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SPEAKERS

› Bill Dietrich
— Director of Chiller Applications at Daikin Applied 

Americas. This includes all air cooled, and water 
cooled Centrifugal and Positive Displacement 
machines.

— He has a deep chiller background and was involved in 
the transition from CFCs and HCFCs to HFCs and is 
actively involved in the work and discussions 
regarding the new low GWP refrigerants.

— With over 30 years’ experience in the industry, Bill has 
held numerous Engineering, Applications and 
Marketing positions addressing commercial/industrial 
HVAC equipment (chillers, AHU, rooftops, cooling 
towers and evaporative condensers) and systems 
using these components.

— Past chair of the ASHRAE Conferences and 
Exposition Committee (CEC) and TC 8.2, Centrifugal 
Machines, and  a recipient of the ASHRAE 
distinguished service award.  He is currently an active 
AHRI and ASHRAE member.



©2022 Daikin Applied  

AGENDA

› Background
› Regulatory update
› Recap – What are the alternatives?
› Market activity
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Evolution of Refrigerants

High ODP & 
Very High GWP

CFCs & HCFCs Zero ODP & Lower 
GWP HFCs & 

HFOs
Kigali Amendment to 
Montreal Protocol

High GWP

Zero ODP HFCs



+
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REGULATORY UPDATE

› Recent US Action

› California Activity

› Canada
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LOW GWP REFRIGERANTS – US FEDERAL ACTION

› The AIM Act (American Innovation and 
Manufacturing Act) is now law, included within 
the December 2020 Omnibus spending bill

› Gives EPA authority to phasedown HFCs roughly 
aligned with Kigali Amendment to Montreal 
Protocol
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LOW GWP REFRIGERANTS – US FEDERAL ACTION

https://www.epa.gov/climate-hfcs-reduction/phasedown-hydrofluorocarbons-hfcs-issuing-allowance-allocations
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LOW GWP REFRIGERANTS – US FEDERAL ACTION

› Law required EPA to establish the phase-down 
program and allocate allowances for production 
and consumption by Oct 1, 2021 - Complete

› Environment groups have petitioned to reinstate 
SNAP Rules 20 & 21

— Rule 21 would ban use of R134a and R410A in 
new chillers January 1, 2024

— Rule 20 addresses aerosols, foams and MAC 
(mobile AC, i.e. automobiles)
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› Allowances 
issued October 1, 
2021 for 2022
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THE AIM ACT

Does not go to zero!

15% remaining allocation

40%

70%
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KIGALI AMENDMENT TO THE MONTREAL PROTOCOL
› In October 2016 a multi-

national agreement was 
reached in Kigali, Rwanda 
to phase down HFCs by 
85% between now and 
2047

› Based an AR4 GWP 
values*

› Phase down will be done 
on a GWP weighted basis

— Eliminating higher 
GWP HFCs such 
as R404A 
(GWP=3940) will 
have more of an 
impact than 
reductions in 
R134a 
(GWP=1300)

https://www.unido.org/sites/default/files/files/2020-04/UNIDO-brochure_HFC-Phase_Down-Complete.pdf
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LOW GWP REFRIGERANTS – CALIFORNIA

› California Air Resource Board (December 10, 2020 meeting) voted to approve 
the staff proposal on its HFC regulation. Key provisions:

— GWP 750 ban
– Room AC and dehumidifiers: January 1, 2023
– VRF: January 1, 2026
– Other AC equipment: January 1, 2025
– Chillers: January 1, 2024

— Refrigerant Recovery, Recycle, and Reuse (R4) Program
– 10% use of reclaimed refrigerant by AC manufacturers for 2023 and 2024 shipments into 

CA
– Early action credit for low GWP refrigerant use

– Reclaim rulemaking in 2021. Likely excludes chillers and could source reclaim 
nationwide, but all TBD
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CANADA & MEXICO HAVE
RATIFIED THE
KIGALI AGREEMENT

September 2021: 125 Countries Ratified
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RELEVANT CANADIAN REGULATIONS, STANDARDS, CODES

› Environment and Climate Change Canada
— Chillers less than 750 GWP by Jan, 2025
— No regulations yet for direct HVAC systems

› B52 standard and certification to CSA 22.2 No. 
60335-2-40 3rd Edition permits A2Ls restricts to 
certain charge limits

High probability Canada will follow USA with HFC 
phasedown regulations, B52 will be revised in 

2022, and provincial building codes will fall in line
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GWP IS NOT THE FULL MEASURE OF EMISSIONS

– Majority of climate impact from HVAC is electrical power generation over equipment lifetime

– A lower GWP refrigerant with lower efficiency could actually create more global warming!

Direct 
Effect from 
Chemical

Indirect Effect 
from Energy 

Use

Life Cycle 
Climate 

Performance
(LCCP)

Source: Zhang M., et al. 2011. “Life Cycle Climate Performance Model for Residential Heat Pump Systems.” AHRTI Report 09003-01 
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CO2 EQ. EMISSIONS MOSTLY FROM ELECTRICITY CONSUMPTION

Projected lifetime Residential AC & HP CO2 Eq. Emissions in USA
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WHAT ARE THE ALTERNATIVES?
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BASICS

› Refrigerant number 
designations

› Toxicity – A or B

› Flammability – 1 thru 3

ASHRAE Standard 34
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› Toxicity – ASHRAE  34
 A (lower toxicity) or
 B (higher toxicity)

› Flammability - ASHRAE  
34
 1 (no flame propagation)
 2L (lower flammability) -

effect of ignition is not so 
large, and typically 
difficult to ignite

 2 (lower flammability)
 3 (higher flammability)

ASHRAE 34-2019

Work underway to recognize 2L category in North America building codes

ASHRAE Standard 34-2016 Addendum g
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CODE ADOPTION PROCESS OF NEW REFRIGERANTS
             

2016  2017 2018 2019 2020 2021 2022+

ASHRAE 
Standard 34

Designation 
and Safety 

Classification

EPA SNAP 
Approval

Significant New 
Alternatives 

Policy Program

Safety Standards
- Refrigeration 

Systems:  ASHRAE 
Standard 15

- Equipment:  Relevant 
UL/EN/ISO Standards

Model 
Building 
Codes

State and 
Local 
Codes

UMC (2021) failed…Cali to legislate 
changes to their codes
IMC (2021) references ASHRAE 15 & 
need for UL listing

Ready

Ready

UMC, Uniform Mechanical Code
IMC/IRC, International Mechanical Code/International Residential Code

Outdoor chillers, can use A2Ls already 
WA state has revised codes to permit A2L
Canada has revised their National Code
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BASICS – FLAMMABILITY AND TOXICITY

I n
c r
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Safety Group

Higher 
Flammability

A3 B3

A2 B2

A2L B2L

No Flame 
Propogation

A1 B1In
cr

ea
s in

g 
F l
a m

m
ab

i li
ty

Lower 
Flammmability

Increasing Toxicity

Propane (R290)

Ammonia (R717)

R123R134a
R410A
R22
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BASICS – FLAMMABILITY AND TOXICITY

A2L B2L

A1 B1

Ammonia (R717)

R123R134a
R410A
R22

HFO1234yf
HFO1234ze

HFO1233zd

R513A
R515A
R515B
R450A

New equipment alternative to 
R123
-Higher pressure => ASME/CRN 
vessels

HFO/HFC blends
targeting R134a

R32

Good R410A Alternative 
Being used globally
Basis of 410A (with 
R125)

R452B
R454B

R466A

R410A 
Alternatives 
(49-69% R32 
Blends)

R134a Alternatives
1234yf replacing R134a in auto AC

Retro-fit 
alternative 
for current 
R123 
designs

R514A

Lower Toxicity Higher Toxicity

Nonflammable

Slightly
Flammable

Blends => 400 and 
500 series, capital 
letters at end

Pure Ref. => Lower 
case or no ending 
letters
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R134A ALTERNATIVES

R134a1234ze R515B R513A R1234yf

LCCP：Life Cycle Climate Performance, LCA: Life Cycle Analysis

Refrigerant
ASHRAE 34 
Classification

GWP100 

(AR5)
Composition Efficiency Capacity

R134a A1 1300
R513A A1 572 44% R134a / 56% R1234yf
R515A A1 392 88% R1234ze / 12% R227ea
R515B A1 292 91.1% R1234ze / 8.90% R227ea
R1234yf A2L 1
R1234ze A2L 1

R134a is the best choice today for A1 applications

R1234ze is the best long-term choice
 Requires new compressors and code changes
 R515 is the non-flammable option for R1234ze
 Lower GWP and better efficiency than R513A
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WHAT ABOUT NON-FLAMMABLE NO FLAME PROPAGATION R513A?

› Less efficient than 
R134a

› More expensive
› 44% R134a with 573 

GWP
› Achieves goal of 

lower GWP than 
R134a but may not 
have lower climate 
impact
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R134A AVAILABILITY

› Likely will be more R134a 
available for servicing in 20 
years than R513A

› HFC phase-down does not go 
to zero

› Large reclaim / recycle market
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R515B AND R1234ZE
› European products have 

been for sale with R1234ze 
already

— In most cases as a drop-
in to existing R134a 
designs

— R515B (91% R1234ze) is 
very similar to R1234ze 
from a performance 
standpoint

— GWP goes from 1 to 292 
but is now a non-
flammable refrigerant
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MARKET ACTIVITY

32
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LOW PRESSURE CENTRIFUGAL CHILLERS

Refrigerant
ASHRAE 34 
Classification

GWP100 (AR5) Composition Efficiency Capacity Toxicity

R123 B1 77
R1233zd A1 1
R514A B1 ~2 74.7% R1336mzz/ 25.3% R1130

LCCP：Life Cycle Climate Performance, LCA: Life Cycle Analysis

R123 R514AR1233zd

R1233zd available now. Will be the most used low-pressure refrigerant
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Refrigerant
ASHRAE 34 
Classification

GWP100 

(AR5)
Composition Efficiency Capacity

R410A A1 1924 50% R32 / 50% R125
R32 A2L 677

R454B A2L 466 68.9% R32 /31.1% R1234yf
R466A A1 697 49% R32 /39.5% CF3I /11.5% R125

R410A ALTERNATIVES

R-410A R-454BR-32 R-466A

R410A is the best choice today for A1 applications
 R466 under evaluation for new designs as well

R32 appears to be the best long-term choice
 Requires new compressors and code changes
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REFRIGERANT SUMMARY

Refrigerant
ASHRAE 34 

Classification
GWP100 

(AR5)
Glide 
(°F)

Composition

R134a A1 1300 0.0
R513A A1 572 0.0 44% R134a / 56% R1234yf
R1234ze A2L 1 0.0
R515A A1 392 0.0 88% R1234ze / 12% R227ea
R515B A1 292 0.0 91.1% R1234ze / 8.90% R227ea
R450A A1 547 1.2 42% R134a / 58% R1234ze
R1234yf A2L 1 0.0
R410A A1 1924 0.2 50% R32 / 50% R125
R32 A2L 677 0.0

R452B A2L 675 2.1 67% R32 /26% R1234yf / 7% R125
R454B A2L 466 2.4 68.9% R32 /31.1% R1234yf
R466A A1 697 2.7 49% R32 /39.5% CF3I /11.5% R125
R1233zd A1 1 0.0
R514A B1 ~2 0.0 74.7% R1336mzz/ 25.3% R1130
R125 A1 3170 0.0
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MARKET ACTIVITY

36
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MARKET ACTIONS – REFRIGERANTS

› R32 use continues to grow
› New centrifugal chiller introductions 

using R1233zd
› Increasing use of R1234ze in Europe

— Both screws and centrifugals
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SUMMARY

› What are the best choices for new equipment 
today?
— R134a, 410A and R1233zd

› Refrigerant alternatives should focus on:
— Efficiency and containment 

› As codes and testing are completed for 2L
refrigerants, R32 and 1234ze will offer more 
solutions



QUESTIONS?
Bill Dietrich

Dakin Applied
william.dietrich@daikinapplied.com


