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Environmental Drivers Affecting Industry
ÅOzone Depletion Effect

ïProtective Ozone Layer Damaged By Chlorine & Bromine 
Gases

ïMontreal Protocol In September 16, 1987 

ÅBans CFCs

ÅHCFC R22 Elimination

ÅClimate Change Effect

ïñGreenhouse Gasesò Contribute To Global Warming Is 
Theory

ïKyoto Protocol (1997) Aims To Curb All Greenhouse Gases

ïMost Refrigerants In Use Today Are Classified As 
Greenhouse Gases
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Ozone Depletion & Montreal Protocol

* All Reference Material Sourced From:

Montreal Protocol Agreement For Reducing 
ODP Refrigerants:  R-22 Phase-Out Timeline
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AHRI Sponsored Research - Alternative 
Refrigerant Evaluation Program (AREP)

Alternative Refrigerants Evaluation Program (AREP)

Compressor Calorimeter And System Drop In Tests With R-22 Alternatives

By David S Godwin, Air-Conditioning & Refrigeration Institute (now AHRI)

18 March 1994

ÅAREP Results Led To Selection Of R134a, R404A,  

R407C & R410A In Various Applications

ÅHigher Pressure Refrigerants Like R410A Performed 

Better In Actual Systems; Adoption In Efficiency 

Regulated AC Applications Grew In US/Europe
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Global Warming & Impact Of HFCs

Greenhouse Effect & Global Warming 
Concerns

What Is The Effect Of HFCs On Global Warming?
CO2 Equivalent

CO2

Methane

N2O

HFCs 

PFCS, & SF6

Source:  Environmental Protection Agency, U.S. Greenhouse Gas Emissions & Sinks:  1990-2002

Less Than 2% Of Greenhouse Gas 

Emissions From HFCs

(Adjusting These Gases To CO2

Equivalent Warming Impact)
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HFCs Direct Effect (Emission) Is Small

Indirect Effect Is Large Due To 

Impact On Energy Efficiency

10% Of Global Carbon Emissions (And Energy Use) 

Due To Refrigeration, A/C And Heat Pumps 
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High GWP HFCs Coming Under Pressure To 
Be ñPhased-Downò Or ñEliminatedò

(Developing Nations)

Efforts To Make NAP Part Of Montreal Protocol Continue ï

Over 91 Countries Signed On So Far

North American Proposal For Consumption Phase-Down Of HFCsô GWP
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Global Warming Potential (GWP) & Values 
For Some Refrigerants (IPCC-AR4 Report)

Reference:  http://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-chapter2.pdf

ÅMeasure Of How Much Given Mass 
Of Greenhouse Gas Is Estimated To 
Contribute To Global Warming

ÅRelative Scale, Compares Gas To 
Same Mass Of Carbon Dioxide 
(Whose GWP By Convention Is 1)

ÅGWP Is Calculated Over A Specific 
Time Interval, Typically 100 Years

ÅIntergovernmental Panel On Climate 
Change (IPCC), A UN Body Issues 
Reports That, Among Other Things, 
Updates The GWP Values For 
Various Global Warming Gases

ï Latest Report Is Assessment 
Report 4 (AR4), 2007

GWP ïIs Important But Not The Only Measure Of Environmental Impact!
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Refrigerants Should Be Measured On Life 
Cycle Performance ïTEWI Or LCCP

= +

10% 

Global Warming 

Impact Refrigerant 
Leakage

Energy
Consumption

ÅLeak During Life
ÅEnd Of Life Recovery Leak
ÅLeak During Production

ÅEnergy Used During Life
ÅSource Of Energy
ÅEmbodied Energy Of All

Material Used For Manf.
Of Fluid

Adding This Makes It Life Cycle 
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Direct
Global

Warming

Indirect
Global
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Life Cycle Performance: Typical Low Charge Systems
(AC, Heat Pump, Reach-In, Walk-In, Transport Applications)

2 - 5% Direct Warming Impact 

(Refrigerant Leakage)

95 - 98%

Indirect Warming Impact

(Energy Consumption)

For Hermetic Systems, Global Warming Is An Efficiency Issue*

(Therefore, Future Refrigerants Must Be Equal Or Higher Efficiency)

* Simple Analysis To Show Relative Impact Only; Not Based On Field Data 9
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Life Cycle Performance: Typical Large Refrigeration 
Systems

10* Simple Analysis To Show Relative Impact Only; Not Based On Field Data

60% Direct Warming 
Impact (Refrigerant 

Leakage)
40%

Indirect Warming Impact
(Energy Consumption)

Example Analysis For A 3000 lb,  R404A System With 
20% Annual Leak, Medium & Low Temperature*

30% Direct Warming 
Impact (Refrigerant 

Leakage)

40%
Indirect Warming Impact
(Energy Consumption)

1.  Reduce Refrigerant Leak To 10% Per Year*

Eliminate 30% Of 
Global Warming Impact

15% Direct Warming 
Impact (Refrigerant 

Leakage)

40% Indirect Warming Impact
(Energy Consumption)

Eliminate 45% Of Global 
Warming Impact

2.  Reduce Refrigerant Leak To 10% Per Year & 
Reduce Refrigerant GWP By 50%*

5% Direct Warming Impact 
(Refrigerant Leakage)

Eliminate 55% Of 
Global Warming Impact

Reduce Direct Impact 
By 92%

3.  Reduce Refrigerant Leak To 10% Per Year, 
Refrigerant GWP By 50%, And Reduce Charge By 65%*

40% Indirect Warming Impact
(Energy Consumption)

For Large Systems, Global Warming Becomes An Efficiency Issue If Charge/Leaks Are Reduced
(Therefore, Future Refrigerants Must Be Equal Or Higher Efficiency)
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Emerging Low GWP Candidates

New ñReplacement

Refsò
New LGWP Refs

ñFor OEM Useò

R-410A-Like

Capacity

R404A-Like

R407-Like

R22-Like

R134a-Like

GWP Level

A2L

400-675

A2L

4-6

A1

< 1500

A1

~600

A2L
150-300

R32

DP: DR7

HWL: L40, L20

HFO 1234yf

HFO 1234ze

Source : Papers by DuPont, Honeywell, Daikin,
Panasonic, Mitsubishi Electric
NEDO Symposium 2/17/2010 Japan
Purdue Refrigeration Conf July 2010
ASHRAE Jan 2011

R410A

R407C

0 500 1000 1500 2000

Feb 24, 2011: US EPA Approves HFO 1234yf For 

Use In Automobile AC Applications ïNew 

Systems

Todayôs Refs

Pressure

Or

DP: ?

HWL: N20, N40

DP: DR5

HWL: L41

DP: XP10

HWL: N13 R134a

R290

(A3)

R407A

Current

Applications

Unitary A/C

Small Chillers

(OEM/Service?)

Refrigeration

(OEM/Service?)

AC Service?

Large Chillers

Refrigeration

Mobile

(OEM/Service?)

A1 ïNon Flammable

A2L ïMildly Flammable

A3 ïFlammable

CO2

R404A

²ƘŀǘŜǾŜǊ ¢ƘŜ wŜƎǳƭŀǘƛƻƴΣ [ƻǿ D²t wŜŦǊƛƎŜǊŀƴǘǎ ²ƛƭƭ .Ŝ bŜŜŘŜŘ Lƴ CǳǘǳǊŜΧ
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Holistic Approach To Refrigerant Selection

Safety

Toxicity

Stratospheric

Ozone

Physical

Properties

Technology

Changes

Environment

Performance

Flammability

GWP

&

(TEWI/LCCP)

Energy

(Annual/Peak)

Capacity

Total

Cost

(Montreal Protocol)

Economics

Integrated Analysis

Leading To The Selection Of The Best Refrigerant

* Key Hurdles

*

*

1

2

3

Review Topics In This Orderéé
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Search For Lower GWP Refrigerants ï
Performance Evaluation Steps
ÅFive Basic Steps In Performance Evaluation:

1. Compare Saturation Pressure ïTemperature (P-T) Data

2. Perform Simple Thermodynamic Analysis

3. Perform Analysis (Performance/TEWI) Including System Effects

1. Pressure Drop

2. Heat Transfer

3. Discharge Temperature Effects (Additional Cooling)

4. High Condensing, Low Condensing Temperatures

5. Annual & Peak Power Consumption

4. Perform ñDrop-Inò System Tests/TEWI Analysis

5. Perform ñSoft-Optimizedò System Tests/TEWI Analysis

6. Continue To Optimize & Improve System Performance

Decision After Step 2 Without Step 3 Could Be Erroneousé!
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Difference Between Simple Thermodynamic 
Analysis & System Analysis
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Baseline R22, AC System

System Effects Can Have Significant Effect On Performance Of Refrigerant

Pressure Drop & Heat 

Transfer Properties 

Affect Refrigerant Side 

Performance In System
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Esample: System Effects 
In Refrigerants Analysis

ÅCavallini et al Propose A 

ñPenalty Factorò (PF) For 

Analytical Consideration Of 

System Effects

ÅPF = Pressure Drop Impact + 

Heat Transfer Impact

ÅLower PF Is Better For System 

Performance

ÅPF Leads To ñTwo Temperature 

Penaltyò (TTP) Term For 

Refrigerant Side 

ÅTTP = Pr Drop Temperature 

Effect + Heat Transfer 

Temperature Effect
Condenser Example, TTP For:

R32 = 1.37K; R410A = 1.83K; R134a = 3.19K
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Annual & Peak Power Comparison Also 
Important (AC System Example)

Copyright Daikin _ OEWG 31 Montreal 11

17

0.7 1.0 1.3

R 410A

C O 2(*4)

Q18/ )2

R 32(*1)

0123xe rhmfkd')1

R 22

R410A  (1.2kg)

CO2 (0.84Kg) *4

Propane (0.37kg) *3

R32 (0.84kg) *1

HFO1234yf (1.32 kg) *2

Power ratio Efficiency ratio 

R22  (1.14kg)

0.0 0.8 0.9 1.0 1.1 0.0 1.0 1.3

If IEC is 
disregarded
the charge 
volume is 
0.58kg, and 
SEER could 
be same as 
R22

Energy - efficiencies 
averaged & peak load conditions

(Precondition for Calculation) Note: HX= Heat Exchanger

*1 Taking low pressure loss into consideration, narrower heat exchanger was used to reduce charge volume.

*2 To improve efficiency, HX size was increased : Indoor HX x 1,1 + Path x 2, Outdoor HX x 1.2, and connecting pipe increased

from 3/8=> 5/8

*3 To meet IEC requirements, charge volume was reduced: Indoor HX x 0.8, Outdoor HX x 0.5, narrower piping was used.

*4 To Improve efficiency: Outdoor unit HX was increased x 1.1  

ÅSEER Comparison (cooling mode)
HPs Reversible - 3.5kW-Room AC in Europe

ÅPeak power comparison

(R410 ratio) under cooling condition
Outside 35ᴈ, room 27ᴈDB, 19.5ᴈWB

Consideration: 

A big difference exists in the peak power under cooling 

condition. HFO and CO2 will cause peak power supply 

problems in large cities. 

Consideration: 

In terms of SEER, CO2 is the worst, and the 

rest of candidates are equivalent to R410A. 



Filename/Presenter-Topic:  9/1/2011

R32 + HFOs Blends Perform Well Compared 
To Todayôs HFCs - Refrigeration

HONEYWELL CONFIDENTIAL

HFO Blends for Stationary Applications

N Series (A1)

Current 

Product 

Reduced GWP Option  

(Non-flammable)
Lowest GWP Option 

(Mildly Flammable)                

R-404A 

GWP=3922

N-40 GWP~1300 (retrofit) 

N-20 GWP~1000 (new equip)
L-40 GWP~200-300

HCFC-22

GWP=1810
N-20 GWP ~1000 L-20+ GWP <350

HFC-134a

GWP=1430
N-13 GWP ~600

L-YF GWP = 4

L-ZE GWP = 6

R-410A 

GWP=2088
L-41 GWP <500

L Series (A2L) 

HONEYWELL CONFIDENTIAL

Supermarket Freezer Cases (LT)

Supermarket/Deli Cases (MT)

> 50%  GWP Reduction From R-404A >65% >90%

All options offer significantly improved efficiency & GWP reduction

compared to R-404A

R-22 Replacements in Refrigeration: Options
with Lower GWP than R-404A

R407-Series Of HFCs

Would Be Similar (RR Note)

Refrigeration

ñLow Global Warming Replacements for HCFCs
in Stationary Air Conditioning / Refrigeration Equipment.ò Mark 
Spatz, Honeywell Presentation, Montreal, Canada. August 3, 2011
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HONEYWELL CONFIDENTIAL

Stationary Air Conditioning: L-20 & N-20 as 
Replacements in Equipment Designed for R-22

L-20 offers a significant GWP reduction with respect to R-22 ( over 80%)   

Non -flammable N-20 offers close to 50% reduction

HONEYWELL CONFIDENTIAL

Stationary Air Conditioning: L-41 as Replacement for R-410A

Energy Efficiency similar to R410A

Additional Improvements are possible with minor design changes

L-41 offers a significant GWP reduction with respect to R-410A 

(over 75%)

ñLow Global Warming Replacements for HCFCs
in Stationary Air Conditioning / Refrigeration Equipment.ò Mark 
Spatz, Honeywell Presentation, Montreal, Canada. August 3, 2011

R32 + HFOs Blends Perform Well Compared 
To Todayôs HFCs ïAir Conditioning
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DuPont ós XP10 Compared To R134aXP10 Properties

R-134a XP10

Chemical Formula CF3CH2F Azeotrope

100 yr GWP (AR4) 1430 near 600

Toxicity/Flammability A1 A1 expected

Boiling Point °C (°F) -26 (-15) -29 (-20)

Critical Point °C (°F) 101 (214) 98 (208)

Temperature Glide C (F) 0 Negligible

(Azeotrope)

Calorimeter Testing in a Recip Compressor
- EER 2% higher, Capacity 5% higher on average

XP 10 Versus R-134a Calorimeter Test

65F Return Gas Temperature
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Calorimeter Testing in a Scroll Compressor
- EER 1% lower, Capacity 5% higher on average

XP10 Versus R-134a Calorimeter Test

65F Return Gas Temperature
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Experimental Study Of R134a Alternative In A Supermarket Refrigeration System 

by Barbara Minor, Dr. Frank Rinne, Dr. Katan Salem.

Ashrae Annual Meeting, Montreal, Canada, June 26-29, 2011
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DuPontôs XP10 Compared To R134a

Experimental Study Of R134a Alternative In A Supermarket Refrigeration System 

by Barbara Minor, Dr. Frank Rinne, Dr. Katan Salem.

Ashrae Annual Meeting, Montreal, Canada, June 26-29, 2011

Energy Consumption Comparison

5/20/10

XP10 energy consumption is 3.3% lower than R-134a

System Operating Temperatures

Disch T

Cond T

Suct T

Evap T

Operating temperatures are similar

TEWI

Data Becoming Available From Chemical 

Manufacturers On Lower GWP Options


