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PHEM — Overview model features (1/2) e coniine

PHEM development started at TUG in late 90’ies to simulate emission
factors [g/km] for the “Handbook Emission Factors for Road

Transport” (HBEFA) B& 5 O0EMRARFFHF K, FNHBEFARHEHEHEHE F

Main model output: fuel consumption, CO2 and most relevant

pollutant emissionsfRB EEHH . W, —HMUWRREEFTYHK

Vehicle longitudinal dynamics simulation using a “backward”

approach.Z\ [\ )

Engine emission behaviour characterised by “emission maps” via
engine speed and and engine power 833 & 315 B M Th 287 KHER
BRI R SHAT NHFE

Additional model elements for exhaust aftertreatment simulation (e.g.
SCR, NSCQO), electrified power trains (HEV, PHEV, EV) and emission

behaviour in transient conditions HFE A BERAEDAESR, B3k, FBRES
HBAT A

Time resolution: 1Hz B}Ja] 4

M. Rexeis
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PHEM — Overview model features (2/2) i conaiine

 Features a data base on HBEFA “average-vehicles” which is
parameterised based on ERMES data collection. & FERMESE#HEH E
HIHB EFAT-2) 2 HU SR PR

 Features an interface to micro-scale traffic models (e.g. VISSIM,

Aimsun) B3 55 AT AR i 52 BR

« PHEMis the “parent model” of VECTO (Vehicle Energy consumption
Calculation Tool) which will be used from 2018 in the European HDV
CO2 certification PHME&ZVECTOR]JRZY

. M. Rexeis Passenger car and Heavy duty Emission Model
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Vehicle longitudinal dynamics simulation

A 131 ) 3B ==

Vehicle parametersZE5i =%
//—\ CyX A, mass,
oLhassisIHL ~——\ ot |nertias
Fayns RRC
loss maps
iGears' iAxle
P I:)e = I:)Air + I:)Roll + I:)Acc + I:)Grd + I:)Loss + I:)Aux
rated . .
Engine fuII.IOfad curve ‘Jﬁﬁ?@i&ﬁéﬂz
_BEHL Emission map {Fik ] Backward model approach
Transient parameters o _ ‘
Calculation in each 1 Hz time step:&:Hz 11T H D IR
N Avg. Power demand per . . N,
Eapllizy e ; . n: v, a from drivin le %A N 25 05 T 0y ok
auiliary -4 2% 7ok Given: v, a fro IVI. g cyc eiﬁ\uJ\ 25 I T Y 3
« Result: power at engine i i KB H1 3%
jAg—te”’—el_latme“t lﬂﬁgﬁgﬁgfcmesm@ = + additional driver model elementsHIH A 2%
= = — conversion efficencies%}ﬁ%?ﬁ[% (acceleration behaviour, gear shift strategy, etc.)
JIECIRIL, PR 5
. M. Rexeis FI'IEM Passenger car and Heavy duty Emission Model
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FI'IEM Passenger car and Heavy duty Emission Model

Driving Cycle in 1Hz
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Engine power X375 1%
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« Options to parameterise engine maps Z3HLE Sk
- steady state tests (engine dyno)fa A&l
- transient measurements (chassis dyno, PEMS) B IR

» Algorithms to parameterise PHEM from PEMS measurements w/o

power signal available E?PMESW&ﬁ%

EEKPHEMS &

Passenger car and Heavy duty Emission Model

Generation of PHEM engine maps

 From in-use testing typically chassis dyno or PEMS data are available

H BT R BB R 5 6 2R AMPEMSHR
Requirements: 1) High coverage of engine map KM EEE S
2) Precise correction for variable transport time of
exhaust gas and analysers response time ¥ #if& 1F

2
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PHEM Thermal model for exhaust system -
%"E’J,mﬁiﬁﬂﬁ
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5 ........................ = 5 thermocouple thermocouple thermocouple thermocouple
- N . R i . s after turbo-charger before AdBlue dosing SCR catalyst inlet SCR catalyst outlet
E i--- = -= : =- : ---E - -

. - m
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P o g ¥
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: M emissions:
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Model structure: BRI g4y

« 0-dimensional heat capacities 04 [t #
« Heat transfer between exhaust gas and heat capacities: convection (turb / lam) #vE7E B S A T SR 1L

« Heat transfer between heat capacities and environment: convection, radiation #&:7E H28 AR5 (8] SHR RS AL
- Catalysts: heat input from exothermic reactions (conversion rate = f(temp, mass flow)) g {L57]: &K H A s v
» Thermal behaviour of thermocouples included (essential for comparison of model results with measurement data)
AR RIRATI AT N

« Model structure optimised for simple parameterisation (ERMES in-use testing) &It 1415 5 25 #4355 B & 5 2 5k

i—»/\ =

. M. Rexeis FI'IEM Passenger car and Heavy duty Emission Model
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PHEM — “HBEFA” SCR DeNO, model 1
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PHEM — Typical model applications
AR '

Used for elaboration of HBEFA emission factors for passenger cars, light
commercial vehicles and heavy duty vehicles. HBEFAK/MNIRZE, BEIFEEMER

ZEHHR R F RIS TR
Implementation of two-wheelers in progress for HBEFA4. HBEFA4H i % N

Using HBEFA “average vehicles” for generation of emission factors for special local
conditions (user defined data on driving cycles, road gradient, ambient conditions,

special fleet mix ...) HBEFAFR S EFHE T PR EH HEE F
Example: Comparison emissions speed limit 30km/h vs. 50km/h 30km/hA150km/hHEj# LE

Research and engineering tool Bt T E
Example: simulation of thermal conditions in the exhaust system for layout of heat recovery

systems A R SRR G A 1201 5

Link with micro-scale traffic models (e.g. VISSIM, Aimsun) 5 A @R T SR
Examples: Traffic light optimisation, high resolution air quality modelling AL 2144 4T % il
i PR S R AR Y

Academic use (teaching)2 AR

M. Rexeis Passenger car and Heavy duty Emission Model
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Database of “average vehicles” for
Handbook Emission Factors (HBEFA)

AT TR 5

HBEFAHEK

o

MK Consulting

Vehicle Propulsion Weight Emission- Emission
category technology category Standard control
=SS0 VAR EHE 2| FEBhR #E FE Bz ]
Pass car Gasoline LCV N1 Pre EURO 1 DPF
LCV Diesel LCV N1l EURO 1 SCR
Rigid truck E-T—TE-\-/’-‘ ------------- i LCV N2 I EURO 2 EGR
S ————
Tractor & trailer E EVv* i HDV < 7.5t EURO 3
Coach HDV 7.5t - 12t EURO 4
Bus HDV 12t - 14t EURO 5
[ Two-Wheelers* ! EURO 6

* PHEM models available but so far not used for HBEFA

M. Rexeis

FI'IEM Passenger car and Heavy duty Emission Model
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FVT i
Data included in PHEM HBEFA3.2 emisSion majp Swconsuting

PHEM HBEFA3.2 Het B A& K18k

Number of measured vehicles (engines) per EURO class:

A EF AR ER(R I EE

pre EURO| EURO1 | EURO2 | EURO3 | EURO4 | EUROS5 | EURO6 | EURO 6¢
Gasoline| 2(878) | 3(1191) | 4(164) | 9(156) | 23(208) | 18(31) 1(1) n.a.
PC
Diesel | 0(207) | 0(48) 4(54) | 8(135) | 24(99) | 27(50) | 5(19) n.a.
Gasoline| 0(19) 0 (14) 0 (5) 0 (0) 0 (0) 0 (0) n.a. n.a.
LCV
Diesel | 0(7) 0(7) 0 (9) 0(2) 2 (15) 3(3) n.a. n.a.
HDV | Diesel | 2 (40) 2(13) | 10(21) | 13(27) 8 (8) 11 (11) 7 (7)

Numbers bold:

Instantaneous data for detailed analysis available

I F A T VR4 D B S H0E
(Numbers in brackets): Results for total cycles available for calibration of overall emission level
(5 E): A TR HEBOK T A5 € 1S 0 25 SR 2
. M. Rexeis FI'IEM Passenger car and Heavy duty Emission Model
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Example for PHEM emission factors for HBEFA3.2

HBEFA3.2¥ I PHEMHER R F
Vehicle segmentZ5i285: Long haul truck 40t GVW, 50% loading &

ﬁﬁ%‘k‘$, BREA0t, 50%HAEE.

AEuro lll
18 9] —
BEuro V-EGR
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14 A @ Euro VI _
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‘= 12
£ o
3 10 O Ap
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4 el @ 8 g
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L 2N © o
0 l l 0 K0 o o o o * o
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PHEM model link with micro-scale traffic model

PHEMALZY 5300 AT @ AL 2 SC BK
Project , Graz Adaptive Traffic Light Control* #3285 54T #&#|9 B

Investigations on emission reduction potential of alternative traffic light control strategies

XTT A E kﬁﬁ%ﬂﬁﬂiﬁ’wﬁﬂh’*ﬁﬁﬁn

NN « Investigation area: fiff 5175 Fl

S\ Arterial road in Graz city center #3717 0 T
e : P NV ES

et 10 coordinated traffic lights 104N A{E 54T

2 pedestrian traffic lights 2> A fTi&15 54

» Instantaneous traffic flow (1Hz) simulated in PTV
VISSIM for baseline and different ,alternative®
traffic light control strategies SRR FOMAS [F192 1] B
TN B A A2 3 AR A,

 Emissions per road section simulated by PHEM for
wn - each strategy PHEMIHSANFIBUR - 24 2 BLAEK

Staditpark
Burggarten

e o Best“alternative” strategy was implemented in
application area 13 i) 2 i UK S2

Pelbide

S ﬂ nse £+ Model validation performed via recording of GPS
e e S data in investigation area f F i 5t X 18 GPS %4z %f

P ALHAT 46
. M. Rexeis FI'IEM Passenger car and Heavy duty Emission Model ‘
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PHEM model link with micro-scale traffic model

PHEMFR A 555 AT A R SCER
Project: ,, Graz Adaptive Traffic Light Control* #&Hh & 3B {5 54T #H| W B

Investigations on emission reduction potential of alternative traffic light control strategies

"
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PHEM model link with micro-scale traffic model

PHEMBEZY 528 1B A 2 S Bk
Project , Graz Adaptive Traffic Light Control“¥&H. X3S EIE S TEHI T E

Investigations on emission reduction potential of alternative traffic light control strategies

Results4: &

CO, [g/km] NO, [g/km] PM [g/km]
Baseline strategy
T 255 0.827 0.058
Optimised strategy 220 0.666 0.048
AT R
-14% -19% -17%
M. Rexeis FI'IEM Passenger car and Heavy duty Emission Model
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Summary ki 45 =

MK Consu Iting

PHEM (Passenger car and Heavy duty Emission Model) is a tool for
simulation of fuel consumption and emissions for all types of road

transport vehicles PHEM:2 A PARE L 4= 308 B A0 8 E Wl Fe A HE N TR

Main model elements: & 3 B
« Vehicle longitudinal dynamics simulation ZE5ZN [15) /724 A5
« PHEM engine emission maps PHEM & ZhH1HE
« Models for exhaust aftertreatment J&/< )& 4b FE A 7Y

Required model input: Driving cycle in 2 1Hz £/ 1Hz TR EIEH AN

PHEM is tailor-made for emission modelling on fleet level PHEM&Z$¥
Bt ZE BAK P B AR BUR R

Most prominent model application is calculation of emission factors
for the Handbook Emission Factors for Road Transport (HBEFA)

HBEFAHE B 52 £ R R B A R4

Default database for “average vehicles” according to HBEFA

can be obtained with the model BEBIREBHBEFAR)" S E50" BIEE

M. Rexeis
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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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