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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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Why Refrigerants?
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Today’s Panelists

John Milkint
Chemours

Helen Walter-Terrinoni
Trane Technologies

Dustin Wiggins
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Regulatory & Refrigerant Update

John A Milkint: john.milkint@chemours.com (cell: 909-201-1625)
West Coast Territory Manager

April 18th  2024
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AIM Act HFC Phase Down

Time Horizon Baseline Baseline 
Reduction

Through 2023 90% 10%
2024 — 2028 60% 40%
2029 — 2033 30% 70%
2034 — 2035 20% 80%
2036 and 
thereafter

15% 85%
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California Air Resource Board (CARB) - Final

Beginning January 1, 2025, hydrofluorocarbons with a GWP greater 
than 750 that are not reclaimed shall not be used to replenish any 
leaks or otherwise service stationary equipment owned or operated by 
the state.
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EPA AIM Act – How it all works together
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The Solutions
A1 and A2L Refrigerants

© New Buildings Institute 2024

The Solutions
A1 and A2L Refrigerants

• Air Conditioning Refrigerants

• R-410A [50% R-32:  50% R-125] (2,087 GWP),  POE 32

• R-32   (675 GWP),  POE 46

• R-454B [68.9% R-32:  31.1% R-1234yf]  (466 GWP),  POE 32
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ASTM E681 Test Examples

Class 2LClass 1

• Flame spread > 90° indicates 
“flammability”

• Based on the spread beyond 90°, 
as well as the speed at which the 
flame spreads, defines the 
degrees of ‘flammability’ 

2L – lower flammability
  2 – flammable
  3 – higher flammability

Class 3
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Where do we go from here
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Next Generation Refrigerants

Trane Technologies
Helen Walter-Terrinoni
Helen.walter-terrinoni@tranetechnologies.com
April 2024
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OUR BUSINESSES CORPORATE OVERVIEW

COMMERCIAL HVAC RESIDENTIAL HVAC & SUPPLY TRANSPORT REFRIGERATION

OUR BUSINESSES CORPORATE OVERVIEW

Air conditioning systems, services and solutions. 
Innovative solutions geared toward making high-
performance buildings reliable and safe, as well as 
healthy, comfortable and efficient

Heating, cooling, thermostat controls and home 
automation for the residential market and a 
complete selection of innovative parts, options and 
accessories for optimal performance and reliability

Manufacturing and innovation of transport 
temperature control systems for a variety of mobile 
applications, including trailers, truck bodies, buses, 
shipboard containers and rail cars

Life sciences and industrial process refrigeration are new additions to Trane Technologies.



Gigaton Challenge

Bold commitment to reduce one billion metric
tons of greenhouse gas emissions (CO2 eq)
from our customers’ climate footprints by 2030.

• High Efficiency Equipment
• Electrification
• Refrigerant Transition Management
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The dual challenge

Need to fall by ~50% by 2030 to be on 
track to meet Paris climate goals

Increasing population and prosperity 
expected to grow demand ~40% by 2030

Lower greenhouse 
gas emissions

Access to Comfort & 
Fresh Food + Vaccines

Advancingg Equityy andd Climate

Sources: Allied Market Research (Nov 2021) & UN Intergovernmental Panel on Climate Change (IPCC)



55555

TRANE TECHNOLOGIES – REFRIGERANT TRANSITION



HFC Phase-down in United States
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HFC Amendment to the Montreal Protocol

nA5 G1 nA5 G2 A5 G1 A5 G2

• “Consumption” = Supply =
      import + production - export
• Supply baseline ~ equivalent 

to 300 thousand kilotonnes 
(kts) of CO2

Additional influencers on 
available GWP

Servicing
Commercial refrigeration
Reused refrigerant
Imported Products Containing 
HFCs (IPC)
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Next-Generation Refrigerants is About Balancing Critical Factors

economic
environmental

social
demands

toxicity
acute

toxicity
chronic

de minimis
ODP

compatibility

capacity

stability

de minimis
GWP

Lowest indirect GWP
(efficiency)

safety

low 
emissions 

(leaks)

minimal 
environmental 

impact

flammability

operating 
pressure

compressor 
and cycle 

design

cost

lubricant 
selection

compressor 
discharge

temperature

glideheat 
transfer

Thermo-
physical

properties

!
SAFETY
EFFICIENCY
ENVIRONMENT

There is No Perfect Refrigerant



9FDNY 04/17/2024

economic
environmental
social
demands

toxicity
acute

toxicity
chronic

de minimis
ODP

compatibility

capacity

stability

de minimis
GWP

Lowest indirect 
GWP
(efficiency)

safety

low 
emissions 
(leaks)

minimal 
environmental 
impact

flammability

operating 
pressure

compressor 
and cycle 
design

cost

lubricant 
selection

compressor 
discharge
temperature

glideheat 
transfer

Thermo-
physical
properties

Next Generation Refrigerant Safety
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Closer Look - Low Pressure Options
Ultra-Low GWPBaseline

R-514A & R-1233zd(E) Both Good Choices 
Non-Flammable (Class 1), Ultra Low GWPs with High Efficiency Available Now

Flammability ASHRAE Class 1 1 1

ASHRAE Class
Higher 

(B)
Higher 

(B)
Lower 

(A)
OEL (ppm) 50 320 800

8.95 8.91 8.87
baseline 5% loss % gain

77 1.7 1
1.3 years 22 days 26 days

Toxicity1

Efficiency (COP)
Capacity Change

GWP2

Atmospheric Life

1None of these refrigerants shown in the 
table are considered "toxic" or "highly 
toxic" as defined by the IFC, UFC, NFPA 1 or 
OSHA regulations.

2GWP values reported are per the Fourth 
Assessment Report (AR4) of the IPCC 
(Intergovermental Panel on Climate 
Change).

R-123 R-514A R-1233zd(E)

*Modeling Conditions: 100% isentropic compressor efficiency, 95 F/44 F, 0 superheat, 0 subcooling
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Flammability ASHRAE Class 1 1 1 2L 2L

ASHRAE Class
Lower  

(A)
Lower 

(A)
Lower

(A)
Lower 

(A)
Lower

(A)
OEL (ppm) 1000 650 810 500 800

8.47 8.27 8.32 8.17 8.45
baseline similar ~25% loss 5% loss ~25% loss

1430 630 298 6 4
13.4 years 5.9 years 3.1 years 11 days 18 days

Toxicity1

Efficiency (COP)
Capacity Change

GWP2

Atmospheric Life

R-513A R-515B R-1234ze(E)R-134a R-1234yf

Closer Look - Medium Pressure Options
Ultra-Low GWPLower GWPBaseline

R-513A & R-515B Good Solutions for Existing Mechanical Rooms
Longer Term – Flammable Solutions Required to Meet GWP Goals

*Modeling Conditions: 100% isentropic compressor efficiency, 95 F/44 F, 0 superheat, 0 subcooling
*R-513A introduced for ice rinks applications in 2019 
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Flammability ASHRAE Class 1 2L 2L

ASHRAE Class
Lower  

(A)
Lower 

(A)
Lower

(A)
OEL (ppm) 1000 850 1000

7.99 8.16 8.22
baseline ~3% loss ~8% gain

2088 467 675
17 years 3.6 years 5.2 years

Toxicity1

Efficiency (COP)
Capacity Change

GWP2

Atmospheric Life

R-410A R-454B R-32

Comparing refrigerants R454B vs R32

Closer Look – High Pressure A/C Options
Lower GWPBaseline

R-454B & R-32 Good “Interim” Solutions
R-454B Offers Best Choice of GWP vs Available Allocation 

Over the Phase Down 

*Modeling Conditions: 100% isentropic compressor efficiency, 95 F/44 F, 0 superheat, 0 subcooling

Glide: difference 
between when a 
refrigerant 
condenses (dew 
point) and when it 
boils (bubble 
point) at constant 
pressure
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R-410A Retrofits or Conversions

R-22

A2L Flammable Refrigerants Not Allowed to Retrofit A1 Equipment

Driving factors
• Performance
• Safety (Nonflammable)
• Cost

R-32
GWP
677

R-454B
GWP 
466

“No Nonflammables 
with Reasonable 

Performance”

R-323
G P

3
P

R-454B4545

R-410A Retrofit

Driving factors
• Performance
• Safety (Nonflammable)
• Cost

Retrofit

R-407C

R-438A

Lots of 
Others

“Reasonable 
Performance”
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• Indirect Systems (chillers)
o 2021 UMC/IMC (ASHRAE 15-2019 + UL 60335-2-40 2019)

• Direct Systems (Unitary/VRF) 22
o 2024 UMC/IMC (ASHRAE 15-2022 + UL 60335-2-40 2022)

ASHRAE 34
Model Codes 
(IMC/ UMC)

ASHRAE 15

Refrigerant 
Classification

Application 
Safety

Product 
Safety

Updated Safety Standards and Model Codes

UL 60335-2-40
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Standards adopted into state codes

Code official provided technical bulletin or listed 
equipment allowed

Legislation proposed, but not complete

Legislation in effect prevents exclusion of EPA 
approved refrigerants

Code resolution in process 

Building Code – Direct Systems
April 15, 2024

Building Code – Indirect Systems
April 15, 2024
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Additional policy considerations

Gaps: Risk assessment mitigation strategy and 
standard development

Modeling 
Leaks
Heat Transfer
Performance

Risk 
Assessment  
& Mitigation

Insurance Safety 
Standard

Energy 
efficiency 
standard

Safety Standard

Department of 
Transportation

International Maritime 
Organization

Training

EPA SNAP approval Building codes (sites 
and customers)

Certified Components, 
lubricants

Nationally recognized 
testing laboratories 

(NRTL) listing
standard
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Workstreams

Equity Considerations
• Climate and Safety 

considerations in 
this context

Climate Considerations
• Do refrigerant gains outweigh 

efficiency losses?
• Can efficiency losses be

overcome?
• What additional cost per CO2eq 

saved?

Safety Considerations
• Will there be any additional 

limitations (e.g., distance
between units or to
dwellings) that impact 
access?

• Research (e.g., odorant)

= +

How do we expediently answer these questions for ourselves and policymakers?
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“What we do today 
will create a better, stronger 
world tomorrow.”
--Dave Regnery, Chair & CEO Trane Technologies

THANK YOU

All trademarks referenced are trademarks of their respective owners. 
© 2023 Trane Technologies. All Rights Reserved.


