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Main Messages

« The GREEN MAC LCCP is a very good tool, however, it
still needs improvement if it is to become a real global

standard, to be applied in global carbon trading issues.

* During the last years several OEM’s and Tier 1 suppliers
have gained important performance data of R744 MAC
system implemented in real cars (see Examples).

« With the current Green-MAC-LCCP tool, these important
data cannot directly be applied in the LCCP model. A
global tool, as base for a standards, should integrate
these type of results from real-life testing, next to bench
testing data.
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What are we talking about?

Flexibility is only missing at a vital point:
A/C System Operation

I GREEN-MAC-LCCP® Model Framework

Direct Emissions due to: Indirect Emissions from Fuel
Consumption due to:
Regular Emissions <__AIC System Operation
Irregular Emissions Manufacturing of Components
Service Emissions Manufacturing of Refrigerant
End-of-Life Emissions AJ/C System Transportation Onboard
the Vehicle

Refrigerant Leak from Production and | End-of-Life Recycling of A/C system
Transportation

http://www.vda-wintermeeting.de/fileadmin/downloads2008/presentations/Stella_Papasawa_GM.pdf
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Additional MAC Bench test results:

Medium size car with extzrnally controlled compressor
| est bench results

Cool down test points

R-134a Blown air T[] R-744 Blown air T*(C}
o 11,3 8.6
cD2 B.4 4.8 - Eetter Caol Down
CDa 4 2.0
CcD4 10 3.8 zame IDLE
Western European test mawly for Annual Power Consumptlon
HEDC Cyce (im0 cooling capacity)

Tempersture (] | R-134a Shaft power (W) | R-744 Shaft power (W) Diffaranze (%)

2% 1130 1133 2%

10 1150 1173 2%

23 d20 530 -23%

£0 oD 404 -132%

15 403 250 8%

Annual Power Consumption - - 14% with R-744 -—

®@NTNU Improvement sugges

LW F Lol ol

Paper presented and the 2nd MAC & Auxiliaries Workshop

29 - 30 November 2007, TORINO (ltaly)
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Viable additional/alternative A/C
performance input

Examples of real-life testing data from R-744-
based vehicles that cannot be used directly on
the current Green MAC LCCP tool:

1. Visteon
2.B-Cool Project (CRF/Fiat)
3.0ngoing Research
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Example 1: Visteon

Test Results: Fuel Consumption AT visteon-
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MNEDC 10°C MNEDC 257 MEDC 357 MEDMZ 455C
—  Significant, absolut fuel reduction of 0,3 and 0,5 /100 km
at ambient temperature of 25°C and 35°C for R744

— Add on fuel reduction of 25 % at 25°C and 35°C of R744
in comparison to R134a

istron Confidential —all sghls resersed 3007 051215 Semnll Cars withs K744, VDA Winkermerfing

http://www.vda-wintermeeting.de/fileadmin/downloads2007/12-FlorianWieschollek Visteon.pdf

http://www.r744.com/news/files/Visteon_vda_wintermeeting2007.pdf
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Example 2: B-Cool Project (CRF/Fiat)

Fuel Consumption and thermal comfort results @ R E

Fuel Consumption Thermal Comfort

Fuel
Cyele Over consumption e
R134a R744 [R134a|R734
ECE+EUDC+ECE (28 “C) 13 1.5 75 | 75
ECE+EUDC {35 °C) 2.0 2.0 73 | 8.2
Highway 0.5 0.5 8.0 | 85
Lirbanway 1.3 1.3 7.5 8.0

_ This dooumisnk conial ne: irlonmeaion which in proprictasy o CAF. Nather this documan 16
Powy 20-200, 2007 MOBLE AIR COMNDITIONING AMD AUXLIARES ner fhe inomation conisined henein shall be used, d il iceried nor commun iaded by any

maans o ey thied part, Inwhole or In pary, @ccept with he prior wrtien consent CRF.

Paper presented and the 2nd MAC & Auxiliaries Workshop
29 - 30 November 2007, TORINO (ltaly)
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Example 3: Ongoing Research

OBRIST

— EHMSIHEERIHG

Improved System Efficiency — Small Car / iow cost R744 MAC

NEDC Fuel Consumption Test
1.9 gasoline; T_amb=20:30:35°C, Blowar=3/3:6/8 6/8; Fresh mods,
700/300/65CUVim2 Sun Load
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Ref: 10. Karlsruher Kfz-Klima-Symposium, 10.04.2008
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Methodology to improve LCCP

To integrate data from vehicle testing during driving cycles in the LCCP tool:

NEDC Fuel Consumption Test
1.6 gasoling; T_amb=20-30 35°Z; Blowsr=3/8:6/8:6/8; Frash mode;
TO0/B00E50AMZ Sun Load
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Methodology to improve LCCP

Additional features

* dcoz/km Output graph:

Use (row 67; sheet: 'ref-name’-LCCP-output), which is [CO
emissions / km] to create a graph in addition to the bars onﬁy
showing the total emissions -> to show the MAC related CO,
emission / km reduction potential.

[In case vehicle data are available (AC-off mode), the share of MAC
to the total CO,/km emission can be analyzed and compared]

- Other output results in common standards values (i.e.
liter of fuel/a) are a convenient way of comparison
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Remark to a global LCCP model
suggested: Output table [Example]

City/Climate: Europe/ S MAC MAC

Car type: small car System A System B
Fuel over-consumption [liter/a] 51 69
Vehicle Emission (xx-driving

cycle) AC off; [geo,/km] 145 145
Vehicle Emission (xx-driving

cycle) AC on; [gco./km] 157 169
Total release of refrigerant

[Kg,/ lifetime] XX XX
LCCP [kg,,/ 12 years] 1808 3525
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Conclusions

 MAC performance data obtained from
vehicle testing during driving cycles are
viable and representative input data for a
global LCCP tool.

* There is a simple way to modify the LCCP
tool to integrate these data from real-life
testing, which are complementary to
bench-testing data.
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Questions?

We are looking forward to your feedback.
Have a nice day!
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