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I Top-down and bottom-up approaches in the transport sector:
General principles

Input data:
« Sales figures by fuels or
energy statistic data on

Top-down
P ‘ national level (e.g. sales
Energy based figures for diesel)

« CO, conversion factors
per unit energy (kg CO,/l)

Germany:
Combination of
both approaches Input data:

« Activity data of modes of
transport, e.g. total vkt, pkm

Bottom-up ‘ or tkm

Activity based * Specific fuel consumption
data per vkt, pkm or tkm

« CO, conversion factors
per unit energy (kg CO,/l)
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I Formula for quantifying GHG emissions by using the top-
down and bottom-up approach

Top-down
Total Specific CO,
fuel/energy X conversion L em(?ls_ls(i;on
consumption factor (e.g. kg CO,)
- 2

(e.q. litre) (e.g. kg CO./)

Specific fuel
consumption
(e.g. 1/100 km)

Bottom-up
Travel activity Speqﬂq Elile GHG
: emissions 5 S
(vehicle km X o 3 emission
travelled) 9. X9 (e.g. kg CO,)

CO,/km)
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I Main benefits and main challenges for top-down and bottom-
up approach in the transport sector

- Main Benefits Main Challenges

Easy and straightforward * Low level of detail
Fuel sale / consumption data may ¢ Not suited to assess impact of
be easily available transport policies
Top-down :
Only one data source * Not suited for pollutants
approach : . . :
Datasets are often consistent * Uncertain geographical boundaries
Good for historic emission * Fuels could be used in different
estimates sectors
Detailed assessment of emission ¢ Requires an extensive amount of
sources possible data collection and handling '
Allows policy evaluation * Requires several data sets E
:ladelHto 0 ¢ Can be used for quantification of ¢ Datasets can be inconsistent or of a £
approach air pollutants relatively low quality g’
Also useful for transport planning ¢ Requires more financial and human g
Approach can also be used on resources g
regional an city level 3
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CO, emissions by mode of transport from 1960 to 2035

In Germany
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I Nitrogen dioxide (NO2) emissions caused by the transport
sector in cities 2014 in Germany
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Overview of the transport emission models used by the
German Federal Environment Agency

German Federal Environment Agency

Sea traffic

National

Inter-
national

07/04/2017

TREMOD

(Transport Emission Model)

—» Motor-
cycles

> PC
> LDV
—» HDV

-» Buses

~» Diesel
trains

-9 Electric
trains

-» Under-
ground

Focus of

presentation

- Trams

Inland
navigation

—» Bulk
ships

—» Container
ships

- Push
tows
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Mobile

~% Construction National

machines
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Inter-
national

—» Emergency
generator
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Modules of TREMOD for the calculation of emissions
of road transport

Fleet module Emission module

Driving cycle
parameters

Vehicle registrations
statistics (KBA etc.)

| Vehicle stock
Vehicle stock

Emission factors per

Emission data ?r
Vehicle and traffic situation
emission
performance
Specific mileages | Mileage shares
(age, engine type...) | (fleet composition)
Mileage Module —

Total emissions differentiated by
Teaffic saz Mileage data
i ' Emission model
Driver surveys ] -R0ac ca. : ﬂ.ry

-Traffic situation

Source: IFEU 2015.
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Fuel consumption in Germany: Fuel sold versus domestic
use of all sectors calculated by TREMOD/TREMOD-MM

Fuel consumption in Germany 2010: fuel sold vs. domestic use (in PJ)

Further reasons for
Fuel sold (statistics) differences:
© - Uncertainties by different
o consumers (road, non-
o . road etc.)
Domestic use (model) - Knowledge of real world
fuel r‘nncurrupfinn data
Fuel sold (statistics)
O
w
2
D -
Domestic use (model)

0 500 1.000 1.500 2.000

ORoad @Rail @Ship @Other Sectors Grey imports and other differences

Source: IFEU 2015.
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Modules of TREMOD for the calculation of emissions
of road transport
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’(—\
Fleet module / Emission module
Vehicle registrations / Driving cycle
statistics (KBA etc.) parameters
Vehicle stock Emission factors per
"| by subsegments i Iy
Survival : Emission data t
curves ehicle and traffic situation
emiseion
performance
Specific mileages Mileage shares
(age, engine type...) (fleet composition)
Mileage Module —
Total emissions differentiated by
. Mileage data
Traffic census, e e
h:;::egr :,t:, I‘:I e:, traffic siiation: » -Vehicle category,
y vehicle category) -Road ca.tegulry
-Traffic situation
Source: IFEU 2015.
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Emission factors influence strongly the quality of
guantification of traffic-related emissions

Travel activity Specific GHG emission/
(vehicle km X emission factors E air pollutants
travelled) (e.g. kg NOx/km) (e.g. kg NOx)

~
NOx emissions of diesel passenger cars
g NOx/km
0.8
0.7
0.6 M Emission factors Need of
0 based on type reliable
' approval cycles emission
ey (NEDC) ~ factor
0.3 -
0.2 - ! Real world ::‘t:;::;
emissions
Sith o factors
0-
Euro-3 Euro-4 Euro-5 Euro-6
—

Source: UBA/HBEFA..
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HandBook of Emission FActors for Road Transport

(= HBEFA)

i HBEFA

Yandbeon A Lmisssonalaltoren das Sramenvercotasn
Handbook Exusson Tacton for Kosd Tranepoen

HBEFA is emission factor
database for road transport which is
developed on behalf of several
European countries (e.g. Germany,
Switzerland, Austria, Sweden,
Norway, France).

In 1995 the first version of HBEFA
was published, since there it was
continuously enhanced.

HBEFA provides emission factors
(hot, cold start, evaporation) for
all regulated and important non-
regulated air pollutants as well as
for fuel consumption and CO,
emission
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I TREMOD needs data for vehicle stock, vehicle reqgistrations
and survival curves for the fleet module

’é\
/ Fleet module Emission module
/Vehicle registrations Driving cycle
statistics (KBA etc.) parameters
Vehicle stock Emission factors per
! ) vehicle category
Vehicle stock _ & subsegment
Vehicle and traffic situation
emiseion
performance

\ Specific mileages Mileage share
WWP&..} " (lestcompeSiion)

e— e
Mileage Module - .
Total emissions differentiated by
. Mileage data
Traffic census, (road category
h:]lh.aage studies, traffic siiation: » -Vehicle category,
river surveys vehicke category) -Road category

-Traffic situation

Source: IFEU 2015.
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Example Germany: data for vehicle population provided
by the Federal Motor Transport Authority (KBA)

" COMTRET DELITSEH
et (searcntem 2

L JP Wir purikten mit Verkehrssicherheitd u IIl.l'r-EI']i-I::',Ii:'J' StDCk arld new

registration based on KBA
Heresees St Wt vaii statistics (www.kba.de)
Motar vehiclas . .
. _ = Key information:

Sirintics | nesyaan of vehicks inchds ll'l'll‘l.dll lndnlr- W.Ir.h“ spprorand by ihe Vabica Regainten .
E f e e e e, = Vehicle type

Ceniral Wehati R piader ol the Krgtshn-Busdesant (KRS} Aol nckaded gre veRicksy win red or . .

Vehicle size (segment,

e SrURNTIC, shor-erm and spert regiiration pleles, =3 w el a4 nliary (Busdesmahi] sehicies o vebickes speraied =
New registration we Ight, capacity,

Fmiz: Pakn =n privals propary (asch sm sirports)
& Putiication _""r T Brsed sorw vakican mhich am sewis sppreved snd mpariersd & Garmany end whick roce E ngine prer l
powes

.:t"‘L o rEgRITARN (LIS ANBUKT D B8R 10 NEW PegElTERRG. The, G088 B08 BCkiE sBreCied INEE NS
B} B35 Reweiead

st o see a g‘ AP eyt sams i ek, ey, okl oPet R *  Fuel type
tes: mare {anhy in ge rman) . .
o » Year of registration

=  Fuel consumption in
Stock type approval cycle

Tha arranl cound of the slzck of vohichs nosden o vebcias asd irnders which s aiomd in ks { N E DC}

Caniral'Vehicla Regesiaron tha |:IU|.|I"HT§ BEGh e Wehices which ara rod meerdics 5 ol

czenimd smhich wth palam h wra nciudad. Tha pinemscal svsiunien II d d o
I gy refiris ine Roriil asRakss. 08 Ted OB ARG Tel TS STl Bsey ONRATONeiseos B u A-n n ua ‘?F up ate I n

D Drectons | Adiressss

) Tekephinne Lol

B Canimien

& Dupstions & Smmwers

Ecwroy: Froio ek

yabich che and bedy brps, mansfeciurer and type or mabs and nodal, mgEalcede [t

ragiiration dakel, runcipeiy}, oweer prospinduring brench, sl yes and vensu schaicsl s TR EMD D
B Miols Bilc ClgAay

EThatirsices. o

Source: IFEU)
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HBEFA provides emission factors for different
sub-segments of vehicles

Vehicle Vehicle Fuel Emission Reduction
categories size types Standards technologies

Passenger Car PC<14L Gasoline Pre Euro 1 Particle filter

Euro 1

Motorcycle PC1.4-20L Diesel

Urban bus PC>20L LP Euro 2 EGR

Coaches CNG Euro 3

IIU)I
@)
py)

Truck 7.5t

Light duty veh. Euro 4

Truck 7.5-12 t

Single truck Euro 5

Truck 12-14 t

Truck trailer? Euro 6

Abbreviations: PC = Passenger car; LPG = Liquefied Petroleum Gas; CNG = Compressed
Natural Gas; FFV = Flexible Fuel Vehicles; SCR = Selective Catalytic Reduction;
EGR = Exhaust Gas Recirculation

Source: INFRAS.
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TREMOD needs total mileages of the vehicles for the mileage
module

Fleet module Emission module
Vehicle registrations Driving cycle
statistics (KBA etc.) parameters
Vehicle stock Emission factors per
| by subsegments .| Vehicle category
Survival ) & subsegment
curves l Vehicle and traffic situation
emiseion
performance
Specific mileages Mileage shares
(age, engine type...) (fleet composition)
e e
/ Mileage Module —
Total emissions differentiated by
4 Teaffic saz Mileage data
C » -Vehicle category,
-Road category
-Traffic situation

Source: IFEU 2015.
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Example Germany: data on vehicle kilometers travelled
provided by the Federal Highway Research Institute

Total VKT Automatic traffic counting annually
(per vehicle category Manual traffic counting 5 years
and road category years) . _ _

Comprehensive survey of counts, inspection data, 10 years

interviews, etc., (1990, 1993, 2002, new in 2014)

Other surveys (toll statistics, mobility panel, mobility in depends
Germany)

Average VKT per vehicle  Main source: Survey of vehicle mileage 1993 and 2002 10 years
(by vehicle type, size (guestionnaire); new values 2014 will be integrated in
fuel, age) 2017

The BASt Sitemap Contac Deutsch Isean:h item

Highway Bridges and Structural [ i Ol e = R et - Behaviour and Safety
Construction Technology Engineering

Info Federal Highway Research Institute (BASt) on: www.bast.de

Source: IFEU)
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Quantification of total annual mileages based on the available

data sources: Example of of light duty vehicles

45000

40.000

35.000

25.000

Mio. km

20.000

15.000

Jo.oon

40.000 4

5.000 4

User surveys of vehicle owners 1993/ 2002

oO—o—0
LNF |

LNF &
L= K

O] mLNF L
HLNF B

BLNF As=E

mLHF Amed
o—T—0

Road counts for selected road types: 1995/ 2000/ 2005 /2010

Total annual mileages of light duty vehicles in Germany by road types:

Calculation for
each year
based on

vehicle stock

and averages
mileages
(estimation)

Automatically
road counts

for motor-
ways (each
year)
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I Transport GHG Emission Inventories in Germany:
Conclusions (1)

* Clear determination of responsibility for GHG emission inventory is a key
iIssue for success (Germany: Federal Environment Agency) = independent of
centralising the responsibility all stakeholders must be work together (and
deliver data).

» For reliability of the results as well as for assessment of measures bottom-
up approaches should be used for GHG inventories = the results must be
compared with the results derived from top-down analyses.

« Top-down and bottom-up approaches are only comparable if other users of
fuels are considered (e.g. non-road sector like construction machineries) =
ideally non-road sector should also be included.

« Quantification of GHG emissions and air pollutants are based on the same
traffic data (vehicle stock, new registration data etc.) = both approaches
should be compatible.
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I Transport GHG Emission Inventories in Germany:
Conclusions (2)

* Crucial point is the reliability of data (traffic and fuel efficiency data) =
guality of data must be evaluated regularly; particularly the real world fuel
consumption data must be reviewed.

* GHG inventory delivers only historical data but methodology could also be
used for analyses of future developments and scenarios = transport
emission models should allow to calculate scenarios.

« Data derived on national level can also be used on regional and local level =
results should be provided in an easy way for users like cities or regional
governments.
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