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A Commitment 
to 
Technology 
and 
Environment…

that is proven 
by time

that you can 
trust

2015    E-series CenTraVac™, first chiller with R-1233zd(E)

2017 CenTraVac™ with low GWP refrigerant R-514A
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Environmental terminology

• ODP – ozone depletion potential – degree to which a 
substance can degrade the ozone layer; all 
measurements relative to a similar mass of CFC-11, 
which is indexed at 1.0.

• GWP – global warming potential – degree to which a 
greenhouse gas (GHG) traps heat in the atmosphere; 
all measurements relative to a similar mass of carbon 
dioxide (CO2), which is indexed at 1.0. The buildup of 
GHGs can cause climate change.
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Environmental terminology

• CFCs – chlorofluorocarbons (e.g. R-11, R-12) – phased out by 
the Montreal Protocol because of their very high ODPs. 
Significant impact on both ozone depletion and global warming 
due to the chlorine and fluorine atoms and very long 
atmospheric lives.

• HCFCs – hydrochlorofluorocarbons (e.g. R-22, R-123) – also 
ozone-depleting substances(ODS), but contribute less to ozone 
depletion and climate change due to shorter atmospheric lives. 
Still in use globally, but have phase-out dates scheduled under 
the Montreal Protocol.

• HFCs – hydrofluorocarbons (e.g. R-134a, R-245fa, R-125, R-
32) – non-ODS, but they do have high GWPs given their 
fluorine content. Currently targeted for global phase down under 
the Montreal Protocol and phase-out by the U.S.A., Canada, 
Japan and other countries for use in certain applications.

NASA Factsheet 2015: 
Ozone Depletion by HFCs

Source: Hurwitz, M. M., et al.  2015. “Ozone depletion by hydrofluorocarbons”, Geophys. Res. 
Lett., 42, 8686–8692, doi:10.1002/2015GL065856.
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Environmental terminology

• Montreal Protocol – international treaty signed in 
1987, originally designed to protect the ozone layer 
by phasing out the production and consumption of 
ODSs. The Kigali Amendment was signed on 15 
October 15 2016,  extending the scope of the 
Montreal Protocol to phase down the global 
production and consumption of HFCs.

Phase out by a Clean List of chemicals in the Annex
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Global environmental regulation

HFC baseline: (2008 - 2010 average)

•A2 = HFC + 85% x HCFC

•A5 = 90% x HCFC

A2: Australia/NZ, Hong Kong, Japan, Taiwan

A5: China, Indonesia, Malaysia, Philippines, Singapore, South Korea, Thailand, Vietnam

HCFC baseline:

•A2 = 2.8% x 1989 CFC+100% x 1989 HCFC

•A5 = (2009 HCFC + 2010 HCFC) / 2
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Technology and development… ver.2017

Years HFC quota reduction 

vs. baseline 2015 (1)

2015 100 %

2016–17 93 %

2018–20 63 %

2021–23 45 %

2024–26 31 %

2027–29 24 %

2030 21 %

(1) Baseline = average consumption    

in 2009-2012

(2) Exempted from the quota 
reduction scheme:

 HFOs, being ultra-low GWP 
HFCs (e.g. R1233zd)

 HFCs pre-charged in products for 
export outside the EU

Europe: F-gas Regulation (2014)
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ODP Weighted Article 5 (Developing) Country
Montreal Protocol HCFC Consumption Cap

2005 2010 2015 2020 2025 2030 2035 2040

32.5% - 2025

2.5% - Service Tail

65% - 2020

90% - 2015

2013 Freeze point
(Was 2016)

2009-2010 Baseline 
established
(Was 2015)

Phase out of HCFC 
use in new equipment 

(was 2040)

Sep07 MP 
Change

No phase out for recycled HCFC

ODP-Tons

Article 5 Group 1 Country*
Montreal Protocol HFC Cap & Reduction
2016  Kigali Amendment 

Metric ton-CO2e (baseline: 2020-2022)
* Original A5 countries

except India, Iran, Iraq,
Pakistan, Gulf countries

2024 Freeze point
(65% HCFC)

2029 Reduction
10%

2040 Reduction
50%

2045 Plateau
80%
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0%

2045

2035 Reduction
30%

Article 2 Country (developed)
Montreal Protocol HFC Cap & Reduction
2016  Kigali Amendment 

2019 Reduction 
(10%)

2024 Reduction 
(40%)

2029 Reduction 
(70%)

2034 Reduction 
(80%)

2036 Plateau
(85%)

To
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 8

5%

No Freeze
(15% HCFC)

Note:
Plateau 
included 
HFC component
in HFO blends

Metric ton-CO2e (baseline: 2011-2013)

85% Global Reduction by 2046
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“These two rules demonstrate the United States’ continued 
leadership in protecting public health and the 
environment,” said EPA Administrator Gina McCarthy. “We 
are reducing emissions of HFCs that are harmful to the 
climate system and showing the world that we can do this 
responsibly and thoughtfully by working with businesses 
and environmental groups. I’m especially excited that we 
have taken these actions ahead of next month’s Montreal 
Protocol negotiations.” 

• Centrifugal Chillers   (Jan 1, 2024)
R-134a, R-410A, R-407C, R-245fa…

• Positive Displacement Chillers   (Jan 1, 2024)
R-134a, R-410A, R-407C, R-245fa…

• Cold Storage Warehouses  (Jan 1, 2023)
• Retail Food Refrigeration  (Jan 1, 2021)
• Household Refrigerators/Freezers  (Jan 1, 2021)

26 September 2016
“…prohibit the manufacture and import of 
certain refrigeration and air conditioning 
products that contain HFCs with a global 
warming potential (GWP) greater than a 
specified value…”

• Stand-alone Med Temp Commercial Refrigeration
(Jan 1, 2020 – GWP > 1400)

• Stand-alone Low Temp Commercial Refrigeration
(Jan 1, 2020 – GWP >1500)

• Centralized Refrigeration
(Jan 1, 2020 – GWP >2200) 

• Chillers – Air conditioning & Refrigeration
(Jan 1, 2025 – GWP >750)

• Domestic Refrigeration
(Jan 1, 2025 – GWP > 150)

• Mobile Refrigeration
(Jan 1, 2025 – GWP > 2200)

Country Specific Plan

North America HFC phase-out dates established

18 October 2017
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Designated products ※ Present refrigerant 
(GWP)

Target value
(GWP)

Target year

Room air-conditioning
R410A(2090)

R32(675)
７５０ ２０１８

Commercial air-conditioning
(for offices and stores)

R410A(2090) ７５０ ２０２０

Condensing unit and refrigerating unit
(for separate type showcases etc.)

R404A(3920)
R410A(2090)
R407C(1774)

CO2(1)

１５００ ２０２５

Cold storage warehouse
（for more than 50000 ㎥）

R404A(3920)
Ammonia (single digit)

１００ ２０１９

Mobile air-conditioner R134a(1430) １５０ ２０２３

Urethane foam
(for House building materials)

HFC-245fa(1030)
HFC-365mfc(795)

１００ ２０２０

Dust blowers
HFC-134a(1430)
HFC-152a(124)
CO2(1), DME(1)

１０ ２０１９

Japan: HFC Reduction Policy



7

Product development for Next-gen low-GWP refrigerant14

• Spent US$2 billion since 2009
• Invest US$5 billion in the next 

10 years

• Phase I: 2011-2013
– Tested 30+ Refrigerants

• Phase II: from 2014
– Testing 20+ More Refrigerants
– High Ambient Testing

Our industry is investing…
Next Generation Refrigerant Development

Product development for Next-gen low-GWP refrigerant15

• Trane Sintesis™ air-cooled chiller
Trane Series R™ water-cooled chiller
- R513A: HFO blend, A1, GWP 573

• Trane CenTraVac™ chiller 
- R1233zd(E): HFO, A1, GWP ~1

- R514A: HFO blend, B1, GWP <2

• Thermo King truck and trailer refrigeration products 
- R452A: HFO blend, A1, GWP 2141

New Portfolio of Products 
New branding for refrigerant-bearing products 
that are designed to lower environmental 
impact with next generation, low global 
warming potential (GWP) refrigerants and high 
efficiency operation
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Market Leadership 
and Convening

$500M in research to promote energy 
efficiency & solve refrigerant gaps via 
innovation, research, testing, policy 

over the next 5 years

Our company is helping to solve some of the 
world’s most pressing challenges – including 
the unsustainable demand for energy resources 
and impact on greenhouse gas emissions. 

UN Headquarters  New York
23 September 2014

50%

Our Products
50% reduction in GHG via: 

1) increased energy-efficient products; 2) use 
of next generation refrigerants with lower 
GWP in refrigerant-based products by 2020

Our Operations
35% GHG reductions in our office 
buildings, manufacturing facilities 

and fleet by 2020

35% $500M

Ingersoll-Rand Commitment
Reducing Greenhouse Gas Emissions

Technology and development of refrigerant for HVAC18

Alternative refrigerants 
available for next gen 
products
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Alternative refrigerants 
available for next gen 
products
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Next Generation Refrigerants

• Unsaturated fluorinated 
fluid:
– Performance characteristics 

similar to HFC/HCFC
– Very short atmospheric life
– GWP vs flammability 

• Commercialized products:
– R1234yf, GWP <1

 Automotive “drop-in”
 Atmospheric life = 14 days
 Slightly flammable (A2L)

– R1234ze(E), GWP <1
 Not a drop-in replacement
 Atmospheric life = 14 days
 Slightly flammable (A2L)

– R1233zd(E), GWP ~1
 Foam blowing
 Atmospheric life = 26 days
 Non-flammable (A1)

– R1336mzz(Z), GWP 8.9
 Foam expansion
 Atmospheric life = 24 days
 Non-flammable (A1)
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Refrigerant Number

ASHRAE Standard 34

• 000 Series Methane Based, e.g. R-11, -12, -22, -32

• 100 Series Ethane Based, e.g. R-123, -125, -134a, 

• 200 Series Propane Based, e.g. R-227ea, -245fa, -290

• 300 Series Cyclic Organic Compounds

• 400 Series Zeotrope, e.g. R-404A, -410A, -452A, -452B

• 500 Series Azeotrope, e.g. R-513A, -514A, -515A

• 600 Series Organic Compounds, e.g. R-600

• 700 Series Inorganic Compounds, e.g. R-717, -744

• 1000 Series Unsaturated Organic Compounds, e.g. R-
1234yf, -1234ze(E), -1233zd(E), -1336mzz(Z), -1130(E)

Technology and development of refrigerant for HVAC21

Major Product Categories

• Scroll and reciprocating compressors
– Smaller equipment, 100 tons and below

• Screw compressors
– Medium size equipment, 100-450 tons

– Used on medium and large commercial applications

• Centrifugal Compressors
– Large equipment, 300+ tons

– Used on large commercial/industrial properties

Application Considerations
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Scroll and Recip Compressors

Current Offering

• R-22
– GWP 1810

– ODP 0.055

– Non-flammable

• R-410A
– GWP 2100

– Non-flammable

Next Generation

• R-452B (HFO blend)
– GWP 676

– R410A “drop-in”

– 2L, BV 3.0 cm/s, MIE 200 mJ

• R-32
– GWP 675

– New design

– 2L, BV 6.7 cm/s, MIE 29 mJ

• R-290
– GWP ~3

– New design

– Highly flammable 

-

Comments:
- Cost sensitive segment
- No non-flammable 

alternative, safety concerns
- GWP level consensus

Application Considerations
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Screw Compressors

Current Offering

• R-22
– GWP 1810

– ODP 0.055

– Non-flammable

• R-134a
– GWP 1430

– Non-flammable

Next Generation

• R-513A (HFO blend)
– GWP 573, non-flammable

– Performance similar to R134a

• R-1234ze (medium pressure HFO)
– GWP <1, 2L flammability

– Efficiency same as R134a

– Capacity loss 10~20%

• R-1234yf (medium pressure HFO)
– GWP <1, 2L flammability

– Efficiency loss 4%

– Same capacity as R134a

Comments:
- Low GWP option with 

flammability concerns
- Higher GWP easy transition

Application Considerations
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Centrifugal Compressors

Current Offering

• R-123
– GWP 77

– ODP 0.02

– Non-flammable

• R-134a
– GWP 1430

– Non-flammable

Next Generation 

• R-514A (low pressure HFO 
blend)
– GWP <2, non-flammable

– Performance similar to R123

• R-1233zd (low pressure HFO)
– GWP 1, non-flammable

– 10% more efficient than R134a

• R-1234ze
– GWP <1, 2L flammability

– Efficiency same as R134a

– Capacity loss 10~20%

Comments:
- Most efficient market 

segment
- Widespread options by 2020

Application Considerations

Technology and development of refrigerant for HVAC25

Efficiency impacted by Refrigerant Choice…
Centrifugal & Screw Chillers in particular

Past FuturePresent
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• ASHRAE 2L Flammability Class
– Created in 2010
– “Difficult to Ignite & Sustain”
– Key for Many New Refrigerants

• Current 2L Refrigerants:
– R-1234yf
– R-1234ze(E)
– R-32
– R-717 (Ammonia)

• 2L Definition Being Evaluated
– Not all 2L fluids are created equally
– Burning Velocities of R-32/R-717 higher 

than the proposed limit of <5 cm/s

Refrigerant Flammability

Technology and development of refrigerant for HVAC30

People can be very creative!  

Refrigerant Flammability

People smoke in these!

Installation/application can be uncontrollable…

Follow safety standards: 1. IEC 60335-2-40 

2. ISO 5149 

3. UL 484 

4. ASHRAE 34  

5. GB 9237 
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• ASHRAE 34 Classification
– Class A: OEL ≥ 400 ppm
– Class B: OEL < 400 ppm
– OEL: repeatedly exposed without 

adverse effect throughout lifetime (8-
hour workday, 40-hour workweek)

• ASHRAE 34 added
– Highly toxic: LC50 ≤200 ppm
– Toxic: 200< LC50 ≤2000 ppm
– Neither: lesser toxicity than either of 

those groups

• ASHRAE 15 – ALL refrigerants
– Leak detector  
– Alarm in and outside equipment room
– Mechanical ventilation

Refrigerant Toxicity

Technology and development of refrigerant for HVAC33

Refrigerant Toxicity

Source: ASHRAE Standard 34-2016
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Safety Risk with refrigerants 
-- Asphyxiation, not Toxicity
Safety Risk with refrigerants 
-- Asphyxiation, not Toxicity
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Refrigerant Toxicity

Common 
Refrigerant

High Side 
Pressure 

(psig)

Discharge 
Time 

(minutes)

Offline 
Chiller 
(psig)

Discharge 
Time 

(minutes)

Low Side 
Pressure 

(psig)

Discharge 
Time 

(minutes)

R-11 8.8 22 -0.8 Never -8.0 Never

R-123 6.1 25 -2.8 Never -9.2 Never

R-12 117.2 4 72.8 9 35.2 11
R-134a 124.1 5 74.1 7 33.1 13
R-22 195.9 3 125.7 4 65.6 8
R-410A 316.6 2 207.1 3 114.0 5

For a Chiller With a 1” Hole, How Long Would it Take to Discharge 
50% of the Refrigerant into the Equipment Room?
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Refrigerant Toxicity

Refrigerant ASHRAE 34 OEL, 
ppm

Normal Boiling 
Point, °C

R-514A B1
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320 29.0

R-123 B1 50 27.0

R-1233zd A1 800 18.1

R-134a A1 1000 -26.0

R-513A A1 650 -29.2

R-1234ze A2L 800 -19.0

R-410A A1 1000 -51.6

R-32 A2L 1000 -52.0

R-452B A2L 870 -51.0
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Technology and development of refrigerant for HVAC37

Refrigerant Toxicity
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* All measured sites are Trane R-123 centrifugal chillers

WEEL

45

40

35

30

25

20

15

10

5

0
Operational Service Transfer Leaks

50
WEEL

45

40

35

30

25

20

15

10

5

0
Operational Service Transfer Leaks

50

T
yp

ic
a

l S
e

rv
ic

e
 E

xp
o

su
re

s 
L

e
ve

ls
 

Very Unlikely
To Reach the
Toxicity Limit

Open
leaking
drum



9

Technology and development of refrigerant for HVAC38

• R-123, R-134a, R-410A… are giving way to the next 
generation refrigerants R-1233zd, R-514A, R-513A, etc. 
And more being commercialized before 2020

• Refrigerant must be safe for HVAC application
Consider both flammability and toxicity

• Sustainable throughout product lifetime
Lifetime investment, carbon emission, 
refrigerant availability, etc.

Closing Remarks
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