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AC SYSTEMTEWM ANALYSIS
Ed

TBWM calculations
Tatal Equivalent Waming Inpact

DIRECT CONTRBUTION = refrigerant ermission directly to the atmosphere
- Leak at assembly ines
- Leak in use (at connections, compressor seals, hoses,..)
- Leak at senvicing
- Leak at accdent

- End of life emission (if no recovery)

NDIRECT CONTRBUTION = emission of green house gas due to fuel consumption
- Fuel consumption due o sysemweight
- Fuel consumption due to system power reguest relative to:
local diimette, driving profile, system use profile, system management,...
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AC SYSTEMTEWM ANALYSIS

CLIMATE

SYSTEMVIS CONSIDERED
R134a current ICP: AIC system equipped with intemally controlled compressor
R134a low leak ECP: AIC systemwith improved sealing and extemally controlled cormpressor

R134atight ECP : AIC system with externally controlled compressor and sealed as requested
for Q02

R134a electric: AIC systemwith electrical compressor
R134amodule: AIC systemwith electrical compressor and water cooled condenser
CO2 current: curent AIC systemwith CO2

CO2future: AC systemwith CO2 well sealed (with no poor performance due to leakage)
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CLMKTE

AIC SYSTEM TEM ANALYSIS

10 years

Total lifetime

DIRECT CONTRIBUTION RESULTS
R134a R134a R134a R134a R134a
Current ICP  Lowlesk ECP  Tight ECP Electric Eledtricmodule

Optimd refrigerant

750 600 500 500 350
Charge(@)
Critical lesk (Q) 400 250 100 150 100
Number of refill 3 1 0 1 0
Lesk &t assambly
line05% (g) 375 8 25 25 175
Lesk inuse(q) 1333 500 33 300 100
Lesk & sarviding (g) 525 175 0 175 0
L ek 2t aodident(g) 75 60 50 50 0
Endof life
chargeremaning (g) o =3 =3 220
Chargerecovared(g) 0 245 420 315 225
Endof life
amision (g) 617 105 47 35 25
Totd life
Eirission (g) 2081 686 133 127
Totd life Eq.CO2 o 89 17 53 16
amisson (kg)
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A/C SYSTEM TEW ANALYSIS

ACCEPTABLE LEAKAGE FOR THE CO2 SYSTEM

Theory: direct emission of CO2 gas is not a problem for the environment due to its GWP
Reality: refrigerant losses remain a problem due to acceptable limits (high & low)) for CO2 charge :

low limit isimposed by: - high sensibility of transcritical cycle to low charge (efficiency)
- acceptable frequency for servicing

high limitisimposed by: - safety at high pressure (soak conditions): no large reserve
acceptable - toxicity ?

CURRENT CONCLUSION

For CO2 system, we need very well sealed components (compressor seals, hoses, connections)
If the same technology is applied to the R134a system the leak will be 30 times less than for
(6074
considering physical properties and pressure of the two gases
so that direct contribution for R134a system will be low

THE CHOICE BETWEEN SYSTEMS IS ESSENTIALLY CONCENTRATED AROUND
ENERGY CONSUMPTION EFHCIENCY IN DYNAMIC CONDITIONS
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AC SYSTEM TEWM ANALYSIS

RFUTURE MPROVEVIENT AROUND DIRECT CONTRIBUTION
1 - Predse measurement of the compressor leak in real conditions

2 - Vdeo clim Service deployment

- Affiliated repair shop network for European country (FRANCE, SPAN, ITALY, GERMANY)
+— - Procedures for servicing and training of technicians

clin
QRE[CE -Tools for AIC system diagnostic

ARTEST CLIMTEST CLUIMONLINE
Air Fitter checking AC systemfor
diagnostic and repair
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AIC SYSTEM TEW ANALYSIS

ASSUMPTION FOR INDIRECT CONTRIBUTION

- Reference Climate: Francfort (50%) and Malaga (50%)
- Driving profile 2/3 urban and 1/3 extra-urban

- Average car speed: 40 kmh

- Annual distance: 16000 km

- AIC system usage versus outside air temperature

OUWSdeT°(C)  125<T°<175 T/5<T° <25 25<T°<2/5 275<T°<®5 25<T°
AIC sydemuse 0% 60% 0% 100% 100%
% of time

Redr modeuse

% of time E 20

E‘g’/‘;’fm cliiley 150 150 150 350 550

- Air T° at the condenser or the gas cooler: T°out + 10°C at idle

- Air velocity at the condenser or the gas cooler (m/s): 1,5 + 0,025 x car speed (kmvh)
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A/C SYSTEM TEWM ANALYSIS

RESULTS OF INDIRECT CONTRIBUTION

R134a R134a R134a R134a R134a (6074 Cco2
Current ICP Lowleek ECP  Tight ECP dectric Eledtricmodule  current future

Sytem weght (kg) 15 15 15 20 22 25 18
Altemator 05 05 05 08 08 05 05
fficency
il 095 095 095 - - 095 095
fidency
Eg CO2 annud due
toweght (kg of 20 20 20 27 30 4 24
a2
Eq CO2 annud due
to sydem power 56 48 48 40 48 55 45
(kg)
Totd Life Eq CO2
for indirect 770 690 690 670 780 890 690
emisson (kg)
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ACSYSTEM TEM ANALYSIS

GLIMATE
COKTROL

RUTURE MPROVBEIVENT OF NDIRECT CONTRIBUTION ESTIMATE

Improvement will concem calculation of A/C systerms power consunmptionin
dynaic condiions induding:
- control of the compressor (extemally controlled compressor or electrical compressor)
- ransient phase along real diving cyde (Stop and Go, taking into account imeversiiity)
- power consumption of each component along real driving cyde

For 134a systems (mechanical and electrical)

Last development of VALEO Freshair software (VTIMISI7 paper n°971783, SAESS paper n°930283) wil
be used

For G2 systems
component models +test bench and CWT experiments will be used
? MAN QUESTION ?

is the transcritical cycle more unstable than the subcritical (more energy irreversibility) in real dynamic
conditions ?

If yes =—> Difficutiies to adapt the optimal refrigerant cyde in real ime to the dynarmic condiions
Dificutties to link in real time control of the A/C system to the engine control
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AIC SYSTEM TEWI ANALYSIS

TEWI RESULTS

:

@ Leakinuse
O End of life emission

@ Leak at servicing

:

O Leak at accident
0 Leak at assembly line

TEWI (kg CO2)
§ 8 &

@ Weight
1000 - @ Fuel consumption
0 |
R134alow R134a tight R134a  Rl34aelec. QD02 current CO2 tight
currentlCP  leak ECP ECP electric module

A CSYSTEM TYPE
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AIC SYSTEM TEWM ANALYSIS

CONCLUSION

Valeo climate control will continue:

- to improve 134a systems (energy efficiency and servicing)
- to investigate more CO2 systems

- to investigate what will be the most adequate A/C system
for new engines in the future

in order to contribute to a clean environment
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