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CO .o Carbon monoxide
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ERMES ....... European Research group on Mobile Emission Sources
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HBEFA........ Handbook Emission Factors for Road Transport
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HDV ............ Heavy Duty Vehicle
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RD.....cccceens Real Driving

RDE ............ Real Driving Emissions

PC..ooiieieena. Passenger Car

PEMS.......... Portable Emission Measurement System
PHEM.......... Passenger car and Heavy duty Emission Model
PM s Particle mass emissions

SOs v, Sulphur dioxide

TUG ............ University of Technology Graz

TWC............ Three Way Catalyst

VOC............ Volatile organic compounds
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Executive Summary

Directive 2001/81/EC of the European Parliament and the Council on National Emission
Ceilings for certain pollutants (“NEC Directive”) sets upper limits for each Member State
for the total emissions from 2010 on for the four pollutants responsible for acidification, eu-
trophication and ground-level ozone pollution (sulphur dioxide (SO;), nitrogen oxides
(NOy,), volatile organic compounds (VOC) and ammonia (NH3)). The limits set for Luxem-
bourg are 11 kt for NO,, 9 kt for VOC, 4 kt for SO, and 7 kt for NHs.

Background of the definition of the NEC targets were model calculations with the RAINS
model of the International Institute for Applied Systems Analysis in Laxenburg, which were
based on the state of knowledge at the end of the 1990ies. Concerning trend of vehicle
specific emissions it was assumed that the emission levels will be reduced by the same
ratio as the emission limits in the vehicle type approval. However, in the meantime it was
found that the reductions in vehicle specific NO, emissions in real world driving are much
smaller than it was expected at the time when the targets were established. This has been
shown especially for diesel passenger cars (PC) and light commercial vehicles (LCV) cer-
tified according to the emission standards EURO 2 to EURO 6 as well as for heavy duty
vehicles (HDV) certified from EURO Il to EURO V.

This study determines the amount of additional emissions, which is caused by these high-
er emission factors compared to the data which the NEC limits are based on. For this ex-
ercise emission factors have been taken from two different versions of the “Handbook
emission factors for road transport” (HBEFA):

1. HBEFA version 1.2 (released in January 1999) which was the basis for the defini-
tion of the NEC limits, and

2. HBEFA version 3.2 (released in July 2014) which is the latest reference database
including all available in-use emission tests and recent forecasts for upcoming ve-
hicle technology.

The calculations were done with up-to-date data on vehicle mileage and fleet composition
for Luxembourg. For the reference year 2010 the following NO, emissions have been de-
termined:

Difference
HBEFA 3.2 HBEFA 1.2
(3.2-1.2)
Total tran§port |'ncI. Aus#r&n 29 5 Kkt 20.2 kt + 9.3kt
fuel used in foreign countries
Inland transport' incl. non-road 71 kt 4.4 kt + 2.7 kt
machinery

IVT

The calculated additional emissions can be directly attributed to the European emission
legislation and its test procedures, which cover vehicle operation in real world conditions
very weakly. These emissions were not foreseeable at the time of definition of NEC tar-
gets and could not be influenced by any national measures in Luxembourg.
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Zusammenfassung

Die EU-Richtlinie 2001/81/EG vom 23. Oktober 2001 Uber nationale Emissionshdchst-
mengen fur bestimmte Luftschadstoffe (National Emission Ceilings, NEC) legt fur Luxem-
burg Emissionshéchstmengen u. a. fir NO, (11 kt/Jahr), VOC (9 kt/Jahr), SO, (4 kt/Jahr)
und NH; (7 kt/Jahr) fest, die ab 2010 einzuhalten sind. Grundlage der Festlegung waren
Modellrechnungen mit dem RAINS-Modell des Internationalen Instituts fir Angewandte
Systemanalyse in Laxenburg, die auf dem Stand des Wissens zum Ende der 1990er-
Jahre beruhten. Beziiglich der Emissionsentwicklung bei Kraftfahrzeugen war angenom-
men worden, dass die spezifischen Emissionen etwa in jenem Verhaltnis zurtickgehen
wirden, das sich aus der Verringerung der Emissionsgrenzwerte fur die Typprifung
ergibt.

Seit Festlegung dieser ,NEC Ziele" wurde festgestellt, dass die Reduktionen der spezifi-
schen NO,-Emissionen der dieselbetriebenen Kfz im realen Verkehr wesentlich geringer
als urspriinglich erwartet ausgefallen sind. Dies gilt vor allem fur PKW und Leichte Nutz-
fahrzeuge zugelassen nach EURO 2 bis EURO 6 und fur Schwere Nutzfahrzeuge zertifi-
ziert gemafd EURO Il bis EURO V.

In dieser Studie wird dargestellt, welche Auswirkung der Unterschied zwischen den ur-
sprunglich angenommenen und den aus neuen Messungen resultierenden Emissionsfak-
toren auf die luxemburgischen Luftschadstoffemissionen hat. Dazu wurden Berechnungen
fur die luxemburgische Luftschadstoffinventur mit Emissionsfaktoren aus zwei verschie-
denen Versionen fir das Handbuch Emissionsfaktoren des StraRenverkehrs (HBEFA)
durchgefuhrt:

1. HBEFA 1.2 (herausgegeben im Januar 1999) welches die Basis fur die Definition
der NEC Grenzwerte darstellt, und

2. HBEFA 3.2 (herausgegeben im Juli 2014) welches den aktuellen Kenntnisstand
zum Emissionsverhalten der europaischen Fahrzeug-Flotte darstellt.

Die Berechnungen wurden in beiden Varianten mit den aktuellen Daten zu Verkehrsmen-
gengerdust fir Luxemburg durchgefuhrt. Fur das Referenzjahr 2010 wurden folgende NO,-
Emissionsmengen ermittelt:

HBEFA 3.2 HBEFA 1.2 Differenz (3.2-1.2)
Verkehr ges.amt (inkl. 29 5 kt 20.2 kt + 9.3 kt
Tanktourismus)
InIaanverkehr .|nkI. mo- 71 kt 4.4 kt + 2.7 kt
bile Maschinen

IVT

Diese Mehremissionen gegentiber der urspriinglichen Hochrechnung sind direkt auf die
Européische Abgasgesetzgebung und deren Testverfahren zurtickzufiihren und konnten
durch nationale MalRnahmen nicht beeinflusst werden.
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1. Scope of work

Directive 2001/81/EC of the European Parliament and the Council on National Emission
Ceilings for certain pollutants (“NEC Directive”) sets upper limits for each Member State
for the total emissions from 2010 on for the four pollutants responsible for acidification, eu-
trophication and ground-level ozone pollution (sulphur dioxide (SO,), nitrogen oxides
(NOy,), volatile organic compounds (VOC) and ammonia (NHz3)). The limits set for Luxem-
bourg are 11 kt for NO,, 9 kt for VOC, 4 kt for SO, and 7 kt for NHa.

Background of the definition of the NEC targets were model calculations with the RAINS
model of the International Institute for Applied Systems Analysis in Laxenburg, which were
based on the state of knowledge at the end of the 1990ies. Concerning trend of vehicle
specific emissions it was assumed that the emission levels will be reduced by the same
ratio as the emission limits in the vehicle type approval. However, in the meantime it was
found that the reductions in vehicle specific NO, emissions in real world driving are much
smaller than it was expected at the time when the targets were established, e.g. [1], [2],
[3]. This has been shown especially for diesel passenger cars (PC) and light commercial
vehicles (LCV) certified according to the emission standards EURO 1 to EURO 6 as well
as for heavy duty vehicles (HDV) certified from EURO | to EURO V. If the current and sig-
nificantly higher NO, emission factors are used in the emission inventories accordingly
much higher emission levels are calculated.

This study determines the amount of additional emissions, which is caused by these high-
er emission factors compared to the data which the NEC limits are based on. The calcula-
tions were done with up-to-date data on vehicle mileage and fleet composition for Luxem-
bourg. The calculated additional emissions can be directly attributed to the European
emission legislation and its test procedures, which cover vehicle operation in real world
conditions very weakly. These emissions were not foreseeable at the time of definition of
NEC targets and could not be influenced by any national measures in Luxembourg.

2. Methodology

Starting point of the comparison is traffic and fleet data from the latest version of the Lux-
embourgian national emission inventory 1990-2013 [14] and data from the forecast sce-
nario “BAU” [15] until the year 2030. The here used “BAU” scenario is a combination of
the existing BAU scenario based on statistic data until 2012 [14] and a partly actualization
due to the update for 2013 [15]. A complete revision of the BAU scenario with latest data
was not part of the project.

For the comparison the Luxembourgian national transport emissions have been calculated
for each year in the time period from 1990 to 2030 based on data from two different ver-
sions of the “Handbook emission factors for road transport” (HBEFA)™:

3. HBEFA version 1.2 (released in January 1999) which was the basis for the defini-
tion of the NEC limits, and

! The HBEFA [4] is the main data source for emission factors from road transport in Europe. Most
other common used emission models (e.g. COPERT) are also based on HBEFA data.
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4. HBEFA version 3.2 (released in July 2014) which is the latest reference database

including all available in-use emission tests and up-to-date forecasts for upcoming
vehicle technology.

For both considered HBEFA versions the emission factors have been imported into the
model NEMO, which is the standard model used for modelling of road transport emissions
in the Luxemburg national emission inventory.

The section below gives a short description of the model NEMO.

2.1. The model NEMO

The model NEMO (Network Emission Model) was developed at the Institute for Internal
Combustion Engines and Thermodynamics (IVT) at the Graz University of Technology
(TUG) as tool for the simulation of traffic related emissions in road networks. Typical ap-
plications reach from emission inventories for cities, regions and countries to complex
measures like environmental zones or promotion of alternative propulsion systems. An in-
terface to macro scale traffic models, such as VISUM and to air quality modelling is avail-
able.

NEMO combines both detailed calculation of the vehicle fleet composition and simulation
of emission factors on a vehicle level. NEMO calculates the percentages of different vehi-
cle layers on the overall traffic volume as a function of year and considered road type
based on data on vehicle stock, composition of new registrations and vehicle usage. The
simulation of the emissions of the different vehicle layers is based on the correlation of the
specific engine emission behaviour (emissions in grams per kilowatt-hour engine work)
with the cycle average engine power in a normalised format. The calculation of the re-
quired engine power is based on average speed and additional kinematic parameters for
the description of the cycle dynamics for a given road section. Compared to more detailed
instantaneous emission models - which are usually based on simulation in 1Hz time reso-
lution — this simplified approach gives no disadvantage for the modelling of emissions on
large street networks as in most of the cases 1Hz data for vehicle operation are not avail-
able. An additional benefit of the NEMO simulation approach is the short computing time.

The parameterisation of NEMO is based on data from European in-use measurements
which are also used for the Handbook Emission Factors of Road Transport [4]. NEMO is
updated regularly according to recent data on emission behaviour and vehicle technolo-
gies. All on-road vehicle categories are covered; a tool for the transport sectors rail and in-
land waterway shipping is also available. NEMO is equipped with a Graphical User Inter-
face which allows for efficient data editing, scenario handling and display of model results.

A crucial point in emission modelling is the characterisation of driving behaviour on the
single road sections. For NEMO a method was developed, which allows for automatized
derivation of driving behaviour based on a link with common traffic models. These models
use the peak hour driving time between knots of the street work as resistance parameter
for allocation of traffic volumes to the single road sections. NEMO imports this data to-
gether with the parameters of the capacity-restraint functions and calculates the daily av-
erage velocity for each road section. Based on functions derived from the driving cycles
used in the HBEFA then the kinematic parameters needed for emission simulation (vehi-
cle stop time and average brake deceleration) are assessed.
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Figure 1. Schematic picture of the model NEMO

IVT

NEMO calculates the emissions for all regulated pollutants (NO,, THC, CO, PM exhaust)
for hot vehicle operation. Fuel consumption is simulated based on a slightly extended
method which also considers the energy content of the applied fuel type. The emissions of
CO, and SO, are simulated based on fuel consumption and fuel specifications. The non-
regulated pollutants N,O, NH; CH4;, NMHC and CgHg are calculated with an approach
similar to the HBEFA 3.2 based on fixed emission factors for certain vehicle categories
and driving situations.

Additional influencing mechanisms on the emission output of road traffic implemented in
NEMO are:

e Cold start effects for each vehicle class (data and approach compatible to the HBE-
FA 3.2)

¢ Influence of mileage and maintenance on the emissions of gasoline vehicles [11]

e Calibration of fuel consumption based on statistics of g’lkm CO, of new registered ve-
hicles in the NEDC type approval and literature on the discrepancies between NEDC
and real world CO; reduction rates [13]

e Evaporation from gasoline emissions (data and approach compatible to the HBE-
FA 3.2)

Particle emissions due to vehicle induced abrasion and re-suspension processes (“PM

non-exhaust”) are taken into account by NEMO in addition to the PM-exhaust emissions.
The calculation of the PM non-exhaust emissions based on the values published in [12].

Furthermore the model GEORG, e.g. [5] - which is also part of the methodology for the
Luxembourg transport emission inventory - has been applied in the current study for cal-
culation of energy consumption and the emissions of the non-road machinery.

In both scenarios considered in this study (“HBEFA 1.2” and “HBEFA 3.2") the emissions
from non-road machinery were calculated according to the latest emission inventory (i.e.
similar numbers for non-road emissions are used in both scenarios).
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3. Emission factors

This section gives a comparison of emission factors of the HBEFA versions 1.2 and 3.2
and describes how the model NEMO was parameterised to represent these two datasets.

3.1. Passenger cars

Table 1 gives an overview on the passenger car emission standards covered in the two
HBEFA versions and the associated introduction dates for new registrations. HBEFA 1.2
includes emission measurements until EURO 1 (both for Otto and Diesel cars) and gives
a prognosis for emission levels of passenger cars until EURO 4. HBEFA version 3.2 addi-
tionally includes measurements on cars certified from EURO 2 to EURO 6 (however only
a limited sample for EURO 6 technology) as well as a prognosis for a more stringent stage
“EURO 6¢” which is drafted to come into force at the end of this decade.

Table 1: Passenger car emission data in HBEFA 1.2 and HBEFA 3.2

HBEFA1.2 HBEFA3.2

emission emission new registrations new registrations

standard data from until emission data from until
pre EURO 1 meas. until 1993 meas. until 1993
EURO 1 meas. 1994 1995 meas. 1994 1995
EURO 2 progn. 1996 1999 meas. 1996 1999
EURO 3 progn. 2000 2004 meas. 2000 2004
EURO 4 progn. 2005 and after meas. 2005 2008
EURO 5 n.a. meas. 2009 2014
EURO 6 n.a. meas.+progn. 2015 2018
EURO 6¢ n.a. progn. 2019 and after

Besides the additional available emission tests also the methods of generation of emis-
sion factors have changed significantly over the different HBEFA versions (used models,
underlying driving cycles). The main findings related to the updates of passenger cars
emission factors from HBEFA 1.2 to 3.2 are documented in [6] (EURO 3 and EURO 4)
and in [7] (EURO 5 and EURO 6).

3.1.1. Diesel cars

In the HBEFA 1.2 the emission factors for a certain driving condition are differentiated by
the emission standard (the “EURO class”) as well as the engine capacity class. Figure 2
shows the HBEFA 1.2 values for Diesel cars and the emission component NO, for the av-

erage “urban”, “rural” and “motorway” driving situation. About two out of three Diesel cars
in Luxembourg fall within the capacity class from 1.5 to 2.0 litres.?

% In later HBEFA versions the differentiation of passenger car emission factors by capacity classes
was neglected as no clear dependency of emission levels by engine size have been found in the
emission test data.
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Figure 2: HBEFA 1.2 NOx emission factors for Diesel passenger cars by vehicle segment

In the following pictures weighted emission factors according to the Austrian fleet activity
in 2010 are shown.®

Figure 3 gives a comparison of NO, emission factors for diesel passenger cars. For EU-
RO 1 vehicles (for which emission measurements were already available in the HBE-
FA 1.2) HBEFA 3.2 calculates about 20% higher NOy levels. This difference can be at-
tributed to additional emission data and to the change of methods in the prediction of real
world emission levels. For emissions standards EURO 2 to EURO 4 HBEFA 1.2 predicts a
stepwise NOy reduction compared to EURO 1 which is related to the relative decrease of
emission limits in the type approval. This - from today’s point of knowledge very optimistic
assumption - resulted in a prediction of real world NO, levels which are by far lower than
the related emission limit in the type approval (EURO 2: 0.7 g/km; EURO 3: 0.5 g/km,
EURO 4: 0.25 g/km).

However, real world emission data for EURO 2 to EURO 5 diesel cars did not show any
significant decrease of NOy output compared to EURO 1 levels. The updated emission
factors for EURO 2 exceed the HBEFAL.2 prognosis by more than 100%, for EURO 3 and
EURO 4 the HBEFA3.2 value exceeds the prediction by about 300%. Main reasons for
the high real world NO, levels are shortcomings in the emission type approval, which —
since the introduction of electronic engine control systems with EURO 2 technology - al-
low for different optimisations in the type approval cycle (low NOy levels in the NEDC on
the chassis dyno) and in real world driving (low fuel consumption, better drivability etc.).

For vehicles certified to EURO 6 the HBEFAS3.2 predicts a significant improvement in NOy

levels compared to the earlier EURO standards, however the extend of this evidence is
uncertain yet.

® For other reference years or other countries the weighted emission factors can vary. The compar-
ison shown here is based on Austrian numbers as Luxembourg fleet data is not included in the
HBEFA software. Section 3.5 gives a description how the information on vehicle specific emission
behavior transferred from the HEBFA into NEMO to reflect Luxembourg conditions.
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Figure 3: Average NO, emission factors passenger cars Diesel

Table 2 compares the average emission factors for Diesel cars for all regulated pollutants.
Contrary to NO,, the emission factors for HC and CO have been overestimated in the
HBEFAL.2 compared to the latest status of knowledge. Particle mass emissions (PM)
have been underestimated in the HBEFAL.2 by about 50% to 100%.

Table 2: Average emission factors passenger cars Diesel

HBEFA 1.2 HBEFA 3.2 ratio HBEFA3.2/HBEFA1.2

PC Diesel [g/km] NOXx HC co PM NOx HC co PM NOx HC co PM
EURO 1 0.53 0.03 0.17 0.05 0.66 0.03 0.25 0.099 123% 98% 144% 216%
EURO 2 0.36 0.03 0.28 0.05 0.78 0.03 0.15 0.073 216% 96% 51% 156%
EURO 3 0.17| 0.02 0.23 0.03 0.72 0.01 0.08 0.036 416% 77% 36% 143%
EURO 4 0.16) 0.01 0.19 0.01 0.57 0.01 0.07 0.019 357% 65% 34% 223%
EURO 5 n.a. n.a. n.a. n.a. 0.70 0.01 0.06 0.002 --- --- --- -
EURO 6 n.a. n.a. n.a. n.a. 0.28 0.01 0.05 0.002 -
EURO 6¢ n.a. n.a. n.a. n.a. 0.15 0.01 0.05 0.002 ---

3.1.2. Otto cars

Figure 4 shows the average NO, emission factors for Otto cars. In the recent HBEFA ver-
sion lower emission levels are specified than in version 1.2.* For Otto propulsion the de-

* The shown factors only consider only emission output in “hot” operation conditions. Especially for
Otto engines with Three-way catalyst also extra emissions in cold start conditions contribute to the
overall emission amount. Cold start emissions are considered in the emission modelling separately
(both in the HBEFA and NEMO). In this study only the standard settings for cold start emissions in
NEMO have been used. This does not significantly influence the comparison of emissions calculat-
ed for the two HBEFA versions as the update of cold start emissions from HBEFA1.2 to HBEFA3.2
did not significantly change the levels.
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velopment in engine and aftertreatment technology obviously was better than assumed at
the end of the 1990ies.
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Figure 4: Average NO, emission factors passenger cars Otto

Table 3 shows the average emission factors for Otto cars for all regulated pollutants. Ex-
cept from HC and CO emissions from Otto cars coming into the fleet in the late 80ies all
other emission factors are lower in the up-to-date HBEFA version.

Table 3: Average emission factors passenger cars Otto

HBEFA1.2 HBEFA3.2 ratio HBEFA3.2/HBEFA1.2
PC Otto [g/km] NOXx HC cO PM NOXx HC co PM NOx HC co PM

ECE 15/04 2.38 1.33 12.01f n.a. 1.68 0.97 11.58 0.003 71% 73% 96%
G-Kat 87-90 1.01 0.13 2.24] n.a. 0.37 0.56) 6.49 0.003 37% 417% 290%
EURO 1 0.40 0.10 2.06] n.a. 0.34] 0.14 1.39 0.003 84% 141% 68%
EURO 2 0.46 0.11 2.21] n.a. 0.30 0.05 1.42 0.004 65% 47% 64%
EURO 3 0.25 0.06 1.56| n.a. 0.07, 0.02 1.55 0.003 29% 32% 99%
EURO 4 0.06 0.03 0.92] n.a. 0.03 0.02 0.38] 0.002 39% 62% 41%
EURO 5 n.a. n.a. n.a. n.a. 0.01 0.01 0.31 0.002 --- --- ---

EURO 6 n.a. n.a. n.a. n.a. 0.01 0.01 0.31 0.002 --- --- ---

EURO 6¢ n.a. n.a. n.a. n.a. 0.01 0.01 0.31 0.002 --- --- ---

3.2. Light duty vehicles
Table 4 compares the average emission factors for Diesel driven light commercial vehi-

cles (LCV).

Similar to the findings for passenger cars also the predictions for NO, emis-

sions made in the HBEFA 1.2 were found to be too optimistic. Emission factors for LCVs
from the HBEFA3.2 still have to be considered uncertain as they are based on a very
small sample of measured vehicles.

IVT
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Table 4: Average emission factors light commercial vehicles Diesel

LCV Diesel HBEFA 1.2 HBEFA 3.2 ratio HBEFA3.2/HBEFA1.2
[g/km] NOx HC co PM NOx HC co PM NOx HC co PM
EURO 1 0.83 0.07 0.74 0.08 1.12 0.07 0.48 0.134 135% 94% 64% 169%
EURO 2 0.71 0.05 0.29 0.07 1.01 0.05 0.22 0.109 142% 108% 75% 159%
EURO 3 0.53 0.03 0.16 0.03 0.85 0.03 0.13 0.052 160% 116% 80% 170%
EURO 4 0.30, 0.02 0.15 0.02 0.70 0.03 0.11 0.026 235% 106% 73% 146%
EURO 5 n.a. n.a. n.a. n.a. 0.65 0.00 0.01 0.001 --- ---
EURO 6 n.a. n.a. n.a. n.a. 0.23 0.00 0.01 0.001 --- --- --- ---
EURO 6¢ n.a. n.a. n.a. n.a. 0.12 0.00 0.01 0.001 --- --- --- ---

Table 5 shows the emission factors for LCVs with Otto engines. The emission factors are
even more uncertain, however Otto driven LCVs have only very minor influence on the

fleet emissions as about 95% of the LCV fleet are equipped with Diesel engines.

Table 5: Average emission factors light commercial vehicles Otto

3.3.

IVT

LCV Otto HBEFA1.2 HBEFA3.2 ratio HBEFA3.2/HBEFA1.2

[g/km] NOx HC co PM NOx HC co PM NOx HC co PM
Konv >81 2.77 1.28 16.94| n.a. 2.87 2.04 29.72 0.005 104% 159% 175% ---
G-Kat 87-90 1.12 0.13 4.57] n.a. 2.87 1.85 24.76 0.005 257%| 1389% 542% ---
EURO 1 n.a. n.a. n.a. n.a. 1.28 0.33 10.32 0.005 --- --- --- ---
EURO 2 0.67 0.08 3.97[ n.a. 0.85 0.15 5.43 0.005 127% 181% 137% ---
EURO 3 0.33 0.06 3.11] n.a. 0.39 0.10 4.16 0.005 117% 168% 134% ---
EURO 4 0.17 0.04 241 n.a. 0.20 0.07 3.17 0.005 122% 156% 132% ---
EURO 5 n.a. n.a. n.a. n.a. 0.02 0.02 1.95 0.005 --- --- --- ---
EURO 6 n.a. n.a. n.a. n.a. 0.02 0.02 2.01 0.005 --- --- --- ---
EURO 6¢ n.a. n.a. n.a. n.a. 0.02 0.02 2.01 0.005 --- --- --- ---

Heavy duty vehicles

In the HBEFA1.2 the emission factors for heavy duty vehicles (HDV) have been based on
measurements on engines certified to EURO | and earlier standards. A prognosis has
been given for emission standards until EURO V based on the reductions in the type ap-
proval (Table 6). The recent HBEFA version 3.2 includes emission tests on engines and
HDV of all emission standards including the latest stage EURO VI. In the last 15 years al-
so the methods of derivation of emission factors for the different HDV classes based on
the available emission test data (which are to a large extend data from the engine dyna-
mometer) have been improved significantly.
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Table 6: Heavy duty vehicle emission data in HBEFA1.2 and HBEFA3.2

HBEFA1.2 HBEFA3.2

emission emission new registrations new registrations

standard data from until emission data from until
pre EURO meas. until 1993 meas. until 1993
EURO | meas. 1994 1995 meas. 1994 1995
EUROII progn. 1996 2000 meas. 1996 2000
EUROIII progn. 2001 2005 meas. 2001 2005
EURO IV progn. 2006 2008 meas. 2006 2008
EUROV progn. 2009| and after meas. 2009 2013
EURO VI n.a. meas. 2014 and after

Below the comparison of HDV emission levels from the two HBEFA versions is done on a
fuel specific basis (in “gram emissions per kilogram fuel”). This allows for a straight for-
ward comparison which is not biased by the fact that the data on HDV fleet mix has
changed over the different HBEFA versions significantly.® Figure 5 gives a comparison of
fuel specific NO, levels. For pre EURO and EURO | the data on both HBEFA versions
give nearly similar numbers. From EURO Il on the data on NO, output from the HBEFA3.2
are significantly higher than the HBEFA 1.2 forecast. The reasons are similar to the find-
ings for Diesel passenger cars, i.e. the combination of type approval tests which are not
representative for real world conditions and the possibilities of modern engine control sys-
tems.® With the coming into force of EURO VI the type approval procedures have been
significantly improved which — according to test results on new EURO VI vehicles and en-
gines - resulted in real world NO, emissions, which are close to or even lower than the
type approval limits.

® Recent data show a higher share of heavier HDV classes as well as higher average vehicle
weights. In this study this up-to-date fleet data has been used in the calculations in both scenarios
(“HBEFAL1.2“ and “HBEFA3.2").

® The updates of the HDV emission factors in the HBEFA are documented in [9] (EURO II), [8]
(EURO Il1), [6] (EURO IV and V) and [7] (EURO V and VI).
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Figure 5: Average NO, emissions per fuel consumption for HDV

Table 7 gives the comparison of the fuel specific emission levels for all regulated pollu-
tants. For CO and PM the HBEFAL1.2 generally predicts lower emission output. The rea-
son can be found in shortcomings in the former methods to model the influence of transi-
ent engine load conditions on the emission behaviour.

Table 7: Average fuel specific emission levels for HDV

HBEFA1.2 HBEFA3.2 ratio HBEFA3.2/HBEFA1.2
HDV Diesel

[g Em/ kg Fuel] NOx HC co PM NOx HC co PM NOXx HC co PM
pre EURO 47.89 4.36 12.05 1.45 45,14 4.17 10.59 1.84 94% 96% 88% 127%
EURO | 31.57 2.81 4.35 0.94 33.76 2.31 6.66 1.40 107% 82% 153% 149%
EURO 11 26.98 1.72 1.98 0.35 35.64 1.47 5.47 0.66 132% 86% 276% 187%
EURO Il 16.17 1.25 1.43 0.23 26.51 1.25 6.01 0.60 164% 100% 419% 265%
EURO IV 11.59 1.05 1.02 0.06 16.79 0.12 5.30 0.15 145% 11% 520% 229%
EUROV 5.02 1.03 1.00 0.06 11.85 0.16 4.72 0.15 236% 16% 471% 238%
EURO VI n.a. n.a. n.a. n.a. 1.40 0.00 0.46 0.01 - --- --- ---

3.4. Two Wheelers

For two-wheelers the HBEFAL.2 includes emission factors for the emission standards “pre
EURO” and EURO 1, in the HBEFA3.2 additionally the stages EURO 2 and EURO 3 are
specified. The emission factors for “pre EURO” and EURO 1 have not been modified sig-
nificantly in the updates from version 1.2 to 3.2. In general in the HBEFA the data on two-
wheeler emissions on are based on measurements in the type approval cycle only, so the
representativeness for real world emissions is uncertain. However, due to the very small
share on overall mileage two-wheeler this uncertainty does not significantly influence the
Luxembourg emission inventory.
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3.5. Parametrisation of NEMO to represent emission factors from HBEFA 3.2
and HBEFA 1.2

Since HBEFA version 3.1 (published in 2010) a standard method is available how the
emission behaviour of the different vehicle segments is parameterised in NEMO to be fully
compatible with the HBEFA data. This is done based on a two-stage approach:

1.) Compilation of characteristic curves for specific emission behaviour as a function of
cycle average engine power

2.) Application of an overall calibration factor in a way that the weighted overall emission
factor for a certain mix of traffic situations (e.g. the Austrian mix) of NEMO and the
HBEFA match.

For step 1.) the underlying data for all single traffic situations as specified in the HBEFA
are used.’ Based on the resulting characteristic curves NEMO is able to predict the emis-
sion behaviour in any kind of driving situation. Step 2.) then establishes full compatibility in
terms of country specific emission results as applicable in an national emission inventory.

3.5.1. Dataset “HBEFA 3.2”

The parameterisation of NEMO referring to the recent 3.2 version of the HBEFA already
was the baseline for the Luxembourgian national emission inventory 1990-2013 as pub-
lished in [14]. As no Luxembourgian data on distribution of traffic situations is available in
the HBEFA tool, the final parameterisation of NEMO has been performed by comparison
of NEMO and HBEFA results for the Austrian mix of traffic situations. The Luxembourgian
national emission inventory then has been simulated in NEMO based on the Luxembour-
gian fleet and Luxembourgian street net data.

The recent NEMO version as used in [14] furthermore considers cold start emissions from
HDV [16], which are not covered in the HBEFA 3.2. As the method used in the recent
Luxembourgian national emission inventory is the reference in this study for the compari-
son with the old HBEFAL.2 data, in this study the calculations specified with “HBEFA 3.2”
also include HDV cold start emissions.

3.5.2. Dataset “HBEFA 1.2”

The structure of HBEFA version 1.2 differs significantly from the latest 3.2 version. Emis-
sion factors have been determined from baseline in-use emission test data by rather sim-
ple functions but not by a complex simulation model. Also much fewer traffic situations are
specified in the HBEFA 1.2 (approx. 20 compared to 276 in HBEFA 3.2). As a conse-
quence step 1.) of the NEMO parametrisation was not applicable based on the HBE-
FA 1.2 data. Instead for each vehicle segment the characteristic curves for specific emis-
sion behaviour have been taken over from the comparable dataset from the HBEFA 3.2
parameterisation. The final calibration then has been performed based on the comparison

’ Since version 3.1 the emission factors in the HBEFA are based on simulation results of the model
“PHEM". For step 1.) the underlying PHEM results including information on average engine power
are required.
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of HBEFAL1.2 emission factors for the Austrian average traffic situation with the according
NEMO result. Several plausibility checks have been performed to verify compatibility of
the resulting NEMO model behaviour with the original HBEFA 1.2 data.

Then the Luxembourgian national emission inventory has been simulated in NEMO also
with the HBEFA 1.2 parameters and based on the Luxembourgian fleet and Luxembour-
gian street net data.

. Results for transport emissions

This chapter summarises the results for the Luxembourgian national transport emission
inventory based on the emission factors of the two HBEFA versions. Detailed results for
the main pollutants are also given in table form in the Annex. The full set of results is
available as MS Excel files in the standard inventory format. This report especially focuses
on NO, emissions and the years 2010 to 2013 as well as the projections for 2020 and
2030.

4.1. NOy

IVT

Figure 6 shows the time series from 1990 to 2030 for NO, emissions of the main relevant
vehicle categories passenger cars (PC) and heavy duty vehicles (HDV) calculated with
the two sets of HBEFA emission factors. Figure 7 plots the differences between the two
scenarios over the years for each vehicle category. Only emissions from inland mileage
are shown (i.e. the numbers do not include emissions related to fuel export). According to
the recent HBEFA version 3.2 emissions from Otto cars are clearly lower than predicted in
the HBEFA 1.2, especially until the end of the last decade. For the year 2010 the “3.2"
calculation gives about 0.21 kt less NO, from Otto cars than the “1.2” results. According to
recent data NO, emissions from Otto engines will even more be on a very low level in the
future.

The situation for Diesel cars is completely different: The scenario based on the HBE-
FA 1.2 forecast shows an amount of yearly NO, of about 0.6 kt around the year 2000 with
an increasing tendency to a quantity of 0.8 kt in the year 2013. Based on the measured
emission factors for modern Diesel cars in the HBEFA 3.2 yearly NO, emissions rise up to
about 2.6 kt in the year 2010 and reach a peak value of 3.0 kt in 2014. For the year 2010
the NO, difference between the “3.2” and the “1.2" calculation is at 1.97 kt, i.e. the recent
data show more than three times higher NO, output than “1.2”. An analogue situation to
Diesel cars can be found for HDV. Since the coming into the fleet of EURO II vehicles in
the mid of the 1990ies more NO, was emitted by HDV than predicted by the HBEFA 1.2.
For the year 2010 0.59 kt extra NO, are calculated in the “3.2” calculations. However, due
the effectiveness of the EURO VI regulations for HDV the situation for NO, from HDV is
predicted to improve significantly from 2014 on. For the end of the decade lower NO, from
HDV are predicted based on the recent HBEFA 3.2 than calculated with the HBEFA 1.2
factors.
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Figure 8 compares the time series for total inland NO, from Luxembourgian transport in-
cluding non-road machinery. Based on HBEFA 3.2 the yearly NO, emissions have been at
a constant level of about 8 to 9 kt from 1990 until the end of the last decade. For the year
2010 2.70 kt higher NO, emissions are determined in the HBEF 3.2 scenario compared to
the “1.2” calculation. For the years after 2002 also the HBEFA 3.2 scenario gives a de-
creasing NOy trend, showing in 2020 still 1.28 kt more NOy than the HBEFA 1.2. In the fol-
lowing decade then the “3.2" NO, prediction falls below the “1.2” forecast.
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Figure 8: NO, emissions of the total inland transport including non-road machinery
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The results for total NO, emissions from Luxemburg transport including the emissions as-
sociated to the fuel sold in Luxemburg but used abroad are shown in Figure 9. For the
year 2010 a value of 29.5 kt is calculated with the HBEFA 3.2 emission factors which
gives 9.3 kt more NO, compared to the value of 20.2 kt from the HBEFA 1.2. For the up-
coming years the calculations with the recent set of emission factors predict a continuous
decrease of NO, emissions with 10.3 kt in the year 2020 and 6.0 kt in the year 2030. Be-
sides the uncertainties in the development of transport demand and fuel prices this up-to-
date forecast of course again contains some uncertainties regarding the real world emis-
sion factors of EURO 6 / VI and especially EURO 6¢ vehicles.
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gure 9: NO, emissions of the total transport sector with fuel sold in Luxembourg

2. HC

HC emissions from on-road transport are mostly determined by the data on emission be-
haviour of Otto cars. For hot operation conditions the HBEFA 3.2 specifies higher emis-
sion factors from 1990ies cars and somewhat lower HC emissions for recent Otto vehicle
generations than the HBEFA 1.2: HC levels are also influenced by cold start behaviour.
Here the model data has not been varied in this study in the two HBEFA scenarios (see
footnote 4 on page 12). Anyway, since the last decade the overall HC emissions from
transport are on a low absolute level and are dominated by the contribution of the non-
road machinery with still increasing shares. Figure 10 and Figure 11 show the results for

total HC emitted from Luxembourgian transport. The quantities do not differ significantly
between the two calculation variants.
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Figure 10: HC emissions of the total inland transport including non-road machinery
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Figure 11: HC emissions of the total transport sector with fuel sold in Luxembourg
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4.3. PM exhaust

In Figure 12 the calculations for PM exhaust emissions (inland transport) are shown. For
the year 2010 the HBEFA 3.2 calculation results in 0.09 kt higher PM emissions than
based on the HBEFA 1.2. For the subsequent years the HBEFA3.2 predicts more reduc-
tion in PM exhaust emissions than the HBEFA 1.2 due to the introduction of EURO5/6 and
EURO VI vehicles equipped with DPF which were not foreseen in the HBEFA 1.2.
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Figure 12: PM exhaust emissions of the total inland transport including non-road machinery
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Figure 13 shows the trends for PM exhaust if the total fuel in Luxembourg is considered.

For the year 2010 the “3.2” calculation shows 0.29 kt more PM exhaust than the values
based on the old HBEFA.
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igure 13: PM exhaust emissions of the total transport sector with fuel sold in Luxembourg

4. CO

The results for CO emissions are given in Figure 14 and Figure 15. Similar to HC the total
CO amount is mainly determined by the emission factors of Otto cars (incl. cold start be-
haviour) and by the non-road machinery. The HBEFA 3.2 calculations result in less CO
emissions for inland transport (0.45 kt) slightly higher emissions (+2.00 kt) for total
transport including fuel export compared to the HBEFA 1.2 scenario.
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Figure 14: CO emissions of the total inland transport including non-road machinery
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Figure 15: CO emissions of the total transport sector with fuel sold in Luxembourg
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4.5. SO,

For SO, in both scenarios similar emission quantities are calculated as the total consumed
fuel and the sulphur content is identical (Figure 16).
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Figure 16: SO, emissions of the total transport sector with fuel sold in Luxembourg
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APPENDIX

Table 8: Comparison of NOx emissions from Luxembourgian transport according to HBEFA 1.2 and
3.2

NOx in 1000t per year

HBEFA 1.2 HBEFA 3.2 Difference
inland inland inland
total total total
{incl. | total {incl. | total {incl. | total
PC non- | {incl. PC non- | {incl. PC non- | {incl.

| _year PC Otto | Diesel LoV HDV | road) |export)|PC Otto | Diesel LoV HDV | road) |export)|PC Otto | Diesel LoV HDV | road) |expart)
1840 3.99 0.34 0.21 299 878 28221 452 0.40 0.28 278 9.24| 28.50| 0.53 0.06 0.07| -0.21 0.46 0.27|
1991 3.90 0.36 0.22 3.24 9.00] 3298 440 0.43 0.30 3.01 943 3314 0.50 0.08 0.08| -0.23 0.43 0.16|
1992 3.9 0.38 0.22 3.36 9.14] 35.81 4.07 0.46 0.31 3.02 9.14] 3444 0.16 0.09 0.09| -0.34 0.00| -137|
1993 3.92 0.41 0.23 3.88 0.77] 35.85 3.72 0.51 0.33 3.23 0.13| 3233 -0.19 0.10 0.10| -0.65| -0.63[ -3.53
1984 3.85 0.44 0.23 341 931 3404 3.40 0.57 0.35 279 848| 2991 -045 0.13 0.12| -062| -0.83( -4.13
1995 3.79 0.47 0.24 361 9.52] 31.26| 3.21 0.62 0.37 299 859 27391 -059 0.15 0.13| -0.62| -093| -3.87|
1996 3.78 0.51 0.24 3.24 9.19] 31.00| 3.09 0.70 0.38 277 8.35| 2743| -089 0.19 0.14| -0.48| -0.84| -3.5
1897 3.66 0.54 0.24 3.10 B.99| 3137 291 0.80 0.40 278 8.34] 2852 -0.35 0.26 0.16| -0.32| -065( -2.85
1888 347 0.58 0.24 298 B.80| 30.68| 2.69 0.2 0.42 2.83 B.39] 2896 -0.78 0.35 0.18| -0.16| -041] -172
1893 3.12 0.61 0.26 2.56 8.26| 30.08| 241 1.05 0.47 2.56 814 2958 -0.77 0.44 0.21 0.00 -0.12| -0.52]
2000 288 0.63 0.28 251 801] 3365 214 121 0.51 264 8.20] 3471 -075 0.58 0.23 0.13 0.19 1.06|
2001 2.64 0.63 0.28 2.59 793 3273 1.91 141 0.52 287 851] 3550 -0.73 0.78 0.24 0.28 0.57 2.77]
2002 2.38 0.62 0.28 260 7.77] 3148 1.68 161 0.54 3.03 B875] 3590 -0.71 0.99 0.26 0.44 008 445
2003 2.16 0.62 0.28 243 7.31] 3255 148 179 0.55 299 B.62] 39.19 -0.68 1.17 0.27 0.56 1.31 5.64
2004 188 0.64 0.28 229 6.87| 36.59 1.27 202 0.56 295 8.58] 4677 -061 1.38 0.28 0.66 171| 10.19]
2005 157 0.64 0.29 213 6.26] 36.68] 1.05 2.16 0.58 2.83 8.26] 48991 -051 152 0.29 0.70 2.00| 1232
2006 133 0.64 0.29 207 5.97] 3192 0.90 2.29 0.59 284 B.26| 44371 -043 1.65 0.31 0.77 2.30] 12 .4s|
2007 1.13 0.65 0.28 196 5.61] 27.68| 0.77 241 0.61 271 09| 39.24| -036 176 0.33 0.76 248| 1156
2008 0.97 0.67 0.27 1.86 5.21| 25.49] 0.66 2.55 0.61 2.52 779 3571 -0.31 1.28 0.34 0.66 2.58| 10.22|
2009 0.82 0.67 0.25 162 472 2095 0.56 261 0.59 219 7.31] 2982 -0.26 1.94 0.34 0.57 2.59 B.67|
20100 0.69] 066 024 151 442 2021 0.48 263 059 2.10 7.1 29521 -0.21 197 035 059 270 931
2011 060 067 024 140| 418 1200 041 275 0.60 2,00 7.06| 28927 -0.18 2.08| 037 061 2.87| 9.7
2012 051 067 023 1.21 3.80] 16.01 0.36 284 0.60 1.80 6.76] 25601 -0.16 217 037 058 297 9.59]
2013 044| 067 023 1.09 3.58] 1220 o030 290 0.60 1.64 6.60] 2434] -0.13 223 037 055 3.02| 9.54
2014 0.40 0.69 0.23 0.98 3.56] 1433 0.27 301 0.61 142 6.58] 23.18] -0.12 2.32 0.38 0.45 3.02 8.85
2015 0.36 0.70 0.23 0.97 346 12.84 0.24 295 0.60 1.26 £.27] 1905 -0.11 2.25 0.37 0.29 281 6.20|
2016 0.32 0.71 0.23 0.89 3.19] 1179 0.22 281 0.58 103 5.69| 1597 -0.10 2.10 0.35 0.15 250 417
2017 0.29 0.72 0.23 0.84 3.06] 1131 0.20 2.65 0.54 0.90 5.25| 14.18] -0.10 1.93 0.31 0.05 2.20 2.87]
2018 0.27 0.73 0.23 0.81 294 10.97| 0.18 248 0.50 078 484 1273 -0.09 175 0.27| -0.03 190 1.76|
2019 0.25 0.73 0.23 0.78 283 1073 0.16 2.29 0.47 068 443 1144 -009 1.55 0.23| -0.10 160 0.71
20200 023 074 023 076 2.74| 1058 0.5 208 043 050 402 1030 -0.09 1.34| 019 -0.16 1.28| -0.28]
2021 0.22 0.75 0.24 0.75 267] 10.51 0.13 188 0.38 0.53 3.65 9.35] -0.08 1.13 0.15| -D.22 0.98| -1.18|
2022 0.20 0.75 0.24 0.74 263] 1051 0.12 170 0.35 0.47 3.33 857] -0.08 0.95 0.11| -0.27 0.71] -1.94]
2023 0.19 0.76 0.24 0.74 2.59] 10.54 0.11 155 0.32 042 3.06 792 -0.08 0.79 008 -0.32 047 -2.62]
2024 0.18 0.76 0.24 0.74 2.57| 10.62] 0.10 142 0.29 0.38 283 7400 -0.08 0.65 005 -0.36 0.26| -3.22|
2025 0.17 0.77 0.25 0.74 2.56] 10.72] 0.10 130 0.26 0.35 264 698 -0.08 0.54 0.02| -0.40 0.08| -3.74
2026 0.16 0.77 0.25 0.75 2.55| 10.84] 0.09 1.21 0.25 0.32 247 6.64] -0.07 0.43 0.00| -0.43| -0.08| -4.20
2027 0.16 0.78 0.25 0.76 2.55| 10.98| 0.08 113 0.23 0.29 2.34 6.39] -0.07 035 002 -046| -021 -459
2028 0.15 0.78 0.26 077 2.56) 11.14 0.08 107 0.21 0.28 2.24 6.20] -0.07 0.29| -0.04| -049] -032] -493
2029 0.14 0.79 0.26 0.78 2.56] 11.30| 0.07 102 0.20 0.26 2.15 6.07] -0.07 0.24| 006 -052| -041| -523
20300 014 079 027 079 258 1147 007 099 019 025 2,09 5871 -0.07 0200 -0.07| -0.55 -0.49) -5.50
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Table 9: Comparison of HC emissions from Luxembourgian transport according to HBEFA 1.2 and 3.2

HC in 1000t per year

HBEFA 1.2 HBEFA 3.2 Difference
inland inland inland
total total total
{incl. | total {incl. | total {incl. | total
PC non- | (incl. PC non- | {incl. PC non- | {incl.

year |PCOtto| Diesel | LCV HDV | road) |export)|PC Otto | Diesel Lcv HDV | road) |export)| PC Otto | Diesel | LCV HDV | road) |export)
1990 391 0.09 0.09 0.31 5.08| 11.70| 5.23 0.11 0.14 0.11 6.26) 14.22] 132 0.01 0.04| -019 1.18 2.52]
1991 3.50 0.09 0.09 0.33 470( 1219 5.05 0.11 0.13 0.12 £.10| 15.66| 155 0.01 004 021 140 3.47]
1992 3.16 0.09 0.08 0.34] 437] 1183 4.63 0.11 0.12 0.13 5.67| 15.18 146 0.01 0.04] -0.22 1.30 3.35
1993 2.82 0.08 0.07 0.36) 406 1071 4.13 0.11 0.11 0.13 5.19| 13.60| 132 0.01 0.04| -0.23 1.14 2.90|
1984 248 0.08 0.07 0.33 3.68 9.80| 3.64 0.11 0.10 0.13 468 1247 1.16 0.01 0.04| -0D.20 1.01 2.67|
1995 2.25 0.09 0.06 0.34 3.42 8.44] 3.31 0.10 0.09 0.14| 4.33| 10.66] 1.06 0.01 0.03| -0.20 0.90 2.22]
1996 2.08 0.09 0.06 0.30 3.21 7.88] 3.04 0.11 0.09 0.13 4.03 9.85 0.96 0.02 0.03| -0.18 0.83 1.98|
1997 191 0.09 0.05 0.28 3.00 7.51 2.74 0.11 0.08 0.12 371 9.19| 0.82 0.02 0.03| 016 0.71 1.69|
1998 173 0.09 0.04 0.27 279 6.92| 240 0.11 0.07 0.12 3.36 8.23 0.67 0.02 0.03| 015 0.57 131
1999 155 0.10 0.04 0.23 2.57 .54 2.06 0.11 0.07 0.11 3.01 7.54] 0.51 0.02 003 012 0.44 1.00]
2000 138 0.10 0.04 0.22 2.38 .46 177 0.11 0.07 0.11 270 7.11 0.39 0.02 003 -0.11 0.33 0.66|
2001 1.24 0.10 0.04 0.21 2.24 6.02] 1.53 0.12 0.06 0.11 247 541 0.29 0.02 0.02| -0.10 0.22 0.39]
2002 1.12 0.10 0.03 0.21 2.11 5.63 1.31 0.12 0.05 0.11 2.24 5.77] 0.19 0.01 0.02] -0.10 0.13 0.14]
2003 1.03 0.10 0.03 0.19 198 5.58] 1.14 0.11 0.05 0.11 204 5.48] 0.12 0.01 0.02| -0.08 0.06) -0.10|
2004 0.91 0.11 0.03 0.18 1.84 5.58] 0.97 0.12 0.04 0.11 1.84 5.21 0.06 0.01 0.01] -0.07 0.00] -0.37|
2005 0.79 0.11 0.03 0.17 166 5.17| 0.81 0.11 0.04 0.10 163 4.65 0.02 0.00 001 007 003 052
2006 0.70 0.11 0.03 0.16 154| 453 0.71 0.11 0.03 0.10 143 400 0.01 0.00 001 007 005 053
2007 0.62 0.11 0.02 0.16 144 413 0.62 0.11 0.03 0.09 137 3.56| 0.00 0.00 0.00] 007 005 -0.57
2008 0.56 0.12 0.02 0.15 1.34 3.83 0.56 0.11 0.02 0.08 1.26 3.16) 0.00] -0.01 0.00] -007| -0.08 -D.67
2009 0.49 0.11 0.02 0.14 1.23 3.36] 0.49 0.11 0.02 0.07 1.15 2.72] 0.00| -0.01 0.00| -0.07| -0.09] -0.65
20100 043 011 002 0.14 1.15 3.23 043 010 002 006 1.06 248 0.00{ -0.01] 0.00] -0.08 -0.09| -0.74
2011y 039 o011 002 014 1.09 3.23 039 010 002 005 099 2421 0.00f -0.02| 0.00 -0.08 -0.10[ -0.81]
20120 034 o011 002 013 1.03 29 034 o009 o001 005 093 218 0,000 002 001 -0.08 -0.10 -0.78
2013) 031 o011 002 012 098 275 031 009 001 004 087 196 0.000 002 -0.01] -0.08 -0.11] -0.80]
2014 0.29 0.12 0.02 0.11 0.95 2.80| 0.29 0.09 0.01 0.03 0.83 1.96] 000 003 001 -008( -0.12( -0.84
2015 0.27 0.12 0.02 0.12 0.92 273 0.26 0.02 0.01 0.03 0.79 182] -0.01| -003| -001| -0.09 -0.14( -091
2016 0.25 0.12 0.02 0.12 0.90 2.69] 0.24 0.02 0.01 0.03 0.75 172| -0.01| -003| -0.01| -0.10( -0.5( -0.97]
2017 0.24 0.12 0.02 0.12 0.87 2.67| 0.22 0.09 0.01 0.02 0.72 164 -0.01| -0.03| -001] -0.10[ -0.16[ -1.03
2018 0.22 0.12 0.02 0.12 0.85 2.66| 0.21 0.09 0.01 0.02 0.69 158 002 003 001 010 -0.16| -1.08|
2019 0.21 0.12 0.02 0.12 0.84 2.66| 0.20 0.09 0.01 0.02 0.67 153 -0.02| 004 -001] 011 -017[ -1.13
2020 021 012 002 013 0.83 267] 018 o009 001 002 065 149 -0.02| -0.04] 002 -011] -0.18] -1.19|
2021 0.20 0.12 0.02 0.13 0.82 2.70] 0.17 0.09 0.01 0.02 0.63 146 -0.02| 004 002 -011] -019) -1.24
2022 0.19 0.12 0.02 0.13 0.82 273 0.16 0.09 0.01 0.01 0.62 143 -0.03] 004 002 -011] -0.20[ -1.29
2023 0.19 0.12 0.02 0.13 0.81 2.76] 0.15 0.02 0.00 0.01 0.61 1411 -003| -004| -002| -012( -0.20( -135
2024 0.18 0.13 0.02 0.13 0.81 2.79] 0.15 0.0% 0.00 0.01 0.60 140 -0.03| -004| -002] -012) -0.21 -1.39
2025 0.18 0.13 0.02 0.14 0.81 2.83 0.14 0.09 0.00 0.01 0.59 139 -0.03| -004| -002] -012( -0.22 -1.44
2026 0.17 0.13 0.02 0.14 0.81 2.86| 0.14 0.09 0.00 0.01 0.58 138 -0.03| -004| -002] -013] -0.22[ -148
2027 0.17 0.13 0.02 0.14 0.80 2.90| 0.13 0.09 0.00 0.01 0.58 138 004 004 002 013 023 -153
2028 0.16 0.13 0.02 0.14 0.80 2.94 0.13 0.09 0.00 0.01 0.57 137] -004| 004 002 -013[ -023] -157
2029 0.16 0.13 0.02 0.15 0.80 2.08] 0.12 0.09 0.00 0.01 0.57 137] -0.04| -004] -0.02] 014 -0.24] -1s81
20300 016/ 013 003 015 0.81 3.03 0.12| 009 000 001 056 138 -0.04] -0.04] -0.02] -0.14] -0.24| -1.65
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Table 10: Comparison of PM exhaust emissions from Luxembourgian transport according to HBEFA
1.2 and 3.2

PM exhaust in 1000t per year

HBEFA 1.2 HBEFA 3.2 Difference
inland inland inland
total total total
{incl. | total {incl. | total fincl. | total
PC non- | {incl. PC non- | {incl. PC non- | {incl.

year |PC Otto Diesel LCV HDV | road) |export)|PC Otto | Diesel LCv HDV | road) |export)|PC Otto | Diesel LCW HDV | road) |export)
1990 0.00 0.08 0.01 0.09 0.42 0.94 0.02 0.09 0.03 0.09 0.45 1.09 0.02 0.02 0.02 0.01 0.06 0.15
1551 0.00 0.08 0.01 0.10 0.44 1.08 0.02 0.10 0.03 0.10 0.50 1.25 0.02 0.02 0.02 0.01 0.07 0.17
1892 0.00 0.08 0.01 0.10 0.44 1.14 0.02 0.10 0.03 0.10 0.50 131 0.02 0.02 0.02 0.00 0.06 0.17
1993 0.00 0.09 0.01 0.11 0.46 1.14 0.02 0.11 0.04 0.11 0.53 131 0.02 0.02 0.02 0.00 0.06 0.16
1554 0.00 0.09 0.01 0.10 0.45 111 0.02 0.11 0.04 0.10 0.52 131 0.02 0.03 0.02 0.00 0.07 0.20
1995 0.00 0.09 0.02 0.10 0.44 1.01 0.02 0.12 0.04 0.11 0.53 1.24 0.02 0.04 0.02 0.00 0.08 0.23
1996 0.00 0.09 0.02 0.09 0.43 0.98 0.02 0.13 0.04 0.10 0.53 1.24 0.02 0.04 0.02 0.01 0.10 0.26
1997 0.00 0.09 0.02 0.08 0.42 0.94 0.02 0.14 0.04 0.09 0.53 1.23 0.02 0.05 0.03 0.01 0.11 0.29
1998 0.00 0.09 0.02 0.08 0.41 0.89 0.02 0.15 0.05 0.09 0.53 131 0.02 0.06 0.03 0.01 0.12 0.32
1999 0.00 0.09 0.02 0.06 0.41 0.85 0.02 0.16 0.05 0.07 0.53 121 0.02 0.07 0.03 0.01 0.13 0.35
2000 0.00 0.10 0.02 0.05 0.40 0.89 0.02 0.17 0.05 0.07 0.54 1.30 0.02 0.08 0.03 0.01 0.14 0.41
2001 0.00 0.10 0.02 0.05 0.40 0.85 0.02 0.18 0.05 0.07 0.54 1.29 0.02 0.08 0.03 0.02 0.15 0.44
2002 0.00 0.10 0.02 0.05 0.39 0.81 0.02 0.18 0.05 0.07 0.54 1.25 0.02 0.08 0.03 0.02 0.15 0.44
2003 0.00 0.10 0.02 0.04 0.36 0.80 0.02 0.18 0.05 0.07 0.51 1.28 0.02 0.08 0.02 0.02 0.14 0.48
2004 0.00 0.10 0.02 0.04 0.35 0.84 0.02 0.18 0.05 0.06 0.45 1.38 0.02 0.08 0.02 0.02 0.14 0.54
2005 0.00 0.10 0.02 0.04 0.32 0.80 0.01 0.17 0.04 0.06 0.45 135 0.01 0.08 0.02 0.02 0.13 0.55
2006 0.00 0.09 0.02 0.03 0.30 0.69 0.01 0.17 0.04 0.06 0.44 121 0.01 0.08 0.02 0.02 0.14 0.51
2007 0.00 0.09 0.02 0.03 0.28 0.59 0.01 0.16 0.04 0.05 0.41 1.05 0.01 0.08 0.02 0.02 0.13 0.46
2008 0.00 0.08 0.02 0.03 0.25 0.51 0.01 0.15 0.04 0.05 0.37 0.91 0.01 0.07 0.02 0.02 0.12 0.40
2009 0.00 0.08 0.02 0.02 0.23 0.43 0.01 0.13 0.04 0.04 0.33 0.75 0.01 0.05 0.02 0.02 0.10 0.32
2010 0.00 0.07 0.02 0.02 0.21 0.40 0.01 0.11 0.04 0.04 0.30 0.69 0.01 0.04 0.02 0.02 0.09 0.29
2011 0.00 0.07 0.02 0.02 0.20 0.38 0.01 0.10 0.04 0.03 0.27 0.64 0.01 0.03 0.02 0.02 0.07 0.26
2012 0.00 0.06 0.02 0.02 0.20 0.35 0.01 0.08 0.03 0.03 0.25 0.55 0.01 0.02 0.02 0.01 0.06 0.20
2013 0.00 0.06 0.02 0.01 0.18 0.32 0.00 0,07 0.03 0.03 0.22 0.45 0.00 0.01 0.01 0.01 0.04 0.17
2014 0.00 0.06 0.02 0.01 0.17 0.31 0.00 0.06 0.03 0.02 0.20 0.45 0.00 0.00 0.01 0.01 0.03 0.13
2015 0.00 0.06 0.02 0.01 0.16 0.29 0.00 0.06 0.02 0.02 0.18 0.36 0.00 0.00 0.01 0.01 0.02 0.07
2016 0.00 0.06 0.02 0.01 0.15 0.27 0.00 0.05 0.02 0.02 0.16 0.30 0.00( -0.01 0.00 0.00 0.00 0.03
2017 0.00 0.05 0.02 0.01 0.14 0.26 0.00 0.04 0.02 0.01 0.14 0.26 0.00[ -0.01 0.00 0.00] -0.01 0.00
2018 0.00 0.05 0.02 0.01 0.14 0.25 0.00 0.04 0.01 0.01 0.12 0.23 0.00f -0.02 0.00 000 -001] -0.03
2019 0.00 0.05 0.02 0.01 0.13 0.25 0.00 0.03 0.01 0.01 0.11 0.20 0.00( -0.02 0.00 0.00f -0.02| -0.05
2020 0.00 0.05 0.02 0.01 0.13 0.24 0.00 0.03 0,01 0,01 0.10 0.18 0,000 -0.02] -0.01 0.00] -0.03| -0.06
2021 0.00 0.05 0.02 0.01 0.12 0.24 0.00 0.03 0.01 0.01 0.09 0.17 0.00( -003| -0.01 000 -003| -0.08
2022 0.00 0.05 0.02 0.01 0.12 0.24 0.00 0.03 0.01 0.01 0.08 0.15 0.00f -003| -0.01 000 -004| -0.09
2023 0.00 0.05 0.02 0.01 0.12 0.24 0.00 0.02 0.01 0.01 0.08 0.14 0.00f -003| -0.01 000 -004] -0.10
2024 0.00 0.05 0.02 0.01 0.12 0.24 0.00 0.02 0.01 0.00 0.07 0.13 0.00f -003| -0.01 000 -004] -011
2025 0.00 0.05 0.02 0.01 0.12 0.24 0.00 0.02 0.00 0.00 0.07 0.13 0.00f -0.03| -0.01] -0.01] -0.05| -0.11
2026 0.00 0.05 0.02 0.01 0.12 0.24 0.00 0.02 0.00 0.00 0.07 0.12 0.00f -0.03 -0.01] -001] -0051 -0.12
2027 0.00 0.05 0.02 0.01 0.11 0.24 0.00 0.02 0.00 0.00 0.06 0.12 0.00( -003| -001| -001] -0.05| -013
2028 0.00 0.05 0.02 0.01 0.11 0.25 0.00 0.02 0.00 0.00 0.06 0.11 000 -003| -002| -001] -005| -013
2029 0.00 0.05 0.02 0.01 0.11 0.25 0.00 0.02 0.00 0.00 0.06 0.11 0.00| -0.04] -002] -001] -006] -0.14
2030 0.00 0.05 0.02 0.01 0.11 0.25 0.00 0,02 0,00 0,00 0.06 0.11 0,000 -0.04] -0,02] -001] -0.06] -0.14

IVT 30 of 31 Report No.: Inst 03/15 Rex Em 25/2014-679



Table 11: Comparison of CO emissions from Luxembourgian transport according to HBEFA 1.2 and
3.2

CO in 1000t per year

HBEFA 1.2 HBEFA 3.2 Difference
inland inland inland
total total total
{incl. | total {incl. | total fincl. | total
PC non- | {incl. PC non- | {incl. PC non- | {incl.
year |PC Otto Diesel LCV HDV | road) |export)|PC Otto | Diesel LCv HDV | road) |export)|PC Otto | Diesel LCW HDV | road) |export)

1990] 23.78 042 0.75 0.72| 36.28| 7324 3287 046 118 0.37| 4548 54265 9.09 0.04 043 -034 9.21] 2103
1881) 2173 0.43 0.72 0.77] 3431 7657 3170 0.47 115 0.40| 4438 1DZ.5‘DI 9.97 0.04 043 -037[ 1007 26.34
1852) 2011 0.44 0.66 080 3266 7516] 2896 0.48 1.07 041 4158 EB.SBI B.85 0.05 041 -0.38 B9l 2433
1995) 1858 0.46 0.62 087 5122 69.98] 26.02 0.50 1.02 0.44| 38.66 BB.B4I 744 0.04 0.38] -043 744| 1586
1554] 17.06 0.46 0.59 077 2952 B653] 23.15 051 0.96 0.40| 35.67 BS.SEI 6.10 0.04 0.37] -0.36 6.15| 16.85
1555) 16.14 0.45 0.56 078 28.41| 5949] 2124 0.52 091 044 33.58 TZ.ElI 5.10 0.06 0.35| -0.34 517 1312
1906] 1555 0.47 0.51 0.68) 27.59| 57.21] 19.80 0.54 0.24 041 31985 E-S.DBI 424 0.07 0.33] -027[ 436 10.BE|
1867) 1482 0.50 0.46 0.61| 26.66| 55.83| 1B.16 0.55 0.75 0.40| 30.13| &4.68 3.34 0.05 0.29] -0.21 347 8.84
1558) 1404 0.54 0.40 055/ 2572 55.11] 16.50 0.56 0.66 040 2832 5876 246 0.02 0.26| -0.14 260 b.65
1999) 13.00 0.59 0.39 0.44| 2457 5162] 14564 0.56 0.62 0.37| 26.35| 5645 164 -0.03 0.24| -007 178| 483
2000) 1202 0.63 0.36 0.38| 2545 50.73] 15.03 0.56 0.56 0.37| 2458 5420 102 -007 0.20] -0.02 113 348
2001) 1121 0.68 0.33 0.37| 2243 4B08] 1176 0.55 0.50 040 2307 50.39 055 -0.13 0.17 0.04 0.64 231
2002] 10.36 0.73 0.30 0.34] 21.47| 4553 1053 0.54 0.44 043] 2168 4685 0.17| -0.18 0.14 0.10 0.22 132
2003 9.63 0.77 0.27 0.30] 20.46| 4469 9.51 0.52 0.38 044| 20.33| 4538 -0121 -0.25 0.11 0.14] -0.13 0.69|
2004 B.65 0.85 0.23 0.27| 1926 4256 B.33 0.52 0.31 044 1887 4523 -0.31| -0.33 0.08 0.18| -0.3% 0.66
2005 7.50 0.90 0.22 0.24| 17.81| 38.04 7.14 0.50 0.27 044| 1731 3898] -036| -0.40 0.06 0.20] -051 0.95
2006 6.62 0.94 0.20 0.22| 1676 33.50 6.29 0.48 0.24 046 16.25| 3462 -032| -046 0.04 0.24] -051 113
2007 5.84 0.8 0.19 0.20| 15.83| 31.00 5.56 0.47 0.21 048 1532| 3219 -028[ -052 0.02 0.27] -051 1.20]
2008 3.21 105 0.18 0.19| 14.99| 2B.57 487 046 0.18 0.50| 1448 3010 -0.24 -0.58 0.00 0.31] -0351 153
2009 457 107 0.16 0.16| 1417| 2579 438 043 0.15 049 1367 2718 -0.18( -0.62| -0.01 0.32] -0.50 1.40]
2010 3.98 1.06 0.15 0.16)| 13.40) 2383 3.84 0.42 0.13 0.51) 12.95) 2584) -0.14) -0.64) -002) 0.35) -045 2.00
2011 3.54 1.09 0.15 0.15| 12.85| 2353 3.43 0.41 0.12 0.53) 12.40) 2577 -011) -068| -003) 038) -044 2.25
2012 3.14 110 0.15 0.13) 12.23) 2154 3.05 0.39 0.10 0.51) 11.75| 23958) -0.09) -0.71] -0.05) 0537 -047 2.03
2013 2.80 111 0.14 012 11.72( 20.08 271 0.38 0,09 049 11.20f 2215] -0.09) -0.73| -0.06) 0.36) -0.51 2.09]
2014 2.64 116 0.14 012 1146| 2047 253 0.38 0.08 043| 10.83| 2202 -0.10f -0.77| -0.06 0.32] -0.62 155
2015 244 117 0.14 0.12| 11.14| 1989 233 0.38 0.07 0.39| 1043 2035 -0.12f -078 -0.07 0.27] -0.71 0.46
2016 228 118 0.14 0.12| 1084 1540 215 0.38 0.06 0.33| 1004 1510 -0.13| -0.81| -0.08 021 -081] -0.30
2017 215 121 0.14 012 1059 19.02 201 0.38 0.06 0.29 970 18.26] -0.14| -0.83| -0.08 0.17| -088| 075
2018 2.05 122 0.14 0.12| 1035 1871 1.90 0.37 0.05 0.26 540 1758] -0.15| -0.85 -0.0% 0.14| -085| -113
2019 196 1.24 0.14 0.12| 1012 1B.46 180 0.37 0.05 0.23 9.11| 1700 -0.17| -087| -0.10 011 -loif -1.46
2020 189 1.26 0.15 012 9.94( 1831 172 0.37 0.05 0.20 8.86| 1554] -0.18| -0.88| -0.10) 0.08) -1.07| -L7%
2021 183 127 0.15 0.12 980 1835 164 0.37 0.04 0.18 B68| 1621] -0.18| -0.8% -0.10 006) -113| -2.04
2022 177 128 0.15 012 963 18.16 157 0.37 0.04 0.16 845/ 1588] -0.20f -050| -0.11 004 -118| -228
2023 172 129 0.15 012 953 1817 151 0.37 0.04 0.14 8.31| 1567 -0.21| -091] -0.11 002 -122] -245
2024 168 1.30 0.15 012 943 1817 146 0.37 0.04 0.13 B.18| 1553] -0.22 -092| -0.11 000 -125| -265
2025 164 131 0.16 0.13 9.33| 1B.18| 141 0.37 0.04 0.12 04| 1540 -0.22| 083 012 001 -128 -278
2026 160 132 0.16 0.13 9.21| 1B.18| 137 0.37 0.04 0.10 790| 1528| -0.22| -084f -0.12| -002| -131] -290
2027 157 133 0.16 0.13 9.07| 1B.17 134 0.37 0.04 0.10 774/ 1516] -0.23| -0585 -0.12| -003| -134| -3.01
2028 154 134 0.16 0.13 B.96| 18.19 131 0.37 0.04 0.09 760 1508] -0.23| -096 -0.12| -004| -136| -3.10
2025 152 1.35 0.16 0.14 B.B6| 1823 128 0.37 0.04 0.08 748 1504 -0.23| -097 -0.13| -005 -138| -3.19
2030 1.49 1.36 0.17 0.14 8.27( 17.77 1.26 0.37 0.04 0.08 6.86) 1450 -0.24| -0.98( -0.13| -0.06 -1.41] -3.27
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