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« Golf 1.4 GDI China 4 (DCT) vs. Euro 4 (MT)
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 China 5 (2 vehicles) vs. Euro 5 average
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Scope of pilot phase measurements

"[,ﬁ):lf( m_fﬁﬂj\'“ﬁ%% MK Consulting

« Comparison of emission behaviour of Chinese cars with European data

from ERMES Group® 5 B 3 HEEAT AR ERME SEE HL

Approach 1: Measure identical vehicles and compare
specific emission test results

JIiRL: WU E 4R AL TS SN 4

Approach 2: Measure most relevant makes and models
and compare average emission levels

J7i52: MEAH IS ZE RN LGP S HEBOK

« Exchange of methods for measurement of real world emissions
(e.g. test setup, quantities to be measured, test procedures NEDC + CADC,
test evaluations) A2 it SE FRAEBGINAR 5 vk

o Collection of emission data for later re-calibration of CRTEM to specific

Chinese conditions JNCRTEMA&: #E+ H HeB 35

*) ERMES Group: European Research on Mobile Emission Sources
WWW.ermes-group.eu

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison Golf 1.4 TSI BH/R*x1.4 TSItbE o

« “China 4” vehicle measured at VETC in Nov. 2015 VETC 2015.11 JU:XE4 %5
« Year of construction H) 4: 2012
« Mileage 173 B #%: 48 700 km
« “Euro 4” vehicle measured at TUG in 2006 TUG 20062 M3A K4 5%
 Year of construction !/ 4E: 2006
« Mileage 174 B #£: 4 000 km
« Similar engine technology (capacity, injection system, emission standard)#HE KK
AR (BEA1, BESHEAR, HEARHE

« Different full-load characteristics A [F B E A AE
China 4: 95kW@5000rpm vs. Euro 4: 125kW@6000rpm

 Different transmission technology/A[E] K2Z & 2%
China 4: Double Clutch Transmission (DCT) vs. Euro 4 Manual Transmission (MT)

« Chassis dyno settings (inertia weight, road load) and test execution identical X fR

HRESHMARA T T LM F

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparlson Honda Accord 2.0 VTEC -
FEHAccord*f ke

e« “China 3” vehicle measured at VETC in Dez. 2015 VETC2015.12% EH3ZE%

 Year of construction 1) 4E: 2007
« Mileage 173 B #£: 130 000 km
« “Euro 3” vehicle measured at EMPA in 2002 EMPA20024E U i) Bk 3Z45%
 Year of construction !/ 4E: 2000
« Mileage 1743 B #%: 28 300 km

« Vehicle specifications identical (engine + MT transmission) ZE3§#& 52

« Chassis dyno settings (inertia weight, road load) and test execution identical 5%

WX S Hok e MRS R T H

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison test results CO, M
Golf 1.4 TSI China 4

300.00

250.00

200.00

£ 15000

o ® China
100.00 ® ERMES db

50.00

0.00
ECE EUDC NEDC CADC urban CADC rural CADC CADC

motorway
(130/150)

- On average Chinaresults 19% lower (min: -13% in EUDC; max: -26% in CADC rural)
i § P45 R ELERMES 45 24K 19%

-> Differences in CO, can be explained very well by transmission technology

(DCT vs. MT, see next slides) CO, %5 R KIA R ™ MR IF RIS E A EARANF (J5 S4I4T A 4H)

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison test results CO,

Golf 1.4 TSI China 4

Difference in CO, between measurements in China (with DCT transmission) and at

TUG (MT transmission) was further analysed by simulations with the PHEM model

A F PHEMIE L — B8 78 P R IR B — SR HE = =7

140

100

Pe [kW]

-

MK Consulting

Assumption: similar values for FC and CO, at given engine load point (engine speed and torque)
for both vehicle variants € — 3 1IN 5 B A [FAE KM FE R COLME

Engine map for FC / CO, and values for auxiliary power consumption taken from data available at
FVT (small size turbocharged gasoline engine, data from particular 1.4 TSI engine not available) FC /
CO, KRB EAIF M LA AR 7T HFVT3REL

Settings for vehicle mass and road load as on chassis dyno 7 5 F13i# i 71 4% 5 & 22001 5]
Actual vehicle speeds and engine speeds as measured on the chassis dyno (for DCT and MT) 5 &

SR [ P 2 503 5 R e B L i

Engine fuel map

+ FC / CO2 points
—Full load curve Golf96kW
—Full load curve Golf125kW

+ o+
o+

+
+++++

Pe [kW]
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*
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4o L]

4000

engine speed [rpm]

Engine operation points

100
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o o o

engine power [kW]

o

6000 0

20 = Golf MT 125kwW

40 + Golf DCT 96kW

engine speed [rpm]

6000

M. Rexeis

Analysis Emission Data Pilot Phase vs. ERMES

2



FV1 IV]I Institute of Internal Combustion Engines and Thermodynamics 1G-rla!.
Comparison test results CO,

Golf 1.4 TSI China 4

Difference in CO, between measurements in China (with DCT transmission) and at
TUG (MT transmission) was further analysed by simulations with the PHEM model#|
FAPHEMARRL i — 255} 5T BR PR 2230 — AR HRCE =+

CO2 Difference (DCT-MT)/MT

0%

-5%

-10%

-15%

-20%

-25%

-30%

NEDC  CADCurban CADC rural

CADC
motorway
(130/ 150} CADC

Conclusion&i:

e

B PHEM

B Measurement

Difference in CO, emissions from
measurements can be very well
explained by different gear shift
behaviour in combination with similar
engine CO, emission behavior

Bﬁﬁ@ﬁﬁﬁ%ﬁ:‘& E‘JTF.I
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Comparison test results CO,
Accord 2.0 VETC China 3

350.00

300.00

250.00 -

200.00 -

[g/km]

B China
M ERMES db

150.00 -

100.00

50.00 -

0.00 -
ECE EUDC NEDC CADC urban CADC rural CADC CADC

motorway
150

- On average China results 8% lower (min: -4% in CADC urban; max: -11% in CADC motorway)

H 2R 45 R ERME SK8%

- Possible reasons: Differences in engine and vehicles efficiencies (vehicle measured at ERMES
built 7 years earlier) and/or chassis dyno forces (reproducibility of CO, approx. 5%)FH 77 8 H

TARKRPEFHRE(ERMESTIRER R 74E), RAR K &3 NIRE A

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparlson teSt reSUItS NOX MK Consulting
Golf 1.4 TSI China 4

0.16

0.14

0.12

0.10

Limit value

0.08

m China
W ERMES db

[g/km]

0.06

0.04

0.02

0.00
ECE EUDC NEDC CADC urban CADC rural CADC CADC

motorway
(130/150)

« Emissions on alow absolute level, differences in the range of reproducibility HEBUKFAE X B%

R X A E B AN
« Emission limits in NEDC clearly met iAZINEDCHERSRE
. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparlson test reSUItS NOX MK Consulting
Accord 2.0 VETC China 3

0.20

0.18

0.16 Limitvalue

T vara

0.14

0.12

0.10 -

[g/km]

m China
B ERMES db

0.08 -

0.06 -

0.04 -

0.02 -

0.00 -+
ECE EUDC NEDC CADC urban CADC rural CADC CADC

motorway
150

« Emissions on alow absolute level, differences in the range of reproducibility HEBUKFAE X B%
g X TSR AR
« Emission limits in NEDC clearly met X ZBNEDCHE FR1E

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison test results THC MK Consting
Golf 1.4 TSI China 4

0.14

0.12

Limit value

0.10 T —

d_.11

ECE EUDC NEDC CADC urban CADC rural CADC CADC
motorway

. .. . (130/150) \
« Emissions on alow absolute level, emission limits in NEDC clearly met Hjf#i{&, ANEDCIR{E

 DCT vehicle measured in China shows slightly higher HC levels in CADC (probably effect of
different engine torque and speed pattern due to DCT, see also results for CO) FEJRAFIDCT
R EHECADC LI L HCHEBUK P8R (FT Be ZDCT R A HLHAE AR B, CORIL AR

0.08 -

= China

[g/km]

0.06 -

B ERMES db

0.04

0.02

0.00 -

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison test results THC MK Consting
Accord 2.0 VETC China 3

0.400

0.350 I

0.300

0.250
Limit value

0.200

[g/km]

m China
0.150 - ® ERMES db

0.100

0.050 -

0.000 -
ECE EUDC NEDC CADC urban CADC rural CADC CADC

motorway
150

« Emissions on alow absolute level, emission limits in NEDC clearly metHi##%, ZNEDCFRIE
« Vehicle measured in China somewhat higher emission values 5 E A ZEHFAN B =

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison test results CO MK Consulting
Golf 1.4 TSI China 4

3.00

2.50 1

2.00

1.50

m China
B ERMES db

[g/km]

Limit value
1.00

0.50 -

0.00

ECE EUDC NEDC CADC urban CADC rural CADC CADC

motorway
(130/150)

« Emissions on alow absolute level, emission limits in NEDC clearly metHi8#H&, #NEDCIR{E
 DCT vehicle measured in China shows slightly higher CO levels in CADC
(probably effect lower engine speeds and higher engine torques for DCT vehicle)d B MR K]

DCTEE E4WAECADC T _E FICOHEBUK P B R (AT BE 32 DCT R K AL AR T R )

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison test results CO MK Consuling
Accord 2.0 VETC China 3

4.000

3.500

3.000

2.500

2.000

[g/km]

1.500

1.000

0.500

0.000

Cimitvalue

ECE

m China

H ERMES db

EUDC

NEDC CADC urban CADC rural CADC CADC
motorway
150

« Similar emission behaviour at both vehicles =& HEBURFEFR L
« NEDC limits clearly met ZANEDCPR{E

. M. Rexeis

Analysis Emission Data Pilot Phase vs. ERMES

15



TU

L] ] L]
FV1 IV] Institute of Internal Combustion Engines and Thermodynamics Grazm

Comparison test results PM MK Consting
Golf 1.4 TSI China 4

0.010

0.009

0.008

0.007

0.006

0.005 _
m China

M ERMES db

[g/km]

0.004

0.003

0.002

0.001

0.000

ECE EUDC NEDC  CADC urban CADC rural CADC CADC
motorway
(130/150)

« Low absolute PM levels as typical for gasoline engines, no PM limit applicable &5 E(KPM
H, BEEAKPMIRE
- Differences between vehicles in the range of reproducibility #IEZ4LTEE A FE

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison test results PM
Accord 2.0 VETC China 3
0.009
0.008
0.007
0.006
— 0.005
£
- .
% 0.004 m China
0.003 B PHEM EURQ3 Gasoline avg
PHEM results w/o
0.002 cold start effect
0.001
0.000 | | | T
ECE EUDC NEDC CADC CADC rural CADC CADC
urban motorway
150

« No PM results available from ERMES (not standard for gasoline in 2002) ERMS¥H PM45 3
* PM measured at VETC match with average PM levels in PHEM model for gasoline Euro 3

VETCHIR FIPME5 RIE E] PHEMAR R 1 BR 3753H 22 PM-F- 3 HETBUK T

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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. MK Consulting
Comparison test results PN
Accord 2.0 VETC China 3
2.50E+12
2.00E+12
1.50E+12
B
k-
5 ® China
= 1.00E+12
B PHEM EUROS3 Gasoline avg
PHEM w/o cold start
5.00E+11
0.00E+00
ECE EUDC NEDC CADC CADC CADC CADC
urban rural motorway
150

« No PN results available from ERMES (not standard in 2002) ERMS# A PN& R
* PN measured at VETC matches order of magnitude of average PN levels

in PHEM model for gasoline Euro 3 VETCHIAR PN 5 5 PHEMA R F1 Bk 3751 ZEPN-F o HE B Z A0l

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Conclusions from analysis of , matching® vehicles s

VLEC 50 AT i &5

« Measurement techniques and data evaluation methods as applied by VETC are
comparable with top standards as applied in ERMES group. VETCHJHERFIEIE PR
75 ik 3] T ERME SR AL TR bR e

« Similar emission behaviour of found at “matching” vehicles at VETC, both for
(engine) CO, emissions as well as for pollutant emissions.
However, sample size of 2 measured vehicles is too small to make general

conclusions XA MRAZEFHEBAT AL, BEUNFHEENRAA 2 LAk B A ER

* Analysis of vehicle stock in China indicates that other makes and models are

relevant than in EU. FEZERA TR X HAL) BRAER KT+ EE

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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MK (‘nnsulfing

Comparison of ,most relevant” vehicles
FHRZERINT L
China 4 vs. Euro 4 EH4 vs Fk4

 Three vehicles measured at VETC (2 top sellers + Golf from ,, matching vehicles*)
SWMVETCHREMOCNMHER S ER, MILEERFHIGol)
* Citroen Elysee 1.6 MT
« VW Jetta 1.6 MT
 Golf 1.4 TSI AT (data also shown in analysis)

« Comparison of test results for pollutant emissions with data from ERMES

database (average, min., max.) 5ERMES#$iE EEx} b5 e HE R SR

« Direct comparison of test results for CO, not meaningful due to differences in
vehicle size and engine and drivetrain technology E#X HLCOHBEABE RN, BN

EHH S HE)MRBIFLESI I BARANF

M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison of , most relevant® vehicles ———
China 4 vs. Euro 4 - NOx

4.00 -

3.50

m #1 - Golf

H #3 - Elysee
#6 - Jetta
B ERMES db / PHEM

0.50 - T
1 Li value
0.00 -

NEDC CADC urban CADC rural CADC motorway
150

« Jetta and Golf show typical low NOx emissions and meet NEDC limit JettafiGolf FJNOxHEBIRIK, &R
* Elysee ,high emitting vehicle* probably with malfuction in emission control system
(NOx emissions meet order of magnitude of engine raw emissions) EHER A Elysee ] 882 KR AHEBIE H
RGHIHBIE. (B3 T REHEHBHIER)

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison of ,most relevant* vehicles
China 4 vs. Euro 4 - THC MK Consulting

0.40 -

0.35 -

m #1 - Golf

B #3 - Elysee
#6 - Jetta
H ERMES db / PHEM

1 Linfillvalue

0.05 -

0.00 -
NEDC CADC urban CADCrural CADC motorway
150

« Jettaand Golf show low THC emissions (approx. ERMES average) and meet NEDC limit
JettafIGolf I THCHEBURIR, &HF

» Elysee ,high emitting vehicle* probably with malfuction in emission control system

HEZEElyseen] BE R R AHEBEE B R 48 H IR

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison of , most relevant* vehicles MK Consulting

China 4 vs. Euro 4 - CO

10.0 -

24 g/km

9.0 -

8.0 -

7.0

6.0 -
7 B #1 - Golf

5.0 -

[g/km]

B #3 - Elysee
W #6 - Jetta
B ERMES db / PHEM

4.0 -

3.0

2.0 -

1.0 -

0.0 -

NEDC CADC urban CADC rural CADC motorway
« Jettaand Golf show low CO emissions (appjr%)x. ERMES average) and meet NEDC limit

JettafIGolf COHERIRIE, EhR

» Elysee ,high emitting vehicle* probably with malfuction in emission control system

HEZEElyseen] BE R R AHEBEE B R 48 H IR

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison of ,most relevant® vehicles

China 4 vs. Euro 4 - PM

0.012

0.010 -

0.008 -

0.006 -

[g/km]

0.004

0.002 -

0.000

NEDC

CADC

W #1 - Golf

W #3 - Elysee

W H6 - Jetta

m ERMES db / PHEM

« Measured vehicles show typical low PM levels of gasoline engines Jli&iS i Z=3HPMHEER AR IRIK
« Reproducibility of PM results on relative level known to be low PM#E $3E Yi Bl A < /K- RUR

M. Rexeis

Analysis Emission Data Pilot Phase vs. ERMES
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MK Consulting

Comparison of ,most relevant® vehicles

China 4 vs. Euro 4 - PN

1.20E+13
1.00E+13 -
8.00E+12
m #1 - Golf
é 6.00E+12 - W #3 - Elysee
= ]
= W #6 - Jetta
1 ) = ERMES db / PHEM
4.00E+12 +-n.a.
2.00E+12 -
0.00E+00 -
NEDC CADC

« Measured vehicles show typical PN levels of gasoline engines MR ZH EA VR B R KK PNHER

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison of representative vehicles esss
China 4 vs. Euro 4 — Conclusions [H4 vs Fk4

VW Jetta 1.6 and VW Golf 1.4 show typical low levels for pollutant emissions as
predicted for Euro 4 gasoline by ERMES db and PHEM model XARFEEF B /R RHER
IKFERZAR T ERME SEHE B -5 PHE MR %o} BR 4 28 1 T

Citroén Elysee identified as , high emitting vehicle* probably with malfuction in

emission control system ELYSEER] 8 B THEBEE H RSB &R AN R EHERE

For emission standards earlier than Euro 5 high emitting vehicles were usually

excluded from ERMES in-use testing Bk5F, EEFREBREANE ST SERMESHR
= ERMES db is rather biased for effect of high emitting vehicles ERMES##E FE 7] §&

BEE T BHTRERIR W

Especially for gasoline vehicles the fleet average emission level is significally
influenced by the share of high emitting vehicles. Due to the limitation of sample
size this share can hardly be determined by in-use test programs on chassis

dynos or with PEMS systems. {RiHZEHHBUKFIR Z A ZELm, (B ER: U

Planned approach to consider “high emitters” in ERMES for next HBEFA version:
Use emission data from “Remote Sensing” technique to determine average
emission levels (g pollutant / g CO2) per vehicle segment and calibrate emission
model and/or ageing functions (“ageing” would also include effect of increasing
shares of high emitters with increasing mileage in the fleet) TAMNHBEFARRZAR: G| A

B ER N, FIFHERAEHEOK T, FERIEHRR R MR TR

MK Consulting

M. Rexeis

Analysis Emission Data Pilot Phase vs. ERMES
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Comparison of representative vehicles -

MK Consulting
China 5 vs. Euro 5 EH5 vs Kk5

« Two vehicles measured at VETC (2 top sellers) WEHER S HIER
 Chevrolet Cruze 1.5 AT
» Toyota Camry 2.0 AT

e Comparison of test results for pollutant emissions with data from ERMES
database (average, min., max.). Example NOx: 5ERMES#IEEXTEL, #HlinE &y

0.14

0.12 -

0.10 -

0.08

E B #4 - Cruze
= Limit value
= 0.06 B #5 - Camry
® ERMES db / PHEM

0.04

0.02 I }

0.00 j

NEDC CADC urban CADCrural CADC motorwav

 Main conclusion: Emission behaviour of China 5 vehicles matches , Euro 5 average*

FREGW, ESFEHBERLSRS KA

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Summary and Outlook B&5RHE K consuing

* In general emission behaviour was found to be similar for vehicles measured in

China compared to ERMES data. Z8& kv, B EHHBURME 5 ERME S8 5120
« Similar CO, emission behaviour (on engine level) A& ] COHEHUFE

« Low emission levels for pollutant emissions #AK 1175 ZIHERUK P

 One of 6 measured vehicles was identified as “high emitter”. Pollutant emission
levels for gasoline vehicle fleet is mainly determined by share of “high emitters”.
“High emitters” until now not systematically investigated in EU. 6/MURAZEHFHHE —
WARA R ER. RHENBOKFEER R TRX—RERR LG, ERMILREARE
HEEWRGEH AT

« Sample size of vehicles measures in pilot phase (n=6) is too small to make general

conclusions AR Yr B (6% ) FIFEARTIR N/, AEexTBAEBHIEHBLE L.

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Thank you for your attention!

Contact & Information

Dr. Martin Rexeis
Tel: +43 316 873 30270
Emalil: rexeis@ivt.tugraz.at

Graz University of Technology
Institute of Internal Combustion Engines and Thermodynamics
http://www.ivt.tugraz.at/
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Comparison of representative vehicles MK Consuing
China 5 vs. Euro 5 - NOXx
0.14 -
0.12 i
0.10
— 0.08 :
AEc . . B #4 - Cruze
5 1 Limit value
— 0.06 : W #5 - Camry
] - B ERMES db / PHEM
0.04 -
0.02 I (
0.00 E- : . 4_1
NEDC CADC urban CADC rural CADC motorway

150

 Emission behaviour of China 5 vehicles matches , Euro 5 average®

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison of representative vehicles MK Consulting

China5vs. Euro 5-THC

0.18

0.16

Limit value

m#4 -Cruze

W #5 -Camry
m ERMES db / PHEM

0.02

--.4

NEDC CADC urban CADC rural CADC motorway
150

0.00

 Emission behaviour of China 5 vehicles matches , Euro 5 average®

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison of representative vehicles MK Consusing
China5vs. Euro 5-CO
4.50 -
4.00
3.50
3.00
E 2.50 1 B #4 - Cruze
S~ 1
28 2.00 . W #5 - Camry
150 | ® ERMES db / PHEM
1 Limit value
1.00 -
" Hm ma
0.00 . . -
NEDC CADC urban CADC rural CADC motorway
150
e Camry meets ,Euro 5 average®
 Cruze shows higher CO levels in CADC
. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Comparison of representative vehicles N o
China5vs. Euro 5 - PM
0.009 -
0.008
0.007 -
0.006
'E' 0.005 ] Limit value® B #4 - Cruze
30'004 : EEEEEEEEEEEEEERNEN]| .#S-Camry
: B ERMES db / PHEM
0.003
(*) NEDC PM limit
0.002 only applicable for
gasoline DI engines
0.001
0.000 -

NEDC CADC

 Measured vehicles show typical low PM levels of gasoline engines

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES

34



|| u ||
FV1 IV] Institute of Internal Combustion Engines and Thermodynamics 1G-rla!.

Comparison of representative vehicles MK Consulting

China 5vs. Euro 5 - PN

1.0E+13

9.0E+12

8.0E+12

7.0E+12

6.0E+12

B #4 - Cruze

5.0E+12

[g/km]

B #5 - Camry

4.0E+12 B ERMES db / PHEM

3.0E+12

2.0E+12 +-n.a.

1.0E+12

0.0E+00
NEDC CADC

 Measured vehicles show lower PN one order of magnitude lower than Euro 5 average
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-

Comparison of representative vehicles S

China 5vs. Euro 5 - Conclusions

 Both tested China 5 vehicles show typical very low levels for pollutant
emissions as predicted for Euro 5 average by ERMES db and PHEM model

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Modelling of CO, emissions M i
Method as applied in HBEFA 3.2 / CRTEM
Combined bottom-up & top-down approach
 Bottom-up modelling of influence of drive cycle / traffic situation with Known short-comings

. . of approach:
emission model PHEM PP
* FC maps inaccurate

* Engine FC maps (engine speed, engine power) per engine technology due to limitations of
parameterised based on instantaneous FC data from transient chassis dyno in-use transient chassis dyno
measurements tests (determination of

engine power +

* Baseline vehicle model (manual transmission, average gear shift behaviour, simple . :
Instantaneous S|gnal

auxiliary model) quality)
* Fleet average vehicle specifications (masses, driving resistances, gear ratios) from « Actual PHEM models
vehicle statistics and in-use data do not consider

advanced vehicle
. . . ) . technologies e.g. DCT,
Baseline emission factors [g/km] for FC and CO, per traffic situation AT, 2?

» Effect of cold start
modelled by separate
functions (not in PHEM)

« Top-down calibration of overall FC/ CO, level . LBV PHEVS BV not

e Calibration of FC, CO2 [g/km] per each “first registrations year” an “capacity class” covered by PHEM

to meet average official CO2-value NEDC test + real world correction factor + Real world correction
factor uncertain

Final emission factors [g/km] for FC and CO, per traffic situation

. M. Rexeis Analysis Emission Data Pilot Phase vs. ERMES
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Modelling of CO, emissions MK Consulting

Until HBEFAS3, focus of modelling was set to pollutant emissions. Due to
increasing interest on FC / GHG emissions related modelling approaches
are actually being further developed

Improvements planned for HBEFA4

e PHEM model

. Engine FC maps (engine speed, engine power) per engine technology parametrised from engine
dyno tests and from literature

. Possibly higher disaggregation of vehicle categories into segments (e.g. compact car, van etc.).
Details to be elaborated

. Update of simulation data for driving resistances, transmissions and auxiliaries
. Explicit modelling of electrified vehicles (HEV; PHEV, BEV)
. Possible China specific improvements
. Adapation of driving cycles
. Specific parameteristaion of vehicle parameters

. High shares of AT transmissions with torque converter in China (not relevant for EU) - option to
parameterise transmission loss model in PHEM for AT conditions (?)

Timeline CRTEM vs. HBEFA4?

. Analysis Emission Data Pilot Phase vs. ERMES
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Calibration of CRTEM MK Consulting

Pollutant emissions

1. Accomplishment of further in-use tests in China
* Chassis dyno
« PEMS

2. Analysis of measurement data

 Case 1) Trends CADC urban /road / motorway predicted by
existing PHEM data well - only need to adjust overall emission
level

» Case 2) Different emission behaviour detected at Chinese
vehicles - processing of instantaneous data into PHEM
parameters necessary

3. Analysis of Remote Sensing Data for final calibration of PHEM and /or
CRTEM milage functions

4. Special case: “China 6” legislation follows US procedures. Spearate
analysis of measurement data necessary anyway!

Analysis Emission Data Pilot Phase vs. ERMES
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