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Á In Europe and in the US, the authorities have the intention to 
regulate the MAC system influence on the overall vehicle fuel 
consumption

Á PSA and Renault have been working together on MAC fuel 
consumption for engineering purpose since the late 90s

Á From this experience, we have clearly identified that standard 
OEMs testing procedures are not applicable for this type 
approval purpose

Á ACEA has developed a simplified approach in order to adapt 
OEMs knowledge, taking into account the technical and 
economical constraints of type approval activities

Á This presentation summarize all tests done on PSA and Renault 
benches in order to assess the reliability of the ACEA procedure

Background
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ÁPresentation of the test method

ÁTest results

èT & RH correction method
èAssessment of accuracy, repeatability, influence of test 

benches & operators

è Influence of MAC technologies 

è Influence of engine type on relative and absolute figures 

ÁConclusions and way forward

Contents
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MAC efficiency homologation test

ñACEA proposalò
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ACEA test proposal
Driving cycle overview

Measuring fuel consumption 

on steady-state phases only

( 5min per phase )

Cycle test to be done once

(Complete test Ą 1hour)
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Á Ambient conditions during the test :

Á How to control the A/C cooling capacity ?

è The only way to ensure repeatable measurement and fair comparison 
between different vehicles is to set a minimum requirement of cooling 
power

è Cooling power can be monitored by a minimum airflow through the cabin 
and a maximum T at the vents

Á HVAC settings:
è full vent

è no forced recirc mode ; automatic recirc flap is moving accordingly to OEM strategy

è mixing flap is free and vent temperature must be less than the specified level

Cabin airflow 

must be above

T at the vents must 

be below

Small cars 210 kg/h 15 C

Medium 

cars
230 kg/h 15 C

Large cars 250 kg/h 15 C

ACEA test proposal
Test protocol details

25 C 2 C  

40%RH 5%
Without 

solar load
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Á25 C ± 2 C, and 40% RH ± 5% for practical testing reasons

ÁSampling shall only be done during steady state phases

ÁThe time fraction of idle/50/100 km/h should be based on 

representative driving conditions

ÁReal customer usage for different European locations to be 

derived from this test using a numerical correlation method.

ÁGlazing influence to be taken into account with a coefficient 

after the physical test

ACEA test proposal
Test protocol basis
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Steady state vs dynamic cycle

Á Steady-state is the best option for repeatability

è Repeatability is a key issue for MAC fuel consumption testing because the value to 

measure is relatively low compared to the overall vehicle fuel consumption

è Measurement during transient phases (acceleration) is influenced by the way the 

operator drives the car

è Measurement on a steady-state cycle can be drivers-independent (automatic cruise 

control can even be used if the vehicle is equipped)

Á Low influence of vehicle dynamics on MAC efficiency

è MAC has very few moving parts, which make inertial forces negligible compared to 

the steady-state compressor torque

Why those parameters ?

ÁNo benefit to test MAC system efficiency on a dynamic cycle
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Solar load influence

Á Solar lamps 

è Non-acceptable repeatability between different test facilities Ą no fair comparison.

Á Electrical heater inside the cabin

è It will never be representative of sun load under standard customer usage, and will 

not influence fuel consumption on most vehicles. It neither deals with glazing effect.

Á Air mass flow through the cabin

è This is the main effect of sun load on the fuel consumption under standard customer 

usage conditions

è Proposed blower level at 230kg/h and vents T at 15 C corresponds to standard ECU 

calibrations of most AUTO mode with 25 C ambient and 700W/m² sun load.

Why those parameters ?

ÁEven if the test is done without sun lamps, most influence of the sun load can be taken 

into account if blower level and vents T are chosen accordingly
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MAC airflow into the cabin

Á Not necessary to fix a constant mass flow during the test  Ą we rather propose to 
establish a minimum value to be respected
è Related to the ñxò positions of the blower setting in the control panel for each car.

è Mass flow corresponding to those positions are well known by carmakers

Á Report of OEM vehicle mass flow 

characterization to be included into the 
MAC efficiency homologation test report 
(for authorities verification).

Why those parameters ?

ÁIn the tests presented later on, the air flows used (230kg/h at 15 C) correspond to a 

situation with solar load of 700W (EU summer average conditions)
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Vent vs cabin temperatures ?

Á For homologation purpose, measuring the Temperature at driverôs head 

level should not be considered :

è Numbers are completely influenced by the exact position & orientation of the 
temperatures sensors in the cabin, and the orientation of the vent outlet flaps

è Temperature distribution inside the cabin can be very different from one car to 
anotherĄ many sensors needed to represent average T accurately

è Correct representation of cabin thermal behavior (T stratification, heat radiation,é) 
requires a full size climatic windtunnelĄ not feasible in existing type approval 
facilities

Á Control the cooling performance of the MAC system by measuring directly the 

temperature of the air in the vent outlets (15 C as maximum value).

è Most European cars have æTemperature between vents < 4C

è Correlation shows that 15 C in vent outlets correspond to a setting signal of around 

20,5 ï21 C on the control panel for most AUTO A/C systems in the proposed test 

conditions

Why those parameters ?
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Ambient temperature

Á 25 C (with 40%RH) Ą Representative of most of European summer conditions

è 25 C chosen also for practical reasons, because current type approval facilities 
(chassis dyno-test bench) could not achieved 30 C with good enough accuracy
è If a climatic chamber should be considered, an unaffordable investment should be done by most carmakers 

and type approval authorities Ą not realistic considering EU roadmap.
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Per year, above 25C only 5% of most european customer 
driving usage occurs

Why those parameters ?
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Ambient Humidity

Á 40% Relative Humidity (with 25 C) Ą test facilities accuracy is 5%.

Á Europe Meteo database 1996/2005 :

Paris (France)

Munich (Germany)

Á25 C / 40%RH

Why those parameters ?
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Ambient Humidity

Á 40% Relative Humidity (with 25 C) Ą test facilities accuracy is 5%.

Á Europe Meteo database 1996/2005 :

Madrid (Spain)

Oslo (Norway)

Á25 C / 40%RH

Why those parameters ?
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Á After previous explanations, we do consider that thermal load is quite 

representative of real life conditions for an European average 

Á Nevertheless, we could identify three different ways to increase thermal 

load in the test, if requested by regulation authorities :

ü By increasing ambient temperature

èHuge investment required

ü By decreasing air temperature blown into the cabin

èPossible, but not fully representative of customer conditions, because we should 

have 17 ï18 C as setting temperature in control panel.

ü By increasing air flow blown into the cabin

èEasiest way to do it because of the linear influence of the air flow in the global 

thermal load.

Possibilities to increase thermal load
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PSA & Renault test results
(using ACEA test protocol)
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ACEA test proposal
Calculation of cycle average fuel consumption from test results

Each driving phase Ą 5 minutes duration

But with different weight in final result 

(cycle average)

Idle 

(23%)

100kph 

(31%)

50kph 

(46%)

Idle 50 kph 100 kph

Representative of real customer usage

Á Results are shown in :

è AC absolute fuel consumption (l/100km)

è % of AC OFF vehicle consumption :
Vehicle consumption with AC ON  -  Vehicle consumption with AC OFF 

Vehicle consumption with AC OFF 
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Á Methodology to calculate a correction factor accounting for actual ambient T & RH during 

the test :

ACEA test proposal
Correction factors for ambient temperature & RH

Proposed method is easy to apply and requires a limited number of data

10 C, 100% for 

systems with 

variable evaporator 

T control
3 C, 100% for 

systems without 

evaporator T

control

1. Define evaporator outlet standard 

conditions

2. Calculate standard enthalpy variation 

through evaporator with 25 C, 40%

3. Calculate real enthalpy variation 

through evaporator with actual T , RH 

on each phase (Idle, 50kph, 100kph) 

4. Determine correction factor :

K_corr =  æh_std/ æh_real

5. Multiply fuel consumption 

measurement of each phase by the 

correction factor
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Á Assessment of measurement repeatability before and after correction factor 

with 3 testing conditions in the range of +/-2 C & +/-5% accuracy

Rough data - without correction factor
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Á Correction method lowers the results deviation below 0.05l/100km

Á From now, all results presented are shown after applying explained correction method
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ACEA test proposal
Correction factors for ambient temperature & RH
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Á Vehicles tested in Carbon Content test benches (Chassis dyno test bench)

Á All vehicles tested with blower mass flow at 230kg/h

Vehicle Vehicle type Engine A/C technology

Vehicle D1 B-Segment 1.6L Diesel
Automatic, Externalcontrol compressor 

(120cc) with clutch, TXV

Vehicle D2 D-Segment luxury 2.0L Diesel
Automatic, Externalcontrol compressor 

(140cc) clutchless, TXV

Vehicle G1 B-Segment 1.4L Gasoline
Manual, Externalcontrol compressor 

(120cc) with clutch, TXV

Vehicle G2 C-Segment 2.0L Gasoline
Automatic,Externalcontrol compressor 

(140cc) clutchless, TXV

Vehicle G3 B-Segment 1.4L Gasoline
Manual, Internal control compressor 

(120cc) with clutch, TXV

Vehicle G4 B-Segment 1.3L Gasoline
Manual,Fixed displacement compressor 

(Scroll 60cc), TXV

Vehicles tested
Technical definition
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Á To assess test method repeatability, the following vehicle have been tested twice :

Vehicle Vehicle type Engine A/C technology

Vehicle D1 B-Segment 1.6L Diesel
Automatic, Externalcontrol compressor 

(120cc) with clutch, TXV

Vehicle D2 D-Segment luxury 2.0L Diesel
Automatic, External control compressor 

(140cc) clutchless, TXV

Vehicle G1 B-Segment 1.4L Gasoline
Manual, External control compressor 

(120cc) with clutch, TXV

Vehicle G2 C-Segment 2.0L Gasoline
Automatic, External control compressor 

(140cc) clutchless, TXV

Vehicle G3 B-Segment 1.4L Gasoline
Manual, Internal control compressor 

(120cc) with clutch, TXV

Vehicle G4 B-Segment 1.3L Gasoline
Manual, Fixed displacement compressor 

(Scroll 60cc), TXV

Vehicles tested
Technical definition
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Á Test repeatability with same car, same bench & same operator

Assessment of accuracy, repeatability, 
influence of test benches & operators

ÁMaximum deviation of 0,01 l/100 and 0,2% of overall fuel consumption
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Vehicle Vehicle type Engine A/C technology

Vehicle D1 B-Segment 1.6L Diesel
Automatic, External control compressor 

(120cc) with clutch, TXV

Vehicle D2 D-Segment luxury 2.0L Diesel
Automatic, External control compressor 

(140cc) clutchless, TXV

Vehicle G1 B-Segment 1.4L Gasoline
Manual, Externalcontrol compressor 

(120cc) with clutch, TXV

Vehicle G2 C-Segment 2.0L Gasoline
Automatic,Externalcontrol compressor 

(140cc) clutchless, TXV

Vehicle G3 B-Segment 1.4L Gasoline
Manual, Internal control compressor 

(120cc) with clutch, TXV

Vehicle G4 B-Segment 1.3L Gasoline
Manual, Fixed displacement compressor 

(Scroll 60cc), TXV

Vehicles tested
Technical definition

Á To assess test method repeatability, the following vehicle have been tested in 2 
different test facilities :
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Á Test repeatability with same car, different benches & operators

Assessment of accuracy, repeatability, 
influence of test benches & operators

ÁEven with different testing facilities and operators, maximum deviation is kept in the same range
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Vehicle Vehicle type Engine A/C technology

Vehicle D1 B-Segment 1.6L Diesel
Automatic, External control compressor 

(120cc) with clutch, TXV

Vehicle D2 D-Segment luxury 2.0L Diesel
Automatic, External control compressor 

(140cc) clutchless, TXV

Vehicle G1 B-Segment 1.4L Gasoline
Manual, Externalcontrol compressor 

(120cc) with clutch, TXV

Vehicle G2 C-Segment 2.0L Gasoline
Automatic, External control compressor 

(140cc) clutchless, TXV

Vehicle G3 B-Segment 1.4L Gasoline
Manual, Internal control compressor 

(120cc) with clutch, TXV

Vehicle G4 B-Segment 1.3L Gasoline
Manual, Fixed displacement compressor 

(Scroll 60cc), TXV

Vehicles tested
Technical definition

Á To assess MAC technology influence, the following vehicles have been tested and 
compared (same test facility):
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Á Does the test procedure discriminate different MAC technologies ?

Influence of MAC technologies
Fixed displacement vs Internal control vs External control comp

ÁThis test procedure shows significant differences in fuel consumption for different MAC technologies 

(with equivalent engine types)

ÁThe measured range is between 0.38 to 0.65 l/100 or 8% to 13% of overall consumption

ÁIdle condition alone cannot discriminate these A/C technologies
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Á To assess engine type influence, the following vehicles have been tested and 
compared :

Vehicle Vehicle type Engine A/C technology

Vehicle D1 B-Segment 1.6L Diesel
Automatic, External control compressor 

(120cc) with clutch, TXV

Vehicle D2 D-Segment luxury 2.0L Diesel
Automatic, External control compressor 

(140cc) clutchless, TXV

Vehicle G1 B-Segment 1.4L Gasoline
Manual, External control compressor 

(120cc) with clutch, TXV

Vehicle G2 C-Segment 2.0L Gasoline
Automatic, External control compressor 

(140cc) clutchless, TXV

Vehicle G3 B-Segment 1.4L Gasoline
Manual, Internal control compressor 

(120cc) with clutch, TXV

Vehicle G4 B-Segment 1.3L Gasoline
Manual, Fixed displacement compressor 

(Scroll 60cc), TXV

Vehicles tested
Technical definition
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Á How to compare MAC technologies with different engine types ?

Influence of engine type
Gasoline Vs Diesel

ÁIf the result is given in absolute over consumption (l/100km) Ą first order or magnitude is directly 

related to engine efficiency

ÁIf the result is given in (%) Ą the final value better reflects the influence of AC technology & AC good 

engineering
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Vehicle Vehicle type Engine A/C technology

Vehicle D1 B-Segment 1.6L Diesel
Automatic, External control compressor 

(120cc) with clutch, TXV

Vehicle D2 D-Segment luxury 2.0L Diesel
Automatic, Externalcontrol compressor 

(140cc) clutchless, TXV

Vehicle G1 B-Segment 1.4L Gasoline
Manual, External control compressor 

(120cc) with clutch, TXV

Vehicle G2 C-Segment 2.0L Gasoline
Automatic, Externalcontrol compressor 

(140cc) clutchless, TXV

Vehicle G3 B-Segment 1.4L Gasoline
Manual, Internal control compressor 

(120cc) with clutch, TXV

Vehicle G4 B-Segment 1.3L Gasoline
Manual, Fixed displacement compressor 

(Scroll 60cc), TXV

Vehicles tested
Technical definition

Á To assess engine type influence, the following vehicles have been tested and 
compared :
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Influence of engine type
Gasoline Vs Diesel

ÁFor Diesel vehicles where the AC Off fuel consumption is low, result in % may be amplified, which 

make comparison difficult between diesel and gasoline cars equipped with similar AC technology.

Ą Even if the test procedure itself is reliable, the way we should communicate the result is still an 

open point
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Á How to compare MAC technologies with different engine types ?
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Influence of MAC technologies
Global picture (in l/100km)

ÁThe global picture in l/100 is in favor of Diesel engines because the effect of engine efficiency is in 

the same order of magnitude as the effect of MAC efficiency

Diesel Gasoline Diesel GasolineDiesel Gasoline Diesel Gasoline


