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Travel survey or Fleet Emission Factor
travel demand Composition Database
model

Specific
Emissions — Source Activity X emission
(kg) - I (VKT, km) intensity

(g /km)

Where: Dependency

I the type of activity, could be of
multiple dimension
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‘EnClassn‘lcatlon of different emission

models used in Europe, Australia and USA

Germany/
Switzerland

TRMOD/HBEFA

Europe

Europe

Australia/

Europe

Australia

Australia
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Passenger Car

Motorcycle

Coaches

Light duty veh.

Truck trailer?

PC<14L

PC1.4-20L
PC>20L

Truck =75t

Truck 7.5-12 t

Truck 12-14 t

subsegments
Vehicle Vehicle Fuel Emission Reduction
categories size types Standards technologies

Particle filter

SCR

Abbreviations:

1 Including articulated vehicles.

PC = Passenger car; LPG = Liquefied Petroleum Gas; CNG =
Compressed Natural Gas; FFV = Flexible Fuel Vehicles; SCR =
Selective Catalytic Reduction; EGR = Exhaust Gas Recirculation
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Motorway (130 knvh) free flowing traffic

Motorway (120 kn

L A LAY ARV

kmh

seconds
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Urban (50 km/h) free flowing traffic

Urban Stop

» traffic situations of HBEFA are categorised by:
., areas: urban/rural
, road types: e.g. motorway, trunk road
. speed limits: e.g. 50 km/h
., levels of services: free flow, heavy traffic, saturated, stop &8
» 276 different traffic situations (more than 120 for urban areas)
Speed Limit [km/h]
Area Road type Levels of service 30| 40 | 50 ] 60 [ 70 | 80 | 90 [ 100 | 110 ] 120 130 [>130
Rural Motorway-Nat. 4 levels of service
Semi-Motorway 4 levels of service
TrunkRoad/Primary-Nat. 4 levels of service
Distributor/Secondary 4 levels of service
Distributor/Secondary(sinuous)4 levels of service
Local/Collector 4 levels of service
Local/Collector(sinuous) 4 levels of service
Access-residential 4 levels of service
Urban Motorway-Nat. 4 levels of service
Motorway-City 4 levels of service
TrunkRoad/Primary-Nat. 4 levels of service
TrunkRoad/Primary-City 4 levels of service
Distributor/Secondary 4 levels of service
Local/Collector 4 levels of service
Access-residential 4 levels of service

=
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W
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|
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Em|SS|on factors only based on average speed
are not sufficient for detailed analyses

Rural: Trunk road: Rural: Distributor: Rural: Distributor:
60 km/h, free flow 80 km/h, heavy 100 km/h, saturated
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Passenger car: diesel, 1.4-2.0 |, Euro 3
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HBEFA approach: Calculation of emission factors
for all traffic situations using the PHEM model

Real world PHEM model Traffic
emission ) situations
Engine map
ﬁmeasurements,
" Urban Stop and go traffic

- 1 .

TN P

P Y I

T AR LT A1

| rlml Il [

| L I

L ' |

= approach is also feasible for ‘

other countries Siecfern
factors

= existing engine maps
(particularly for CO2) can be
used for the calculation of
emission factors based on
local traffic situations
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PHEI\/I?I;EQEF'J (Passenger car and
Heavy duty Emission Model) in detall

Speed, km/h

Passenger Trucks (Additional)
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Time, s

(Real world) Roller Engine On-Board
driving cycles test bench test bed measurements
Engine ™ PHEM
E
maps " S N model
\\\ ></><

IEngine maps are “, ',’,,, i \
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\
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: -
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HBEFAZ HiAk K1+ AR B ¥ Approach to Localize

HBEFA

On road driving data collection, GPS
recording second by second

V

Driving data pre-process, map
matching

{

Develop local driving cycles/traffic
situations

Real measurement of typical vehicles
in China

Validate the PHEM Model to China
Context

Using PHEM Model to generate

new emission factors

Emission Factors Database in China
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Specification of Traffic Situations in China

Considering the on road traffic conditions and network
performance in Beijing, traffic situations was specified

as:

= 5road type: Highway, Expressway, Major Arterial,

Minor Arterial, and Branch Road

= Speed limit for each road type

» 5 Level of Service (comparing to 4 LOS in HBEFA)

LOS 3: LOS 4:

Level of service Heavy Stop
traffic and go
Congestion level Mild congestion Modera.te
congestion

Unit km/h km/h
Highway/Expressway >55 40-55 30-40 20-30
Major arterial >44 30-40 20-30 15-20 <15
Minor arterial >35 25-35 15-25 10-15 <10
Branch >35 25-35 15-25 10-15 <10
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*}Lz:jjf‘ﬁgﬁéf(ﬁ“’ £0n Road Driving Data
Collection

GPS transmitters were applied to record real road vehicle
movements.

Measurements are made second by second (1 Hz)

GPS data was collected in both Beijing and Shenzhen with a
total of more than 2000 hours of driving data

GPS receiver
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Descriptive statistical driving cycle data

Cell _ Average weighted by distance
Dist(km) | Total time(h) )
count Speed (km/h) | RPA (m/s2) | Stop time (%)
Branch 1436 1804.30 138.52 21.41 0.17 25.7%
Expressway 1631 5916.15 170.78 45.43 0.14 4.9%
Expressway 1132 | 2083.92 92.18 31.68 0.17 16.8%
sideroad
Highway 559 2683.08 75.59 54.18 0.13 9.4%
Major Arterial 1997 3919.51 202.59 28.14 0.19 33.3%
Minor Arterial 1836 2787.30 169.23 21.68 0.19 29.4%
National Highway 25 55.26 2.24 25.54 0.19 27.4%
Provincial 26 73.60 2.54 35.16 0.17 19.6%
Highway
sideroad 180 201.20 14.01 20.26 0.20 37.4%
SUM 8822 19524.32 867.68
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|dentification and Selection of Typical Cycles

Fuel consumption in g/lkm

Fuel consumption PC gasoline Euro 3

Legend:

Untypical driving cycle
| Typical driving cycle (pre-selection)
B sclected driving cycle

Second best fitting driving cycle

HBEFA driving cycle
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In principle HBEFA
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Selection of Chinese specific traffic situations
-Expressway/Highway

Key parameters: LOS 1: Free flow LOS 2: Heavy
90 90
Average RPA %-stop “ w0 ]
speed time s 70 4 A
km/h m/s3 % g 60 g 00
Eu | A B
LOS1 712 0.09 0% Eo 2]
LOS2 573 0.11 0% &30 e
20 20 -
LOS3 423 0.13 1% 10 10
Los 4 258 017 7% ° 0 00 2(;0 300 00 ’ 0 100 200 300 400
LOS5 120 0.17 26% T T e
LOS 3: Saturated LOS 4: Stop+go 1 LOS 5: Stop+go 2
90 90 90 ~
80 80 80
70 70 70 +
< 60 £ 60 £ 60
£s E s £s0
= 40 % a0 | 3 %0
&30 1 - g0 [ VI N 4 /\ﬁv &0
20 20 20t e
10 10 ;{\J‘\ 10
. . ‘ oY W g4 ‘ ‘ .
0 0 100 200 200 400 o] 100 200 300 400
Time in sec Time in st Time in sec
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Selection of Chinese specific traffic situations

-Major Arterial

Key parameters: LOS 1: Free flow LOS 2: Heavy
Average % stop 50 #
RPA . _ .
speed time Zz = I/ . P )
kmh  mis3 % &) /\\ n/\/ V\A A/ Eg
LOS1 498  0.17 5% 32 Nr i W =‘3‘0/\ [\
LOS2 348 0.20 18% = I \ / R
LOS 3 24.2 0.20 28% 0 L s
LOS4 176 0.23 40% °, 10 0 0 w0 T e 0
LOS 5 84 021 62% i Time in sec
LOS 3: Saturated LOS 4: Stop+go 1 LOS 5: Stop+go 2
70 70 7
60 60 60
£ < <
E 50 - A '\f/\ h 3 50 T
“ 1 o4 LA A
B ‘T | I , Sl i [
00 Timzf;: e 300 00 0 100 T|m§CIK’j . 300 400 0 100 nmz? . 3 400
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Selection of Chinese specific traffic situations

-Minor Arterial

Key parameters:

LOS 1: Free flow

LOS 2: Heavy

km/h m/s3 %
LOS 1 41.0 0.19 5%
LOS 2 27.3 0.18 16%
LOS 3 18.8 0.19 27%
LOS 4 12.5 0.23 43%
LOS 5 5.3 0.20 65%
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Selection of Chinese specific traffic situations

-Branch

Key parameters:

fopoes RPA TP
km/h m/s3 %
LOS 1 45.7 0.12 3%
LOS 2 28.5 0.20 14%
LOS 3 19.6 0.19 21%
LOS 4 11.9 0.19 27%
LOS 5 4.5 0.18 60%

LOS 3: Saturated

LOS 1: Free flow LOS 2: Heavy
62' ~ /'\/\..w/\ <
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o
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‘f‘Generate localized emission factors

Polutant: [NO:
. -
P
3
......................... <3 .
O A e A A Bebetes, -2 Y L F
250 o
2 A fha s e T
;“W
2 8 8 = 2
@ PCiesal 1,4-¢21 Euro2/ HB31.V35 # PC ficssd 1,0-<2 Euro- 3/ HBIVIS
© PCdiecel 1,4-<21 Euro-4/ HB31-W35 % PC diecel 1,4-<2L Euro-3 DRF/ HBI1.V35
PC dicsel 1,4-<2L Eurc-6 DPF/ HE3-VI5

Beijing specific
emission factors
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Fuel consumption of gasoline fueled passenger
cars (Euro 3) for the Chinese traffic situations

Fuel consumption of selected cycles

g/km
250

200

150

100

50

1.2 3 4 511 2 3 4 5|1 2 3 4 5|1 2 3 4 5

Expressway Major Arterial Minor Arterial

Roadtype and LOS
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Fuel consumptlon of gasoline fueled passenger
cars (2002): Chinese and HBEFA traffic situations
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NOx emissions of gasoline fueled passenger
cars (Euro 3) for the Chinese traffic situations

NOx emissions of selected cycles

a/km
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age 25



4

Deutsche Gesellschaft
fir Internationale
Zusammenarbeit (GIZ) GmbH

“E A HR A 1

BRIY 1.6H-E I EA R THCOHBERE (Fi/AH)

700 ~
600
500 -
400
300
200

100 -

N O LOS1

Page 26



4
Deutsche Gesellschaft
fir Internationale
Zusammenar beit (GIZ) GmbH

K4 Outline

" ﬁﬁﬂfﬁﬁﬂ‘ﬁiﬂ Emission quantification tool - software
package
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(HBEFA-China Expert Version)

Version 32
Date 30 June 2014
Model developed by INFRAS CH
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History HBEFA
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China Road Transport Emission Model
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HBEFA Expert Version and interfaces to other
external data sources

Transport
demand model,
surveys etc. )
l HBEFA China
Travel activity Specific GHG GHG
(vehicle km X emissions = emission
travelled) (e.g. kg CO2/km) (e.g. kg CO2)
Combine
Emission
factor nF]I: de(:I
database
Adaption Vehicle Annual
to China stock data VKT
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Emission factor database

Mio. vehkm p.a. [Veh Sub- Size Concept M vre\ghl Speed per SubSegm. EF# per SubSegm.
70000 {Segment Odometer |(%) Evg. |LoadUR[100%_ [Ava |Load02[100%_|i
i EweE | dnh| imd| ahm| ghw]| ot
PC-D-EuoS PC petiol <1 AL <ECE T4 [PLPChineD | 50ODO] 1000%|] 712 17480
60000 [[PCpetiol <TALECE-900_ [<1.dL  |PCPChined | 50000] f000%| 712 7460
B PC-D-Euro4 2IPC petrol <1 4L ECE-1501/02 |<1,40 FLC F China-0 B0000 | 100.0%] 71.3) 11.480)
50000 PC-D-Euro-3 JFC petol <TALECET503 |14l |PCF ChnaD | G0000] 100 n% 2 7280
PC-D-Euro-2 FCpetol <1 ALECE-150¢ |40 |FCFChina® | B0DO0| 1000%|| 712 5257
40000 W PC-D-Euro-1 S[PC petiol <TALAGWBZ[CH) [<1AL  |PCPChing0 | 500D0| 1000%|| 712 3554
W PC-D-Euro-0 §JFT petiol <1 4L cor other con|[<1AL |FCF China®) | 50000| 1000%|| 712 F55]
M PC-Allemative Fuel 7P petiol <1,4L Ucat (7AL  [FCPChina0 | E0000| 1000%|| 712 5347
30000 PC-P-Euro6 IPE petial <AL PreChina SWEJ<1 AL [PCP Chined | S0000] 1000|717 64
PC-P-EUOS JIPC petiol 1AL PreChina 3WC{<TAL  |PCPChina | 50000| 1000%|| 712 1EH
20000 e PR JFT petial <1.4L China [(TAL_ |PCPChinad | 60000 T000%| 717 1644
JPC petiol <1.4L China-2 <1.4L PLC P China-2 500000 100, EIZ‘ 71.2) 0263
10000 | PEPrues I[P petrol 1AL Chine3 <14  [PCPChine3 | 50000] 1000%]| 712 0.262
ROR:EUID2 JFC petiod <1.4L Chinad <Tal  |PCPChined | SOO00| T000%|| 717 I
P 1 PC-P-Euro-t JPC petiod <1,4L China 5 <140 |PCPChina® | E00000[ 100 u% 71.2 0200
W PC-P-Eurc-0 P petiol <1 4L Chine® <TAL  [PCPChina® | 50OD0| 1000%|| 712 [REZ
1990 1985 2000 2005 2010 2015 2020 2025 2030

0 ode Result: Emissions

] selct il parameters for your case. Then speay 2 rame for thisset ard lt the program calculate NOX
Select VEHICLE CATECORIES |

|—17 T oo T HGY [ UbarBus I Coach [ MC a
Select COMPONENTS Follutants) e

¥ equiatzd Fuzep ot Construet your swn is:

- Select YEANG =
T [ 200

Fao T Caw
Cam T 20

-SelectFLEET COMPOSITION (ialfsconaio) P .
b weghted it Uk I "
T — 7 |

1 Specity parameters for HOT EMISS ON FACTORS. B

[0 ] Constuetpousmnts |
(et J|__Gntnetsoursniz |
O[fhggregate TralficTityations (incl. GradienD s ibutionk i

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
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Interface fﬁFf&1ﬁﬂ£ ?j\’ﬁ:g %_II
e . Microsoft Access = |G b3
Settings Definitions FleetMadel TrafficDataSets EmissianFactors EmissionMadel Wizards Library Extras

> @
WS &
create  Fleet Emission DataTransfer
TDs  madal model TaGIs
HBEFA wizards
=8| Import data from EXCEL files 2 -
Utility to import user data from Excel to HBEFA

FE\EEtEd Country:
Stepuize procedurs ba import data from Ewcel

N =

Buttor 1. Select the directom where the data (XLS, LS, C8W) are stored which shall be imported.

Button 2. List all Files of the selected directory and then select [mark) the [XLS, XLS% or CEV] file with the data which pou want to impart. Double click on file name lists all sheets of the file
=button 3]

Button 3. List all sheets of the selected file [button 2.

» for C5W-Files: Select [mark] the sheet with the data which pou want ta import. The name of the selected sheet appears in red
» for LS or=LSx-Files: the progam reads alwags the first sheet [if the file containg sewveral sheetg]

1. Select directary > ‘

2 List all files of selected directory: then select
[mark] the file [Excel or C5%) with the data to be

3. List all sheets
imported. [Double click lists all sheets - as point 3.].

Then select (mark) the relevant sheet.

Selected Sheet:#E mor ‘

TC TmpList_Sheets
HDeleted
* E
TrafficVol (predefined)
> Select import specification . .
oran Explanations and utiliies
]ImpSpeE_Tralhl:Data_\f'EhEat El
Wiew details of selected Import specification Explanations about import of TrafficWolume
data from CSW-or XLS-files
> Select Target TDS where the imported data shall be stored
] El Option: define new TDS Dption: rename TDS

#Records in selected TOS: 1 Update TDS List Option: delste TDS Option: edit TOS |

> Impont linkwige traffic vol data and store in linkwise format in target TDS

Option: View Input TrafficVolumes Dption: wiew IMPORT LOG file

Start Import procedure I

Num Lock |'% = L
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