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CEDA aims to exceed California’s decarbonization standards by 
identifying high performance measures and providing educational 
opportunities to explore use cases and best practices. 
This not only advances the market, but also qualifies participants for 
enhanced incentives through our program. 

A current list of eligible high-performance measures can be found on our 
website here.
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Cold Climate VRF

In today's webinar we'll discuss:
• Exploration of current industry considerations on Cold Climate VRF

• Climate Zones and Load Considerations: Accounting for winter design temperatures

• Product Performance and Sizing

• Design and Installation Best Practices

• Case Studies: Real-world applications
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Cold Climate VRF 
Heat Pumps
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Agenda
What is cold climate VRF

Examples / Considerations

Selection – Standard vs. High Heat
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Cold Climate VRF

Examples and 
Considerations
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Examples and Considerations – Northeast (Boston, MA)

Proprietary and Confidential

Design Considerations

Humid Summer Conditions

For outside air (ventilation) applications additional de-humidification may needed

When bringing outside air into indoor units, consideration will be needed for final mixed 
air temperatures and moisture content

Cold Winter Design Temperature 

Depending on manufacturer may need to operate in high heating mode or High Heating 
model, if available.  

In extreme cases, may need to upsize the condenser for additional heating performance

For indoor unit performance, additional supplementary heating source may be required 

Examples and Considerations – Mountain West (Boulder, CO)

Proprietary and Confidential

Examples and Considerations Mo

Design Considerations

Elevation Derated Performance / Dry Winter and Summer Conditions

Condenser performance may be slightly derated due to elevation.  Allow for additional margin when 
sizing condensing units

Indoor unit sensible performance may not be high enough for indoor spaces, where applicable upsizing 
indoor units may be needed.

Cold Winter Design Temperature 

Depending on manufacturer may need to operate in high heating mode, if available.  

In extreme cases, may need to upsize the condenser for additional heating performance

For indoor unit performance, an additional supplementary heating source may be added



Selection
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Proprietary and ConfidentialProprietary and Confidential

Selection – Standard Model vs. High Heat Model

9

Standard Model with High Heat Capabilities

High Heat Model

5F
-15F

5F -15F



Selection – Additional Considerations

Proprietary and Confidential

Winter Design Conditions

Defrost Operation

Elevation

Standard Model 
High Heating Capacity Model 

Defrost

Proprietary and ConfidentialProprietary and Confidential

Thank you
Contact Information: James Momperousse 
Carrier Energy & Utilities Sales Manager
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Cold Climate  
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History of VRV Development
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World’s 1st VRV system is 
developed

20141987

VRV is launched 
globally

2003

World's 1st R410A 

VRV launched in
North America

20151991 1998

World’s 1st Heat 
Recovery

First inverter 
driven VRV 
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2007

2nd Generation VRV 
Water Cooled 
Technology 

VRF concept formed from energy crisis of 1970’s ~ Global adoption of technology thru 1990’s ~ Firmly established in North America 

Inccc.ccccc.

World’s 1st  R407C 
~ ~ ~

Auto addressing added
(no rotary or dipswitches)

2018 2026

Worlds 1st VRF 
with Gas Furnace 

connection

DTTP Becomes Operational

2017

VRV-IV Launched
~ 

USA VRV ODU assembly 
begins

1st Single 
Phase VRV

Continuous 
Heating during 

defrost

Cold Climate VRV (heating 
down to -22˚F)  Made in USA 

Launch of 
VRV EMERION

g f Launch of

USA launches R32 VRV
2 ~ 40 Ton 

2022
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Variable System capacity varies with load 

Refrigerant R-32 Direct Expansion System

Volume Refrigerant Volume regulated by EEVs & variable speed compressors 

VRV  =  Daikin Registered trademark
VRF  =  Industry term

VRV Overview

Introduced by Daikin in 1982
Worlds first VRF system

VRF technology is 40% of the global 
commercial HVAC market share

VRF introduced to North America in 
the early 2000’s

Reference : Global Central System Market  in 
2015 by BSRIA and other market intelligence 

~12%

~11%

31% 53%
45%

70%

~53%
33%

54%
~40%

23%
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Product & Technology

VRV has three core features:

MODULAR DESIGN
Ease of installation

ULTRA-HIGH ENERGY EFFICIENCIES

EXCEPTIONAL COMFORT CONTROL
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Modular Design

Building Size 
(Tons): <50 <100 <250 <500 <1000 >1000

VRV
PTAC

SPLIT SYSTEM

CV RTU

VAV ROOFTOP

AIR COOLED CHILLER

WATER COOLED CHILLER

CENTRAL AHU

CUSTOM AHU

FAN COIL

UNIT VENTILATOR

VRV technology is not restricted
by project size

VRV can (and is) put into projects
from 2 ton to comfortably over
1000 ton

Largest project (and growing) is a
12K ton business park in India

Modular design means that the
rules that apply to the smallest job
are the same as large commercial
applications

The only restriction to an installer
taking on these sites is time and
labor
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Energy Efficiencies – Heat Transfer Media

Medium
Heat Quantity*

* At Equivalent Design 
/Operation Conditions

Demand Side 
Delivery Method

Power Input
(38-Ton of demand

side load)

Size of 
Pipe/Duct

Application
Considerations

Water

q = 4,18 kJ/kgK / dt = 5 K

Pump & Coil/ Fan Unit
2 x 3.5”

Corrosion
Pump power
Water leakage
EER/COP of heat source

Air

q = 1,0 kJ/kgK / dt = 10 K

Duct work & Fan 36”

Sound levels
Fan power
Space for ducting
Fire protection

Refrigerant

Evaporating at 32 F

Coil/Fan Unit
1 ⅝” + ¾”

Piping & vertical limitations
Capacity correction due to 
pressure drop
RCL guidelines

A Key attribute of direct expansion systems is their Energy efficiency

Using refrigerant as the direct means of heat transfer is extremely efficient
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Air Cooled or Water Cooled?

Ease of installation                             
(no water system required)

Less initial capital costs

Greater energy efficiencies

Localized CU installation               
(reduced pipe runs)

An existing chilled water loop

Extreme ambient conditions

An ability & desire to utilize a

local geothermal source

VRV 

© 2026 Daikin Comfort Technologies North America, Inc.8

VRV Technology has pushed the limits on the use
of Air-Source DX Heat Pump in colder climates

Further improvement of capacity and temperature
range, is now moving the boundaries still further

“Sub-Arctic” Conditions

Standard VRV (100% Capacity) 

Standard VRV (With or w/o secondary heat*)

AURORA VRV (100% Heating Capacity)

AURORA VRV (With or w/o secondary heat*)

* Ultimately depends on the Designer

-14-14

Note: These temperature values represent dry-bulb 
temperatures corresponding to 99.6% annual cumulative 
frequency of occurrence (cold conditions) and are from 
the ASHRAE 2017 Handbook

ASHRAE Heating Design Temp 
(by State)

VRV in Cold Climates



© 2017 Daikin North America, LLC

Levels of System Design:

Design Methods

PEAK LOAD

The ODU is sized to achieve the combined peak 
(maximum) demand of every unit on the system

This will often reduce the outdoor unit size 
compared to above and still guarantee ZERO 
DIVERSITY on the system

The connection ratio will usually exceed 100%

Selecting over 100% connection ratio but still 
providing the peak load demands is typical for:

o Design & Build projects
o Cold Climate projects where heating demand takes priority

SUM OF 
REQUIRED

PEAK 
LOADS

© 2026 Daikin Comfort Technologies North America, Inc.10

The design of heat pump system should optimize the performance of the system during all 
conditions including part load conditions as well as full load
Therefore, the Minimum capacity output is just as important as the Maximum and the key is to find 
the performance range that provides enough capacity at low outdoor ambient temperatures, without 
sacrificing performance the rest of the year

Correct Sizing

OversizedUndersized Sized 
CorrectlyUnable to reach 

temperature 
(discomfort) 

Reduced Efficiency 

Excessive defrost 
and overwork of the 

system 

Overheating and 
temp swings in 

cooling

Poor dehumidification 
in cooling

Reduced Efficiency 

Correct load 
calculation 
and proper 

design 
ensures
the best 

performance 
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Refrigerant & Oil Management

Why are there piping limits?

The main reasons for piping limitations are for proper refrigerant 
management and effective oil return
Correct pipe application ensures:

Proper refrigerant feed to evaporators

Practical sizes without excessive pressure drop

Prevent excessive oil trapping

Protect compressor from loss of oil

Prevent liquid and oil slugs from entering the compressor

There is a heavy focus on oil management.  In addition to large compressor 
sumps and oil separators, VRF systems have a built-in oil recovery cycle

This typically involves fully opening all expansion valves and running the 
compressor at full speed to “flush” the oil back to the compressor
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Outdoor Unit Location

Optimal 
External 

Locations
Prevailing 

Wind

NOTE: In multiple ODU groupings, it may not be necessary 
to install a snow hood over every exposed heat exchanger

Cold Climates

ODU location is an important factor to help optimize
capacity and efficiency of a VRV system

Wind can have an adverse effect on the performance of an
outdoor unit: most notably, fan performance

On days of extreme ambient conditions, this is particularly
important to help mitigate stress and even the possibility of
compressor failure on days of extreme ambient conditions

Wherever possible, locate the ODU in a location sheltered
from the prevailing wind

If an ODU is exposed to prevailing winds, baffle plates or
snow hoods are strongly recommended



© 2026 Daikin Comfort Technologies North America, Inc.13

Duct Requirements for Low Ambient Cooling

When a project demands for cooling in ambient conditions below 23°F (also 
known as Low Ambeint Cooling), protection of the outdoor units is mandatory

Snow hoods are an effective measure but not the only solution

As with all exhaust duct applications, one duct per fan is required

© 2026 Daikin Comfort Technologies North America, Inc.14

ODU Installation Flexibility

Internal/Restricted installs possible

Noise, sight or location issues 
mitigated

Intake Louver

Exhaust Duct

There are 4 criteria to overcome:
•  AIR STARVATION

•  SHORT CIRCUITING

•  SERVICE SPACE

•  MAX. 0.32WG ESP
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Ventilated Mechanical Room

VRF VRF 
ODU

DUCT

Gas Fired 
Heater

Aux Heater

VRF 
ODU

VRF 
ODU

DUCT DUCT

© 2026 Daikin Comfort Technologies North America, Inc.17

Mechanical Enclosure - Inside
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Defrost Cycle  (Single Module)

Ice can accumulate in the drain pan when operating a heat 
pump in a cold climate

A common countermeasure for this is to add a drain pan 
heater

However, this adds cost and reduces efficiency

HR ODU’s have a hot gas circuit which functions as a drain 
pan heater to mitigate the build up of ice on the heat 
exchanger

Hot Gas Circuit performs two functions:

• As an equivalent to a drain pan heater

• A heat sink to keep the inverter PCB at a stable temperature

Optimum Performance in Defrost Cycle
Heat sinkHeat sink

© 2017 Daikin North America, LLC

Multiple ODU Module System Features 

NOTE: Applies to 
16~20-ton single 

modules as well as 
multi modules 

Continuous heating mode during defrost ensures:

COMFORT  No more cold drafts

EFFICIENCY No energy demand to reheat the piping 
and indoor coil (up to 8% savings) 

There are several issues with the need for a defrost cycle:
Performance drop off
Reduced efficiency
Cold Drafts

Optimum Performance in Defrost Cycle
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Continuous Operational Range

Emerion VRV operates 
continuously down to -13°F 
and down to -22°F as standard 

The Daikin Aurora system will 
provide continuous operation 
in heating down to -22°F

Deg.
F WB

0

-24

-2
-4
-6
-8

-10
-12
-14
-16
-18
-20
-22

Heat Pump 
and
Heat 

Recovery

Emerion VRV Aurora VRV 

Heat Pump 
and
Heat 

Recovery

NOTE: Neither system type 
operates a “hard-stop” at these 
ambient limits

They will continue to run until 
head pressure safety cut out

© 2026 Daikin Comfort Technologies North America, Inc.21

Auxiliary Heat - Why

Noooo   SSSStttatteee’ssss AAAAAAAAAAAvvvveeerrraaggggeee  issss >>>>>>>>> 11111111111111111111888No State’s Average is > 118No State’s Average is > 11888888888888888888888888°°°°°°°°°°°°°°°°°°°°°°FFFFFFFFFFFFFFFFFFFF

75

ASHRAE Cooling Design Temp                
(State Average)

Note: These temperature values represent dry-bulb temperatures corresponding 
to 0.4% annual cumulative frequency of occurrence (hot conditions) and are from 
the ASHRAE 2017 Handbook

Air Source
(rejecting heat to the ambient)

VRV Cooling… What kind of temperatures would it 
take outside to lose 20% capacity?

8 Ton* 
*Rated Conditions: 100% CR, 
80/67°F IDU Temp., No Piping

AAAAAAAAAverageee iss >>>>>>> 111118Average is > 118Average is > 1188888888888888888888888888°°°°°°°°°°°°°°°°°°°°°°°°°°°°°FFFF

t)

*Rated Conditions: 100% CR,
80/67°F IDU Temp., No Piping

…118°F
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Auxiliary Heat - Why

Note: These temperature values represent dry-bulb temperatures 
corresponding to 99.6% annual cumulative frequency of occurrence 
(cold conditions) and are from the ASHRAE 2017 Handbook

VRV Heating = Anybody want to take a guess what 
temperature I’m at for 80% capacity?

8 Ton* 

That’s quite a few places
It makes sense

To add in a little heat

*Rated Conditions: 100% CR,
70°F IDU Temp., No Piping or
Defrost

That would be 
9°F

-14

ASHRAE Heating Design Temp 
(State Average)

-14

Air Source
(absorbing heat from the ambient)

© 2026 Daikin Comfort Technologies North America, Inc.23

Up to 100% of nominal @    0°F (-18°C)

Up to   85% of nominal @ -13°F (-25°C)

Up to   60% of nominal @ -22°F (-30°C)

Heating down to -22°F (-30°C) as standard

Cooling up to 122°F (50°C) as standard

Cooling down to -4°F (-20°C) extended

Aurora VRV Performance

High 
heating 
capacity

The AURORA product has been developed to provide solutions 
to the coldest and warmest regions of North America
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Performance

Outdoor Unit capacities at 100% Connection Ratio & 70ºF DB
EMERION AURORA

10 TON8 TON

Aurora VRV technology allows for greater heating performance

+51%

6 TON

+34%

10 TON

+50%

© 2017 Daikin North America, LLC



A Better Future Starts at Here
LG Cold Climate VRF Heat Pumps

LG Air Conditioning Technologiestitioning Technologies



LG Air Conditioning Technologies

Building Solutions



LG Air Conditioning Technologies

Innovating with low GWP products

•

•

•

•

•

•



LG Air Conditioning Technologies

MAAX

Cold climate:

Cold climate:

LG Air Conditioning Technologies



LG Air Conditioning Technologies

Air Source SystemWater Source System

Multi V Water 5
(6~48 Tons) 

208/230-3-60
460-3-60

Multi-V S
(2~8 Tons)

208/230-1-60
6 & 8 tons @ 460-3-60

Multi-V i
(6~44 Tons) 

208/230-3-60
460-3-60

VRF Systems

LG Air Conditioning Technologies



LG Air Conditioning Technologies

LG Air Conditioning Technologies



LG Air Conditioning Technologies

•
•

•

•

LG Air Conditioning Technologies



LG Air Conditioning Technologies

3rd Party Air Handler(AHU)

VRF Communication and 
Refrigerant Valve (EEV) Kit

Refrigerant Piping (L)

Communication Wiring

VRF Outdoor Units 

LG AHU Kits allow any fan coil or air handler to work with LG VRF systems.

LG Air Conditioning Technologies

Ref. Pipe (G)

Ref. Pipe (L)

IDU-ODU Comm. 
Line 

RA EA OA SARARARARARARA OAOAOAOAOAOA

3rd Party Air Handling Unit

LG Pipe-In and
Pipe-Out 

Thermistors

LG Return Air Thermistor

Room 
Controller 

Comm.

LG Controller
Or 

3rd Party 
Thermostat

Multi-V 
Outdoor Units

Communication Kit
(PAHCMR000)

EEV 
Kit  

Return Air Control operates like a standard VRF indoor unit and is compatible with 
heat recovery systems.

Medical Office Building
Livingston, California



LG Air Conditioning Technologies

Outdoor Unit Indoor Units Controls

MV-IV HR
(604 Tons)

Ducted
x (356)

Dry-Contact
3rd Party 

Thermostat

Multi-Family Residential
Oakland, California

34-story tower with 354 apartment 
units.
Vertical or “Column” Layout

VRF systems feeding multiple floors.
Can reduce over-all piping with 
short floor-to-floor runs.
Multiple piping risers throughout 
building.
More complicated to design, 
commission, service, and retrofit as 
multiple floors are linked together.Vertical or “Column”

ODU-to-IDU: 

360’

SYSTEM 1

SYSTEM 1

SYSTEM 1

ODU 2

SYSTEM 2

SYSTEM 2

SYSTEM 2

ODU 3

SYSTEM 3

SYSTEM 3

SYSTEM 3

SYSTEM 6

SYSTEM 6

SYSTEM 6

SYSTEM 5

SYSTEM 5

SYSTEM 5

SYSTEM 4

SYSTEM 4

SYSTEM 4

IDU-to-IDU: 

131’

ODU 1

ODU 6ODU 5ODU 4

HRU-to-HRU: 

95’

Air Cooled Unit (ODU)
Indoor Unit (IDU)

Heat Recovery Unit ( HRU)

LG Air Conditioning Technologies



LG Air Conditioning Technologies

TECHNOLOGY APPLICATION BENEFITS INSTALLATION NOTES

LG Air Conditioning Technologies



LG Air Conditioning Technologies

LG Air Conditioning Technologies

Thank you!
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APPLYING VRFF SYSTEMSS 
INN COLD-CLIMATEE 
APPLICATIONS



Outdoor Unit
Indoor Units

Up to 50 
indoor units 
per outdoor 

unit

All in heating mode

Refrigerant Piping

e

Heat Pump: Heating Mode
  

Indoor Units

Refrigerant

Piping

Up to 50 indoor units 
per outdoor unit

Cooling

Heating

p

Outdoor Unit

Heat Recovery - Simultaneous Heating and Cooling



Variety of Indoor Unit Options

• Ducted
• Ductless
• Combination

• Can integrate with non-proprietary platforms

• Can integrate with third-party building automation systems 
through standard protocols

• Can manage complementary HVAC equipment including 
ventilation equipment, chillers and auxiliary heating systems

• Centralized control and insight for facility managers

VRF Controls and
Third-party Equipment



DESIGN CONSIDERATIONS 
FOR LOW-AMBIENT HEATING

• Reliable comfort

• Resiliency

• Energy Efficiency

Design Objectives



1. Flash-injection technology
2. Auxiliary heat
3. Install outdoor units inside
4. Water-source VRF systems

4 Options for Solving 
Derating Challenges

• Compressor speeds up to maintain discharge pressure 
and temperature

• Small amount of refrigerant cools compressor

• Cooled refrigerant transferred to compression chamber 
using flash-injection technology

• Cools compressor, prevents excessive discharge gas 
temperatures, enabling higher speeds and increases 
heating capacity 

Option 1: Flash-injection Technology

During low ambient conditions:



Flash-injection Process

• Perform at temperatures as low as -30°F

• Hyper heat systems

• Up to 100% heating capacity at -13°F

• Up to 69% heating capacity at -22°F

• High-efficiency systems

• Up to 90% heating capacity at -13°F

• Up to 58% heating capacity at -22°F

Flash Injection Performance
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OUTDOOR TEMPERATURE

Heating performance comparison
Hyper Heat Vs traditional heat pump

Mitsubishi Electric Hyper Heat Traditional heat pump



Typical:

• VRF = 1st stage

• Aux = 2nd stage

With district heat:

• VRF = 2nd stage

Energizing methods:

• Space temperature drop

• Outdoor temperature

Option 2: Auxiliary Heat

INDOOR UNIT

• Not often with flash injection technology

• Most winter days require just part-load 
heating

• Adequately sized VRF systems limit the 
need for auxiliary heat

How Often Will Auxiliary Heat Run?



• Limits derating during severe cold weather

• Central location for auxiliary heat

• Simplifies service and maintenance

• Useful in dense urban environments with
limited rooftop space

Option 3: Install Outdoor Units Inside

Install Outdoor Units Inside: Sample Design



• Installed indoors

• No derating based on outdoor air temperature

• Capacity based on entering water temperature 
(EWT)

• Available as a heat pump or with heat recovery

Option 4: Water-source VRF Systems

Water-source VRF System: Sample Design



INSTALLATION 
CONSIDERATIONS

Mounting Outdoor Units

• Mount outdoor unit at least 12 in. above 
maximum expected snow depth

• Minimize snow drifting against unit with open 
design for base

• Consider an area drain to reduce the risk of 
puddles or ice near the unit

• Exercise caution putting ODUs under drip edge 
of roof to avoid icicle damage



High-wind Conditions

• Protect outdoor unit coil surfaces 
from hail damage and snow

• Improve defrost efficiency in 
windy conditions

Snow Hoods and Hail Guards



• Keep equipment above snow line

• Prepare for defrost and ice accumulation

• Drain condensate away from outdoor 
units and areas where people walk

• Use panel/base pan heater to prevent ice 
buildup

• Exercise caution putting ODUs under drip edge 
of the roof to avoid icicle damage

Planning for Winter

• Field studies demonstrate effectiveness of VRF
systems in cold-climate applications

• Minnesota Department of Commerce Division of
Energy Resources report on cold-climate VRF
performance

• Field studies closely watched by policy makers
and advocates for decarbonization

Third-party Studies



CASE STUDIES

• High-end, luxury hotel in Dublin, Ohio

• 104,250-square-feet, 8 stories

• AC Marriott brand focused on sophistication, 
service and design

• Harsh winters, temperatures dip below zero

• VRF provides personalized comfort, whisper-
quiet operation and cost savings through 
operational and energy efficiency

25

Case Study: AC Marriott Bridge Park
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Case Study: AC Marriott Bridge Park
• Total installed mechanical costs for VRF

system were $550,000 less than for
conventional water-source heat pump HVAC
system initially considered by developer

• More efficient VRF system required
less total equipment

• Number of compressors reduced
from 182 to 19

• Total count of water pumps reduced
from 190 to 5

• VRF system uses heat recovery to save
money and increase energy efficiency even in
extreme temperatures

• Utility company in Cloquet, Minnesota serving
145,000 people

• 5,000-square-foot office space

• Utility company working to help state reduce
reliance on oil and natural gas

• Staff pride themselves on promoting
energy-efficient technologies and saving their
customers money

• Retrofit to replace faulty HVAC system and
demonstrate feasibility of strategic electrification

Case Study: Minnesota Power



• Cold climate with low-ambient design 
temperature of -20°F

• Challenge solved with heat-recovery 
system equipped with hyper-heating flash-
injection technology and auxiliary heat

• Demonstrates how local universities and 
city buildings in Minnesota’s climate can 
reduce reliance on fossil fuels and electrify 
while maintaining reliable comfort

Case Study: Minnesota Power

• Modern VRF systems perform reliably in cold climates with some systems providing 
heat down to -30° F

• Solve derating challenges with flash injection, auxiliary heat, indoor installation and 
water-source VRF systems

• Auxiliary heat runs infrequently, even in heating-dominant regions

• Preparation for cold weather includes installing outdoor units above the snow line, using 
snow hoods and considering defrost, ice accumulation and condensate drainage

• Cold-climate performance makes VRF technology a primary heating and cooling 
solution for any climate and positions it for growth as decarbonization and strategic 
electrification gains momentum

29

Takeaways



• Visit our websites: MitsubishiComfort.com Mitsubishipro.com

• Read some real-life examples (Case Studies)
• Find a qualified HVAC contractor or VRF system distributor

30

Additional Resources
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