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 The Purpose of the New Refrigerants Evaluation

PURPOSE

STEP-1:
1. Is a simple ‘Drop-in’ possible?
2. If not possible, evaluate the influence.

STEP-2:
1. Confirmation of a vehicle marketability.
2. Long-term toxic evaluation.
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 Framework of the New Refrigerants Evaluation

Suppliers

(JAPIA)

Ref.

Suppliers

•Vehicle Durability

•Cooling Capability

•NV

•Cooling Performance

•A/C Power ConsumptionVehicle Test

•System Durability

and Reliability

•Materials Compatibility

•Cooling Capacity

•COP
System Bench Test

•Toxicity

•Cost

•Thermal StabilityThe Feasibility of
the Refrigerant

STEP-2STEP-1
OEM’s

(JAMA)
Items

Main Support

Refrigerant Suppliers : DuPont(DP-1), INEOS-Fluor(AC-1), Honeywell(Fluid-H)
JAPIA : 7 Tire1 suppliers
JAMA : 13 OEM’s
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Base Test (Bench)

GAR Test (Bench)
Drop-in

Adjust of TXV

Yes

No

Base Test (Vehicle)

GAR Test (Vehicle)

(Next GAR Bench Test)

 Evaluation Flow (STEP-1)

JAMAJAPIA
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 Evaluation Schedule (STEP-1)

Fluid-H

SAE PHOENIX
SYMPOSIUM

℃

Fluid-H

DP-1
AC-1

Fluid-H

Fluid-H

AC-1

AC-1

AC-1

AC-1

DP-1

DP-1

DP-1

DP-1

DP-1

AC-1

Fluid-H

Fluid-H
under
consideration

AC-1

AC-1

Hose
Permeability

Elastomer
Compatibility

Stability Test

OctSepAugJulyJunMayApr

Material
Test

Vehicle Test

System Bench Test

EVENT

2007
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 Test Vehicles

A/TK-Car0.6LHonda Zest

A/TK-Car0.6L
Suzuki
Every

M/TH/B1.5-2.0LMazda Axela

A/TH/B1.5-1.8LNissan Tiida

CVTSUV2.4L
Mitsubishi
Outlander

A/TSEDAN1.5-2.0LNissan Sylphy

A/TSEDAN4.3LToyota GS430

TransmissionTypeEngineVehicles
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 A/C System Specifications

3.2mm3.0mm3.4mm3.1mm2.6mm3.1mm3.0mmFin pitch

2.6mm2.8mm2.8mm2.8mm3.196mm2.8mm3.55mmFin pitch

53.963.41208090105160
Capacity

(cm3)

Capacity

Size

(Wmmx

HmmxDmm（

Size

(Wmmx

HmmxDmm（

TYPE

F-H 2.0ton

DP-1 1.0ton

(Modified)

181.1x

221x38

405x

356.9x16

Fixed
scroll

Zest

1.0ton

(Modified)

199.4x

200x38

420x

320x16

Fixed
rotary

Every

1.5ton

(Modified)

230x

185x55

560.5x

382.3x16.5

Fixed
rotary

Axela

F-H 1.5ton

DP-1 1.0ton

(Modified)

1.5ton

(Modified)

2ton

(Serial)

1.5ton

(Modified)

Expan-
sion
valve

207.8x

225x39

254x

205x38

198x

192x40

211x

293.1x38

Evapo-
rator

607x

340.8x16

623x

x407x16

615x

343x16

660x

363.8x16

Con-
denser

Fixed
rotary

Fixed
scroll

Variable
piston

Variable
piston

Com-
pressor

Tiida
Out

lander
SylphyGS430

Vehicle
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 System Bench Test Conditions (GAR Common Spec)

45 oC Evaporator entry is few cases.
Besides, this condition is severe for some
bench facilities.

60 oC Condenser entry is severe at some
bench facilities. Omit this test condition.

35 oC /25% humidity is severe at some bench.
Use 40% instead of 25%.

Set point 10 adapts only external variable
compressor.
Internal type is impossible.
Fix type uses variable thermo switch but it’s

not major. And it seems not crucial to compare
different refrigerants for fix type compressor.

9kg/min is large for air volume of a small car.
Max air volume uses test data.
Medium air flow depends on each ratio
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min-1 ℃ m/s ℃ kg/min
1 900 60 1.5
2 900 1.5
3 1800 2
4 2500 3
5 4000 4
6 1800 45 2 3 56%
7 900 60 1.5
8 900 1.5
9 1800 2

10 2500 3
11 4000 4
12 1800 45 2 3 56%
13 900 50 1.5
14 900 1.5
15 1800 2
16 2500 3
17 4000 4
18 1800 35 2 3 56%
20 900 40 1.5
22 900 1.5
24 1800 2
26 2500 3
28 4000 4
30 1800 25 2 3/10 44%
32 900 30 1.5
34 900 1.5
36 1800 2
38 2500 3
40 4000 4
42 1800 15 2 3/10 44%

72%

45℃/25%
3

3
35℃/25%

35℃/40%

25℃/50%

15℃/80%

Maxair flow

3

Maxair
flow

Maxair flow

72%
25

15

3/10

3/10
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 Vehicle Test Conditions (GAR Common Spec)

Based on Common Spec Book for evaluating Global Alternative Refrigerants (GAR) V2.0
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Test Condition
Chamber temperature : 40ºC
Relative humidity : 40%
Solar load : 1,000 W/m²

Blower Setting and Air Distribution:
Automatic and Manual HVAC Control:
Cooling : max
Blower : max
Grill outlet : “face level” open
Recirculation : 100%

Driving cycle
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Al , Cu , FeCatalyst

1 : 1Oil:Ref. (Rate )

R134a , Fluid H , AC-1* Refrigetant

PAG , POE* Oil

2 weekTest period

<10 , 1000 , (10000)PPMMoisture

175 , 200ºCTemperature

 Procedure : ANSI/ASHRAE97-1999 Sealed Glass Tube Method to Test

the Chemical Stability of Materials for Use Within Refrigerant Systems

 Test condition

POE
POE1:Serial POE for HV AC
POE2:Serial POE for Stationary AC
POE3: POE （Honeywell

recommendation Additive（

* Oil : The kind of the evaluated oil

PAG
PAG1:Serial PAG for MACs
PAG2:PAG (without extreme pressure

additive ,oiliness additive)

* Refrigetant: DP1 evaluation is under consideration.

 Material Test Conditions

 Procedure: JRAIA standard JRA2021

 Test condition : Temp. : 80ºC , Ref. charge amount: 0.6g/mL

(Permeation was calculated with the difference between the residual mass of 24hour
point and that of 96 hour point.)

 Samples: Yokohama (use 2 types of discharge/suction lines)

* JRAIA : THE JAPAN REFRIGERATION
AND AIR CONDITIONING

INDUSTRY ASSOCIATION

*

Stability Test

Permeation Test
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Honeywell Fluid-H Evaluation Results
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Comparison of Fluid-H and R134a (F-H/R134a)

60

70

80

90

100

110

Test No

C
o

o
lin

g
ca

p
a

c
ity

(%
)

GS430 87.4 88.8 91.8 90.5 97.3

Axela 89.2 86.0 85.4 82.5 87.2

Sylphy 94.3 95.3 96.4 94.2 100

Outlander 89.1 88.7 89.1 88.0 91.2

Tiida 94.1 90.1 91.2 89.7 91.3

Zest 99.2 96.6 95.7 94.5 96.5

8 9 10 11 12

 System Bench Test Results

Condenser 45ºC
Evaporator 35ºC/40%Cooling Capacity

Average
91.7%

Max-Min cut
(91.8%)
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Comparison of Fluid-H and R134a (F-H/R134a)

60

70

80

90

100

110

Test No

C
O

P
(%

)

GS430 89.9 88.0 88.0 91.4 88.5

Axela 104.5 96.4 92.0 86.6 93.4

Sylphy 95.7 95.2 97.8 95.7 101.6

Outlander 96.9 94.8 93.7 94.0 94.8

Tiida 98.1 94.4 94.1 93.7 94.3

Zest 100.3 97.3 95.8 93.5 95.9

8 9 10 11 12

COP
Condenser 45ºC
Evaporator 35ºC/40%

Average
94.5%

Max-Min cut
(94.9%)

 System Bench Test Results
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Comparison of Fluid-H and R134a (F-H/R134a)

60

70

80

90

100

110

Test No

C
o

o
li
n

g
ca

p
a

ci
ty

(%
)

GS430 87.2 92.6 92.6 93.7 91.4 98.6

Axela 87.2 91.0 88.6 88.9 86.4 0.0

Sylphy 93.2 96.9 96.4 96.6 95.5 97.4

Outlander 88.7 93.1 92.8 93.2 90.0 94.3

Tiida 96.1 94.1 91.8 92.9 92.5 93.6

Every 94.5 96.1 96.1 95.7 0.0 0.0

Zest 103.4 102.1 99.5 97.4 95.6 99.3

13 14 15 16 17 18

Condenser 35, 50ºC
Evaporator 35ºC/40%Cooling Capacity

Average
94.1%

Max-Min cut
(94.0%)

Cycling Cycling

Cycling
Cycling:
one refrigerant system had
on – off cycling. Another
didn’t have cycling.

 System Bench Test Results
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Sylphy VENT_Ave [deg-C]

Outlander VENT_Ave [deg-C]

Tiida VENT_Ave [deg-C]

Axela VENT_Ave [deg-C]

Every VENT_Ave [deg-C]

Zest VENT_Ave [deg-C]

 Vehicle Test Results (Fluid-H)

6.42.03.63.7Zest

2.9

3.5

5.6

1.9

1.7

0.4

3.2

30 554510Time (min)

2.5

3.2

3.6

2.4

1.7

0.6

2.5

2.7

3.4

3.5

2.5

1.7

2.4

3.6

2.9Average

Every

3.3Axela

0.0Tiida

Outlander

1.5Sylphy

3.3GS430

-0.20.71.72.0Zest

1.6

0.5

2.9

1.5

1.1

0.6

2.7

30 554510Time (min)

1.4

0.5

2.9

1.2

0.9

0.5

1.8

1.9

2.5

3.0

1.7

1.9

2.4

2.5

1.2Average

Every

1.6Axela

0.0Tiida

Outlander

1.8Sylphy

3.0GS430

VENT/Relative Temperature to R134a

HEAD/Relative Temperature to R134a

Pull Down(32km/h) Idle 64km/h

Better

Worse

Pull Down(32km/h) Idle 64km/h

Better

Worse

ΔT [ºC]

ΔT [ºC]
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 Material Evaluation Results

21.517.117.212.318.222.321.40.872.19mgKOH/gTotal Acid Number

10000ppmHigh Moisture

6.388.929.9214.214.90.210.10.541.15mgKOH/gTotal Acid Number

1000ppmLow Moisture

6.839.349.7213.514.60.000.000.001.28mgKOH/gTotal Acid Number

<10ppmLow Moisture

19.9

6.13

5.21

POE3

24.3

6.78

7.11

POE2

22.4

6.05

6.64

POE1

2.81

1.65

1.41

PAG2

175deg-C/14daysCondition

mgKOH/g

ppm

mgKOH/g

ppm

mgKOH/g

ppm

200deg-C/14daysCondition

3.9221.421.30.001.75Total Acid Number

10000High Moisture

0.10

0.00

POE2

0.01

0.00

POE1

0.00

0.00

PAG2

2.820.82Total Acid Number

1000Low Moisture

18.40.03Total Acid Number

<10Low Moisture

PAG1PAG1Oil

Fluid-HR134aRef.

Proposed Spec
<3.3

Stability
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18.214.914.62.191.151.28
Total Acid Number

(mgkoh/g)

ContainContainContainNot Co.Not Co.Not Co.Sludge

BlackBlackBlackYellowYellowYellowOil appearance

Oil appearance
photograph

200ºCTemperature

3.922.8218.41.750.820.03
Total Acid Number

(mgkoh/g)

ContainNot Co.ContainNot Co.Not Co.Not Co.Sludge

Dark
Brown

Dark
BrownBlackMaizeMaizeMaize

Oil appearance

Oil appearance
photograph

175ºCTemperature

100001000<10100001000<10ppmMoisture

Fluid-HR134aRefrigetant

Oil:PAG1(Serial PAG for MACs)
Temperature: 175 , 200 ºC

*

* Not Co . :Not Contain

 Material Evaluation Results

Stability
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[g/year]

 Material Evaluation Results

129.959.149.3Fluid-H

78.346.440.8HFC134a

Inner coat : 6-Nylon

Inner rubber : IIR

Outer rubber : Cl-IIR

Inner coat : 6-Nylon

Inner rubber : IIR

Outer rubber : EPDM

Inner coat : 6-Nylon

Inner rubber : IIR

Outer rubber : Cl-IIR

Suction
Inner coating

Discharge
Inner coating(2)

Discharge
Inner coating(1)

HOSE
L=400mm

Permeation

Inner diameter

Discharge inner coating (1) (ACH 77 11) 11.2mm

Discharge inner coating (2) (ANESIS 11) 11.2mm

Suction inner coating (ACH 87 15) 15.2mm

Suction without coating (ANESIS 15) 15.1mm

(at 80℃)
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Under high load and the present conditions that
TXV is adjusted only,

Cooling capacity : Fluid-H is inferior to R134a by 8%.
COP : Fluid-H is inferior to R134a by 5%.
Material : Fluid-H is insufficient in thermal

stability.

It is very difficult that we use Fluid-H as ‘Drop-in’
refrigerant for MAC.

 Summary Honeywell Fluid-H Evaluation Results
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DuPont DP-1 Evaluation Results
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Comparison of DP-1 and R134a (DP-1/R134a)

60

70

80

90

100

Test No

C
o

o
lin

g
ca

p
a

c
ity

(%
)

GS430 92.1 90.9 89.6 89.8 90.6

Axela 85.6 83.8 84.0 83.4 85.6

Sylphy 85.1 89.0 93.5 87.5 85.4

Outlander 85.8 86.6 87.4 87.9 89.2

Tiida 86.0 86.4 87.1 86.3 88.0

Zest 88.3 88.4 89.1 89.0 90.0

8 9 10 11 12

Condenser 45ºC
Evaporator 35ºC/40%Cooling Capacity

Average
87.7%

Max-Min cut
(87.6%)

 System Bench Test Results
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Comparison of DP-1 and R134a (DP-1/R134a)

60

70

80

90

100

110

120

Test No

C
O

P
(%

)

GS430 107.6 101.6 102.2 104.3 101.7

Axela 106.2 101.2 98.0 94.6 98.7

Sylphy 97.5 100.7 109.0 96.0 90.6

Outlander 100.9 102.4 101.5 101.2 103.3

Tiida 98.6 100.6 100.6 100.0 100.9

Zest 103.8 107.0 107.7 106.1 106.1

8 9 10 11 12

COP
Condenser 45ºC
Evaporator 35ºC/40%

Average
101.7%

Max-Min cut
(101.7%)

 System Bench Test Results
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Every VENT_Ave [deg-C]
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g
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Tiida HEAD_Ave [deg-C]
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Zest HEAD_Ave [deg-C]

 Vehicle Test Results (DP-1)

6.52.84.24.0Zest
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3.2Sylphy

2.4GS430

VENT/Relative Temperature to R134a

Pull Down(32km/h) Idle 64km/h

Better

Worse

HEAD/Relative Temperature to R134a

Pull Down(32km/h) Idle 64km/h

Better

Worse

ΔT [ºC]

ΔT [ºC]
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Under high load and the present conditions
that TXV is adjusted only,

Cooling capacity : DP-1 is inferior to R134a by 12%.
COP : DP-1 is superior to R134a by 2%.
Material : DP-1 evaluation is under consideration

Cooling capacity deterioration is not negligible,
but it is worth to continue to evaluate.
Material compatibility evaluation is
under consideration.

 Summary DuPont DP-1 Evaluation Results
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INEOS-Fluor AC-1 Evaluation Results
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Comparison of AC-1 and R134a (AC-1/R134a)

60

70

80

90

100

GS430 91.6 88.3 90.7 88.1 91.6

8 9 10 11 12

Condenser 45ºC
Evaporator 35ºC 40%Cooling Capacity

Average
90.1%

Max-Min cut
(90.2%)

 System Bench Test Results Reference
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Comparison of AC-1 and R134a (AC-1/R134a)

60

70

80

90

100

110

Test No

C
O

P
(%

)

GS430 96.8 100.5 96.7 99.7 97.4

8 9 10 11 12

COP

Condenser 45,50ºC
Evaporator 35ºC 40%

Average
98.2%

Max-Min cut
(98.0%)

 System Bench Test Results Reference
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G S430 HEAD_Ave [deg-C]
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GS430 VENT_Ave [deg-C]

Worse

Better

VENT/Relative Temperature to R134a

HEAD/Relative Temperature to R134a

 Vehicle Test Results (AC-1)
ΔT [ºC]

Pull Down(32km/h) Idle 64km/h

Worse

Better

Pull Down(32km/h) Idle 64km/h

Zest

0.5

30 554510Time (min)

0.1 2.2

Average

Every

Axela

Tiida

Outlander

Sylphy

-0.2GS430

Zest

0.8

30 554510Time (min)

-0.1 1.4

Average

Every

Axela

Tiida

Outlander

Sylphy

0.0GS430

ΔT [ºC]

Reference
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 Material Evaluation Results

22.120.81.453.2022.321.40.872.19mgKOH/gTotal Acid Number

10000ppmHigh Moisture

1.951.411.022.900.210.10.541.15mgKOH/gTotal Acid Number

1000ppmLow Moisture

0.070.051.072.750.000.000.001.28mgKOH/gTotal Acid Number

<10ppmLow Moisture

21.4

0.81

0.06

POE2

21.1

0.55

0.03

POE1

0.12

0.05

0.01

PAG2

175deg-C/14daysCondition

mgKOH/g

ppm

mgKOH/g

ppm

mgKOH/g

ppm

200deg-C/14daysCondition

2.1221.421.30.001.75Total Acid Number

10000High Moisture

0.10

0.00

POE2

0.01

0.00

POE1

0.00

0.00

PAG2

2.040.82Total Acid Number

1000Low Moisture

0.860.03Total Acid Number

<10Low Moisture

PAG1PAG1Oil

AC-1R134aRef.

Proposed Spec
<3.3

Stability
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3.202.902.752.191.151.28
Total Acid Number

(mgkoh/g)

ContainContainNot Co.Not Co.Not Co.Not Co.Sludge

YellowYellowYellowYellowYellowYellowOil appearance

Oil appearance
photograph

200ºCTemperature

2.122.040.861.750.820.03
Total Acid Number

(mgkoh/g)

Not Co.Not Co.Not Co.Not Co.Not Co.Not Co.Sludge

MaizeMaizeMaizeMaizeMaizeMaizeOil appearance

Oil appearance
photograph

175ºCTemperature

100001000<10100001000<10ppmMoisture

AC-1R134aRefrigetant

Oil:PAG1(Serial PAG for MACs)
Temperature: 175 , 200 ºC

*

* Not Co . :Not Contain

 Material Evaluation Results

Stability
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[g/year]

 Material Evaluation Results

108.949.340.8AC-1

78.346.440.8HFC134a

Inner coat : 6-Nylon

Inner rubber : IIR

Outer rubber : Cl-IIR

Inner coat : 6-Nylon

Inner rubber : IIR

Outer rubber : EPDM

Inner coat : 6-Nylon

Inner rubber : IIR

Outer rubber : Cl-IIR

Suction
Inner coating

Discharge
Inner coating(2)

Discharge
Inner coating(1)

HOSE
L=400mm

Permeation

Inner diameter

Discharge inner coating (1) (ACH 77 11) 11.2mm

Discharge inner coating (2) (ANESIS 11) 11.2mm

Suction inner coating (ACH 87 15) 15.2mm

Suction without coating (ANESIS 15) 15.1mm

(at 80℃)
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Under high load and the present conditions
that TXV is adjusted only,

Cooling capacity : AC-1 is inferior to R134a by 10%.
COP : AC-1 is inferior to R134a by 2%.
Material : AC-1 is very similar to R134a.

Cooling capacity deterioration is not negligible,
but it is worth to continue to evaluate.
System bench tests and vehicle tests are
under consideration.

 Summary INEOS-Fluor AC-1 Evaluation Results
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We are proceeding ‘STEP-1’ evaluation of 3 refrigerants.

Under ‘Drop-in’ condition(TXV and amount of charge are
adjusted), cooling capacity deterioration is not negligible, so
we have to improve performance.

Fluid-H is insufficient in thermal stability.

AC-1 is very similar to R134a in material compatibility.

We will complete ‘STEP-1’ evaluation at the end of
September.

DP-1:Material Compatibility

(Thermal Stability, Hose Permeation)

AC-1:Performance Test (Bench Test, Vehicle Test)

 Summary New Refrigerants Evaluation Results



LCCP Result from JAMA

SAE 8SAE 8thth Alternate Refrigerant Systems SymposiumAlternate Refrigerant Systems Symposium
1717--19 July 200719 July 2007

Kiwamu Inui TOYOTA
Kenta Aoki NISSAN

X Koji Kikuchi NISSAN

Stella Papasavva GM
William Hill GM

Tohru Ikegami TOYOTA



 ContentContent

LCCP MethodologyLCCP Methodology

LCCP ResultsLCCP Results

SummarySummary

JAMA cooperated with SAE challenges to establish
LCCP keeping it transparent, fair, utility and
theoretically precise
in assessment of Total Global Warming up Impact
due to MAC.
To exclude influence of particular benefit, technical
misjudgement like only forcusing on GWP.

TodayToday’’s contentss contents

Life Cycle Climate Performance
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LCCP Methodology



What is LCCP standing for Life Cycle Climate Performance ?What is LCCP standing for Life Cycle Climate Performance ?

 LCCP MethodologyLCCP Methodology

Method to estimate equivalent CO2 emission of
MAC system totally from manufacturing to endfrom manufacturing to end
of life of a vehicleof life of a vehicle

LCCPLCCP [kg/vehicle life][kg/vehicle life] = Direct Emission + Indirect Emission= Direct Emission + Indirect Emission

Direct emission Indirect emissionIndirect emission
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Direct Emission [kg] =Direct Emission [kg] =

Leakage
during

charge in
plant

Annual
regular
leakage

Annual
irregular
leakage

End of Life
leakage

((Total value) x GWPTotal value) x GWP

+ + +

[1] [2]

[1] Accoding to investigation value of both SAE and JAMA, they are very similiar
[2] Derived from refrigerant recycle target of SAE

Service +

 LCCP MethodologyLCCP Methodology
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Indirect Emission [kg]=Indirect Emission [kg]=

CO2
emission for
AC systemAC system
operationoperation

CO2 emission
when
refrigerant isrefrigerant is
manufacturedmanufactured
andand tranportedtranported

CO2 emission
when ACAC
components iscomponents is
manufacturedmanufactured
andand tranportedtranported

+ +

[4] [5]

[4] According to publication by Dupont and Archie McCulloch (for R134a)
for emission during manufacturing refrigerant + GM’s assumption for
leakage during filling and transporting refrigerant.
[5] Accoding to research results from SAE
[6] Accoding to TNO report
[7] According to Dupont’s publication

CO2 emission
due to weightweight
of AC systemof AC system
on the vehicle.

+

[6]

+
Equivalent
CO2
emissions to
Recover/RecyRecover/Recy
cle/Rechargecle/Recharge
refrigerantrefrigerant

[7]

 LCCP MethodologyLCCP Methodology
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Energy Calculation Flow Chart

Cooling Fan
Energy

Total
Lifetime AC
Energy (kJ)

Alternator eff.
Belt eff.
Engine eff.

Measure
compressor
power/COP

Bench
Test

Vehicle
Test for
constant

speed

Measure
compressor
power/COP

Create curves of
COP vs

CRPM/Ambient

Measure
Evaporator

capacity

Standard
Evaporator

capacity
per curves

Calculate energy
consumption per

second in
spreadsheet

Correct for
solar based

on city

Correct for
humidity
based on

city

Calculate energy
consumption

MAC Component Input Climate-Drive Input

Ambient
Freq/City

Vehicle Run
time/yr

Vehicle
Lifetime

Vehicle Input

Cabin
Comfort %
time A/C

on

Vehicle
Parameters

Energy Consumption
Energy @

15,25,35oC

15oC

25oC

35oC

Leakage
Input

Summary
Results

MAC-
Manufacturing

Input

MAC-End
Of Life (EOL)

Input

vehicle test

In case of bench test
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 LCCP MethodologyLCCP Methodology

Vehicle TestVehicle Test
JAMA uses Vehicle Test Result to calculate “CO2
emission due to AC system operation” .

Ambient 35 25 15

RH% 50 50 80

Solar [W/m2] 850* 500 100

Target temperature setting+ 22 22 22

For manual AC: FC

1/2 of heater

controller

3/4 of heater

controller

Air Intake REC OSA OSA

Fan Speed High 2nd 1st

Drive Schedule

Air Output VENT VENT VENT

Agreed proposal: vehicle

Fixed speed Idle / 40km/hr / 100km/hr

Agreed TEST Condition bet. JAMA&SAEAgreed TEST Condition bet. JAMA&SAE

From these test results, we take into account
Driving Schedule
Ambient Condition
AC Operation Time
for each Cities (i.e. Phoenix, Frankfurt, Tokyo, etc)
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LCCP Results
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 Calculation ResultCalculation Result -- Compact CarCompact Car -- 1.5L Gasoline Engine
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FrankfurtFrankfurt

For FrankfurtFor Frankfurt
R134a > CO2 >> FluidR134a > CO2 >> Fluid--H, DP1H, DP1

Direct emissionDirect emission

Indirect emissionIndirect emission
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AthensAthens

For Phoenix, Tokyo and AthensFor Phoenix, Tokyo and Athens
CO2 > R134a >> FluidCO2 > R134a >> Fluid--H, DP1H, DP1

CO2CO2 R134aR134a FLUIDFLUID--HH DPDP--11 CO2CO2R134aR134a FLUIDFLUID--HH DPDP--11

CO2CO2 R134aR134a FLUIDFLUID--HH DPDP--11

LCCP resulted better environmental performance for FluidLCCP resulted better environmental performance for Fluid--H and DPH and DP--
1 as far as it1 as far as it’’s compared among R134a,CO2,Fluids compared among R134a,CO2,Fluid--H and DPH and DP--1. Other1. Other
will be evaluatedwill be evaluated laterlater..

CO2CO2 R134aR134a FLUIDFLUID--HH DPDP--11
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 Calculation ResultCalculation Result -- Luxury carLuxury car -- 4.3L Gasoline Engine
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For allFor all reagionsreagions
CO2 > R134a > FluidCO2 > R134a > Fluid--H, DP1H, DP1

AthensAthens

CO2CO2 R134aR134a FLUIDFLUID--HH
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TokyoTokyo

DPDP--11 CO2CO2 R134aR134a FLUIDFLUID--HHDPDP--11

CO2CO2 R134aR134a FLUIDFLUID--HHDPDP--11CO2CO2 R134aR134a FLUIDFLUID--HHDPDP--11

LCCP resulted better environmental performance forLCCP resulted better environmental performance for
FluidFluid--H and DPH and DP--1 no matter what size of vehicles.1 no matter what size of vehicles.
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Summary
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 SummarySummary

1. LCCP Methodology

LCCP will be expected to find out the global
solution like picking up better refrigerant,
Fluid-H,DP-1 and so on.

LCCP methodology is established to get it

transparent, fair, utility and theoretically precise in
assessment of Total Global Warming up due to MAC.

LCCP methodology is established by global great
cooperation between SAE and JAMA.

Alternative refrigerant system should not be only

considered about GWP but also energy consumption
like LCCP.

2. LCCP Results
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END

Thank you for your attention.

Toward the global solution !!


