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Discussion Topics

�Regulatory and legislative landscape

�Refrigerant safety standards and building codes

�Evaluation of refrigerant alternatives

�The role of efficiency in environmental impact

�The economics of refrigerant choice
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Today’s climate change concerns play out differently than yesterday’s 
ozone depletion concerns

Today: Climate Change
Complex & uncertain refrigerant transition

1990’s: Ozone Depletion
Successful and orderly refrigerant transition

Primarily exported 
technologies from West 

& Japan

Globally 
diverse

Causality was direct and 
science understood

HFCs small part of a 
much larger problem.  
Climate science is 
complex less and 
understood.

Universally ratified 
global treaty

Regional 
regulations

Ozone depletion 
concerns lead to 
international 
regulatory action

Global warming 
concerns leads to 
regional regulatory 
action

Energy efficiency is the dominant environmental imp act over the life of equipment 
and refrigerant choice cannot be at the cost of eff iciency.
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The mandated HCFC phase-out schedule is proceeding per plan and 
prohibits new equipment using R-22 and R-123 after Dec. 31, 2019.

Source:  U.S. EPA
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Eliminating ozone depleting CFCs and HCFCs has had a tremendous 
benefit to reducing greenhouse gases.

88% reduction
in equiv. CO2
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Methane
8%

Nitrous Oxide
5%

PFCs, SF6, 
HFC-12

1%HFCs
2%

CO2
84%

Total greenhouse gases (GHG) assuming all gases vented to atmosphere (100% leakage)

Source: U.S. EPA

How much of the problem are HFCs?



09142016 4

7

HFC Emissions from Refrigeration and Air Conditioning

Source: U.S. EPA, Global Mitigation of Non-CO2 Greenhouse gases: 2010-2030.  
September 2013, EPA-430-R-13-011 
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European Union (EU) F-gas regulation effects greenhouse 
gases, efficiency & renewable, but lacks global support.

Stationary air conditioning is not directly affecte d

Baseline 
CO2
Emissions

0%

20%

40%

60%

80%

100%

1 3 5 7 9 11 13 15 17 19 21

* F-gas is abbreviated to refer to greenhouse gases with fluorine in them

Minimal to no impact 
on stationary HVAC

Small Charge Systems (Charge <3Kg )
Switch over to low GWP (<750)

Commercial Refrigeration
Eliminate high GWP emissions
(R404A & 507)

Mobile AC
R134a � R1234yf or CO2

Stationary HVAC, chillers, etc.
Focus is on operation, 
maintenance & containment
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Japanese HFC Regulation encompass the entire life-cycle of 
the product including maintenance and decommissioning.

New regulation encompasses the whole life-cycle of Equipment

� Phase down in the production of HFCs (managed phase-down to prevent price hike)

� Promote the use of low GWP products (sector-based approach)

� Requirements for Leak Prevention

� Requirements for Recycling and Destruction at end of life.

Overall Target is 50% reduction in CO2-eq by 2025

Regulation became effective April 2015
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The EPA SNAP program is often misunderstood 
given the new interpretation of the EPAs scope.

What SNAP does:

� Is an approval or disapproval of the use specific fluids, subject to 
conditions(i.e. specific applications, charge amounts, safety standards)

� Evaluates substances based on atmospheric effects, related health and 
environmental benefits, ecosystem risks, consumer risks, flammability, and 
costs and availability of substitutes. 

What SNAP does NOT do:

� It does not establish GWP limits.  Each fluid is evaluated on all criteria, 
individually.

� It does not limit the production, import, or export of refrigerants.

� It does not affect the servicing of existing equipment, only new production.

� It does not “pick” winning technologies.
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Refrigerant Safety Standards
and 

Building Codes
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� Designation and Safety Classification of Refrigerants ANSI/ASHRAE Standard 34

� Historical  classification has included 6 safety groups, with three flammability groups

� Recently added was an optional flammability classification of 2L

ASHRAE and ISO standards have added a mildly flammable refrigerant classification to 
distinguish low GWP refrigerants that are difficult to ignite and sustain a flame vs. more 
flammable types.
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propagation
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Many Low-GWP alternatives are A2L, mildly flammable
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A2L: R32, R1234yf, R1234ze
B2L: R717
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Safety:  Implications for product design and service

� Toxicity:
� Higher toxicity of some alternatives requires special building and system 

design considerations, plus operational life-safety equipment, practices 
and training

� Flammability
� Flammability has significant implications on product costs, building 

safety measures and operational costs and risk

� Compliance to equipment room and product safety codes including 
explosion proof wiring and electrical components, motors and drives; 
equipment room ventilation and risk associated with poor maintenance

� Implication to Service
� Training of technicians on safe use flammable refrigerants.

� Cost of additional equipment an compliance with transportation 
regulations.

� Regional variation in technician capability and requirements

14

Top Priority Research Projects on Flammable Refrigerants

29 projects were identified as desired with 15 projects as high priority and 14 
projects as lower priority

7 top priority projects were identified based on limited funding

Current funding commitments are $5.8 million from industry and government

Possible Additional Partners:

� China

� European Union

� Japan

Industry and Government Joint Effort to Fund Essential Research into 
the Safe Use of A2L, A2, and A3 Refrigerants

Council on Environmental Quality
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Historically, the code change process took a long time to process 
through changes.

State/Local 
Gov’t

Local adoption of 
building codes

Law
Local adoption of 

building codes

Enforcement
Local adoption of 

building codes

Enforcement
Local adoption of 

building codes

UMC, IBC
Building codes

IBC, GB, CE
Building codes

ASHRAE 34
Refrigerant Safety 

Classification

ISO 817
GB/T 7778

Refrigerant Safety 
Classification

ASHRAE 15
Safe design, 
construction, 
installation & 

operation

ISO 5149
GB 9237

Design, construction, 
installation & 

operation

Industry has greatest Influence Govt. has greatest Influence

Changes to standards historically take a long time for local adoption.  This needs to 
change through cooperation between industry and gov ernment.

16

Example Continued - Code Change Cycles
� Class 2L refrigerants and safety requirements were not added to the U.S. 2015 building 

codes, next opportunity is the 2018 edition
� Adoption & effective date by individual states or localities will be at different times
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Progress on allowing A2L refrigerants for HVAC in U.S. codes and 
standards

Equipment
Est. 

Timing

Outdoor 
Chillers

UL Listing - No UL listing is currently available since UL 1995 does not address 
flammable refrigerants. but UL 60335-2-40 (2nd Edition), which provides compliance with 
UL 1995, is on track to allow Class A2L refrigerants. 

2016

ASHRAE 15 is silent on flammable refrigerants in indirect systems (e.g. chillers) outside 
mechanical rooms.

Complete

Model codes already require compliance with UL 1995 and ASHRAE 15 Complete

State codes already reference UL 1995 and ASHRAE 15. Complete

Chillers in 
Mechanical 
Rooms

UL Listing - UL 60335-2-40 (2nd Ed.) to enable A2L refrigerants in indirect systems 2016

ASHRAE 15 to include requirements for use of A2L refrigerants 2017

Model codes to adopt updated A2L provisions from ASHRAE 15 2021 

State codes to reference updated A2L provisions in the 2021 model codes TBD

Unitary  and 
Residential

UL Listing - UL 60335- 2-40 (3rd Edition) to enable A2L refrigerants in direct systems 2017

ASHRAE 15 to include requirements for use of A2L refrigerants 2017

Model codes to adopt updated A2L provisions from ASHRAE 15 2021

State codes to reference updated A2L provisions in the 2021 model codes TBD

Evaluation of Refrigerant 

Alternatives
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The application range of compression technology has evolved 
considerably over time.

20

Picking a chiller based on refrigerant alone can result in unintended 
consequences and risks for the owner and the environment

� Safety code compliance 
� Operator training
� Insurance cost
� Reliability
� Legal risk
� Stability

� Efficiency
� Capacity 
� Low GWP

� Availability
� Cost of ownership
� Customer preference
� Intellectual property
� Regulatory certainty
� Other industry uses
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What are the refrigerant options?

Medium pressure
(centrifugal & screw chillers)

High pressure
(scroll chillers)

Low pressure
(centrifugal chillers)

� Biggest Concern: 
flammability

� Cost and availability 
questions

� All are flammable

� Examples: R-32, DR-55

� Biggest Concerns: 
performance & cost

� Most widely used 
refrigerant for screw & 
centrifugal chillers

� Non-flammable and 
flammable options exist

� Examples: R-134a, 
R-513A, R-1234ze

� Biggest Concerns: long-
term stability & larger 
components

� R-123 alternative pressures 
are too high, or lose 
capacity

� Non-flammable options
� Lower and higher toxicity 

options

� Examples: 
R-1233zd, R-1336mzz, 
R-514A

*  Examples are representative list and not comprehensive list of options for each category

22

Trade offs in system design exist between low and medium pressure 
refrigerants. Lower pressure drives equipment size to larger components.
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Low-GWP alternatives for R-134a in screw chillers require optimization 
of components to offset efficiency & capacity loss.

24

Low-GWP alternatives for R-410A are flammable and require equipment 
and building design changes, in addition to codes and standards revisions.
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Efficiency’s plays a greater role 
on carbon footprint than GWP.

26

The majority of a chiller’s greenhouse gas emissions are from the use 
phase due to energy consumption

Manufacturing

Transportation

Energy consumption

Maintenance

End of life

Choices made in 
the design phase 
have long-lasting 
consequences
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Greenhouse gas emissions or carbon footprint can be evaluated based 
on its equipment life-cycle climate performance

TOTAL equivalent 
greenhouse gas 
emissions

Leakage of 
refrigerant over 
the life of the 
equipment
(direct impact)

Energy 
consumption 
driven by burning 
of fossil fuels
(indirect impact)

+ =

� Annual kWh used
� CO2 emissions / 

kWh generated

� Leaks
� Escape during service
� Refrigerant not 

recovered at end-of-life

>95% <5%

28

What has the greatest impact on the environment? refrigerant GWP or 
emissions from energy use?

� Most electricity is produced by burning fossil fuels

Global greenhouse gas emissions
(Source:  US EPA)
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1% improvement 
on chiller efficiency

63% refrigerant 
GWP reduction 
vs. R-134a

=

1.6% improvement 
on chiller efficiency

Off-sets R-134a 
direct emissions 
completely

=

How does all of this affect 
cost of ownership?
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New refrigerants are likely to settle around 4-6x the current refrigerant 
costs, subject to adoption and demand.

4-6x

6-20x
Quoted range

Estimated range

32

Without optimizing technology for a specific refrigerant, the impact to 
design, component size, and product cost can be significant.

NOTE:  equipment configurations are for the same customer specified performance (capacity and efficiency)
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There are other costs to consider to understand the net economics of 
various choices.

1% improvement 
on chiller efficiency

63% refrigerant 
GWP reduction 
vs. R-134a

=

1.6% improvement 
on chiller efficiency

Off-sets R-134a 
direct emissions 
completely

=
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Refrigerant

Chiller Price Premium

0% 1-15% 15-25% 25-40% 40-50% 50%+

HFC Base Unit Invest in higher chiller & system performance

HFC/HFO 
blend

Not available
Base unit 

performance
Invest in higher chiller 
& system performance

HFO Not available

Select models 
may meet 

base chiller 
performance

Base 
unit chiller 

performance

Invest in 
higher chiller 

& system 
performance

A premium is best invested in improving the chiller and/or building 
system performance instead of paying for a more expensive refrigerant.
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Refrigerant

Selection Criteria

Availability
Environment

(Direct)

Efficiency
(Opex & 
Indirect)

Flammability Cost

HFC*/HFC 
Blends

Readily available 
throughout the 
world in local 
distribution
networks

Much lower GWP 
than CFCs that 
they replaced,
higher than 
alternatives

Highest system 
efficiency

Incumbent 
choices are non-
flammable
(A1)

Lowest refrigerant 
cost and lowest 
cost to operate

HFC/HFO 
Blends

Availability is an 
operating risk.  
Limited 
distribution today 
but expanding Low-GWP

Neutral to 5% 
lower system 
efficiency

Medium Pressure 
Blends are Non-
flammable(A1).  
High Pressure 
blends are 2L

• Refrigerant 5X
or higher than 
base HFC

• Product cost 
15-25% higher

HFO
Availability is an 
operating risk.  
Limited 
distribution today 
but expanding Ultra Low GWP

Neutral to approx.
10% less efficient 
system efficiency

Many medium
and high pressure 
alternatives have 
Flammability
(A2L)

• Refrigerant 5X
or higher than 
base HFC

• Product cost 
20-50% higher

Alternatives can come at a significant premium and do not always provide 
the same benefits

*  Analysis assumes R-134a for a baseline due to its market significance in usage and acceptance.
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Energy consumption over the life 
of the system has a greater impact 
on carbon footprint than refrigerant 
GWP or cycle efficiency.

Lower GWP alternatives can not be 
at cost of safety or system 
efficiency.

1. CFCs and HCFCs are nearing their phase-out.  Regulatory efforts will 
focus on greenhouse gas reductions (CO2 & HFCs).  In the US, new 
chillers will not be impacted for 8 -10 years.  

2. Products using R410A will take time to transition paced by applicable 
safety standards and building codes.

3. HFO and HFO blends may be viable once proven to be safe, cost 
effective, efficient, reliable, and when commercially available.  To 
ensure reliability testing for long-term stability and material 
compatibility is a must.

4. Life-cycle cost and climate performance is more important to carbon 
footprint than refrigerant type.  GWP and refrigerant cycle efficiency 
are only indicators. The optimized system efficiency is what matters. 

5. R134a and R410A are available, efficient, safe, affordable and 
reliable.  They are not subject to bans, and will continue to be 
available for the life of equipment purchased today and beyond.

Bottom Line…


