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Next generation 
refrigerants
A Daikin perspective
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Martin Dieryckx, Daikin Europe N.V.

2nd Regional Symposium
"Alternative Refrigerants for Air-Conditioning Industry in High-Ambient 

Temperature Countries; the Way Forward" 
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As the only company in the world manufacturing 
both refrigerant and equipment, 
Daikin has a special responsibility 
to provide environmentally beneficial products 
that mitigate global warming

DAIKIN worldwide

AC Sales 

Result per 

Region FY11

EMEA
17%

Japan
39%

America

10%

Others
34%

China:18%

Asia&Oceania 
13%

Chemicals

11%

Other

4%

Sales per 

business 

unit FY11

Air conditioners, heat 

pumps, refrigeration

85%

Daikin Industries Ltd. 

• Turnover: 11,181 Mio Euro

• No. of employees: 44,636
(FY2011 Consolidated)

Daikin Group Worldwide

11,744

5,329

12,621

9,289

5,653

Total manpower : 45000
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Basic refrigerant policy

-Diversity of Refrigerant Choice
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Change
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Energy 
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Lower GWP

Low 

Emissions
Low Toxic

No/Low

Flammable

Compact

Easy Installation

& Maintenance

Reduced 

Charge
Seasonal

Efficiency

Market 

Penetration

Efficient Use

Downsizing

Recycle

Reuse

Patents

Natural 
ResourcesPeak load

Efficiency

Energy

efficiency

Many factors to consider..

Next generation refrigerants ? 
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Diversity of refrigerant choice

• There is no one-size-fits-all solution.
• All refrigerant are included on the table of refrigerant choice

Choose whatever refrigerant is best suited for each application.
• Daikin is developing R32 split air –conditioners from residential to 

commercial range because R32 is better suited to these applications

R32R32
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Why R32 for air conditioners & heat pumps?

R32 IS THE MOST BALANCED SOLUTION

› Not depleting the ozone layer

› Smaller Global Warming Impact (LCCP) compared to R410A & R22 

› Higher Energy Efficiency compared to R410A at high ambient conditions

› Reduced refrigerant charge possible

› More compact design possible

› Acceptably safe because only slightly Flammable (Class A2L)

› Refrigerant Production capacity is available (R32 is a component of R410A)

› Easy to recycle and reuse (single component refrigerant)

› Affordable for Article 5 countries
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Properties of R32 
• Potential of Refrigeration capacity :1.6 times that of R410A

• Lower pressure loss, when capacity is same, leads to thinner piping 

diameter

• Higher coefficient of heat transfer compared to R410A

• Charge volume reduction

• 90% of R410A due to liquid density

• Internal volume reduction of the refrigerant circuit

→ total 30% reduction against R410A
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Indoor Heat Exchanger

Outdoor 

Heat Exchanger

Compressor

Expansion Valve

Capillary tube

or

Cylinder volume

- 40%

Gas Line

Liquid Line

Tube Diameter

-30%

Tube Diameter

-30%

Pipe Diameter (>3/8”)

-30%
Selection of 

Orifice or tube dia.

Refrigerant Flow
Stop & Service Valve

High Pressure

Flared Joint
High Pressure

Potential Downsizing for R32
theoretical comparison against R22/R410A
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R22 R410A R32

Unit 
size

Volume 
ratio 100% 100% 85-95%

Down
sized

Downsizing of Unit Size (Actual)

Almost
same
size
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R32 – R410A Comparison test
Cooling standard ~ high ambient condition
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R32 – R410A Comparison test
Cooling standard ~ high ambient condition
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Global Warming Potential of R32

Quantity GWP x Quantity

> 75% Reduction

• The GWP of 

R32 is only

1/3rd of R410A

• Taking into

account the 

refrigerant

charge, the 

GWP is only

1/4th !

GWP Values according to IPCC 4th Assessment Report
For the EU F gas regulation the GWP values of IPCC 3rd report are valid
(R410A = 1975, R32 = 650)
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Global warming impact (LCCP) of 
R32 split systems

Total Life Cycle Climate Impact (cooling only)

Due to the higher energy 

efficiency, the total 

climate impact of the R32 

unit is the lowest

Preconditions for calculations
1. 3.5 kW split-type cooling only model
2. CSPF: ISO/DIS16358-1
3. Operating period: 8 hours/day
4. Charging volume: 0.8 kg for HCFC22 and HFC410A; 0.56 kg for HFC32
5. Recovery ratio: 0%
6. Emission intensity: 1.43 kg-CO2/kWh; Power reception level (2003) based 

on an assessment report by JEMA, 2006
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Flammability classification of R32 = 2L

Class 1 Class 2L Class 2 Class 3

Not
flammable

Slightly
flammable

burning
velocity ≤10 
cm/s

Low 
flammable

Highly
flammable

R744 (CO2) R1234yf / ze R152a R290

R410A R32

R717 
(Ammonia)

Flammability of 2L refrigerants is very low.

The burning velocity (≤ 10 cm/s) is too slow to cause horizontal 

flame propagation or explosion. 

Classification according to ASHRAE34 & draft ISO817.
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Safety is a must during 
the whole life cycle !

1. Production of 
refrigerant

2. Transport of 
refrigerant

3. Storage of 
refrigerant

4. Production of 
equipment

5. Transport of
equipment

6. Storage of 
equipment

7. Installation
work

9. Service &
Recovery

8. Use

10. End of life 
treatment

• International, National & Local regulations & standards play a role.
• Avoid “Overspecification” : the risks of Class 2L refrigerants are 

much lower compared to Class 3 refrigerants !
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Installation, Service  and Use
conditions
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Conditions for Refrigerant Ignition

Characteristics
of Flammable
Refrigerant

Contact
with Ignition Source

Occurrence
of Refrigerant Leakage

• A fire accident triggered by a flammable refrigerant occurs

if 3 conditions are met.  

• Adequate measures must be taken to prevent the “likelihood” that such 
situation occurs
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Each condition needs evaluation

Flammable Gas

Ignition

Source
Refrigerant

Leakage

•Safety class (ASHRAE)A3 A2 A2L

•LFL Low flammable Limit

•UFL Upper flammable limit

•Auto Ignition temperature

•MIE Minimum ignition energy

•BV Burning Velocity

•Heat of Combustion

Internal Factor

• Poor manufacturing quality

Leakage from piping, joint, Heat exchanger

joint piping

External Factor

• Poor installation quality

• Poor maintenance & service

Internal Factor

• Electric Circuit Board

• Magnet Conductor

External Factor

• Cigarette

• Hot water Supply Boiler

• Fire accident

1. Assess Flammability 

2. Formulate Refrigerant Charge Limit
Maintenance & Service training

3. Investigate ignition
source impact
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Example flammability behaviour
of Class 3 refrigerant (R290)

30 gram R290 / 1m³

Ignited by spark

Explosion
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Example flammability behaviour
of Class 2L refrigerant (R32)

300 gram R32 / 1m³

Ignited by flame

No fire
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Example flammability behaviour
of Class 2L refrigerant (R32)

320 gram R32 / 1m³

Ignited by flame

Slow vertical flame 
but no explosion
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Simulation R32 leak – no flame propagation occurs

400g 800g0g
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R32+ETHER OIL (5%) R410A+ETHER OIL (5%)

Simulation R32  rapid leak from liquid line

during brazing work

No flame propagation occurs.  

Same result as R410A (due to oil)
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Field International Europe US

Refrigerant
Classification

ISO817
Under revision

-NA-
(based on ISO)

ASHRAE 34
UL 2182

Usage
Restriction for

Safety

ISO5149
Under revision

EN378
Under revision

ASHRAE 15

IEC60335-2-40
Under revision

EN60335-2-40
Based on IEC

UL 207
UL 250
UL 471
UL 474
UL 484
UL 984

UL 1995
UL 60335-2-40

Related Safety standards

Revision of international & European standards is ongoing

Copyright Daikin



25

Publication of Japanese test results
at JRAIA Symposium in Kobe, 
8 & 9 November 2012



Design changes and reliability

evaluation
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Design Changes for R32 and R410A
Flammability

燃焼性燃焼性燃焼性燃焼性

Pressure

圧力圧力圧力圧力

Discharge 

Temp.

吐出温度吐出温度吐出温度吐出温度

Refrigeration 

Oil

冷凍機油冷凍機油冷凍機油冷凍機油

R32
Residential 
Air-conditioner

R410A
Residential 
Air-conditioner

R22
Residential 
Air-conditioner

Design Pressure
R32     : 4.29MPa

R410A : 4.15MPa 

Pressure Design設計圧力設計圧力設計圧力設計圧力
R32 : PVE_B

R410A : PVE_A

Synthetic Oil

Suniso

Mineral Oil鉱物油鉱物油鉱物油鉱物油
2.9MPa

Medium

Pressure

1.6 times
1.6倍倍倍倍 Solubility溶解性溶解性溶解性溶解性

Control of 
Contaminantsｺﾝﾀﾐ管理ｺﾝﾀﾐ管理ｺﾝﾀﾐ管理ｺﾝﾀﾐ管理Slightly

Flammable
Class 2L
微燃性微燃性微燃性微燃性

+10 to +20 degC

Control of 

Suction States

Control
制御制御制御制御

Medium
Temp.

Non-

Flammable

Class 1

Refrigerant Charge
Service manual冷媒充填量、ｻｰﾋﾞｽﾏﾆｭｱﾙ冷媒充填量、ｻｰﾋﾞｽﾏﾆｭｱﾙ冷媒充填量、ｻｰﾋﾞｽﾏﾆｭｱﾙ冷媒充填量、ｻｰﾋﾞｽﾏﾆｭｱﾙ

Safety Standard
安全基準安全基準安全基準安全基準

Sealing rubber material is recommended to be changed from CR to HNBR in HFC’s Equipment.シール材はHFCの機器においてＣＲからＨＮＢＲへの変更を推奨
Copyright Daikin
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To apply R32 for new products, we must evaluate the reliability for each part of 
air conditioner.

• Refrigerant oil needs lubricating 
ability throughout its product life. 

• And it is necessary not to adversely 
affect other functional parts.

Compressor

4-
way

valve

Electric
expansi
onvalve

Capillary
tube

No plastic 
deformation

or

No corrosion, no erosion,
no sign of clog in tube 

Needle Seat
No corrosion, no erosion, 

at needle and seat

No metal contact,
no rough surface 

Evaluate of Parts Reliability

Durability test 
estimates.

AfterBefore

Refrigerant oil 
durability

AfterBefore

Refrigerant oil 
durability
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Evaluate of System Reliability
To evaluate of reliability of the products, the following “Compressor reliability 
tests” are carried out.

Criteria①By the oil viscosity system 
condition, the refrigerant 
dilution must be within the 
range of using.②Compressor internal 
temperature is within the 
range of using③Must be within the range of 
using as a system④Must be the oil level to enable 
feeding to the all mechanical 
parts at the oil level 
observation by the separate 
oil level gauge  

Connection piping
Connection electric wire

High/low pressure
Discharge/suction 
pipe temp,

Viscosity sensor

Compressor secondary 
current waveform
Cylinder internal pressure

Internal temp. of
motor coil, oil, and 
mechanical parts

High-speed
hybrid recorder

Oscilloscope

Criteria
①Internal pressure is less than

design pressure
②Current wave is not abnormal

Criteria
①The oil level shall 

be more than the 

standard value

Window to 
check the 
oil level

Cylinder internal pressure
Secondary current waveform

Copyright Daikin



Daikin's Contribution
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Daikin’s Contribution

1. RESEARCH & DEVELOPMENT

• Move forward from R32 concept to laboratory test

to field test and finally to product launch

2. RISK ASSESSMENT AND FLAMMABILITY TEST

• Participation of Projects in Japan, China, and US

3. TRAINING FOR INSTALLATION/SERVICE 

ENGINEERS

• Supporting local training seminars

4. PATENT RELEASE

• Basic Patent release for R32 air conditioner mainly for A5 
countries

Copyright Daikin
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35units

10units

7units

20units

Daikin R32 field 
tests & training 
in India

Supported by Japanese Ministry

for Economy, Trade & Industry

Copyright Daikin
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Distribution of R32 Gas in India

IndiaJapan

Step III Near future
Local manufacturing in India

Refilling

ISO tank

Factory

Step I

Step II

Ton Cylinder

R32

Service Center
Installation Site

Distribution

Company

R32

China

Copyright Daikin



34

Service Manual
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Collaboration with India

〜Path-breaking development about this technology〜〜Path-breaking development about this technology〜

June, 2011

Under METI of Japan’s leadership, Panasonic and Daikin agreed to 

help Indonesia introduce this technology early June.

Within weeks of the above agreement, 

Fujitsu General, Hitachi and Toshiba 

joined the partnership to introduce 

and promote R-32.

Japanese Industry-Government Partnership

METI of Japan
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Collaboration Scheme with Thailand

Thailand
The Federation of Thai Industries

Air conditioning and Refrigeration industry Club

World Bank

R32 Technology
Japanese Government (METI)

Technical Committee

Local Manufacturers

Coordination

Copyright Daikin



Potential Suppliers of R32 

Compressor
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Potential Suppliers of R32 
Compressor

HITACHIDANFOSS

DAIKIN
SANYO

GMCC

CRH2012/Beijing
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Daikin press release 27 Sept 2012
launch of world’s first R32 air 
conditioner on the Japanese market

› Daikin considers that R32 is suitable for 
split air conditioners and heat pumps

› From fall 2012, Daikin will start to adopt 
R32 to all successive models of 
residential air conditioners in Japan

› Daikin aims to expand use of R32 to 
commercial air conditioning equipment 
in the future
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Thank you !


