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Introduction

Basis: HandBook on Emission FA___ctors for Road
Transport in Europe (= HBEFA)

e I <[ Ff: - HBEFA is emission model flr road
gﬁgﬂwwmw transport which is developed on
oy T e p—— behalf of several European countries
E (e.g. Germany, Switzerland, Austria,
iNFRas m- Sweden, Norway, France)
& HBEFA 3.1 - in 1995 the first version was
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MICET published, in the meantime 20 years
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R development time with a budget

w1l rmdie

S e — - more than 20 million Euros
e - HBEFA provides emission factors for

.W '. = e air pollutants as well as for fuel
- consumption and CO, emission

- emission factors are available on

disaggregated and aggregated level
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Introduction

Dependency of traffic activities and
emission factors

Emission = Traffic Activity (vkm) x Emissio  n Factor (g/vkm)

.~

INFRAS

- emission factors have to fit to the traffic activity data and vice versa

- traffic data should ideally be given for:
- vehicle category
- vehicle size
- fuel type
- technology (emission legislation classes)/age
- load factor (trucks)
- road gradient
- traffic situation/driving cycles
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Introduction

HBEFA provides emission factors for different
sub-segments

Vehicle Fuel Vehicle Emission
categories types size Standards
Passenger Car PC<14L Pre China 1
T mSyeTn e

Urban bus LPG PC>20L China 2

Coaches China 3

Truck €75t

Light duty veh. Electricity China 4

Truck 7.5-12 t

Trucks China 5

Truck 12-14 t

Abbreviations: PC = Passenger car; LPG = Liquefied Petroleum Gas; CNG =
Compressed Natural Gas
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Introduction

Emission factors of HBEFA depends
additionally on traffic situations

» 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 & go

» 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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Introduction

Emission 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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Introduction

Example of HBEFA “hot” emission factors
calculated for different traffic situations

Example: Gasoline passenger car in Europe (Euro 2 -

Euro 4)

0.09 Pollutant: [HC - .00 Polutant: [co -
L
0.08 ot
£ . 5.00
0.07 Fens s
0.06 * 400 -
L
0.05 - *.:.OA. % - *
* .y v . 3.00 +
0.04 -4‘—#‘—““—0’—'—‘—‘ T PR - : © . %
. 003 4 * +* * | 4 a? 3. . 200 H ©
INFRAS 0.02 1
1.00
0.01 1
0.00 0.00 . .
o o (=] o (=] o (= (=]
o @ (=] o = w

# PC pefrol 1,4-=21 Eurc-2/ HE31 & PC petrol 1,4-<21 Eurc-3/ HE31 © PC petrol 1,4-<21 Eurc-4/ HE3

# PC petrol 14221 Eurc-2/ HE31 # PC pefrol 1,4-<20 Eurc-3/ HE31 © PC petrol 1,4-<21 Euro-4/ HE3

0.4%
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* PC peirol 1,422 Eurc-2/ HE31 # PC pefrol 1,4-<2L Eurc-3 HE31 © PC peirol 1,4-<20 Eurc-4/ HE31
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40
60
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100 A
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160

* PC peirol 1,422 Eurc-2/ HE31 # PC peirol 1,4-<2L Eurc-3 HE3 < PC peirol 1,4-<20 Eurc-4/ HE31

Source: Mario Keller (INFRAS) 2011.
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Introduction

Emission factors of HBEFA are calculated with
PHEM (Passenger car and Heavy duty Emission)

Model

(Additional)

Passenger Trucks
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INFRAS
(Real world) Roller Engine On-Board
driving cycles test bench test bed measurements
Engine NOXx PHEM
maps
P model

> Engine maps are
based on real world
measurements data

> Type approval
cycles can'’t be used
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Introduction

HBEFA is often data source of GHG emission
iInventories of Germany cities

Region Braun- . Frankfurt (... . .
Bremen Hannover | schweig Leipzig Cologne Main Tubingen [ Munich
Fuel consumption and direct GHG emission factors
MOBILEV [WWF HBEFA at
Road (HBEFA) HBEFA HBEFA HBEFA 2009] TREMOD VISUM HBEFA
Public PT PT PT PT PT PT PT
TREMOD
transport operator operator operator operator operator operator operator
Rail i German | Geman | st | TREMOD | TREMOD i German
railways railways railways
Inland . UBA' UBA' . LANUV? - . -
navigation
Air conclusions 2 Airport
transport ) by analogy i LULG™ | ksin-Bonn i ) )
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Introduction

Classification of different emission models used
In Europe, Australia and USA

National

-
© O
L =
=
o0
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=&
o

Micro level
(e.g. streets)

Germany/
Europe Switzerland

Europe

TRMOD/HBEFA

TREMOD

Flindiarn Emimionitakionen S Serumemvertsta

Australia/

Europe

Australia

Australia

COPERT

COPERT 4

emissions from read transport

COPER
PAP

PAP
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Introduction

Examples of emission calculation of freight
transport in Europe

TREMOD EcoTransIT World
(www.ecotransit.orq)

HBEFA 3.1
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Adoption of HBEFA to China

Handbook on Emission Factors for Road
Transport for China developed by GlZ

HEEFA

a4
Creulsohe Gesellaskalt

I Z fir Infernationale
Zusemmenarhait [G1Z) GmiH

INFRAS

HBEFA - Expert Version

Version 3.2-BetaV2 Selected Language: Selected Country:
Date 7 March 2014 En [« ]| CN [~

Model developedby  INFRAS CH (¢

INFRAS
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INFRAS

Adaption of HBEFA

HBEFA Expert Version and interfaces to other

external data sources

Transport
demand model,
surveys etc.

Travel activity Specific GHG
(vehicle km X emissions -
travelled) (e.g. kg CO2/km)
Combine
Emission Fleet
factor model
database
Vehicle
Adaption stock data
to Beijing Beijing
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GHG
emission
(e.g. kg CO2)

Annual
VKT
Beijing

Source: INFRAS.



Adoption of HBEFA to China

Collection of GPS data in Beljing and Shenzhen by
taxis to identify representative traffic situations

> GPS transmitters were applied to record real road vehicle
movements

> measurements are made once every second (1 Hz)
> data collected in Beijing and Shenzhen

> around 2,000 hours of GPS data
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INFRAS

Adoption of HBEFA to China

|dentification and selection of typical traffic
situations for Chinese cities

-

Fuel consumptionin g/km
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Adoption of HBEFA to China

Calculation of China specific emission factors for
all traffic situations using the PHEM model

Real world PHEM model Traffic
emission situations

Engine ma
l,__L_measurements s & P

%,' Fuel Urban Stop and go traffic

]
—
=
-
—
—
=

INFRAS

Engine ,’,II),

Vpr S secon
power Engine speed o P
» approach was used for —
Beijing and Shenzhen Emission
Iing factors
= existing engine maps e e

(particularly for CO ,) can be
used for the calculation of
emission factors based on
Chinese traffic situations
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Introduction

HBEFA China includes specific emissions
factors for Chinese cities

CO2 emissions for a

g/km standarised passenger car (Euro 3, 1.4-2.0 1)
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Adoption of HBEFA to China

HBEFA China provides emission factors in
different level of aggregations

Vehicle Fuel Vehicle Emission
categories types size Standards

Passenger Car Gasoline

Motorcycle

Urban bus

Coaches

Light duty veh.

Abbreviations: PC = Passenger car; LPG = Liquefied Petroleum Gas; CNG =
Compressed Natural Gas
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INFRAS

Adoption of HBEFA to China

Average distribution of emission factors in in
China as default values for HBEFA China

» For example: Shares of emission standards

I pre-China I

China III or higher
17.1%

25.4%

I China
" | ChinaII 25.7%
31.8%

Figure 4. Motor vehicle population by emission standard

HBEFA China: Meeting with World Bank | 17" of March 2014 | Martin Schmied | Page 21 Source: VECC.



INFRAS

Adoption of HBEFA to China

Objectives of GHG emission monitoring
Influences the level on details for input data

N
Impact of measures introduced on city level
Avoid Shift Improve Fluel
N N N N
S S S
Handbook on Emission Factors China
VKT Fleet Traffic Fuel
composition Situations types
Average values Average values Average values Average values
Disaggregated Disaggregated Disaggregated Disaggregated
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Adoption of HBEFA to China

Summery of the key issues of the Handbook on
Emission factors for China

Handbook of Emission Factors for China

developed within the Sino-German project

* Following vehicle types:
— passenger cars

. Scope — taxis, urban busses and coaches
INFRAS
— motorcycles and trucks
* Next step: rail transit (underground)

o * using a bottom up approach (based on the activity level)
Monitoring method o _ o
« combination with fuel statistics (top-down approach)
» concerns the total amount of GHG emissions of all models of
road transport (currently without rail transit)
Key indicators « enables to monitor all kind of measures: changes of passenger
trips/modal shift measures, introduction of new fleets,
efficiency of vehicles, changes in traffic flow, alternative fuels

« CO, and GHG emissions (sum of CO,, CH,, N,O)
e Limited and unlimited air pollutants (e.g. NOx, PM, NMHC)

Emission factor
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Benefits for Chinese Cities

HBEFA China is a consistent method for GHG
guantification on detailed and simplified level

Top-down Energy + Conversion

based factors based on
approaCh energy content

giz - -ﬁ- 8 e
INFRAS o o
—_

Average values
Bottom- « @ VKT

up * J emission

factors
approach

Traffic Different

.. aggregation
activity levels are
based possible

Detailed values
e VKT
* emission factors
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Benefits for Chinese Cities

HBEFA China delivers emission factors to
monitor all kind of measures (1)

Fictive example: Reduction of shares of stop + qo t

raffic for Expressway

Shares of traffic
situation for Expressway

INFRAS

100%
90%
80%

70% Heavy stop
and go
60% Stop and go

50%
Heavy traffic

Share in %

40%
Saturated
30% traffic

20%
10% I
0%

Status-quo  Reduction of
stop and go

u Free flow

CO, emission for passenger car
for Expressway

CO2 emission for a

g/km passenger car (Euro 3, 1.4-2.0 1)
- Expressway -
350 |
Detailed emission factors Results
300
250
200
150 —
100 —
50 —
0
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Benefits for Chinese Cities

HBEFA China delivers emission factors to
monitor all kind of measures (2)

Example Beijing: Impact of introduction shemes of ne w vehicles

6.0 -
Scenario

INFRAs >0

= 40 u Alternative fuel

. m ChinaV

E China IV

~ China lll

| China Il

Chinal |
~ m pre China |

1.0

w R
o o

Passenger cars in million
N
o

0.0 | . : . - || || — || || || ||
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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Benefits for Chinese Cities

HBEFA China based on comprehensive
groundwork done by Beljing and Shenzhen

Example: Selection of typical traffic siutation for Expressway/Highway
Key parameters: LOS 1: Free flow LOS 2: Heavy
Average o,  %stop zz ZZ
speed time 0 W 70
. km/h m/s3 % £ e £00
INFRas Los1 712 0.09 0% £ C
Los2 573 0.11 0% & 20 Fao
LOS 3 42.3 0.13 1% 10 10
LOS4 258 0.17 7% e i - e - " 100 200 20 0o
LOS 5 120 017 26% Time in sec Time in sec
LOS 3: Saturated LOS 4: Stop+go 1 LOS 5: Stop+go 2
M £ i
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Benefits for Chinese Cities

HBEFA China can also be used for the calculation
of air pollutants: Examples of NOx emissions

Berlin Federal state Hessen

INFRAS
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Benefits for Chinese Cities

HBEFA China will continuously participate of
developments in Europe

HBEFA

Umwelt .;.:-.-.‘::.-:.uumweltbl.n'ldesewntg ADEME

Bundes pom g, 0O Sweceme BB Q[ FE:

Amt ® ; Y/

_Fir Mamsch ued Ummeit lebensministerium.at

Germany Austria Switzerland Sweden France Norway
INFRAS Handbook Emission Factors for Road Transport

HBEFA - Expert Version

Version 3.2-BetaV2 Selected Language: Selected Country:
Date 7 March 2014 En [=]f|D [+]

Recently published HBEFA version 3.2 in Europe with new
values for Euro V and VI = values available in HBEFA China

Model developed by INFRAS CH Inputs provided by:

. AVL MTC SE
INFRaS EMPA CH
IFEU DE

INRETS F
JRC

LAT GR
Statistics N
TNO NL

TU Graz A
TU Lund SE

TueV Nord DE 1
VTI SE 4|
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INFRAS

Benefits for Chinese Cities

Next version of the model will provide user-
friendly access to the model
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HEBEFA
_atAs.
Welcome to the HBEFA-Wizard for Traffic Data Sets (TDS)!
i Z It will guide you through the generation of a new TDS - step by step.
g . [ Frlzmizemesiy Which fleet composition do you want to use in your TDS?
2. Fleet composition
3. Traffic situation pattern
Handbool 4. Ambient conditions pattern
5_Years in TDS
HBEFA -E 6. Wehicle categories in TDS
7. Create TDS @Use an existing fleet composition
Version () Edit an existing fleet composition
Date ) Create a new fleet composition (starts wizard for running the fleet model)
Select fleet composition:
Passenger car fleet O @) O
Taxi fleet O O O
Urban bus fleet O O O
Light duty truck fleet O @) O
Heavy duty truck fleet O O O
Model devell Medium duty truck fleet O O O
T




Benefits for Chinese Cities

Summary of benefits using HBEFA
for Chinese Cities

2. HBEFA China delivers
emission factors to
monitor all kind of

1. HBEFA China is a measures 3. HBEFA China based
consistent method | ~on comprehensive
for detailedand =~ |

groundwork done by

simplified level giz s Iﬂ'ﬁ $ o Beijing and Shenzhen

Handbook Emission Factars for Road Transport for Ching
HBEFA - Expert Version

WVersion 12Bata2 B Langusge: ”—ssmwrn: ‘
Data. 7 Warch 200 Loll| oW ]

4. HBEFA China can

6. Next version of the T @ also be used for the
model will provide calculation of air
user-friendly access pollutants
to the model 5. HBEFA China will

continuously partici-
pate of develop-
ments in Europe
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Thank you for your attention

INFRAS — Consulting, Analysis & Research:

- Martin Schmied
Head of environment and transport division
MuUhlemattstrasse 45
CH-3007 Bern
Tel +41 31 370 19 16
martin.schmied@infras.ch
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