ducted distribution systems. Feedback from key stakeholders suggests this type of DMS
is less optimal for new construction, low-load homes or apartment retrofits from an energy efficiency
standpoint, and have significantly higher cost and lower efficiencies if used with existing typical ducting
systems outside the conditioned space. These types of systems may show promise in larger homes to
replace conventional ducted heat pump systems, due to their multi-positioning capability and a larger
indoor fan (0.5 to 0.8 ESP) to serve larger central ducted systems. These issues may limit their adoption
into the HVAC market that is displacing ER heating as compared to systems shown in Figures 1 and 2.
These larger air handler type systems may be more applicable in larger existing and new homes, where
the typical system is a central DHP.

Figure 1. Panasonic Concealed Duct, Low-Profile DHP (MM Type): SEER | jst price for 2-ton unit: (indoor $1,936) +
14, HSPF9.8 (outdoor $3,114) = $5,050 + ductwork and
finished duct chase.

Parts warranty: 7 years on compressor,
5 years on indoor and outdoor unit parts.

Labor warranty: 1 year, contingent on
trained and certified installer.

Figure 2. Panasonic Concealed Duct, Low-Profile, Medium Static DHP List price for 2-ton unit: (indoor $2'949) +

(MF Type): SEER 14, HSPF 9.0 (outdoor $3,114) = $5,363 + ductwork and
finished duct chase.

Parts warranty: 7 years on compressor,
5 years on indoor and outdoor unit parts.

Labor warranty: 1 year, contingent on
trained and certified installer.
Figure 3. Panasonic Multi-Position Air Handler Unit (MVA type): SEER  |jst price for 2-ton unit: unavailable.

and HSPF unavailable
Parts warranty: 7 years on compressor,

5 years on indoor and outdoor unit parts.

Labor warranty: 1 year, contingent on
trained and certified installer.

Note: System similar to a high efficiency air
source “fully ducted” heat pump
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The DMS units shown in Figures 1, 2, and 3 tend to have lower HSPF (9-10) than typical inverter-driven,
wall-mounted DHPs with 11-12 HSPF (Figure 4). Although these DMS units have lower efficiencies than
wall-hung DHP units, they may provide additional energy savings by displacing more ER heat outside the
main living area, such as bedrooms, but at a much higher cost (almost double equipment cost plus
ductwork installation), which significantly impacts cost effectiveness and may make it difficult to justify
including DMS systems in residential utility programs.

HSPF and SEER vary based on the configuration of outdoor units or compressors, their capacity, and the
number or type of indoor units used. For example, an outdoor unit with an indoor wall unit may have a
higher efficiency than the same compressor used with a concealed DMS unit due to the need for
additional fan energy to overcome the pressure drop of the ductwork, filters, and grills.

Figure 4. Panasonic Wall-Mounted Heat Pump (ECONAVI Brand):  Ljst price for 2-ton unit: (indoor $1,181) +
Baseline SEER 19, HSPF 10 (outdoor $1,810) = $2,991 + labor to mount on
wall.

----- : Parts warranty: 7 years on compressor,
5 years on indoor and outdoor unit parts.

Labor warranty: 1 year, contingent on trained
and certified installer.

DMS system design and installation considerations

The need for guidance on duct design is a challenge for DMS systems. In addition to their significantly
higher cost and slightly lower efficiency, DMS systems must be engineered to reduce pressure drop
within the conditioned space (for lower ESP). Locating ducts in the conditioned space is especially
challenging in the existing home market — often logistically and cost prohibitive unless undertaken as
part of a substantial remodeling effort.

Key Product Development Issues

PNW stakeholder discussions suggest that the DMS market is still small relative to the DHP residential
market. The DHP market under NEEA’s Northwest Ductless Heat Pump Initiative, continues to grow
(Conzemius, 2015).

A key product development issue for DMS manufacturers is ensuring that a market exists: “If we build it,
will they come?” Discussion with some HVAC manufacturers suggests that more efficient DMS units may
be available in the future, but dialogue and needs assessments with utility program planners are needed
to help stimulate more robust market conditions so manufacturers can justify these improvements.
Development of these product refinements by more DMS manufacturers may require utility/industry
stakeholder discussions of the following topics:

e An outdoor unit designed and listed for single DMS indoor head (current outdoor units are
typically listed for multiple indoor heads).

e Improving compressor efficiency to even higher inverter-driven variable refrigerant technologies
with cold climate (e.g., Hyper-Heat) type performance as needed.

e Eliminating expensive and more complicated commercial type zoning capabilities not typically
needed in residential.

e Using ECM fans on indoor units with engineered ducts sized to ESP of indoor fan.
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e Adding filter change indicator light and guidance on acceptable replacement filters.

e Providing design and installation training on duct design.

e Providing commissioning training on balancing zone flow rates and controls commissioning
protocol.

e Developing controls that may further limit other ER heaters (e.g., bath heat lamps).

e Evaluating installed systems of early adopters to optimize the applications in the field and inform
training.

e Conducting a needs assessment to further evaluate market scenarios and first cost and additional
installation challenges for a variety of multiple-head system approaches in new and existing
dwellings.

What are the types of DMS units and manufacturers?
Three different types of DMS systems that could be appropriate for use in specific segments of the
housing sector were identified in this effort. Most of the manufacturers make very similar products.

What are the estimated DMS energy savings compared to single-head DHP

A preliminary review from stakeholders and the WSU Energy Library review of cost-effectiveness
analyses did not locate any significant work on this topic that has been completed. Conversations were
held with specialists from the Florida Solar Energy Center, where DMS testing in an existing home
retrofit is underway as part of the DOE Building America program. The preliminary report is provided in
the appendix. The Next Step Homes program has some homes where DMS systems are employed here
in the PNW.

DMS systems tend to be more expensive and require significant investment (at least $500 to over
$5,000) for conditioned space ductwork design, installation, and balancing. These costs are higher in
existing homes, resulting in no cost saving from eliminating ER heaters in bedrooms (typically $100-$200
per room) that are displaced by the DMS system but not by DHP single-head, wall-mount units.

Is there a place for DMS units in utility programs?

As expected, most of the regional and national utility incentive programs are focused on wall-mounted
DHP units. It is unclear if DMS systems would qualify for any of these incentives, and they are not
specifically noted in the review of information linked in Appendix E. This WSU library literature review
did not identify significant research or utility programs that are specifically looking at market
transformation ventures for residential DMS systems. Some PNW utilities may offer incentives that are
not part of the BPA program. Midwest and East Coast utilities offer incentives for DHP but it is not clear
if DMS systems also qualify, other than as offered by Minnesota Power, detailed in Appendix D.

Also in Appendix D, Peter McPhee at the Massachusetts Clean Energy Center indicated via email that to
date, DMS products do not meet that agency’s performance requirements due to cold weather issues.
[Units such as Mitsubishi Hyper-Heat (M-series), which may qualify, require two indoor heads. WSU’s
research focused on one indoor head.] David Lis of the Northeast Energy Efficiency Partnerships stated
that he is not aware of incentivized installations of DMS systems, but is aware that contractors are
installing DMS. While DMS systems will be included in all of the programs listed on the NEEP list of
incentives for DHPs, the real issue is that no DMS systems currently on the market meet NEEP’s “cold
climate” program specifications. However, the private HVAC market is beginning to utilize DMS where
appropriate (Appendix J).

Ducted mini splits white paper Page 5



WASHINGTON STATE [UUNIVERSITY BPA E3T White Paper - Final
@ ENERGY PROGRAM October 13, 2015

Stakeholder discussions of the benefits and challenges of integrating DMS systems into utility energy
efficiency incentive programs offer valuable insights. Opportunities were identified to collaborate with
national utilities, California utilities, the Massachusetts Clean Energy Center, the Northeast Energy
Efficiency Partnerships, ASHRAE, ACCA, DOE Building America, and DOE national lab research. These
opportunities may focus on the RD&D of DMS systems in markets that displace high-cost ER heat,
propane, and oil.

Conversations with Bruce Wilcox suggest that Pacific Gas & Electric is testing residential mini-split
pumps. Bruce notes, “We have some performance results and are measuring more in the next yearin a
PG&E-financed study. We know nothing about costs. Our current project will generate a lot of what you
are interested in, but not before the end of the year.”

Conversations with Kohta Ueno from BSC examined ongoing testing of DHP with some discussion of
DMS as part of the DOE Building America program. A research report is provided in Appendix B along
with more research by Marc Rosenbaum on a DMS case study.

What are the barriers to adoption in the PNW?
The following factors (from Conzemius, 2015) should be considered when evaluating future market
potential of DMS systems.

e Installers and participants cite DHP aesthetics as a barrier, but residents indicate they quickly
move past aesthetic concerns after installation.

Stakeholder Observations: DMS may enable builders of new homes to attract potential
homebuyers who have fewer concerns about the aesthetics of DMS than of DHP wall-hung units.

e Average residential installation costs for a single indoor head, single outdoor unit (1:1) system
remains steady at about $4,000. Suppliers do not believe NEEA’s Northwest DHP Initiative
rebates are inflating prices in the region nor do they expect costs to decrease significantly in the
near future.

Stakeholder Observations: There will be a significant higher cost for DMS systems. The list price
for DMS equipment is over $5,000, which does not include the ductwork costs. Minimal savings
from eliminating zonal ER heaters is another factor. However, the cost is comparable to the
additional cost of multiple indoor head systems or multiple single head systems to space
condition the non-main living areas. More research is suggested to compare DMS to multiple
indoor head systems using either single or multiple outdoor heads, as well as options that
combine wall hung and short ducted systems.

e Households that installed DHPs continue to have high satisfaction with the product and
recommend the product to others. Almost 95% of participants said they were satisfied or very
satisfied with their DHP. In addition, over 75% of respondents say they have recommended a
DHP to others.

Stakeholder Observations: There is reason to believe that satisfaction will be similar for DMS
installations. DMS systems require more careful design and installation, and may introduce noise
issues from poorly designed short duct runs to bedroom zones. Vance Payne at NIST may be
evaluating noise issues of various systems in future 2016 testing at their HVAC testing facilities.
These issues may need to be considered by Master Installer training programs for DMS systems
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that focus on duct design, location, and proper register and filter design and specification.
Information for consumers, installers, builders, and utilities may be needed to emphasize the
importance of maintaining clean filters and avoiding the use of higher MERV-rated pressure drip
filters (e.g., pleated, HEPA).

e Assuming the eligible PNW market of existing single-family homes with electric zonal heat and
forced air is 728,047 households, the penetration of DHPs in the market is currently 13% (97,149
11/728,047 eligible households). It appears optimistic to assume that number could grow to a
target regional zonal market saturation of 85% in just 14 years (Conzemius, 2015).

Stakeholder Observations: The rate of penetration may be accelerated if cost-effective,
comparably efficient DMS systems were included in the NEEA Northwest DHP Initiative as well as
other market transformation efforts by private consumers and affordable housing stakeholders
resulting from new home energy efficiency programs, energy codes, and retrofit/renovations in
existing homes and apartments.

e Some key “lost opportunities” markets may be associated with new single- and multi-family
construction, especially in low-rise, multi-family units without AC and zonal ER heating, where
the cost of all-electric systems are much less (53,000 based on TPU). However, the new
construction market is much smaller than the existing home market in terms of overall size, and
energy savings potential is reduced due to the lower space-heating use.

Benefits and Challenges
Stakeholders identified the following benefits and challenges of DMS systems over single and/or multi-
head DHP.

DMS benefits

1.

Provides a “conditioned space” short duct (and even larger) solution (see Appendix J) for smaller,
new manufactured homes and factory-built homes that displaces more ER heaters in living area and
bedroom zones.

Provides an option to replace a visible indoor head with a concealed unit to reduce aesthetic
concerns and perceived zonal HVAC distribution comfort issues.

Provides a more common ducted option for heating and cooling to HVAC contractors, builders, and
occupants/homeowners.

Reduces the need for less efficient and less aesthetic “window shaker” AC units, and meets a
growing market demand for AC in the PNW.

Ideal for new construction, high-performance home, utility-supported efforts such as Next Step
Homes, ENERGY STAR, and state energy code-compliant homes with very energy-efficient thermal
distribution systems.

Provides a lower-cost solution than having multi-head, wall-hung units in living room and bedroom
zones.

! The total eligible homes identified in the NEEA RBSA plus those homes that received DHP incentives

through the DHP pilot period that occurred prior to the completion of the NEEA RBSA totaled 222,981

electric forced air furnace homes and 505,066 zonal heat homes, for a total market of 728,047 eligible homes in
the region prior to the launch of the DHP pilot or full Initiative.
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DMS challenges

1.

10.

More expensive to install than single zone, wall-mounted DHP units, which reduces cost
effectiveness.

Some DMS systems are lower HSPF and not available with inverter-driven compressors and/or ECM
motors.

DMS systems with inverter-driven compressors have a lower SEER and HSPF values than inverter-
driven DHP units, which reduce cost effectiveness.

Difficult to design and install in existing homes due to floor plan and installation logistics.

Requires engineered low pressure drop duct design that locates the DMS and duct runs in
conditioned space to reduce HVAC noise and maximize energy savings and performance.

Duct design limitations, especially the low profile, concealed DMS with fan ESP at 0.2-0.4 required to
maximize energy savings.

Some DMS outdoor units designed and listed for multiple indoor heads will require further
engagement of HYAC manufacturers to develop/list the outdoor unit more compatible with a single
indoor DMS head.

Manufacturers must be engaged to enhance the product for a smaller new construction market
because they see existing homes as their key market. Potential areas for enhancement may include
improving fan ESP, heating capacity, and HSPF outdoor unit listed for a single indoor head.
Potential need for ER heat back-up for emergency heat and/or when winter heating design capacity
exceeds the heat pump balance point, such as in large homes and/or in more severe climates, where
no ER zone heaters are employed. At least one Panasonic manufacturer specification suggests that
ER heat can be field added to the multi-point ducted-type equipment (0.5 to 0.8 ESP) shown in
Figure 3. This would require some type of outside temperature lockout above the heat pump
balance point (e.g., >35°F) as required in utility heat pump programs like PTCS and energy codes for
typical fully ducted air source heat pumps with electric resistance heat.

Poor filter selection and/or maintenance may cause excessive pressure drop, requiring design
specifications for filters and enhanced occupant instructions.
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Looking Ahead

Continued engagement of HVAC manufacturer stakeholders on specific product development items is
needed. Affordable housing stakeholders, such as public housing authorities (PHA) and other not-for-
profit affordable housing organizations are potential research partners that are also interested in energy
savings and incremental costs to help assess cost-effectiveness. Other potential research stakeholders
identified include DOE Building America and ASHRAE.

This project identified the potential to conduct demonstration research efforts that compare DMS and
DHP installs in existing all-electric apartments. For example, PHAs such as King Country Housing
Authorities and their ESCO partners are installing thousands of wall-mounted DHPs in existing
apartments to displace zonal ER heating loads.

Research partnership may provide an ideal opportunity for utility billing analysis because PHAs track
utility bills and have a large, robust baseline utility data sample to help determine measured energy
savings, and installed incremental cost of DMS over wall-hung DHPs.

Other research opportunities may exist to conduct research on new construction, such as continuing
BPA-funded DHP research with current partners like Habitat for Humanity of Pierce County and Tacoma
Power. Some production builders like New Traditions Homes have begun to use DMS in homes where
AC is needed as part of utility-supported new construction programs such as EPA ENERGY STAR Homes
and NEEA’s Next Step Homes program.

Preliminary discussion with national HUD-code manufactured housing (MH) industry experts and HVAC
suppliers/manufacturers also suggest potential national interest in DMS systems, which may help PNW
MH plants provide options to displace all-electric furnaces in NEEM/HPMH RD&D efforts (Lubliner,
2015). Creating a large national market in this sector, where most homes use centrally ducted electric
furnaces and AC, and are moving to heat pumps to comply with future MH energy codes and ENERGY
STAR program requirement may be leveraged by the MH industry buying power, helping to create a
more robust market in this first-cost conscious affordable housing sector.

Summary observations

e The lower HSPF vs. wall mounts may be as big as the savings from displacing more ER heat when
compared to hybrid systems. DMS may have lower energy efficiency than DHP, but this may be
offset by the additional potential to displace ER zonal heat in single-family and multi-family
homes or forced-air furnace heat in manufactured homes.

e The cost of the system will be the most challenging aspect to achieving cost-effective market
transformation.

e All-electric new homes, apartments, and manufactured homes should be a major target group,
and tend to be smaller units than may be served with single head DMS.

e Other focus should be High Performance Homes like NEEA’s Next Step Homes program.

e Successful DMS as part of the DHP new construction utility and supported program and
subsidized low income housing must consider the following criteria:

— Ducts must be in conditioned space, or mitigated (buried?).

— Ducts shall be engineered to minimize ESP. Zonal ESP design flow rates and max. ESP shall be
specified and be confirmed as needed during commissioning (maybe 3rd party)

— Inverter technologies employed that meets a minimum HSPF
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Consider a W/CFM metric if needed especially for ECM blowers

All systems equipment flowrates, ESP, and controls operation are required in commissioning
Training needs: design, installation, and commissioning by HVAC industry in communication
with utility stakeholder/sponsors.

Equipment oversizing factors and implications on energy performance need to be addressed.
More testing is needed of installations designed and installed by trained HVAC contractors
working with HVAC manufacturers and utilities.

More research is needed on factory-built homes where the DMS replaces the central
furnace.

DMS may provide additional indoor air quality (IAQ) air mixing benefits to bedrooms over
hybrid systems with ER and no central heat recovery units. Research into the IAQ benefits of
distribution and air filtration should also be explored.

Resources

Conzemius, S., 2015. Northwest Ductless Heat Pump Initiative: Market Progress Evaluation Report #4.
Prepared for Northwest Energy Efficiency Alliance. July 23, 2015 (Report #£E15-318).
http://neea.org/docs/default-source/reports/ductless-heat-pump-market-continues-to-increase-dhp-mper-

4.pdf?sfvrsn=12

Lubliner, M., 2015. Informal communications between Mike Lubliner, manufacturers, and industry
experts. August and September, 2015.
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Appendix A: Stakeholder Contributors

Ducted Mini-Splid HYAC stakeholder dizscussions included the Following indivduals: Michael Lubliner

Fist Mame Last Mame Organization

Category

Sicott Bergford Scott Homes Builder - custorm
Jeffrey Legault Skulire Corp Builder - factory

Johin el Clayton Homes Builder - factory
Flar Santana Cavco Industries Builder - factory

Dan Aaer fing Co. Housing Authariby Builder - kot For Profit
Ed Erowwn Habitat For Hurnarity Builder - kot For Profit
Liza Es=pinoza fing Co. Housing Authariby Builder - kot For Profit
Steve Tapio hew Tradition Hormes Builder - production
Ciean Gamble IS Erwironmental Protection sgency  Federal Government
Eric Wwéerling IJSDOE Building drmerica Federal Government
Janice Feterzon BF & Federal Government
fark, Johr=on BF & Federal Government
ffichiael Elanford IS Dept. of Housing & Urban Developn Federal Government
ffichiael Freedberg IS Dept. of Housing & Urban Developn Federal Government
Bruce | o Bruce wilcox PE HyAZ Engireen_tili
Dan Ferurko Balance Point HF HWALC Installer

Gavin Healu Balance Point HP HW AL Inetaller

John Sernrmelhack, Thirk Little HWALC Installer

Biruan Fiocku Johnzon Controls HW A Manufacturer
Carneron Wreeland Fitzubishi Electric US Inc. HWAC Manufacturer
David James Fitzubishi Electric US Inc. HWAC Manufacturer
Dion Stevens FPanaszonic Horme and Erviroment Co. HYAC Manufacturer
fen Melson FPanaszonic Horme and Erviroment Co. HYAC Manufacturer
fevin Debdaster Fitzubishi Electric US Inc. HWAC Manufacturer
Fiow Crawford Trane HW A Manufacturer
Sam Eeeson Fitzubishi Electric US Inc. HWAC Manufacturer
Glenn Hourahan Air Conditioning Contractors of Americ: HYAC FResearch, Training and Standards
ASHRAE Standard 50,2 technical subcormmittes HWAC Research, Training and Standards
Jeff Fratt The Heat Purnp Store HyAC Supplientrainer
Wance Paure hJational Institute For Standards & Techn HWAC Testing Laboratony
Bruice Manclark, Clear Results HWALC trainer, etc.
Tim Oleary |DA-Star Energy Services |nzpector

Blen Larzen Ecotope Inc. FResearcher

BEob Diaviz Ecotope Inc. FResearcher

Brady Peck= horthwwest Energy Wworks FResearcher

Charlie Stephens horthwwest Energy EFficiency Alliance  Researcher

Dravid Baulon Ecotope Inc. FResearcher

Duncan Prahil |IBACOS Inc. Researcher

Eric Martin Florida Solar Energu Center FResearcher

lain walker Lawrence Berkelew Mational Laboratony Researcher

Jon Wikl er hJational Renewable Energu Laboratony Researcher

fohta Uero Building Science Corp FResearcher

Fristen Heirerneier IS Daviz Western Cooling Center FResearcher

flarc Fozenbaurm Erergusmith FResearcher

Fioderick Jack=on Dak Ridge Mational Laboratory FResearcher

Gary Melzon The Energy Conservatory Testing Equiprnent Farufacturer
Dravid BEwtler Optirnal Building Susterns LCC trainenblogger

Dravid Feefe Yermont Energy Investment Corp Itililty Program

Fern Hustad Puget Sound Ernergy Itililty Program
Ermaruel Lewy Susterns Built Besearch Alliance FResearcher
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Appendix B: FSEC Preliminary DHP Research Report for DOE Building America

This report was prepared by the Florida Solar Energy Center, Florida Power and Light, and DOE Building
America.

Please double-click to open the file.

[ S

¢

FSEC_DuctedMultisplit_Draft.pdf

Ducted mini splits white paper Page 12



WASHINGTON STATE UNIVERSITY

@ ENERGY PROGRAM

BPA E3T White Paper - Final

October 13, 2015

Appendix C: Panasonic 2015 Heat Pump Suggested Retail Price List

Panasonic

Confidential List Price Mowember 1, 2004

Bystem Wodel Moo UnR Type Maode| Ho. EBEER | EER | HSFF | Aemole Type | LislPrice Byslem Prioe
2GPETIUG e BEFTAS 24,800 a3 BS 24 Wired § i 5 32000
Outdoor L-20PE1 LS § 31400
Indiaos B-3PTILE § Zmon
SBPETiILG 35,000 i3 EA ER ‘Aired | ! A, 30E.00
Outdoor L-3EPE1 LS § LOTTO0D
Indiaos B-ZIPTiLR § ZBlADD
LFPETILG 4, 000 ian 54 L 1| ‘Aired | ! 7, 545000
Outdoor LHEIFELS § 514100
SCOMAW Cilipa B . p
Bystem Wodel Moo UnR Type Maode| Ho. EBEER | EER | HSFF | Aemole Type | LislPrice Byslem Prioe
Indiaos CE-E12RBAUW § 1,483900
[E1ZRAB4U A= Outdoor CU-E1ZRBAU 11,900 fen 10.3 0 Wirsiess § 1,5000]8 3,353.00
"' Grilie cZaTal % mamn
Indiaos CE-E13RBIUW § 1,530000
E1E2AB4U 't: Outdoor CL-E13RBAU 17,000 iao 54 ES Eireiess § ZOTiDD| S 1,504.00
Grille CZ-ETHU § 3300
—— —
Bystem Wodel Moo UnR Type Maode| Ho. IList Prioe Byslem Prioe
Indiaos CEHE1BBA1 § 1,483900
KE1ZMB41 Outdoor CLHEETIMEA 11,900 fiin 4 BD Wirsiess § 1,500 ]8 3,353.00
Grille CZ-18BTIN § 3300
Indiaos CES-XE{ENBIUW § 1,50000
KE1EMB4L Outdoor CLHEE13HEL 17,000 iao 54 ES Ereless § ZOTiDD| S 1,504.00
Grilie CZ-188TIU [T
Indiaos B-MPLH LS § 1,B3000
|ROPELHL Outdoor L-20PE1 LS 24,800 141 ES L:1.] ‘Aired § ifaDD| & 3421.00
Grilke CZ-M4EPLHU § TR0
Indiaos B-3PLH LG § ZZa00
IBPELILS Outdoar L-3EFET LY 32,000 1an | B Be ‘Wired § novTon) 8 8,520.00
Grile CZ-30XPLIU § ooeDD
Indiaos B-Z2PLH LA § Z&13DD
ABPELHILE Outdoor HEIFEILS 35,500 48 ET a7 ‘Aired § 5i4iDn|s a,182.00
Grille CZ-3EPLHU § 60aDnD
Concealed Duct Heat Pumps
System Model No. UnRType | Mosiel No. LstPrice | Sysiem Price
|ZGPEFiLD -~ kbl 24,000 140 81 50 ‘Aired § LA | ! 1,MLm
Outdoor L-20PE1 LS § 31400
IGPEF1US e BANTRE M, 00 138 TE as Wired § 1AM 4,481.00
Outdoor L-3EPE1 LS § LoTT00
ECONAVI Concesled Duct Heat Pumps =
Gystem Model Ne. UnRType | Mosiel No. Iﬁfmﬁ seer | EER | HSPF | Remote Type | Lsterice | System Price
IzsrEF2US" Bt i 24,000 ias - F ] L1:] HMof Included 3 1 | ! 2,050.00
Outdoor L-20PE1 LS § 31400
IBPEFIUS" s i 50 ian ES 0 HMof Included  Laim | ! ,106.00
Outdoor L-30PE1 LS § LoTTODD
* PEF2US — Wired Remote (CZ-RTC3 / CZ-ATCA) and ECOMAW sensor (CZ-CENSCT) 5ol separately
Moded e Descrig List Price
CZ-ATCE High Bpeo Remaole wEC ORAV] hmotion § 3000
CZ-ATCS Wired Timer Remoie Controlier w'ECINAYT function § 30000
CZ-CEMBC [ECONAN Bemsor § X000

*Spacificalions snd pricas are mubject [0 changs withoul

nofice.
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Panasonic

Confidential List Price Movember 1, 2014

Model No. Unit Typ= Cooling Btuh| SEER | EER | HEPF | Remate Type List Price
ICS-METOKUA Indoor Wall 8,300 Wireless 1 83000
JCS-EDNELAW Indoor Wall 8,300 Wirsless 5 65,00
ICS-E1ZNKUAW Indoor Wall 12,000 Wirsless § T48.00
ICS-METREUA [ ECOM&M | Indoor Wall 7,000 Wireless 5 &30.00
ICS-EORKLAW IE=E=E Indoor Wall 9,000 Wirsless 5 59,00
ICS-E1ZRKUAW [ ECCirda | Indoor Wall 12,000 Wirsless ¥ T48.00
ICS-E1ZRBAUW Indoor Celling Recessed 11,900 Wirsless 5 1,459.00
ICZ-BT200 Grille 5 33300
JCU-2E1BNEBU —S Outdoor 16,700 180 | 115 | B8 § 2015.00
Multi System - 5 Zone Heat Pump . -

Model No. Unit Type Cooling Btuh| SEER | EER | HEPF | Remote Typs List Price
ICS-METOKLA Indor Wall 8,500 Wirsless 5 30,00
ICS-EONEKLUAW Indioor Wall 8,800 wireless 5 6800
JCS5-E12MEUAW Indioor Wall 10,900 Wireless 5 T48.00
ICS-E18MEUA Indoor Wall 17,400 Wireless 1 5000
JC5-E24MKUA Indoocr Wall 24,000 Wirsless 5 1.481.00
IC5-METREUA Indoor Wall 7,000 Wirsless § 630,00
ICS-EARKLAW Indoor Wall 9,000 Wirsless 5 05900
ICS-E12REUAW Indoor Wall 11,300 Wireless 1 T48.00
ICS-E1BRELAW Indoor Wall 18,000 Wirsless 5 =90.00
ICS-E24RKUAW Indoor Wall 24,000 Wirsless 5 1.181.00
IC5-E12RBAUW Indoor Celling Recessed 11,300 Wireless 1 1,459.00
IC5-E1ERBAUW Indoor Cefling Recessed 17,300 Wirsless 5 1,500.00
ICZ-BT20U Grille 1 33300
ICU-SE3EQBU \.'.::i'"“- Outdoor 30,000 185 | 88 | 10w § 3,8E2.00

— 4
Elexi Multi Heat Pumps
00| _

Model No. Unit Type Cooling Btuh| SEER | EER | HEPF | Remote Typs List Price
JCS-MEKETHEL Indoor Wall 7,500 Wirsless 5 439.00
ICS-MKEQNEL Indor Wall 9,000 Wirsless 5 45900
JC5-MKE1INKU Indioor Wall 11,900 wireless 5 500.00
JC5-MKE 1BNKU Indioor Wall 17,300 wireless 5 a30.00
ICS-MKE24NKU Indioor Wall 24,200 Wireless 1 5000
|C5-MKEGNE4U Indoor Celling Recessad o, 000 Wirsless 5 1.222.00
IC-5-MKE12HMB4LU Indoor Ceflling Recessed 11,900 Wirsless 5 1,244.00
IC5-KE1BNBAUW Indoor Cefling Recessed 17,300 wireless 1 1,500.00
ICZ-18BT1U Grille 1 33300
ICU-3KE1BNBL — Outdoor 17,000 180 | 120 | B8 § 201000
JCU-4KE24NBU Cutdoor 22,400 180 | 11.5 L] 5 3,150.00
JCU-4KE31NBU Outdoor 28,800 172 | 112 ¥ ] 1 5,001.00

‘Speciications and prices: are sulbject 1o change without notioe.
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Appendix D: Midwest and East Coast Rebate Program Information

Minnesota Power Rebate

Sin

Mitsubishi Products Qualifying For ¢ mitsuaisH
Minnesota Power Ductless Heat Pump Rebate 4 ELECTRIC

COOLING & HEATING

le Zone Svstems

AHRI# SEER HSPF

Rebata
MUZ-FEOINA-1 MSZ-FEOSNA 43208219) 20 10 133 $500
MUZ-FEOSNAH MSZ-FEOSNA 3377911) 20 10 13 5500
MUZ-FE12NAL MSZ-FEI2ZNA 4934170) 23 103 | 125 $500
MUZ-FEI2ZNAH MSZ-FELIZNA 33783523) 23 10.1 125 $500
MUZ-FEIENA MSZ-FEIENA 4217888) 202 | 103 | 142 $500
MUZ-FHOINA MSZ-FHOSNA 7002002) 303 | 133 | 101 $500
MUZ-FHOINAH MSZ-FHOINA 700235040 303 | 123 | 101 $500
MUZ-FHI12ZNA MSZ-FHI2NA 7002003 20.1 123 | 138 $500
MUZ-FHI2ZNAH MSZ-FH12NA 7002378) 26.1 12 138 $500
MUZ-FHISNA MSZ-FH1SNA 7002842 22 2 1235 $500
MUZ-FHISNAH MSZ-FH15NA 7002354) 22 113 | 123 $500
MUZ-FHIENA MSZ-FH18NA 8111727] 21 12 12 $500
MUZ-FH1BNAH MSZ-FH18NA glorria| 21 11 12 $500
MUZ-GEOSNA2 MSZ-GEDSNA 7064583) 232 11 13.0 $500
MUZ-GEOSNAH MSZ-GEOSNA 3378326) 21 10 1306 $500
MUZ-GEOSNAH2 MSZ-GEOSNA 7004583 232 10.1 130 $500
MUZ-GE12NA2 MSZ-GE12NA 70049871 227 | 114 | 123 $500
MUZ-GE12NAH MSZ-GE12NA 3378328) 203 10 1235 5500
MUZ-GEI2NAH2 MSZ-GE1INA 7004550) 22.7 | 108 | 123 $500
MUZ-GEISNA-1 MSZ-GE1SNA 4934349 21 10 13 $500
MUZ-GE1SNA2 MSZ-GE1SNA 7004388] 210 | 112 13 $500
MUZ-GE1SNAH MSZ-GE1SNA 3378327 21 10 13 $500
MUZ-GE1SNAH2 MSZ-GE1SNA 7004551) 22.7 | 108 13 $500
MUZ-GELIENA-1 MSZ-GE1ENA 4939870] 15.2 10 103 $500
MUZ-GEIENAH MSZ-GE1SNA 3380302) 192 9.3 103 $500
MUZ-GE24NA MSZ-GE24NA 4217872) 19 10 1235 $500
MUZ-HEOSNA MSZ-HEDINA 7003320] 18 83 12 300*
MUZ-HE1SNA MSZ-HEISNA 7083328) 18 8.3 12 300*

AN ALLETE COMPANY

Participation Regquarements

Only appies %3 new mtalstions. This ckusa minl-apit Suctin Hest pumps wih mlectric bosSosrd/radiant hesting, sl heating or sect ik boler 2 e
primnary hesting syt The e e v reunt harve @ rreTas = of tw

Ductivss systmrms bess than (10 SEZR / § HSPE) gualty for the Drergy Star Equipment Retute*(14.5 SEON / B.1 HSPE | 12 22K) and Non-Energy Rer Proper imials
tion Fabate** (1405008 /R OMSPF /11 IO

Cuntormer munt bw & reftad cuvtome: of & 4 The wyatmrs mund de natalied by & part ’ : n order to ofar VN Power
retaten 1o your Q5HP, ASHP, POM custormern, you'l need %0 take the tratnings relevant 5o sach lechnology. The tramngs sre ot S kek
. . ! ! LB R » ot g »Hcierxy ana i ) :

Mitasban Dectic & not rewponsities for actual rebate amownts Plesss check with Mnrescta Power for detaiis and updsten

Data comptied April 2013
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Multi-Lone Systems

M- 2B 20MA Hon-Ducted asrraga] 18 | =5 12 30*
M- 2E20MA MSZ-GEDENALL) 3nEa02s| 1B g9 | 123 30*
MKI-ZCIDMAHT Non-Ducted 7asia7a] 17 | 2.8 | 133 5500
MANI-ZC20MAHT Ducted 7an1aTa) 13 3.3 11 s0°*
MNZ-ZCI0MAHT Mined g111731] 18 | 283 [12323 5500
MIZ-3E2AMA Non-Ducted azgs9az] 173 | =93 12 5500
MZ-IEZAMA M5Z-GEDGMA[Z]+M5Z-GEDOMA | 33gg963] 173 | 2.3 | 123 5500
M- 3B 248 MSI-GEDGMA[Z+MEZ-GELZMA | 3gsp1E0] 173 | 3.3 | 123 5500
MIZ-3E30MA Mixed aganaa7] e 1w | 2o 5500
MIZ-3BI0NA Non-Ducted 3g37727) 173 | 1w | sa 5500
MIXZ-3C2AMA Mined goazazal 12 | =3 | 12 5500
MIXZ-3C2AMA Non-Ducted 7saa7E7] 20 3.8 | 138 5500
MUZ-3C 24MA Ducted 7aosreE] e | =2 | nmz £500
MANZ-3C2ANAHT Hon-Ducted 7asioea] 1 w | 13 5500
MNI-3C2ANAHT Mixed guraz) 1zaa| =3 [1n73 5500
MIXZ-3C30MA Mined g11173z] 17 | 101 | 5500
MINZ-3CI0MA Non-Ducted 7a03824] 15 | 10 | 1o 5500
MIXZ-3CI0MA Ducted 7s0sEzs) 182 | 98 | Sa 5500
MNZ-3CI0MAHT Hon-Ducted 7asirsa] 18 11 | 123 £500
MANZ-3CI0MAHT Ducted Fasioea] 18 3.8 | 103 5500
MNI-3CI0MAHT Mixed g111734] 17 | 108 | 112 5500
MIZ-3E30MA Non-Ducted 3zga94z] 12 3.3 | 54 5500
MIZ-JE30MA Mined agasasa| 183 | =21n | som 5500
MXZ-AC30MA Mined 2111735 17.6 | 104 | sos 5500
M- 40 30MA Hon-Ducted 7aosasa] 182 | 11 4 5500
MUZ-4C 30MA Ducted raoalTa) e 38 | &7 5500
MNI-SCIGNAHT Non-Ducted 7azaagz] 19 | 113 | 14 5500
MNI-SC3GNAHT Ducted 7azaags)] 138 | w1 | 113 s0°*
MNI-SCIENAHT Mined 743a3za] 1743 107 1283 5500
MIZ-5E42MA Non-Ducted e7eeg1s] 184 | 38 | B3 5500
MICZ-5E4 208 Mixed o74e17| 1045 ] 228 | 2an £500
MXZ-5CA2MA Hon-Ducted vasiogs] 197 | w3 | =2 5500
MXZ-5CA2MA Mixed guiraaf 1ras] =7 | sa 5500
MNI-SC4TMAHT Non-Ducted 7azaa77) 13 11 | 134 5500
MNI-SCATHAHT Mined 7a3a3g1] 17 Jwoss| 121 5500
MIXZ-BCABMA Non-Ducted 7a32927) 185 | 114 | 12 £500
MXZ-BC4BMA Mixed 7azzg40] 10.8 | 1073 | 10073 5500
MNZ-BCAZHAHT Hon-Ducted vazzoq4] 185 | 11 12 5500
MNI-BCAZNAHT Mixed 7a3za4s] 108 | 103 10073 5500

Ducted mini splits white paper Page 16



WASHINGTON STATE UNIVERSITY BPA E3T White Paper - Final
ENERGY PROGRAM
@ October 13, 2015

P & 5 Systems

PUKF-PaONERL Haon-Ducted Ja1048F| 18.7 | 10.8 12 3 500
PUMT-PEONEMLU Duicted Jal04e3| 183 | 10.8 113 S500
PLIRTT-PEOMERL Kined MFILOE] 188 | 107 | 1L.73 $500
PURY-PEONERLU PEFY-PZANEMU-EZ.THZ}+PEFY- | 3477833] 18.7 | 108 1235 5500
PUZ-A2ENHAL[BS) PLA-ATSHA 43E3300) 18.B 10.9 103 S500
PUZ-A2SNHAL[BS) FEAD-AT4AR 4392090 18 10.2 10 $500
PUZ-ATENHAL([BS) PHA-ATSKAIL) 4383453 17 10.8 10L8 5500
PUZ-AZ4NHAR""" PCA-APAKA" BD04316) 10.8 | 1039 103 5500
PUZ-AZAMHAR"** PEAD-AZAAN" BO0491E 1] 10.2 10 5500
PUZ-AZ4NHAS®"* PEA-AZ4KA" BDO4ATIT| 17 10.8 10L8 5500
FUZ-HAIDMNHAS PLA-ABDHA 43E3314] 181 93 12.1 5500
FUZ-HAIDMNHAS FEAD-AZDAR 4332937 10.3 93 1z 5500
FUZ-HAIDMNHAA PEA-HI0KAIL) 43E3313| 18.3 3.3 12 500
FUZ-HAIDMNHAA PLA-A3DBA 43I 138 9.4 123 5300
FUZ-HAIIMNHAS Py A-A30A8" BN2OT0 17 3.7 12 $500
FUZ-HAISMNHAS FLA-ABSHA 43E331E8| 106 | 103 12.1 S500
FUZ-HAISMNHAS PEA-ALBAA[Z] 43733024 10.E 10.4 123 5500
FUZ-HAISNHAS FEAD-AZ0AR 437938 10.E | 10.4 12.1 5500
FUZ-HAISMNHAS PHA-ATBKA(L) 4IBIIAT| 182 0 12 5500
FUZ-HAISNHAS PLA-A3SBA 43B3316] 17 10 128 5500
FUZ-HAIBMNHAA PyA-ATOAA" BOS2A7T| 17E 11 12 3 500
EUZ-KADSNA SEI-KDISNA JEITASE] 13 10 12 3m0*
BUT-KADINA SLI-KADSHA 4413024 13 9.8 12 3m0*
BUT-KALZINA SEI-KD1INA JHITAGT| 18 10 1235 $500
BUZ-KALINA SLI-KALINA 4413232 13.4 9.0 12 5300
BUZ-KALSNA SEI-KDISNA JEITAES | 133 10 12 5300
BUT-KALSNA SLI-KALSNA 44133604 1] 9.0 103 5500
SUI-KALENA SEI-KD1ENA JEITATOL 173 10 123 5500

Participating Utilities in Minnesota Power Ducthess Rebates

To be eligible for rebates, you must be a retail customer of Minnesota Power or one of the
electric utilities listed below: hitp/'www. mnpower.comEnergyConsarvation/HVACUtilitie
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Correspondence about DMS Incentives — Massachusetts Clean Energy Center and Northeast
Energy Efficiency Partnerships

From: Martha Plummer

Sent: Thursday, September 24, 2015 11:02 AM
To: Karen Janowitz

Cc: Michael Lubliner; Melinda Spencer
Subject: FW: Incentives for ducted mini-splits

Karen,

| spoke with David Lis (NEEP) yesterday afternoon. He is not aware of any actual incentivized
installations of ducted mini-split, but he said that in talking to contractors he was hearing that some
were being installed. What | am now realizing is that although he told me that ducted mini-splits would
be included in all of the programs that are listed on the NEEP list of incentives for ductless heat pumps,
the real issue is that there are currently no ducted mini-splits on the market that meet their “cold
climate” program specifications.

David suggested we contact Peter McPhee at the Massachusetts Clean Energy Center (it is one of the
programs on the NEEP list). | sent him an email message, to which he responded. See his response
below. In it he clarifies the “cold climate” issue.

I've done a little more web and database searching and am not finding anything relevant. And I'll see if |
can find a contact at Efficiency Maine (suggested by Peter McPhee).

Martha

From: Peter McPhee [mailto:PMcPhee@MassCEC.com]
Sent: Thursday, September 24, 2015 10:28 AM

To: Martha Plummer

Cc: Meg Howard

Subject: RE: Incentives for ducted mini-splits

Hi Martha,

Thanks for getting in touch. To date, there have not been mini-ducted products that have met our
performance requirements, so we do not have any projects that we could put you in touch with.

We have heard that some manufacturers may be introducing products this winter that may meet our
requirements, at which time we might have projects that we could set you up with.

| do not know of programs that have supported these technologies. | don’t believe that the MA utility
programs support them. You may consider reviewing programs run by Efficiency Maine, who has
historically had different performance thresholds than we do.

What kind of research are you looking to do?

Thanks,
Peter

Peter McPhee
Director of Renewable Heating & Cooling Programs
Massachusetts Clean Energy Center
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63 Franklin Street, 3™ Floor, Boston, MA 02110

From: Martha Plummer [mailto:PlummerM@energy.wsu.edu]
Sent: Thursday, September 24, 2015 12:47 PM

To: Peter McPhee

Subject: Incentives for ducted mini-splits

Hello Peter,

| was given a referral to you by David Lis at NEEP. We are working on a research project on ducted mini-
split systems (ductless heat pumps with short duct runs).

We would like to find incentive programs that include ducted mini-splits, and more importantly, leads to
programs that have actually installed and incentivized them.

Can you help, or have suggestions for others we can contact?
Thank you.
Martha

Martha Plummer

Energy Program

Washington State University

PO Box 43169

Olympia, WA 98504-3169

Phone: 360-956-2159

Email: PlummerM@energy.wsu.edu
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Appendix E: WSU Energy Library Literature Review on Utility Rebate Programs

PNW Region:

Idaho Falls Power
https://www.idahofallsidaho.gov/city/city-departments/idaho-falls-power/services-for-your-
home/heat-pump-program.html

Idaho Power
https://www.idahopower.com/EnergyEfficiency/Residential/Programs/ductlessHeatPumps/default.cfm

Kootenai Electric Cooperative
http://www.kec.com/content/ductless-heat-pumps

Central Lincoln PUD
http://clpud.org/high-efficiency-home-heating/

Energy Trust of Oregon
http://energytrust.org/residential/incentives/heating-and-cooling/ductless-heat-pumps

Eugene Electric and Water Board
http://www.eweb.org/saveenergy/home/ductless

Portland General Electric
http://www.eweb.org/saveenergy/home/ductless

Mason County PUD
http://www.masonpud3.org/conservation/residentialheating.aspx

Oregon Department of Energy
http://www.oregon.gov/energy/cons/pages/res/tax/hvac-ductlesshp.aspx

Chelan PUD
http://www.chelanpud.org/ductless.html

Peninsula Light, Gig Harbor, WA
http://www.penlight.org/ductless-heat-pump-rebates/

Program Handout: http://www.penlight.org/wp-

content/uploads/2014/02/PLC DuctlessHP Handout.pdf

Puget Sound Energy
http://pse.com/savingsandenergycenter/Rebates/Heating/Pages/Ductless-heat-pump-rebate.aspx

Seattle City Light
http://www.seattle.gov/light/ductless/

Snohomish PUD
http://www.snopud.com/conservation/weatherization/dhp.ashx?p=1604

Tacoma Power
https://www.mytpu.org/your/ways-to-save/save-heating-cooling.htm
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Midwest and East Coast:

New Jersey Clean Energy Program — Not a utility per se, but NJ administer of energy efficiency programs
http://www.njcleanenergy.com/residential/programs/cooladvantage/heat-pumps

Clean Heating and Cooling Program, Massachusetts Clean Energy Center
http://www.masscec.com/solicitations/residential-air-source-heat-pumps
Note: Program manual mentions Ducted and ductless systems (both single and multi-head)

Baltimore Gas & Electric Smart Energy Savers Program
http://www.bgesmartenergy.com/residential/heating-cooling

Cedar Falls Utilities, lowa
http://www.cfu.net/webres/File/Ductless%20Mini%20Splits%20-%20Dec%202014.pdf
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Appendix F: WSU Energy Library Literature Review on Short Duct Run Research
This literature review did not indicate much in the way of published research, other than PNW efforts
and Building Science Corporation (BSC) research for USDOE Building America. WSU met with BSC to
discuss DMS research and suggestions for this white paper.

1)

2)

3)

Ueno, K. and H. Loomis, 3.4 Experience With Multi-Head Systems and 3.5 Transformations’ Future
Space Conditioning Equipment Options, Long-Term Monitoring of Mini-Split Ductless Heat Pumps in
the Northeast, Building America, U.S. Department of Energy-- See page 37-40 of the PDF — discusses
“a multi-head system, and a “ducted air handler MSHP indoor unit” application.
http://appsl.eere.energy.gov/buildings/publications/pdfs/building america/monitoring-mini-split-ductless-
heatpumps.pdf

Integrated Ductless Heat Pump Analysis: Developing an Emerging Technology into a Regional
Efficiency Resource [Ecotope & NEEA], ACEEE Summer Study on Energy Efficiency in Buildings, 2012
— mentions on pages 2, 3, and 11 multiple or zoned air handlers for ductless heat pumps.
http://aceee.org/files/proceedings/2012/data/papers/0193-000064.pdf

Text-Alternative Version of a webinar: High Performance Space Conditioning Systems: Part I, NREL,
October 21, 2014. http://energy.gov/eere/buildings/text-alternative-version-high-performance-space-
conditioning-systems-part-i

Kohta:®> Okay. I'll just jump to my conclusions here. So actually, two things, so one of the things that
you want to point out is we actually did calculate out how many square feet per head we had. This is
not mentioned, like, some general guidance sizing information but it’s a work well bit of information to
realize. You can see most of these houses were, like, 600 to 800, 900 square feet per head in this
comfort complaint houses, we’re in the 1100, 1200, we added that second head, we’re down to the
600 branch per head.

So just a little bit of things to think about when you’re trying to design with a system like this. So, further
work that we're going to do with Transformations, we’d like to possibly implement a different type of
system for the second floor. Those comfort complaints at East Hampton and they had to change to 3 to
1 indoor to outdoor mini split system on the second floor. Basically, one head per bedroom to ensure
that these comfort complaints would not happen again. They ended up with more costly equipment and
its lower efficiency and as a result, they lost a really big energy incentive on each house. So what
they’re hoping to do is change to a small ducted air handler in second floor hallway, a short duct run to
each bedroom. There, we solve the whole open/door close problem and we’re providing space
conditioning to heat the bedroom as result.

This just shows a small image of the type of air handler that we're talking about. The problem is that
this kind of equipment does not quite exist yet but | believe that it is coming online sometime in the next
couple of months. So, conclusions. Mini split heat pumps can work very well to single point heating in
Zone 5A, two point heating works great in many cases. But the problem cases that we saw included
problem geometries, that bonus room, exterior conditions on five sides. a single point in a two-story
house that one air rises problem heating versus cooling, extended periods with the bedroom doors
close and the setback is cycling your system on and off. And also worse energy efficiency to boot.
When we are pushing well north of 1100 square feet per mini split head, those were the cases where
we did have problems for reference. If other people have data, I'd love to see it. Oversizing mini split
heads is probably a reasonable strategy for heating. And use of small air handlers on the second floor,
the whole door open/door close thing will no longer be a worry.

? This transcription is from the October 21, 2014 High Performance Space Conditioning Systems webinar,
presented by Kohta Ueno, Senior Associate with Building Science Corporation. WSU used red text to highlight the
section pertinent to this paper.
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Appendix G: Conversations with BSC on BA and Marc Rosenbaum
Massachusetts DMS Research

BA-1407: Long-Term Monitoring of Mini-Split Ductless Heat Pumps in the Northeast

http://www.buildingscience.com/documents/bareports/ba-1407-long-term-monitoring-mini-splits-

northeast/view?topic=doctypes/bareports

Michael Lubliner wrote:
Kohta,

Thanks for the info and the useful discussion this AM on the white paper that WSU is developing on
short duct run mini-splits or we prefer to call them ducted mini-splits (DMS).

| will contact Marc now as suggested and hope that you and | and Mark R and David B and hope we can
discuss at summer camp!

Sure! I'd be happy to talk at summer camp.

To add another person to the list--Chris Laumer-Giddens sometimes comes to Summer Camp,
and he has worked with ducted MSHPs--he's written up some nice blog posts about them:

http://lgsquaredinc.com/2013/07/31/what-ducted-mini-splits-look-lik/
http://lgsquaredinc.com/2014/09/17/mini-split-heat-pumps-quirky-capacity/

Please click to open the presentation:

|8

4

2015-07-16 Rosenbaum Minisplit Heat Pumps BE2015.pdf
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Appendix H: LinkedIn in Discussion on DMS with David Butler et al.

From: David Butler <groups-noreply@linkedin.com=> Sent: Thu 7/16/2015 1:56 PM

To: Michael Lubliner

cc
Subject: [New comment] HVAC Rough-In: Installing Daikin Zoned Ducted Mini-Split

R N R R T T T

21 Dimboericte Groups

ﬁ David Butler just posted a comment in RESNET BPI
- Energy Audit and Home Performance

\ (&

HVAC Rough-In: Installing Daikin Zoned Ducted
Mini-Split

Game Changer for High Performance Homes?? The Zoned
Ducted mini-split heat pump system, by Daikin Applied
Americas, was just installed to the rough-in stage at the
#HighPerformanceBungalow in...see more

@Michael, you're the researcher, so we look to you

5 guys to tell...
David Butler, Building Systems Engineer, Optimal
Building Systems LLC

Respond .

emails for new comments? Stop following this discussion »
or Michael Lubliner (Energy Specialist at WSU). Learn why we

Want to stop re
This email was inte
included this.

f you need
© 2015, Linked

n

=stions, please contact LinkedIn Customer Service
029 Stierlin Ct. Mountain View, CA 94043, USA

sistance or have
n Corporation. 2(
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Appendix I: Key Issues from a Utility Planning and Implementation Perspective

The following quotes, taken from conversations with Charlie Stephens at NEEA, summarize key issues
from a utility planning and implementation perspective, seem to support the findings of this effort, and
suggest that additional field research and engagement with the HVAC industry are critical to increase
market share of cost-effective DMS systems in new and existing homes and apartments.

“Frankly, there isn’t all that much to doing a ducted mini split system correctly (single zone,
anyway) if you do the ducting right and select the right equipment for the job.”

“The ducted mini splits are the way to go, so anything you did in that area would be very welcome.
And anything you learn might apply to multifamily and smaller site-built single family homes, too.”

“One serious issue for NEEA (and for the region) when it comes to multi-zone systems is that we’re
struggling to make the single-zone systems cost-effective. And each zone added to the first one
makes the whole system progressively less cost-effective. So utilities won’t be able to provide any
incentives for these — they’re often too expensive for the savings they provide. That’s one reason
why the ducted mini split systems become more competitive as you start to think about adding
more zones. Ducting is cheaper than adding another indoor unit, within reason.”

“..The MVZ DMS HAS to have a second zone because it’s designed to work only with their outdoor
units that provide for two or more zones, and you have to have an indoor unit on both zones. In
other words, you can’t install a two-zone outdoor unit and not install a second indoor unit. This is
unfortunate because that air handler can handle a whole building. But the cost will tend to be high
— 510-12k for a system, not counting the ducting, for a 2-ton or 2.5-ton system. So it’s really
nothing more than an expensive, variable capacity heat pump system (albeit one that doesn’t
require any strip heat back-up, even though | believe the air handler is set up for that). Your choice
to include it or not, but | don’t think it’s a good choice for the markets you’re looking at.”

“Indoor units vary a lot in capability when it comes to ESP, so the contractor needs to choose
carefully. Some manufacturers do a MUCH better job of programming their cycling behavior under
low-load conditions (Fujitsu is by far the best so far, and Mitsubishi is the worst). If you plan on
replacing a factory furnace in an MH, you’d best be careful. The only obvious product for this (so
far) is the Mitsubishi MVZ, but it’s way too expensive for this market, or any market in the
‘affordable’ category. | don’t know about the others, but they’re not configured for it in any
obvious way. You need VERY efficient fans for all units, and VERY capable outdoor units for the
coldest climates (e.g., Mitsubishi Hyper-Heat and Fujitsu Halcyon). There are also air mixing
potential IAQ benefits — wouldn’t it be cool to be able to optimally integrate ventilation, too.”

“There is no valid test procedure for these systems — they’re all on DOE waivers for using a
variation of AHRI 240, where they just lock the inverter frequency at 3 or 5 points and record
capacity and power input. That isn’t how they work in the field. The Canadians will solve that
problem soon, | think, but for now, HSPF and SEER ratings are probably a poor representation of
relative performance, especially since there are no real rules about how to specify system capacity,
for testing purposes. That’s one reason why there are so many capacity numbers in the spec sheet.
We’re working on all of that and should have something useful in a year.”
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Appendix J: Remodel in Virginia with Quality Ductwork Design Using Two DMS

HVAC contractor and energy expert John Semmelhack at Think Little has significant relative experience
with DMS systems, in new high performance homes and deep energy retrofits as shown in the following
three examples:

John Semmelhack@think-Little.com] wrote:

Traditional-looking" spec house (~4,000ft2, including unfinished basement), designed to be net-zero
energy....2 Fujitsu ducted systems (one 12k and one 9k). As you can see, the ductwork is reasonably
extensive...| certainly wouldn't call it "short runs". I'm attaching a photo of the house and some nice
install photos of the air handler and duct details.

1st floor

Heat Pump #1 Duct Details Design Loads
Fun/Trunk Design-cim  Size Takeokf Baot/Box Grille/Register Filtar, damper, other Heating laad - Btufhr | Sensible cosling load - Btufhr | Latent Caaling Load - Btufhr
2% withmanual  B-4-4 right angle A8 Hart B Coaley (18F outdoor / 70F | {9LF DB, 74.4FWE outdoor / 75F, | (30F DB, T3WE outdoor / T5F,
basement storage k1] a damper boot G180 ceiling register indoor] 50%RH Indoor] SO%RH Indoar)
Honeywell ARDS, 6™ motarized Heat pump
& with damper, wired to simple.
rizeq  L0HGriENENgE  4x10 Hart & Cooley  heat/cool thermastat in roam, [Basement 16,366 10,030 1995
baat NE180B ceiling register damper open when eall for heat
damper + 1t floor)
ar cool. Provide power ta
future rec roam ] 6 thermastat,

4" withmanual  B-4-4 rightangle  9x8 Hart & Cooley Equipment Information

future basement bed 0 a dampir boot NG1B0B eeiling register Heat pumg 1 [lower] . .
6" with manual 1046 right angle 4210 Hart & Coaley Cutdoor
Kitchen+dining 7 & damper baat #210 flaor register it Fujitsu #AOU12ALFC I n | e
By trcais Sronsiminse e Ber Woms

4" withmanual 844 rightangle 4 Han & Cooley nloor unit | Fujisu WARULZRLF

affice 0 a damper boot 1210 flaar register o 1
4 with manual 844 right angle 48 Hart & Coaley g — et ]

mudroom + powder 10 4 damper Boct #210 fiaar register " -

" 6" with :unuil 1046 rightangle  4x10 Hart & U‘uo\ery dusign 13,709 Bwu/hr 0ld Trail block 28, lot 1

bving 80 6 damper baat 210 floor register candifions HVAC Plan + Schedule 5-21-15
6" with manual  10-4-6 right angle 410 Hart & Cooley ::;'::‘@

entry 8 3 damper baat #210 Aoor register

Supply planum 420 Approx. 24xb design 10,253 /e Thirik Little Home Energy LLC.

trunk - 13t section a0 1oz canditions dad-das-as70

trunk - Ind saction 170 BxE Latent

Appran. 2062042 return air 2042052 MERV 13 filter cooling @ 2348 Bruie
Retisrn plenum 40 2020x80 filter gribe (Bestair Pro) design u
[eRv uets 50 [ conditions

Ducted mini splits white paper Page 26


mailto:Semmelhack@think-Little.com

WASHINGTON STATE UNIVERSITY BPA E3T White Paper — Final
ENERGY PROGRAM
@ October 13, 2015

Chisolm Place; DOE Award Winning Home — HVAC Plan in Virginia with Quality Ductwork Design
http://energy.gov/eere/buildings/doe-tour-zero-charlottesville-infill-promethean-homes

John Semmelhack@think-Little.com] wrote:

This one has two 9k ducted units. | have great pictures of the house...but none of the air handlers and
ductwork. | do have an HVAC plan for you to look at, though - see attached.

102 Chisci Piace - HVAC System insias Notes. Design Loads
L . ad:

102 Chisolm Place
Mechanical Plan + Schedule
10-21-13

Think Littie Mome Energy LLC

Ththink litle
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8 Duplex Apartments Designed to Be Net-Zero Energy:

https://www.communityhousingpartners.org/444/275/grissom-lane-zero-energy-apartments-in-
blacksburg-virginia.html

John Semmelhack@think-Little.com wrote:

We have circuit-level energy monitoring on all 8 units using E-Gauge monitors since early March. | need
to check back in on the data to see in detail how the heat pumps faired over the summer. We also have
Temp/RH% monitors (Hobo w/ bluetooth connection) in each unit. After a quick look at the summertime
data, it looks like RH% was running high (over 60% for considerable parts of the summer in some units).
I'll probably adjust the total airflow down 10-15% next spring in order to increase the latent fraction.
These apartments have very small sensible cooling loads. You can see the heat pumps short cycling on
some summer days.

This brings up a couple of things | don't like about these units:

1) Air handler do not use variable speed EC motors, and | can't set a separate speed tap for summer vs.
winter.

2) Turn-down ratio on the air-handler does not match the compressor. Air handler on it's lowest speed is
about 75% of max speed. Compressor at lowest speed in cooling mode is less than 20% of max. This
leads to a much warmer coil and less moisture removal. (WSU note: Not a key issue in PNW climate)

This project would be a good candidate for an in-field COP study (if there were funds), since the energy

monitoring is already set up courtesy of the owner/developer.
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Appendix K: NIST/ASHRAE Heat Pump Research Potential

(Please read in chronological order — from the bottom up.)
Text in red is reply from NIST.

From: Payne, Vance (Wm.) [mailto:vance.payne@nist.gov]
Sent: Thursday, September 17, 2015 5:15 AM

To: Michael Lubliner

Subject: RE: Sharing Heat Pump research at ASHRAE

Mike,
I do not have an RTAR/WS, but | would be very interested in seeing this kind of study.

| will do a quick literature search next week to see what | come up with related to ductless and ducted
mini splits.

ASHRAE 8.7 are the VRF (variable refrigerant flow) guys; they know the performance is bad when they
have to add blower power. They just don’t want to advertise it because DOE doesn’t force them to put
that info out there.

Regards,

Vance

From: Michael Lubliner [mailto:LublinerM@energy.wsu.edu]
Sent: Wednesday, September 16, 2015 4:14 PM

To: Payne, Vance (Wm.)

Cc: Ben Larson

Subject: RE: Sharing Heat Pump research at ASHRAE

Vance,
Sorry | missed your call. The email feedback is great!

| will make a point of letting them know “l am not aware of any research. | wanted to do this type of
testing to compare the ductless to ducted, but was not funded by DOE”. Maybe we can get support.
Do you have a draft RTAR or WS that | can share? | think this is something that 90.2 may be
interested in supporting as well. I'm a voting member and mech. sub committee chair.

PS — I’'m CCing Ben, since he is one of our regions “go to DHP guys”, who has been also looking at
comparing performance of ducted and unducted mini splits.

Best Regards,
Mike Lubliner
Cell 360-951-1569
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From: Payne, Vance (Wm.) [mailto:vance.payne@nist.gov]
Sent: Wednesday, September 16, 2015 12:10 PM

To: Michael Lubliner

Subject: RE: Sharing Heat Pump research at ASHRAE

SEE BELOW in RED

From: Michael Lubliner [mailto:LublinerM@energy.wsu.edu]
Sent: Tuesday, September 15, 2015 1:31 PM

To: Payne, Vance (Wm.)

Cc: Mike Lubliner (lublinerm@wsu.edu)

Subject: RE: Sharing Heat Pump research at ASHRAE

Vance,

Per my VM today, I’'m working on a brief white paper for BPA related to the use of ducted mini-split
(DMS) applications in new and existing single and low rise multi-family homes. We would like to
benchmark these systems against wall hung ductless heat pump (DHP) mini-splits, that are very
comment in the PNW HVAC residential market. We are focused on typically the 1 to -3 tons size range.

We are looking at three types of DMS, two are the “concealed duct” units, and one is designed as an
ducted air-handler for larger ducted systems.

A) Concealed duct “low profile” low static (0.2 ESP) box size (8”x 30”x 25”) designed to be connected to
a rectangular duct system

B) Concealed duct medium static (0.4 ESP) box size (12”x27"”x25”) designed to be connected to 2-4
round 8” duct runs

C) Multi-position air hander unit (0.5 to 0.8 ESP) designed to serve as the central ducted HVAC system,
with optional electric heater

I'd like to provide some information that shows the difference in HSPF and SEER between the DHP and
the DMS, we are mostly interested in HSPF. It seems like the concealed duct units are in the 9-10 HSPF
range as compared to the Energy Star DHP units at 11-12 HSPF, and a higher difference in SEER.

e |s this HSPF difference a reasonable generalization for HSPF? What about SEER?
| think this level of HSFP and SEER reduction may be accurate. The units are mostly (if not all) variable

speed so they will still use some kind of variable speed indoor blower motor (most likely an ECM). The
ECM is much better than a Split Capacitor motor, but you still have power demands that are five times
higher than the ductless. | saw this in my study of the Mitsu multi-split.

e How much of this HSPF difference about the indoor fan energy vs. the compressor?
| think it all comes from the added indoor blower power. My most recent tests with a 2 ton ECM unit

operating in a well-designed duct system shows 90 W at low speed (650 cfm @ 0.2 inH20) and 220 W at
high speed (850 cfm @ 0.5 inH20).

e | understand that these products efficiencies are being improved with adding an ECM indoor
fan, what is your take on these future improvements?
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| think they are already using ECM’s in most, but | am not sure of this. | don’t have any experience with
ducted minisplits.

e What is your take on the difference in potential sound levels of DMS vs. wall hung DHP?
My experience with the ECM 2 ton blower system on our 2 speed compressor heat pump shows that

noise levels are very low at the registers and at the unit because the system operates low speed most of
the time. Even at high speed, you can’t hear it running at the register unless everything is quiet in the
house and you listen closely. | have not measured sound levels, but we will do that next year.

e What are the details in the testing that need to be considered in terms of the real world (duct
losses, fan energy cycling?)
As for as testing for ratings, there is nothing special about testing the ducted units; in fact it may be

easier for most labs that are more familiar with ducted testing. Lab testing does not capture the true fan
power seen in most duct systems because the rating tests for ducted indoor units operate at very low
external statics that are not realistic for real world installed systems.

e Are you aware of any research on this topic completed, underway or planned (ASHRAE RTAR?)
| am not aware of any research. | wanted to do this type of testing to compare the ductless to ducted,

but was not funded by DOE.

e What are the apples to oranges caveats when comparing ducted to ductless?
| don’t have any enough experience with the ducted minis to offer any advice for comparing the two

types. You most certainly will always have the lower efficiency with the ducted versions just due to the
indoor blower power demand and added heat. If you had some actual ratings tests data, you could
examine the effect of adding more indoor blower power (and heat) to the variable speed SEER and HSPF
calculations; that would be a good place to start and make generalizations.

Best regards, Vance
Please feel free to call or send me your thoughts, and I’'m on a short timeline.

Best Regards,
Mike Lubliner
Cell 360-951-1569

From: Payne, Vance (Wm.) [mailto:vance.payne@nist.gov]
Sent: Tuesday, February 14, 2012 4:34 AM

To: Michael Lubliner

Subject: RE: Sharing Heat Pump research at ASHRAE

Michael,
| will have a paper about my multi-split testing.

Thanks,
Vance

From: Michael Lubliner [mailto:LublinerM@energy.wsu.edu]
Sent: Monday, February 13, 2012 4:09 PM
To: B Davis; Ben Larson; Bruce Manclark; Payne, Vance (Wm.)
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Cc: David Hales; Ken Eklund
Subject: Sharing Heat Pump research at ASHRAE

Bob, Dave, Bruce, Ben, and Vance,

Here is what | have planned for potential ASHRAE programs on heat pumps for Denver, June 2013

Programs for Denver: Seminar: Co-sponsorship with TC6.3 “Cold Blow: Fact or Fiction”. An old
term for heat pumps in cold climates. Part of the cold blow is driven by the selection of register
locations. Contact Mike if you would like to participate in this seminar.

Bob/Bruce please let me know if you are interested in presenting at seminar on ideas to improve
defrost and impacts it may have on energy savings, comfort and “Cold Blow”.

Program for Denver: Conference or Technical papers: Experience with Ductless Mini-split Heat
Pump Lab and Field Study Results; papers by Mike Lubliner, NIST (Vance Payne), and
Ecotope.

Ben/Vance had discussed mini-split technical papers, and hopefully the results will be ready to publish
as peer reviewed papers.
Please feel free to call me to discuss.

Regards,
Mike Lubliner
Cell 360-951-1569
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Appendix L: Conversations with Jeff Pratt — The Heat Pump Store

Jeff Pratt is a very important leading DHP industry stakeholder, with valuable feedback to share. Of the

thousands of DHP units his company has sold, only 12 so far were ducted, due in part to his company’s

current business (KISS) model. As a leader in PNW market transformation efforts with DMS heat pumps,

with significant wisdom and experience, Jeff does see an important role for DMS in the PNW’s future.

Jeff’s top five issues:

Higher Cost: Higher cost of equipment (concealed 20% to 30% more) plus more HVAC duct labor
and good duct design needed with master contractor-type training to reduce “bubba” factor on
these systems, which are more complicated than DHP. DMS installation typically takes a full day;
two DHP systems can be installed per day.

Lower HSPF/SEER and lower heating capacity: Typical 1-2 HSPF delta, plus duct loss penalty and
lower output than DHP (12 vs 15 Btu/hr).

Duct Design: Need good diffuser selection. DMS duct design does not have options for air
distribution/mixing as DHP does (such as multi-van).

Zoning: Just like typical single, centrally ducted, thermostat-controlled HVAC systems, DMS
systems rely on a central thermostat unless a more expensive, complicated zoning option is
used (typical in commercial or high-end residential). Compare to zonal control like zone
bedroom heaters and main living area DHP hybrid or multi indoor head (1:1 or 1:2 in:out) type
systems.

Utility Incentives: Utility incentives for an efficient DMS will help “level the market playing field”
in the PNW new and retrofit markets, and drive better and more uniform equipment specs.
Incentives will expand options and reach markets not effectively served by DHPs. Incentives
should require good equipment performance specs and DMS systems that have tight ducts
inside, are designed for ESP, and are installed by and commissioned by trained HVAC
professionals. The current incentive structure for DHP discourages DMS by making them a more
expensive option

Other takeaways from discussion and market wisdom:

Multi-direction ducted (0.5 to 0.8 ESP) DMS systems have a huge upside for changing the single
speed, air source ducted heat pump market in new and existing homes. Daiken/Goodman may
be developing a downdraft (multi-directional) option like others with current airflow direction
unit.

Single head outdoor units needed (KISS single head in/out — his wisdom) and explore use of
multi-head on single-head applications.

HUD-code manufactured homes should consider DHP w/standard electric furnace as another
solution to baseboard zone heating in bedrooms and also look at DMS options when there are
“tight” belly ducts in R33 floor (e.g. NEEM, MAP, ENERGY STAR).

Ducted mini splits white paper Page 33



