“Ductless Heat Pump Mini-Splits: Big Issues,
Big Breakthroughs on the Horizon”
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Technology Improvements
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Technology Improvements

PAST.... PRESENT....
10 SEER * Upto 33 SEER
* Operation to 32°F * Operation below -13 °F

* Back-up heating req’d at 32°F * 100% capacity at 5°F
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INVERTER Technology

mssmm Conventional compressor
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Technology Advancements - Zoned Comfort Solutions ™
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Connected Control Solutions

Customer choice to control & monitor their Mitsubishi Electric indoor units.
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Kumo Station — Full
Any Smart Thermostat Kumo Cloud Integrated Solution

MITSUBISHI ELECTRIC TRANE HVAC US



Complete Control with Wi-Fi
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Fully Integrated Control Strategy  outsice

& : & . . |
~ A~ £ Ventilation

Heat pump
Only

Heat pump
1st, backup
20d 8 3rd

Dehumidification

Backup
Only

Supplemental
Heat

’ MITSUBISHI
AN ELECTRIC

)

V-

Humidification

MITSUBISHI ELECTRIC TRANE HVAC US



2019 Energy Star Most Efficient

The Year's Best of ENERGY STAR for 1 \
Energy Efficiency and Innovation @" %atf 30'9'“

WHEN ONLY THE BEST WILL DO. i
A i e Lt \2 /

Most Eff nnnnn 12019, adi I ction recognizing products th t deliver
cutting edge energy efficiency a I gwth th latest in technological innov:
Itis an award Ihat truly represents the best of ENERGY STAR.

Products must meet the following cooling and heating performance levels: 20 SEER, 12.5 EER and (for heat pumps) 10 HSPF.

Achievement with Top Tier HVAC Efficiency and Controls
Mitsubishi has 56 of 63 (89%) Mini-Split Models
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The Grid IS Getting Cleaner!

Xcel Energy

PNM to be carbon free five years sooner

BY KEVIN ROBINSON AVILA / JOURNAL STAFF WRITER

Monday, April 22nd

§ sHare ALBUQUERQUE, N.M. — Public Service
v Company of New Mexico says all its electric
S i generation will be carbon-free by 2040, five
e years earlier than required under the state’s
m— new Energy Transition Act.
€3 susscrise PNM President, Chairman and CEO Pat
Vincent-Collawn announced a plan to
accelerate its clean-energy goals Monday
afternoon during an event at the Indian UG F‘Lf‘:_ ;;{;)[”1;’ and CEQ Fat Vincent wn
Pueblo Cultural Center. Gov. Michelle Lujan
Grisham, members of the state’s U.S. congressional delegation, and local and
Source: 2016 Xcel Climate Change & Greenhouse Gas Emissions CRR2016 state officials attended the event, timed to coincide with Earth Day.

«  Xcel Energy Carbon Free by 2050

« By 2021 Heat Pump has 10% reduced CO? levels
over Nat. Gas (CrRR Rev 2018)
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Market Shift — Electrification

Drbees, artiers, prospects, and policy approaches

Energy Anstpi ans Emireementsl mpscts Division
Lavrence Berkeley Natiral Laboratory

AMERICA'S CLEAN ENERGY FRONTIER: |
THE PATHWAY TO A SAEER CLIMATE FUTURE

grid

AERE

tion Futures Study:
End-Use Blectric Technology Costand.

Beneficial
Electrification

- f3Ceres MB - A

Accelerating Investment
in Electric Vehicle Charging
Infrastructure
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Ramping Up Heat Pump
Adoption in New York State

Targets and Programs to Accelerate Savings

Prepared for NRDC by VEIC

VEIC ==

CONOMICS
OF ELECTRIFYING
BUILDINGS
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Grid Getting Cleaner

They Work
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Cold Climate...Not Problem!

H2i MXZ HEATING CAPACITY
AT LOW TEMPERATURES™*
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Cold Climate Heat Pump Research!

cee

enter for Energy and Environment

* Research Cold Climate Heat Pumps
— Capability of Cold Climate Technology

— Compared Heat Pumps w/propane
backup

— Ductless HP displacement strategy

COMMERCE
DEPARTMENT
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Cold Climate Air Source Heat Pump

11/1/2017

Study Overview

Field Study

6 ccASHP in a variety of MN
residences
4 ducted whole house system
2 ductless mini-split systems

Monitor installed field
performance of ASHP & backup

Incorporate into Conservation
Improvement Program (CIP)

Climate zones 6 & [7

cee
Center for Energy and Ervironment
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Addendum - Cold Climate Air Handler — Sole Source
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Cold Climate Air Source Heat Pump
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CASE STUDY 1

Field Test of Cold Climate Air Source Heat Pumps

BACKGROUND

This field sfudy is an extension of the recentl
heat pumps (csASHP) in 6 homes. Researd
launch of the CARD study. This system ws
provided by Mitsubishi Electric Cooling & H
resuits of a ccASHP installed in one unit of

Site Characteristics
« Duplex builtin 2016
« Lower unit has the basement and 1* flo

+ 2,800 square feet finished area

FIELD WORK

The project team installed detailed monitori
gathered at one second resolution and dowr
for measurement of system temperatures, co

Equipment
A 2.5 ton ccASHP was installed, which is eq

a wireless programmable Wii enabled thern]
allow the heat pump to meet the majority of t

Table 1-ccA Manutacturer specifications
Make Model Rated Capi
(Btu/h)
Cooling | H
Mitsubishi PUZ- 28,400
Electric | _HA3ONHAS

cee”

June 2018

Assessment of Through-Wall Condensing Furnace/AC Packages — Site 1 Case Study

Figure 1-Indoor Unit

Figure 2-Outdoor Unit

Sizing

The system was sized based on the home's heating load (as opposed to cooling load) and resuited in an increase
capacity of one ton. The system includes an inverter-driven compressor which allows the system to modulate its

and meet the load of the home down to outdoor temperatures well below 0 °F. The electric resistance booster was
controlled based on supply air temperature and outdoor air temperature to limit the total runtime. The heat pump.
allowed to run during boost events to provide a fraction of the heating load to the home. The green section in Figus
plot below shows the capacity that the booster would provide to meet the heating load, above the black line which
the heat pump capacity. At this site, only a small fraction of the heating load was expected to require booster capaf
Additionally, the measured heating HVAC heating load (red solid line) was considerably lower than the calculated

(red dashed line). This was at least in part due to the occupants' use of additional heating source (a gas fireplace)

Figure 1-Capacity vs. Outside Air Temperature
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CASE STUDY 2

Field Test of Cold Climate Air Source Heat Pumps

BACKGROUND

This field study is

heat pumps (ccASHP) in & h
launch of the CARD study. T
provided by Mitsubishi Electr
results of an installation in a
split sysiem air conditioner

Site Characteristics.
« 2 bedroom, one bath, 1.5
«  Bungalow built in 1824
1,600 square fest
FIELD WORK

The project team installed df
gathered at a one-second re:
for measurement of system

Equipment

A three ton ccASHP was inst
included a wireless program
and allow the heat pump to nf

Table 1. ccASHP

Make Model

Mitsubishi PUZ-
Electric  HAJ6NHAS

o §

Gantr for Energy and Eniranmant

65 85

Outdoor Air Temperature (F)

Fleld Test of Cold Climate Alr Source Heat Pumps — Site 2 Case Study

Figure 1. Indoor Unit

Figure 2. Outdoor Unit

Sizing

The system was sized based on the home's heating load (as opposed to cooling load) and resulted in an increase in
capacity of one ton. The system includes an inverter-driven compressor which allows the system to modulate its capacity
and meet the load of the home down to very low outside air temperatures. The electric resistance booster was a non-OEM
product in order to test different options of lockout and auxiliary heat configurations. This booster was controlied based on
supply air temperature and outdoor air temperature to limit the total runtime. The heat pump was still allowed to run during
boost events to provide a fraction of the heating load to the home . Figure 3 below shows the house heating load and the
heat pump capacity over the range of heating season outdoor temperatures. The house heating load calculated during the
equipment sizing (dashed red line) was considerably larger than the measured heating requirements of the home (solid
red line). This was likely due to the oversizing safety factor and the occupant's usage patterns and behaviors. The lower
than expected usage has reduced the fraction of booster heat necessary at this site.

Figure 3. Capacity vs. Outside Air Tomperature
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Utility Team

e 3 Utility Managers - Support Utilities & Implementers C
 Emphasis to Educate, Transform Markets, Best Practice Programs
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Mini-Split & VRF Best
Practice Program
Recommendations
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Your Energy Star Partner Here to Serve!!

Kevin DeMaster

Manager, Utility & Efficiency Programs
kdemaster@hvac.mea.com —262.327.5860
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