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Executive summary

Road transport constitutes a major challenge for European countries as road vehicles’ air pollutant
and CO; emissions significantly contribute to local air pollution and to the climate crisis. The
characteristics of a vehicle such as age, engine type, size, and power, and the mass have a strong
impact on its CO2 and air pollutant emissions. However, we know relatively little about the
characteristics of used vehicles that make up the current vehicle stock and trade between European
countries. Only newly registered vehicles are subject to monitoring and environmental regulation
with respect to air pollutant and CO, emissions. There is no framework (beyond the road-
worthiness testing and Regulation 715/2007 requiring manufacturers to check in-service conformity
for a period of up to five years or 100,000 km) to limit environmental impacts of used vehicles when
re-registered after purchase by another owner as well as imported and exported vehicles.

This report estimates the environmental impact of used vehicles in Europe and those that are
traded within Europe focusing on air pollutants and CO» emissions. It covers the European Union
(EU) Member States, the additional EEA member countries which are Iceland, Lichtenstein,
Norway, Switzerland and Turkey as well as the cooperating countries Albania, Bosnia and
Herzegovina, Montenegro, North Macedonia and Serbia as well as Kosovo under UN Security
Council Resolution 1244/99. The report also covers the United Kingdom, as the data used
predates its withdrawal from the European Union. Data collection focussed on publically available
Europe-wide central data sources as well as on national data sources containing information about
the characteristics of vehicle stocks and used vehicle trade for the time period from 2000 to latest
available data.

Key findings
Overall improvement of the environmental performance of used vehicles

Since 2000, the vehicle stocks of all European countries increased in size as well as the used
vehicle trade within Europe increased in terms of numbers and value. In countries with a rapid
economic growth like Poland, Czechia and Estonia, the increase of stocks was especially
pronounced. Although the average age of the vehicle stocks increased overall, the environmental
performance of the vehicles in the stocks and traded used vehicles improved with respect to air
pollutants and CO, emissions. This can be traced back to EU regulations and in most countries
also national regulatory frameworks including taxation which favour environmental friendly vehicles
over environmental harmful vehicles as well as to a technological progress reducing the specific
energy consumption as well as air pollutants and CO» emissions. For instance, more than half of
the analysed countries consider the air pollutants and/or CO, emissions in the calculation method
of their registration tax. In addition, some countries such as Bosnia and Herzegovina, Finland,
Hungary, Serbia and Turkey also introduced import bans for old vehicles or for vehicles with
particularly high air pollutants.

1 This designation is without prejudice to positions on status, and is in line with UNSCR 1244/99 and the ICJ Opinion
on the Kosovo Declaration of Independence.

2



’ Used vehicle trade and fleet composition in Europe

Regional differences remain in the stocks and used vehicle trade

Besides the overall progress, regional differences of the environmental performance of vehicles in
the stocks and in the trade flows of used vehicles remain with high income countries having on
average relatively new vehicles with comparably lower air pollutants and CO. emissions and low
income countries having rather old vehicles with comparably higher air pollutants and CO-
emissions (see Figure 1). This is also reflected in the trade flows with high income countries
exporting more used vehicles than they import while at the same time importing rather
environmental friendly vehicles and exporting vehicles with rather high air pollutants and CO-
emissions (see Figure 2).

Figure 1: Age of the car stocks
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Source: own calculations based on Eurostat, 2019a.

The Northern, Central and Western country groups? have the most environmental friendly
vehicle stocks, with vehicles having on average the lowest air pollutants and CO, emissions. The
countries have a much higher share of new vehicles and have a comparably younger vehicle stock
when compared to the European average. In these countries, the impact of regulations for new
vehicles have a much stronger and direct impact on the vehicle fleet. One exemption is Finland as
the country has one of the oldest vehicle stocks with an average of 11.5 years. Imports of used
vehicles play a crucial role in that country as it imported the most significant number of used cars
when compared to the stock.

The relatively high share of new vehicles also results in the fact that the Northern and Central
country group exported much more used vehicles than they imported (for trade flows in 2017 see
Figure 2); the trade surplus was less pronounced for the Western country group. All three country
groups exported lower-value vehicles classified with a low environmental performance while they
imported higher-value vehicles with a relatively good environmental performance. The vehicles
exported by the Northern country group with particularly high CO, emissions were sold to the

2 The Northern country group consists of Denmark, Finland, Norway, Sweden and Iceland.
The Western country group consists of Belgium, France, Ireland, the Netherlands and UK.
The Central country group consists of Austria, Germany, Liechtenstein, Luxembourg, Slovenia and Switzerland.
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Central Eastern country group® while vehicles with particularly high air pollutants (i.e. diesel
vehicles with a very low value) went to the Western country group. The Central country group
exported mainly large diesel passenger cars with a low average trade value and therefore with
particularly high air pollutants to the South-Eastern group. The Western country group exported its
used vehicles basically to all country groups while it imported rather environmental friendly used
vehicles, in particular in terms of CO, emissions. The vehicles came mainly from within its group
followed by Germany and the Northern country group. For instance, Germany exported a large
share of diesel vehicles with a medium engine capacity and an average trade value between
EUR 15,001 and EUR 20,000 while a large share of low-value diesel vehicles came from the
Northern country group with particular high air pollutants.

Figure 2: Amount and environmental performance of traded used vehicles in Europe in 2017
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Source: own calculations based on Eurostat Comext (2019). The figure shows the trade flow from exporting to
importing country groups. The width of arrows reflects the amount of traded used vehicles; the colours reflect the
environmental performance as an average for CO2 emissions and air pollutants; green lines indicate the trade of
electric vehicles which have no direct air pollutants and CO2 emissions while on contrast red lines indicate the trade
of vehicles with high air pollutant and CO2 emissions i.e. low-value diesel or petrol vehicles with a large engine.

3 The Central Eastern country group consists of Czechia, Hungary, Poland and Slovakia as well as of the Baltic
countries Estonia, Latvia and Lithuania.
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Vehicles in the South-Eastern, Central-Eastern and Southern* country groups have particularly
high air pollutants and CO, emissions when compared to the other country groups. Their vehicle
stocks consists of vehicles with an average age of above 11 years and the share of new vehicles
is particularly low. The means that in 2017, most of the vehicles originated from years before
significant improvements of EU regulation for limiting air pollutants and CO, emissions from new
vehicles.

The South-Eastern and Central-Eastern country groups imported much more vehicles than they
exported — the vehicles mainly from the Western and Central (incl. Germany) country groups. For
instance, a large amount of more environmental friendly vehicles is imported from Germany. The
vehicles imported to the South-Eastern country group have a very low environmental performance
while the vehicles imported to the Central Eastern country group perform better in terms of air
pollutants and CO; emissions. Some of the countries in the South-Eastern country group addressed
the problem of imports of vehicles with particularly high air pollutants by introducing a ban on
imports of old vehicles and vehicles with low European emission standard for air pollutants such
as Bosnia-Herzegovina, Serbia or Turkey.

Factors influencing the environmental performance of used vehicles in stocks and trade

One of the key factors for the differences in the stocks and trade of used vehicles is the available
household income which differs significantly between the country groups but which determines
what a household is able to pay for a vehicle. In addition, national regulations and taxation schemes
can influence the purchasing decision e.g. when the registration tax rapidly increases as a function
of rising air pollutants and/or CO> emissions, thus somewhat closing the financial gap between a
low-value but environmental harmful vehicle and a higher-priced vehicle with better environmental
performance.

Import bans on old or on vehicles with low European emission standard (i.e. high air pollutants),
however, did not lead to the import of higher-value vehicles in Serbia, Bosnia-Herzegovina or
Hungary. It might be the case that for those countries the underlying assumption that low-value
vehicles have high emissions is not valid but that these countries in particular import vehicles
having a low price but still a medium emission intensity (e.g. because of high kilometre driven or
other drawbacks of a vehicles reducing its price). However, further research is required to better
understand the influences of the import ban on the vehicle stock.

A new important driver is also the introduction of electric vehicles which do not directly emit air
pollutants nor CO.. Although the market for electric vehicles is relatively new and hence, the share
of used electric vehicles is still small, the increasing share of electric vehicles in the sales of new
cars since 2010 also improves the environmental performance of the vehicle stocks. In addition,
these vehicles also enter the used vehicle market and trade statistics show that the electric vehicles
are also traded amongst the country groups with a somewhat rising share over the past five years.
In 2017, these vehicles were traded amongst all country groups without clear direction. The stock
as well as the trade of electric vehicles is likely to increase as a result of the European CO targets
for new vehicles and national plans to ban the sale of new internal combustion engine cars in e.g.
Norway, the Netherlands, Ireland, Slovenia, France and the UK (see e.g. Velten et al. 2019). The

4 The South-Eastern country group consists of Albania, Bosnia and Herzegovina, Bulgaria, Cyprus, Greece,
Montenegro, North Macedonia, Romania, Serbia, Turkey and Kosovo under UN Security Council Resolution
1244/99
The Southern country group consists of Croatia, Italy, Malta, Portugal and Spain
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increase of new zero-emission vehicles in the market will also result in the increased availability of
these vehicles to used vehicle buyers. This also means that country groups with a high share of
used vehicle imports also start to import zero-emission vehicles. This means that irrespectively of
the vehicle age, the countries can improve the environmental performance of their vehicle stocks.

Data gaps

The available statistics from Eurostat as well as from national sources are partly incomplete,
inconsistent and not sufficient to allow an in-depth and detailed analysis of the environmental
compatibility of used vehicles in the different European countries over the defined timeframe. This
was partly unexpected as the transport sector, and particularly road transport are at the heart of
current discussions to mitigate the climate crisis and local air pollution.

In particular, our data collection showed that there is no comprehensive data available from
Eurostat and from national sources on the environmental characteristics of vehicles. Data on air
and CO; emissions of the vehicle stock or of traded vehicles is only available for a few countries.
A drawback is also that Eurostat provides characteristics largely independent from each other e.g.
no combination of engine type and age structure. The databases include breaks in reporting and a
range of countries does not report regularly for all (sub)indicators, and report data that is not
consistent over the time period covered. Finally, the trade statistics (Eurostat Comext) do not
include all vehicle imports and exports as reporting countries can exempt small- and medium
enterprises (SMEs) from the reporting. The data compilation included a synthesis of available data
sources where possible to close data gaps and reduce inconsistencies over the timeframe. Any
further missing data for specific years in a time series were closed by linear interpolation over a
related time frame. We also corrected obvious inconsistencies such as the reporting of full numbers
instead of thousand. We could, however, not fill in gaps related to a whole characteristic, such as
the age structure.

Due to missing data, we had to derive the environmental characteristic (i.e. air and CO2 emissions)
of the stock and trade of used vehicles based on the available characteristics. For the stock, we
used the engine type and capacity as well as the age structure; for trade, we used the engine type
and capacity as well as the average value of the traded vehicles in any given subcategory. For the
stock, we thus also had to combine available age structures and engine types (including capacity
where available). The classification of a vehicle in terms of its air pollutant and CO2 emissions is
based on a 10 scale, ranking the vehicles from 1 (no emissions) to 10 (very high emissions) based
on specific characteristics of the vehicle such as engine type, age, average trade value and engine
size.

Due to the data gaps and the applied methodology to derive the emission classification, the results
are to be considered as rough estimates and are used for showing the general trends and order of
magnitude. A more comprehensive database would facilitate the analysis of policy interventions
that should have an effect on motorised road vehicles.
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Introduction

Road transport poses a major challenge for European countries as road vehicles’ air pollutants and
CO2 emissions significantly contribute to local air pollution and to the acceleration of the climate
crisis.

Age, engine type, capacity and power, and the mass of a vehicle have a strong impact on its CO;
emissions and air pollutants (see e.g. EEA, 2019a). The age seems particularly important as EU
regulations got stricter over the past decade setting targets for CO, emissions and maximum levels
of air pollutants for new vehicles (see also Chapter 2.1.6). As these regulations only apply to new
vehicles, they do not have an immediate impact on already used and the registration of used
vehicles. In countries with a low share of new vehicle registrations each year, the current EU
legislation can therefore only have a very limited or delayed impact.

In this context, previous studies® demonstrated that there are several EU Member States where
imported used vehicles from other EU Member States far exceeded the number of new vehicles
sales. However, there are no EU-wide criteria regarding the environmental performance of imported
or exported used vehicles. Some European countries, however, have introduced specific legislation
(see Chapter 4.1.3).

In order to achieve European and national climate targets and to reduce air pollution in the EU, it
is thus crucial to understand a) the composition of the vehicle stock as well as b) the scale,
directions and what types of vehicles are traded between European countries. This includes most
importantly also the environmental friendliness of the vehicle stock and of the traded vehicles e.g.
in terms of average air pollutants and CO2 emissions per km driven. At present, there is however
no EU-wide regulation or framework on the monitoring of existing or used vehicles environmental
characteristics in the stock or trade. A monitoring procedure has been set up only for the
registrations of new vehicles® and Eurostat’ only collects more general vehicle characteristics.

In this context, this project aims at a better understanding of the environmental impact of the stock
and trade of used vehicles in Europe with a focus on air pollutants and CO; emissions based on
existing statistics for vehicle stocks and trade. Thus, a key part was the collection and compilation
of respective available information from central and national sources (see Chapter 2). However,
the data availability was limited so that the environmental characteristics of used vehicles had to
be derived from available characteristics (see Chapter 3). The results are presented in Chapter 4
starting with a presentation of the regulatory background followed by the analysis for the stock and
trade of used vehicles. We conclude with our findings in Chapter 5 focussing on options to reduce
the emission intensity of the vehicle stocks.

5 Oko-Institut et al. 2011; GFK and CE 2016

6 For cars and vans: Regulation (EU) 2019/631 repealing Regulations (EC) No 443/2009 and Regulation (EU) No
510/2011; for busses and lorries: Regulation (EU) 2018/956

7 The main role of Eurostat is the compilation, harmonisation and publication of European statistics which are
collected and handed over by the European countries based on the Regulation (EC) No 223/2009 of the
European Parliament and of the Council of 11 March 2009 on European statistics.
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Data collection and compilation

Data collection focussed on vehicle characteristics such as age, engine type and capacity, mass,
air pollutants and CO2 emissions for Europe based on Europe-wide central data sources as well
as on national data sources containing information about used vehicle stocks and trade.

2.1 Indicators to describe vehicle characteristics
The compilation and summary of data was carried out along the following indicators:

2.1.1 Countries

This indicator describes the respective countries where the corresponding vehicle stock is
registered as well as the exporting and importing country for trade flows. The report covers the
European Union (EU) Member States, the additional EEA 32 member countries which are Iceland,
Lichtenstein, Norway, Switzerland and Turkey as well as the cooperating countries Albania, Bosnia
and Herzegovina, Kosovo under UN Security Council Resolution 1244/99, Montenegro, North
Macedonia and Serbia. The report also covers the United Kingdom, as the data used predates its
withdrawal from the European Union. In the following, we refer to these countries as ‘Europe’.

In order to give a better overview, the countries are merged into the following country groups:

Table 1: Overview on regions and countries and their abbreviation code covered by this report

Region: Central Region: Central-East Region: North
AT Austria Ccz Czechia DK Denmark
CH Switzerland EE Estonia Fl Finland
DE Germany HU Hungary IS Iceland
LI Liechtenstein LV Latvia NO Norway
LU Luxembourg LT Lithuania SE Sweden
Sl Slovenia PL Poland
SK Slovakia
Region: South Region: South-East Region: West
ES Spain AL Albania BE Belgium
HR Croatia BA Bosnia and Herzegovina FR France
IT Italy BG Bulgaria IE Ireland
MT Malta CY Cyprus NL Netherlands
PT Portugal EL Greece UK United Kingdom

ME Montenegro
MK North Macedonia

RO Romania

RS Serbia

TR Turkey

XK Kosovo under UN Security

Council Resolution 1244/99

Source: own compilation of country groups; country abbreviations based on EEA (2020).
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2.1.2 Year

This indicator describes the respective year for which the stock or trade is given. The report covers
the period from 2000 to 2017 for the stock (for some also 2018/2019) and 2000 to 2018 for trade.

2.1.3 Vehicle class

This indicator describes the type of vehicle for which additional indicators are given. We use four
categories which are passenger cars (i.e. M1-type vehicles) and busses (M2+M3) as well as vans
(N1) and lorries and road tractors (N2+N3).

Table 2: Overview of vehicle classes covered by this report

Abb. Full meaning

M1 Passenger car for the transport of maximum 8 persons in addition to the driver’s seat
M2+3 Passenger vehicle for the transport of at least 9 persons in addition to the driver's seat
N1 Goods vehicle with a mass of below 3.5 tons

N2+3 Goods vehicle with a weight of more than 3.5 tons

Source: Annex |l of Directive 2007/46/EC on the definition of vehicle categories and vehicle types

As passenger cars (M1) represent the majority of motorised vehicles, the analysis in Chapter 4
focusses on this vehicle group. Nevertheless, busses and cargo vehicles also constitute an
important lever for emission reduction because of their high mass and annual mileage.

In the report, we use the following wording for the different vehicles classes:

vehicle: all vehicles of the classes M1 - M3 and N1 - N3

car: only vehicles of class M1

bus: only vehicles of classes M2 + M3

van: only vehicles of class N1

lorry (including road tractors): only vehicles of classes N2 - N3

v v vwVvyw

2.1.4 Engine type

This indicator describes the respective engine type given as standard fuel type. We use five
categories for the engine type including “Diesel”, “Petrol”, “Gas fuels”, “Electric” and “Other”. The
categories “diesel” and “petrol” include also hybrids thereof. The category “Gas fuels” includes
compressed natural gas (CNG), liquefied natural gas (LNG) and liquefied petrol gas (LPG; also
called autogas). This category is determined by LPG-fuelled vehicles: in 2016, there were roughly
60 times more LPG-fuelled cars when compared to CNG/LNG,; for vans and lorries, LPG is used
roughly 3 and 2 times more, respectively. The category “Other” covers a variety of fuel types
including for example not specified fuel types, hydrogen, bifuel and alternative.

2.1.5 Engine capacity

This indicator describes the respective cylinder capacity given in cubic centimetre (cc). We use
here the same categories as Eurostat. The following table shows the categories for the different
engine types:

10
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Table 3: Overview of vehicle classes and related cylinder capacity

il o Stock database Trade database

class Engine type [as fuel type] and capacity [in cc] | Engine type [as fuel type] and capacity [in cc]

Diesel/Petrol: <1400; 1400 - <2000; >2000 Diesel: £1500; >1500 - £2500; >2500
M1 o ' Petrol: £1000; >1000 - £1500; >1500 - <3000; >3000
Gas fuels/Electric/Other: n/a Other: n/a

Diesel: <2500; >2500

M2+3 n/a

Petrol: <2800; >2800

Diesel: <2500; >2500
N1 n/a

Petrol: <2800; >2800
N2+3 n/a n/a

Source: Own compilation based on Eurostat (2019) and Eurostat Comext (2019).

2.1.6 Air pollutants and CO, emissions
These two indicators describe the environmental performance of the vehicles.

For air pollutants, vehicles are classified according to the European emission standard. For cars
and vans, the standard defines the maximum amount of air pollutants per km for new approvals
and new registrations for cars and vans (Regulation (EC) No 715/2007); for busses and lorries, the
standard defines maximum values for the engine energy output (Regulation (EC) No 595/2009).

The EU introduced the first European emission standard in 1992 for cars and vans (generally
referred to as Euro 1) as well as for busses and lorries (generally referred to as Euro I). Euro 1 for
cars and vans required e.g. the complete switch to unleaded petrol and that all new cars have
catalytic converters. Since 1992, the EU has added new air pollutants and tightened the maximum
values. Important developments included the introduction of maximum values for particle numbers
besides particulate mass with Euro 5b in 2011 for new approvals and 2013 for all new registrations
and a significant reduction of the maximum values for nitrogen oxides (NOx) from diesel cars and
vans with Euro 6b in 2014 / 2015. For busses and lorries, a maximum value for particle number
and a significant reduction of NOx emissions was introduced with Euro VI in 2012 / 2013 (see e.g.
AECC, 2019).

The current Euro 6d for cars and vans and Euro VI for busses and lorries includes maximum values
for carbon monoxide (CO), total hydrocarbons (THC), non-methane hydrocarbons (NMHC),
nitrogen oxides (NOy), particulate mass (PM) and particle number (PN). It does not include GHG
emissions from vehicles.

The CO, emissions of vehicles are measured in grams CO; per km. The EU introduced a CO>
target for new registered vehicles by setting targets for the car fleet of each car manufacturer
(Regulation 443/2009) as well as for vans (Regulation (EU) No 510/2011); Regulation (EU)
2019/631 replaces both regulations setting new targets for the post-2020 period while also requiring
a new testing method. Regulation (EU) 2019/1242 addresses new registered lorries and busses
also setting an average CO; performance standard for the fleet of a manufacturer (see DG CLIMA,
2020). In this context, car manufacturers report on the newly registered vehicle’s CO, emissions in
each Member State since 2010 (see EEA, 2019b,c).

11
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2.2 Data sources

Central and national data sources provide information about the characteristics of vehicles in a
country’s vehicle stock and in trade; however, information about environmental characteristics are
largely missing. An overview is given in the following.

2.2.1 Stock data

The main central source of information for European countries is Eurostat.® For vehicle stock,
Eurostat provides a range of databases covering a range of vehicles’ characteristics (see Table 4)
for the EU Member States, the additional EEA member countries and partly also for the cooperating
countries. The databases, however, include breaks in reporting and a range of countries do not
report regularly for all (sub)indicators or report data that is not consistent over the time period
covered. In addition, data for most indicators is not connected so that there is, for example, no
combination of engine type and age structure available. Finally, most important indicators to assess
the environmental impact of the vehicle stock (i.e. air pollutants and CO, emissions) are not
available at all.

Table 4: Eurostat data coverage for the stock of vehicles

Eurostat databases Vehicle class Characteristics

road_eqs_carmot Engine type (only diesel and petrol) Up to 2017
and engine capacity

road_eqs_caralt M1 Engine type Up to 2012
road_eqs_carpda M1 Engine type 2013 - 2017
road_eqs_carage M1 Age classes Up to 2017
road_eqs_unlweig M1 Mass Up to 2017
road_eqs_busmot_h M2-3 Engine type Up to 2012
road_eqs_busmot M2-3 Engine type 2013 - 2017
road_eqs_busage M2-3 Age classes Up to 2017
road_eqs_lormot_h and N1-3 Engine type Up to 2012
road_eqs_roaene_h

road_eqs_lormot and N1, N2-3 Engine 2013 - 2017
road_eqs_roaene

road_eqs_lorroa_h N1-3 Age classes Up to 2012
road_eqs_lorroa N1, N2-3 Age classes 2013 - 2017
road_eqs_lornum N1-N3 Mass 2013 - 2017

Source: Own compilation based Eurostat (2019) on available data in November 2019

In addition, national sources provide statistics on the stock of vehicles in the given country.
However, most of the sources provide the same data as also reported to Eurostat (or less) and
sources that have additional data provide these only for the most recent year(s).

8 Other central sources for vehicle’s characteristics include the European Automobile Manufacturers' Association
(ACEA) and the International Council of Clean Transportation (ICCT). However, both do not provide additional
online information beyond Eurostat on the stock or trade of vehicles.
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Only four countries (Germany, Spain, Finland and Italy) report on the combination of age class and
engine type. For the combination of age and mass, data could only be found for Spain. The
combination of age and engine capacity was available from Spain and Liechtenstein. Germany
provides the data for a range of years, Spain only for 2017 and 2018, Finland only for 2019, ltaly
for cars in selected years, and Liechtenstein since 2013 but also only for passenger cars.

The reporting on air pollutants and/or CO, emissions is particularly limited. Only five countries
provide information about vehicle’s air pollutants for at least one year. Germany, Italy, Norway and
Slovakia provide the number of vehicles in each air pollution category in combination with the
engine type for each vehicle class; however, Germany provides no data for busses and Italy only
for cars. Germany, Italy and Norway provide the data for various years, Slovakia only for the last
two years. Spain provides only emission category for cars in the years 2017 and 2018. The data
about the CO; emissions of the vehicle stock is even thinner. There are three countries (Ireland,
Liechtenstein and UK) providing at least some information on passenger cars while there is no data
on the other types of vehicles. Ireland provides data for CO» emission categories in combination
with the engine capacity for the years 2010-2019 but not for the engine type. Liechtenstein has
information about the CO> emission categories in combination with the age structure for 2015 and
UK provides only the CO, emission categories for 2015. We did not consider data on CO;
emissions of new registered cars and vans which is available since 2010 (see EEA, 2019b,c) as
new registrations make up only a small share of the overall vehicle stocks and the data is only
available since 2010 which means that it could only provide information for the younger age classes
for the latest years. In addition, to determine the influence of new registered vehicles on the vehicle
stock in a country would require some sort of “stock modelling” including all in- and outgoing
vehicles such as from imports, exports and scrapping and such an exercise was not subject to this
project.

2.2.2 Trade data

The main central source for the trade of vehicles is Eurostat Comext. The database provides the
total amount, total value and total mass of the traded used vehicles for a given year and for the
specific engine types in combination with the engine capacity (see also Table 5). Notably, the
statistics do not include all engine types as given above but only include petrol, diesel and plug-in
hybrids as well as electric vehicles. CNG, LPG and LNG as well as other engine types are not
defined in the combined nomenclature (CN) (see Commission Implementing Regulation (EU)
2019/1776). The database provide no information about the age or the environmental
characteristics of the traded vehicles.

Table 5: Eurostat data coverage for the trade of vehicles

Eurostat databases Vehicle class Characteristics

Comext M1, M2+3, Engine type; engine capacity for Up to 2018
N1, N2, N3 M1; amount; total mass; value

Source: Own compilation based Eurostat Comext (2019) on available data in December 2019

Most importantly, the trade statistics do not include all vehicle imports and exports as reporting
countries can exempt small- and medium enterprises (SMEs) from the reporting to reduce the
administrative burden for them as long as at least 97 % of their total intra-EU exports and 93 % of
total intra-EU import is covered. For example, in Germany, the exemption threshold related to a
company'’s turn-over was EUR 800,000 for intra-EU imports and EUR 500,000 for intra-EU exports
in 2016 (see Eurostat, 2019b and further explanation also in Oko-Institut et al., 2011). Small sellers
importing or exporting used vehicles are thus not included in the foreign trade statistics.
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In Germany, more complete data on used vehicle exports are provided by the KBA's working
statistics on re-registrations of used vehicles in other countries. According to BMU (2019), the
number of exported vehicles from the re-registration statistics exceeds the export figures reported
in Comext six times. In 2017, the used vehicles re-registered in another EU country amount to
roughly 1.9 million vehicles (BMU, 2019: Tab.7) while the foreign trade statistics report an amount
of roughly 300 thousand vehicles (Eurostat Comext, 2019) (see Figure 3).

Figure 3: Differences in the exports from Germany to the EU according to trade and re-registration statistics
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Source: own compilation based on Eurostat Comext (2019) and BMU (2019).

The KBA'’ statistics on re-registration in other countries were not taken into account for this project
as these only provide the total number of exported used vehicles to other countries without
providing any information about vehicle characteristics and are not available online nor free of
charge. In addition, we could not find similar data for the other European countries.®

Under the assumption that the coverage of Comext compared to the data given in the re-registration
statistics look similar for other countries, the Comext trade statistics reflect roughly 1/6 of all trade
volumes. This does not constitute a drawback per se. We consider that the trade statistics can be
used to assess the changes in the trade flows when compared over several years as well as that
the statistics can provide an indication on the environmental friendliness of the traded vehicles.

The re-registration statistics, however, constitute a suitable source of information for further
research — in particular if the KBA and other authorities would also provide the related
characteristics for the re-registered vehicles.

National sources mainly present the same (or even less) data as reported to Eurostat. In fact, only
for Finland, Ireland and Poland additional information is available from a national governmental
agency (the Finnish Transport and Communications Agency) or from the Irish and Polish
automotive industry associations. The dataset on Finland includes the imports from all European
countries with the respective amount given for a combination of vehicle class, engine types and
age structure. The data on Ireland shows the total imports of passenger cars in the different CO>

9 Council Directive 1999/37/EC of 29 April 1999 on the registration documents for vehicles stipulates a data
exchange only for internal use of the competent authorities and do not request the official publishing of such
data in a suitable way e.g. as sums so as not to allow for misuse or disclosure of confidential information.
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emission classes for various years. The data on Poland includes passenger car imports in various
years in the different age classes. For 2018, there is also data on air pollutant categories which is,
however, not combined with the age structure given in the other dataset.

2.3 Data gaps and inconsistencies

Previous studies and reports about characteristics and trade flows of used cars already highlighted
problems about lacking data in many European countries (e.g. Oko-Institut et al. 2011; GFK and
CE 2016). The data analysis in this study confirms this for passenger cars as well as for the other
vehicle classes.

For the Eurostat databases, data gaps and inconsistencies vary among and within the datasets
with some of these gaps and inconsistencies being less relevant than others. To give some
examples: there is a lack of data only for single years in a times series; sometimes there is no data
of a country for a whole dataset or subcategories are not reported. Inconsistencies include reporting
errors such as typos (i.e. adding two times a number in the sequence of a number), unit errors (i.e.
reporting of full number although the unit is given in thousand vehicles), definition difficulties (e.g.
definition of a lorry, heavy-duty vehicle and a road tractor and respective vehicle class N1 to N3),
definition errors (i.e. reporting of road tractors under lorries) and changes in the definition of a
(sub)category.

The national online available databases cannot compensate for Eurostat data gaps and
inconsistencies as these generally contain the same figures or even less information.

Due to the strong variety of data gaps, there is no common methodology appropriate to fill all of
them. In general, the first step consists in the synthesis of available data sources but as mentioned,
national datasets generally reflect the shortcomings of central databases. Missing data for specific
years in a time series were closed by linear interpolation over the missing time frame. For example,
data on the stock of passenger cars (M1) differentiated by age structure for France is missing for
the years 2008 and 2009 in Eurostat. Reporting from France cannot be used as it is provided in
another format (i.e. other split of age structure). In this case, a linear interpolation differentiated by
age structure between 2007 and 2010 is used to fill the respective gap. In the case of not specified
engine size of passenger cars, we assumed that these vehicles belong to the medium size category
which by far contains the largest share of cars. We also corrected obvious inconsistencies such as
the reporting of full numbers instead of thousand. We could, however, not fill-in gaps related to a
whole category, such as the age structure which is the case for Greece or Bulgaria.
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Derivation of environmental characteristics

The limited availability of data on the environmental characteristics of used vehicles in the stock
and trade in almost all of the European countries makes the assessment of them dependent on
further assumptions beyond pure inter- or extrapolation.

For this study, the chosen approach focusses on deriving environmental characteristic (i.e. air and
CO2 emissions) based on a combination of available vehicle characteristics:

4 for the stock, the environmental characteristics are derived from the engine type and
capacity as well as from the age structure;

4 for trade, the environmental characteristics are derived from the engine type and capacity
as well as from the average value of the traded vehicles.

The decision to use the engine capacity instead of the engine power, which seems more useful in
accordance with EEA (2019a), is a result of the missing data on engine power. For the stock, we
also faced a limited availability of the combination of single characteristics (such as engine type,
engine capacity, and age structure) which was deemed necessary to derive a classification of
vehicles in terms of air pollutants and CO, emissions. As a work-around, we chose to combine
available age structures and engine types (including engine capacity where available) based on an
equal distribution in the respective year. This approach has its drawbacks in particular in terms of
varying diesel and petrol shares of new registrations over the years; however, it provides enough
clarity if data is compared over a longer timeframe and seems accurate enough to use it as a
starting point for the evaluation of likely air and CO2 emissions of the vehicle stocks. We checked
this approach for some countries and found little divergence.

Figure 4: Assumptions for classification of used vehicles in terms of air pollutants and CO2 emissions

Fuel Type Engine size [in cc] Year of Average value
Emissions ~ Scores Air CO2 Stock Trade registration [in EUR]
Very 10 Diesel Petrol > 2,000 > 3000 1985 < 1,000
high 4 9 Petrol,  Gas fuels
Gas > 2800 1,000 - 2,500
fuels
8 Diesel > 2500 2,501 - 5,000
7 <2800 5,001 - 7,500
6 <2500 7,501 - 10,000
5 12400000 1500 - 3000 10,001 - 15,000
4 1500 - 2500 15,001 - 20,000
3 1000 - 1500 20,001 - 25,000
2 <1500 25,001 - 30,000
Low - 1 Electric Electric < 1,400 <1000 2016 > 30,000

Source: own representation based on EEA (2019) and ICCT (2018), ICCT (2012), Wietschel et al. (2019), Synak
et al. (2019) and Heidt et al. (2013) as well as on online vehicle sales platforms.

The classification of a vehicle in terms of its air and CO, emissions is based on a 10 scale, ranking
the vehicles from 1 (no emissions) to 10 (very high emissions) for air pollutants and for CO>
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emissions.1% The classification is calculated based on the following valuation of each characteristic
(see Figure 4) and their weighting depending on the relative importance (see Formula 1 to Formula
4).

The four different fuel types analysed are diesel, petrol, gas fuels and electric. Vehicles
categorized as "Other" are not included in this analysis, due to the diverse composition and as it
contains vehicles that are not specified which means that no robust assignment to environmental
characteristics is possible. The fuel category “Gas fuels” includes both natural gas and liquefied
propane gas (LPG), in some countries commonly called autogas. Those two fuels differ significantly
in terms of chemical composition and environmental impact. As the category is numerally
dominated by LPG cars (see Chapter 2.1.4) the assessment of this fuel type is based on the
environmental characteristics of LPG.

The environmental performance of diesel, petrol, gas fuels and electric vehicles in relation to both
CO2 emissions and air pollutants is expressed by different scores as reflected in Figure 4. Electric
vehicles have no direct air pollutants and CO, emissions and therefore get the best rating (1 point).

In terms of CO_ emissions, petrol vehicles have the highest CO, emissions (10 points), followed by
LPG (9 points) and diesel (8 points) vehicles (see Table 6).

Table 6: CO2 emissions classification

CO2 Emissions Petrol Diesel LPG

Classification

CO2 emission factors 2.34 kgCO2/I 2.68 kgCO2/I Emission data for vehicles with

Average CO2z emissions 5.1 1/200km 4.1 1/100km gaseous.fuels are noF available as

for compact cars —» 120 g/km — 110 g/km standardised as for diesel and petrol
cars. Publications on the topic do not

Average COz emissions 7.5 1/100km 6.0 1/200km ﬁ:‘é?cgizatm?ngrzgﬁtscmogﬁsg%qug?y

2
o (PR GETS = LIS Em — LUl km than diesel, but less than petrol

Source: own compilation based on ICCT (2012) for CO2 emission factors; Wietschel et al. (2019) for average COz2
emissions for compact and luxury vehicles; Synak et al. (2019) and Heidt et al. (2013) for evaluation of LPG.

In terms of air pollutants, diesel vehicles have the highest emissions followed by petrol and LPG
vehicles. From the introduction in 1992, the European emissions standards for petrol vehicles were
stricter than those for diesel vehicles. Even though the emission standards for diesel were adjusted
over the years, still a large quantity of vehicles with lower emission standards are on the road and
in road test diesel vehicles emit more NOx and PM than petrol vehicles (see Chapter 2.1.6 and
Bernard et al. 2018). Therefor a score of 10 was assigned to vehicles with diesel engine and a
score of 9 to vehicles with petrol engine. It is discussed controversially if LPG is cleaner in terms of
air pollutants as petrol cars. The used publications reached no coherent conclusion. As vehicles
fuelled with LPG are subject to the same European Emission standards as petrol vehicles, gas
fuels are assigned the same score (9 points) (see e.g. Bielaczyc et al. 2016; Ristovski et al. 2005).

The engine capacity directly influences the environmental performance of a petrol and diesel
vehicle in terms of its CO, emissions while it is less important for air pollutants as all cars,
irrespectively of their engine size have to comply with the European emission etandards (see

10 These are direct air pollutants and CO2 emissions arising from internal combustion and do not take into account
particle emissions from tyre and brake wear, embedded emissions or emissions from electricity generation for
electric vehicles.
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Chapter 2.1.6). Electric vehicles and vehicles running on gas fuels are not evaluated within this
subcategory since the engine capacity is not available or applicable here. For the stocks, no engine
capacity was available for busses, vans and lorries.

The evaluation in terms of the engine capacity is based on the fact that vehicles with a smaller
engine capacity (but the same type of fuel) emit less CO, emissions when compared to a vehicles
with a large engine capacity (see e.g. EEA, 2019 and ICCT, 2018). The smallest engine capacity
(evaluated with 1 point) in the stock database is smaller than 1,400 cc while it is smaller than
1,000 cc in the trade database. The biggest engine capacity category (evaluated with 10 points) is
the category of larger than 2,000 cc in the stock and larger than 3,000 cc in the trade database.
The other categories in between are distributed accordingly.

The age structure is only given for vehicle stocks. It is categorised as younger than two years, two
to five years, five to ten years, and older than ten years. In order to obtain a stable value over the
years, we have allocated a registration year to each vehicle by taking the average value from one
age category (i.e. a vehicle within the category two to five years was classified as a three and half
year old vehicle; vehicles older than ten years are assumed to be on average 15 years old). This
means that the oldest vehicle is registered in 1985 as it is in the category of “older than ten years”
in the year 2000 (evaluated with 10 points). A data entry of a vehicle in 2017 within the age structure
of “younger than two” is assumed to be registered in 2016 and is therefore the youngest vehicle in
the data set (evaluated with 1 point) (see Figure 4). The other registration dates in between are
distributed accordingly.

The average values of a vehicle is used to evaluate the environmental performance of traded
used vehicles as data on age structure is missing. It is based on the assumption that lower-value
vehicles emit more than high-value vehicles which can be justified when checking e.g. online
vehicle sales platforms. However, there are other vehicle characteristics (besides the age and
environmental performance) that influence the value of a vehicle, in particular the brand, the
interior, and most importantly the driven kilometres. Thus, the given evaluation (see Chapter 4.3)
can only serve as a rough estimate of the environmental performance of traded vehicles. In
addition, when compared to the stock database, the use of different characteristics (age vs.
average value) can lead to disparities in the emissions outcomes between both databases, i.e. that
vehicles in the trade database might occur as emission intensive vehicles, because they were
traded for a small price but are rather new and have a good emission performance. In the stock
database, the same car would occur as a rather well performing vehicle in terms of its emission
intensity. Besides these drawbacks, we consider the average value as a good mean to evaluate
the traded vehicles in terms of their environmental performance — at least for Ireland results are
similar to the data provided for the CO- emission classification of its imports (see Box 4).

We defined ten categories ranking the average value from less than EUR 1,000 (10 points) to an
average value larger than EUR 30,000 (1 point) (see Figure 4 for intermediate steps).

For the final scoring, each characteristic is weighted depending on the relative importance. For
the stock, the classification system for air pollutants addresses age structure and engine type with
the weights being 0.7 for age and 0.3 for the engine type; to evaluate the CO, emissions, the
weights are 0.5 for age, 0.3 for the engine type and 0.2 for the cylinder capacity.
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The following equations summarise the evaluations scheme for the vehicle stocks for air pollutants
and CO, emissions:

for air pollutants: EP=ET+0.2+RD*0.8 Formula 1

for CO, emissions: EP =ET 0.3+ RD x0.5+ EC % 0.2 Formula 2

with EP = evaluation points
ET = engine type
RD = registration date
EC = engine capacity

This classification gives a maximum of ten points in terms of air pollutants to a diesel vehicle which
was first registered in 1985 and a maximum of ten points in terms of CO, emissions to a petrol
vehicle first registered in 1985 with an engine capacity of more than 2,000 cc. Electric vehicles are
assumed to be the top-performer with an overall scoring of 1 point.

For trade, the classification is based on the engine type and average value of the traded used
vehicle to derive the classification of air pollutants as well as on the engine capacity for CO;
emissions. Notably, there is no category for gas fuelled vehicles in the trade statistics. The following
equations summarise the evaluations scheme for the traded vehicle in terms of their air pollutants
and CO; emissions:

for air pollutants: EP=ET*05+ AV 0.5 Formula 3

for CO, emissions: EP = ET *0.3+ AV «0.5+ EC 0.2 Formula 4

with EP = evaluation points
ET = engine type
AV = average value
EC = engine capacity

This classification gives a maximum of ten points in terms of air pollutants to a diesel vehicle with
an average trade value below EUR 1,000 and a maximum of ten points in terms of CO, emissions
to a petrol vehicle with an average trade value below EUR 1,000 and an engine capacity of more
than 3,000 cc. Electric vehicles are assumed to be the top-performer with an overall scoring of
1 point.

Due to the data gaps and the methodology to derive the air pollutants and CO, emission
classification of vehicle stocks and used vehicle trade within the analysed statistics, the results
are to be considered as rough estimates and are used for showing the general trends and order
of magnitude.
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Environmental characteristics of used vehicles

The estimates of the environmental performance of used vehicles in the stock and trade of
European countries are presented in the following. As the regulatory framework may impact
purchasing decisions, we give an overview of relevant European and national regulations and taxes
for the trade as well as for the registration of used vehicles which also fed into the analysis.

In principle, we cover all European countries in this chapter beside some countries which do not
provide sufficient information with respect to their vehicle stock. For trade, every European country
participated in the trade of used vehicles with varying intensity and direction. The focus year is
2017 as for the vehicle stocks no comprehensive data was available for 2018.

4.1 Regulatory background of vehicle stocks and trade

This section gives an overview of the applicable regulations and taxation when registering a vehicle
to be used on public roads as well as regulations and taxation when vehicles are traded. This
mainly serves as background information to better understand differences in the stock and trade of
used vehicles beyond other indicators such as economic activity or average household income.

4.1.1 Regulations for registering a vehicle

Directive 2014/45/EU regulates the registration and roadworthiness of motor vehicles in the EU
and European Economic Area) countries. The primary objective of the roadworthiness testing is to
ensure that vehicles are safe during their use. Thus, each vehicle in the EU has to undergo a
regular mandatory check-up according to EU and national technical, safety and environmental
requirements. The Directive’s preamble states that a periodic testing of roadworthiness contributes
to improving the environment by maintaining vehicles in good condition; however, this does not
mean that the Directive and its national implementations ban old vehicles with high emissions from
public roads. It basically requires the vehicle to work properly according to its original conditions.

In addition, for vehicles registered in 2006 or later, the Directive 2014/45/EU allows to perform the
emission test by checking only the on-board diagnostics (OBD). This means if the OBD reports no
malfunction of the exhaust-system, the emissions test is deemed to be passed without any physical
test (e.g. Schroder et al. 2015). However, test series show that a significant share, especially of
older vehicles, pass this test procedure that would not have passed a tailpipe test (Supnithadnaporn
et al. 2011). In this regard, e.g. Germany introduced a tailpipe test for all vehicles in 2018 and
considers to introduce a particle emissions test starting in 2021 (ADAC 2019).

4.1.2 Taxation for incentivising efficient and low-emission vehicle stocks

Fees and taxes are widely used policy instruments, especially in environment-related fields. By
internalising external costs, individual and institutional market participants can be pushed towards
a more desirable behaviour without any hard prohibitions. As the composition of national vehicle
fleets in regards to motorisation and emissions has a direct impact on air quality and the
achievement of climate mitigation goals, fees and taxes aim to motivate vehicle buyers to choose
a smaller, fuel efficient and low-emission vehicle. Of course, governments can also use taxes and
fees to influence a vehicle buyer's decision, whether he or she buys an old or new car.

Taxes and fees are linked to a range of different activities: acquisition, registration, ownership,
refilling and road use. In addition, in some countries bonuses or tax reimbursements are paid for
scrappage or export of used cars. Even though all of these presumably have an influence on car
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buyer's purchase decisions, in this study the focus is on fees and taxes that are to be paid for
acquisition and registration as these have the most immediate impact.

The tax level and method of setting the registration tax can have a substantial impact on purchase
decisions. However, so far not all governments use the registration tax to incentivise the purchasing
of environmental friendly vehicles but some countries even indirectly incentivise environmental
harmful vehicles above environmental friendly vehicles through their tax method (see e.g. below
examples of taxation favouring older vehicles). Table 7 gives an overview on the relevance of the
registration tax in the countries highlighting:

> Which vehicle characteristics determine the tax rate and in which direction,
i.e. if the tax favours environmental harmful vehicles it is marked with “-“ while those
favouring environmental friendly vehicles are marked with "+”, “++” and “+++” with “+”
meaning that the tax rate does not increase in the same order as the characteristic, “++”
means a proportional increase and “+++” means that the tax rate increases much more
than the increase of characteristic.

4 Which relevance the tax has based on the amount of the tax,
i.e. if it plays a marginal role of below of EUR 50 or if the tax rate can amount to more
than EUR 5,000 which then can have an impact on the purchase decision.

Table 7 shows that most countries combine different characteristics of a vehicle to define the tax
level. The already most common vehicle characteristic for the determination of taxes and fees are
the CO, emissions [g/km] measured during the WLTC (Worldwide Harmonized Light Vehicles
Test Cycle), which replaced the formerly used NEDC (New European Driving Cycle) in September
2017. In many countries e.g. Austria, Belgium, France, Italy, the Netherlands, Norway, Portugal
and Spain a bonus-malus-system exists, which grants tax reductions for vehicles with low CO;
emissions and increasing taxes and fees for higher CO> emissions - often even exponentially. In
all of those countries the tax can rise to more than EUR 5,000 (except Italy, where they still can
amount up to more than EUR 2,500). The emission standard [EURO 1-6] is another common
factor for taxes and fees on acquisition and registration such as in Czechia. There exist penalty
taxes for vehicles with low emission standards which should motivate vehicle buyers to choose a
newer, cleaner model. Norway provides the best example for incentivising the purchasing of
environmental friendly vehicles with its progressive registration tax that increases
disproportionately with rising air pollutants and CO. emissions to much more than EUR 5,000
(Norwegian Tax Administration, 2019). As such, Norway has a high share of electric vehicles and
other clean vehicles in its stock and hardly any vehicles with very high air pollutant or CO3
emissions (see also Box 1).
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Table 7: Taxes and fees for the registration of a vehicle in Europe

Relevance of characteristics Relevance of tax
. Age CO; Euro- Pgrchase Engin(_e Mass <60 >60 >250 >500 >1k >2.5k >5k

Country Vehicle type standard price capacity EUR EUR EUR EUR EUR EUR EUR
AT M1 +++ ++ X X X X X
BE M1 - |+t ++ ++ +++ X X X X X
BG M1-M3, N1-N3 X
CH M1-M3, N1-N3 X X X X
CcYy M1 Saiat X X X X X

M2 ++ X X
Ccz M1, N1 F X X X

M2-M3, N2-N3 X
DE M1-M3, N1-N3 X
DK M1 + Satat X X X
EE M1-M3, N1-N3 X
EL N1 + ++ St X X X X
ES M1 Sntat ++ X X X X X X
Fl N1 ++ ++ - X X X X X
FR N1 +++ ++ X X X X X X X
HR M1-M3, N1-N3 St St X X X X X X
HU M1, N1 - AFAFF +++ AFAFF X X X X X
IE N1 4 ++ X X X X X X
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Relevance of characteristics Relevance of tax
_ Age CO; EURO PL_Jrchase Engin(_a Engine Mass <50 >50 >250 >500 >1k >2.5k >5k
Country Vehicle type standard price capacity power EUR EUR EUR EUR EUR EUR EUR
IS M1-M3, N1-N3
IT M1-M3, N1-N3 st Gl X X X X
LT M1-M3, N1-N3 X
LU M1-M3, N1-N3 X
LV M1-M3, N1-N3 X
MT M1-M3, N1-N3 W+ + i X X X
NL M1-M3, N1-N3 +++ X X X X
NO M1-M3 A St + W+ X X X
PL M1 TH +++ X X X X X
PT M1, N1 St St X X X X X
RO M1-M3, N1-N3 X
SE M1, N1 +
Si M1-M3, N1-N3 ++ + ++ + X X X X X X
SK M1-M3, N1-N3| - ++ X X X X X X X
TR M1; N1-N3 ++ +++ X X X X
M2, M3, N2-3 i X X
UK M1-M3, N1-N3 X

Source: own illustration based on ACEA (2019) and complemented and corrected where necessary with COM (2019a), Norwegian Tax Administration (2019), Automobile (2018),
PWC (2016) and Iberley (2016). No information included about Albania, Bosnia-Herzegovina, Kosovo, Liechtenstein, Montenegro, North Macedonia, and Serbia.
The tax methods favours environmental harmful (“-) or friendly vehicles: “+, ++, +++” with tax rate change below, same, higher than change of characteristic.
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In some countries, vehicles with powerful engines are subject to higher taxes and fees than
smaller ones. In this case, two different figures can be used for the calculation: the cylinder
capacity [cm?®] or the engine power [kW]. Even though both are interdependent, modern
efficiency and downsizing technologies allow higher engine power with lower cylinder
capacities. On that account, taxation of cylinder capacity favours new cars with smaller but
stronger engines, while taxation of engine power might favour the acquisition of older and thus
used cars.

There are also some countries that have tax calculation methods discouraging the purchasing
of low-emission vehicles but rather incentivising purchases of old, inefficient and/or large, heavy
ones. For example, in three European countries (Belgium, Hungary and Slovakia) the
registration tax decreases with increasing vehicle age. This is clearly an incentive to buy an
old i.e. used car. In other countries fees or taxes are based on the vehicle's purchase price.
As used vehicles tend to be cheaper than new ones (apart from vintage cars), this is an
incentive in the same direction. In Finland the tax depend on the vehicle mass and decreases
with increasing mass favouring heavy vehicles over light vehicles.

Finally, some countries (e.g. Bulgaria, Germany, the Baltic states and Switzerland) apply a flat
registration fee of less than EUR 50 for all vehicles. This means that there is no immediate
incentive for the purchasing of low-emission vehicles.

4.1.3 Regulation and taxation during the trade of vehicles

In the EU’ single market goods can be traded freely without customs duties or quantitative
restrictions. The EU single market includes the EU Member States as well as Iceland,
Liechtenstein and Norway forming the European Economic Area. Switzerland is partly
integrated in the EU’s single market on the basis of bilateral agreements. The underlying rules
for the European Economic Area aim to enable free movement of labour, goods, services, and
capital within the single market. The ‘free movement of goods’ also applies to all vehicles. The
EU is in customs union with Monaco and, until 31 December 2020, with the United Kingdom
and some associated territories Further, the EU is in customs unions with Andorra, San Marino
and Turkey (with the exception of certain goods) through separate bilateral agreements (see
e.g. COM 2019b). Furthermore, all countries of the Western Balkans have a European
perspective (COM, 2019c). This European perspective is integrated into the Stabilisation and
Association Process. Since the launch of this process, the EU has progressively concluded
bilateral Free Trade Agreements — referred to as “Stabilisation and Association Agreements”
(SAAs) with each of the Western Balkan countries: Albania (2009), North Macedonia (2004),
Montenegro (2010), Serbia (2013), Bosnia and Herzegovina (2015) and Kosovo (2016). Thus,
new and used vehicles can be traded without customs duties or limits on quantities.

Besides this general trade framework, European countries request a certificate of
roadworthiness, VAT payments and payment of the registration tax (as well as insurance and
payment of other taxes such as an annual vehicles road tax). In addition, certain European
countries have additional regulations and taxes in place for the import of used vehicles (see
Table 8). Some Western Balkan countries prohibit the import of passenger vehicles not having
at least Euro 3 standard and light duty vehicles not having at least Euro 5 standard and Turkey
has a ban on the import of all used vehicles. In the EU, Finland bans the import of cars without
catalytic converters and Hungary of passenger vehicles older than 4 years and commercial
vehicles older than 6 years.
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Table 8: National regulations and taxes for the import of used vehicles

Country

National regulation for or tax on imported used vehicles

Bosnia and Herzegovina

Import ban on passenger vehicles below Euro 3 standard and light
commercial vehicles below Euro 5.

Finland

Import ban on cars without catalytic converters

Hungary

Import ban on used passenger vehicles older than four years and
commercial vehicles older than six years. Exemption for specialized older
vehicles after passing a special technical test.

Netherlands

Exemption of import duties and reduced VAT of 6% for vehicles older
than 20 years

Norway

Taxes on imported vehicles: scrap deposit tax of NOK 2,400 (~EUR 250)
plus the GHG tax on air-conditioning systems depending on gas used by
the system and weight of the gas in the vehicle. VAT of 25% applies to
the customs value (purchase price, freight costs and insurance costs).

Serbia

Import ban on passenger vehicles below Euro 3 standard and light
commercial vehicles below Euro 5.

The government currently considers to ban the import of cars with Euro
3 and 4 standard as well as cars which are older than 10 years.

Turkey

Import ban on used vehicles

Source: US ITA 2015; Norwegian Tax Administration 2019; Bjelotomic 2019; UNEP and UNECE 2017, TCC

2019
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4.2 Characteristics of European countries’ vehicle stocks

The total vehicle stock in the countries covered by the study increased significantly since the
year 2000. In the 29 countries, for which data is available over the given timeframe, the number
of passenger cars rose from 210 million to 272 million; the number of buses increased from 1.2
million to 1.6 million, and the number of lorries and road tractors also increased considerably
from 25 million to 41 million. In countries with a rapid economic growth like Poland, Czechia
and Estonia, this increase was especially pronounced. In Poland, the number of motorised
vehicles more than doubled over the given period. The slowest growth can be observed in the
case of Germany where during the financial crisis the number of registered cars sank by about
half a million. Although passenger cars represent the majority of motorized vehicles, busses
and cargo vehicles also constitute an important lever for emission reduction because of their
high mass and annual mileage.

As the numbers of vehicles is growing, so are engine power, size and weight of each vehicle
(see e.g. Transport & Environment 2018). As these characteristics still determine the
environmental performance of vehicles in terms of air pollutants and CO2 emissions, this directly
contradicts the society's interest of reducing the environmental impact of individual vehicles.

Figure 5: Advances of the COz2 emission classification of the car stocks
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The environmental impact of a country's vehicle stock results from the individual composition
of the vehicle stock in this country. In Europe, the CO2 emission intensity of used vehicles
constantly decreased since 2000. Figure 5 shows this for passenger cars for the different
country groups. While the country groups are on different levels in terms of the CO; emissions
of their cars, all of them show a constant improvement. However, the dynamic of this
improvement varies between the groups. For instance, in 2001, the average CO, emissions of
a car in the stocks of the North and Central-Eastern groups are almost on the same level. While
the Central-Eastern group improved in a similar pace as the European average, the car stock
of the Northern country group improved its average CO, emissions much faster. This can be
explained by the fact that the trend towards a higher age of the car stock in the Northern group
is not as pronounced as in other countries. In Denmark and Sweden the average age of
passenger cars was even lower in 2017 than in 2000. In Norway the average age of passenger
cars sank by more than 0.3 years since 2009.
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Figure 6: Average age of a car in the vehicle stocks
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While both, the Northern and the Central-Eastern group are among the three country groups
with the lowest share of diesel cars, the countries of the Northern group, especially Norway,
had a very high share of electric cars in 2017. This is a direct result of the high taxes imposed
on cars with high CO, emissions and air pollutants (see e.g. Haugneland et al., 2017).

Finland is a special case in the Northern country group with its ageing car stock and low share
of electric cars, so are the Baltic States in the Central-East group where the (still very old) car
stock is being rejuvenated and the share of electric cars is rising. The latter also applies to the
Polish car stock. Poland also has a significant share of LPG cars.

The high age of the car stock of the Central-Eastern group also has an impact on the air
pollutant emissions. It is by far the car stock with the highest air pollutant emissions. In general
the curves which represent the air pollutant emissions fall much more sharply than those of
CO- emissions. This is a result of both improved efficiency and increasingly strict emission
standards (as represented though our derivation methodology introduced in chapter 3).

Figure 7: Advances in terms of air pollutant emission classification of the car stocks
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Box 1: Euro standards of the car stocks in Italy, Norway and Slovakia

Italy, Norway and Slovakia report on the air emission standards of their car stocks
with Italy providing data since 2010, Norway since 2016 and Slovakia for the last two
years. While Italy’s car stock consist of vehicles with relatively high emissions, the
majority of cars in Norway have comparably low air pollutants which is also a result of
the progressive taxation (see Chapter 4.1). In Norway, the introduction of Euro 6 cars
also happened quite fast as these cars had a share of 15 % already in 2016 — one
year after its introduction for all new registered cars. Slovakia’s stock consists mainly
of cars with Euro 3-5. In all three countries, the share of Euro 5 and 6 cars increased
over the past years.

Figure 8: Air pollutant classification of the vehicle stocks in Italy, Norway and Slovakia

100% — p— -
M Euro 6

80%
W Euro 5

60%

40% I I I l !

Euro5-6

Euro 4

i

20%

0%llll I
IT

2010 2014 2015 2016 2017 2018

M Euro 2

HmEurol

IT NO  SK HEuro0

Source: Automobile Club d’ltalia (2019), Statistik sentralbyra (2019), Statistical Office of the Slovak
Republic (2019)

Figure 9: Diesel share of the car stocks
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In all country groups, a rising share of diesel cars is visible in Figure 9. This trend starts early
in the West, South and central country groups, and slows down between 2006 and 2008 in the
Central and Southern country groups. In the meanwhile, the diesel trend accelerated in the
North, Central-Eastern and South-Eastern country groups. For the latter two it seems plausible,
that this is at least partly a delayed effect of the diesel trends in the countries which are net
exporters of used vehicles, as the diesel share in the used vehicle trade also increased.

Box 2: Air pollutants and COz emissions of passenger cars in Germany

Germany was the only country reporting both air pollutants and CO, emission
classifications for its car stock. The air pollutants classification is available for the last
9 years; the CO; emission classification is only available for the year 2018. The left
graph shows that the share of used cars with relatively high air pollutants constantly
decreased while the share of cars with low air pollutants i.e. high Euro standard
increased. In 2019, for instance, used cars with Euro 1 standards almost completely
disappeared in the German stock, whereas Euro 6 standard vehicle’s share increased
significantly. The graph on the right-hand side displays CO, emission categories
(g/km) in 2018 reflecting that most of the used cars are classified as medium CO;
emitting vehicles. Zero to low-emission cars (below 50g CO2/km) are hardly used in
Germany — they account for just 0.3 % of the entire car fleet in 2018.

Figure 10: Share of Euro Standards Figure 11: CO2 emission classification
in 2018
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The stocks of busses, vans and lorries are dominated by vehicles running on diesel. As no data
for engine capacity was given for these vehicle classes, the decisive factor for both, air
pollutants and CO, emissions is the age of the respective stock.

The oldest bus stock with high air pollutants and CO» emissions can be found in the South-
Eastern group, followed by the Central-Eastern group. The age and resulting air pollutants and
CO; emissions of the Central, Northern, and Western country groups are the lowest and almost
identical. The curves are rather parallel, only the bus stock of the South group improved its
emissions slower than the average.

The Southern and Central-Eastern vans have the worst environmental performance, with the
latter improving rapidly, leaving the former behind as the van stock with the highest CO; and
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air pollutant emissions. The van stock of the South-East group is the one with the slowest
improvement. In 2013, its emissions were approximately the same as those of the North
group's. In 2017 however, they were much higher. The environmental performance of the lorry
stocks give a very different picture. In this case, the environmental performance of the lorries
in the South-Eastern group increased the fastest, almost reaching the same level as the lorry
stocks of the Northern and Western group. The lorry stock of the Central-Eastern group is the
one with the highest air pollutants and CO; emissions. The van and lorry stocks of the Central
country group is the cleanest in terms of air pollutants and CO» emissions.
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4.3 Characteristics of European countries’ used vehicle trade

Like the total stocks, the trade volume of used vehicles increased over the period from 2000 to
2017 and also to 2018 in terms of value and amounts based on available trade statistics. The
trade value rose from almost EUR 7 billion in 2000 to around EUR 18 billion in 2018 with most
of the trade happening for used passenger cars. A similar trend can be identified for the number
of traded vehicles which rose form roughly 800 thousand to 1.8 million vehicles over the same
period of time (see Figure 12). The average value of a traded vehicle thus remained relatively
stable varying around EUR 9,500.

Over the covered time period, the growth of the trade volume stagnated in the aftermath of the
global financial crisis in 2007/2008, afterwards the volume decreased in the years 2007 to 2009.
Only in recent years, from 2015 to 2018, trade volumes of used vehicles began to increase
again. Passenger cars contributed the biggest share of the overall trade volume and were also
responsible for the positive development in recent years. The share of heavy duty vehicles
increased again after 2015 since it was lower in the years of the financial crisis.

Figure 12: Trade volume of used vehicles in Europe
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In 20171 the biggest exporters were Germany, Belgium, France, Italy and the Netherlands with
high exports both in terms of value and in terms of the amount. In addition, Spain and Austria
were among the largest exporters in terms of value and Denmark and Slovenia in terms of
amounts (see Figure 13). On average, a vehicle was exported for around EUR 11,000 in that
year. The biggest exporters showed varying values for an exported vehicle with Germany
having exported mainly passenger cars at an average value of EUR 19,500 while Denmark

11 Here we refer to 2017 to be able to compare the datasets for stock and trade. In 2018, similar countries are
key exporters (Germany, Belgium, France) and importers (Germany, France and Poland).

31



} Used vehicle trade and fleet composition in Europe

exported a large amount of heavy-duty vehicles for a rather low EUR 700. Both France and
Italy exported used vehicles with an average value of around EUR 7,000 while Belgium
exported used vehicles with an average value close to the European average. In comparison,
Turkey exported vehicles with a value of more than EUR 38,000 on average due to a relatively
high share of exported busses. Ireland exported a relatively high share of lorries which resulted
in an average value of almost EUR 25,000 for its exported used vehicles.

Figure 13: Top exporters by value (above) Figure 14: Top importers by value (above)
and amount (below) in 2017 and amount (below) in 2017
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The seven biggest importers (see Figure 14) included again Germany, France, the Netherlands
and ltaly in terms of value and amount with an average value of a vehicle which varied around
the European mean value for im- or exported vehicles. The numbers show that Germany was
by far the biggest exporter and importer in Europe: the country exported used vehicles with a
value of around EUR 6.9 billion, while it imported a value of around EUR 2.4 billion translating
into a substantial trade surplus in 2017. However, Germany exported vehicles with an average
value of almost EUR 27,000 while it imported lower value vehicles. This distribution is also valid
in 2018.

Poland was also a large importer in terms of value and amount while Austria and Belgium were
large importers in terms of value and Serbia and Bulgaria in terms of the amount. Vehicles
imported to Bulgaria and Poland showed an average value of roughly EUR 6,000 and
EUR 7,000, respectively. Serbia imported vehicles for less than EUR 3,000 on average - mainly
medium-size diesel and petrol cars - which was the lowest value in Europe. It is possible that
vehicles were sold for a low price although these vehicles were relatively new and had relatively
high emission standards. This is somewhat supported by the fact that Serbia ban imports of
passenger vehicles below Euro 3 standard and light commercial vehicles below Euro 5 (see
Chapter 4.1.3). Also most of the other cooperating countries imported low-value used
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passenger cars having ranged from EUR 3,500 (Bosnia and Herzegovina), around EUR 4,000-
6,000 (Montenegro, North Macedonia, Albania) and almost EUR 9,000 (Kosovo).

As the trade of passenger cars dominates the overall figures (see also Figure 12), one reason
for the differences can be found in the economic situation of households in the respective
countries. In Serbia, for example, the mean yearly income of a household amounted to just
EUR 2,500 and in Poland to EUR 6,600 in 2017 (Eurostat, 2019c). Countries having imported
high-value vehicles also had a comparably high household income: for example, Switzerland,
Norway and Denmark imported vehicles with an average value between EUR 37,000 and
EUR 26,000 while the median yearly income ranged from almost EUR 44,000 to EUR 29,000
in that year (Eurostat, 2019c). Interestingly, the level of income seems to be of about the same
order of magnitude as the value of imported passenger cars for most of the European countries.

Box 3: Age structure of Poland’s passenger car imports and related stock

Over the past decade, Poland imported rather old passenger cars with only 10 % being
younger than 5 years and more than 50 % being older than 10 years (PZPM, 2019).
This is also reflected in the average value of the imported used cars which ranged from
roughly EUR 7,000 to 9,000 seeing a slight upward trend over the past decade.

The imports also impacted Poland'’s stock of passenger cars: over the past decade, the
share of cars older than 10 years remained almost constant at 70 % of the overall stock
and cars younger than 5 amounted to only 10 %.

Figure 15: Age structure of car imports Figure 16: Age structure of the car stock
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The environmental performance of traded vehicles varied as it also did in the stock of vehicles.
Figure 17 and Figure 18 display the trade flow in terms of numbers of used vehicles between
the analysed countries in 2017 which is given in the width of lines. The colours indicate the
environmental performance of the trade flow with Figure 17 reflecting the CO, emission
classification of traded vehicles in the colour code and Figure 18 reflecting the air pollutant
classification. Red lines are traded vehicles with particularly high air pollutants or CO, emissions
while green lines reflect the trade of electric vehicles which do not have any direct emissions.
When compared over the past five years, the 2017 figures show similar results although, in
particular, more electric vehicles were traded in 2017 than over the past 5 year.
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Figure 17: Used vehicle trade and corresponding CO2z emission intensity in 2017
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It can be seen from both figures that traded vehicles showed a rather low environmental
performance as orange and red dominate in both figures. The somewhat better performance in
term of CO2 emissions than in terms of air pollutants can be directly linked to the weighting
which includes the engine capacity in the evaluation of CO, emissions. As most vehicles
belonged to a medium-size category, the evaluation results in a better scoring. For the
evaluation of air pollutants, the engine capacity was not considered (see Chapter 3).

Most of the European countries with high income levels exported more used vehicles than they
imported; as the overall stock of these countries remained fairly stable or even increased over
the past years, the difference between exports and imports of used vehicles is covered by new
vehicles and to a limited extent by trade from other countries outside of Europe.

The Northern country group, consisting of Denmark, Finland, Norway, Sweden and Iceland,
exported more than twice as much as it imported. Most of the exported vehicles had a rather
low environmental performance. Thus, the Northern country group improved their vehicle stock
by having exported CO> and air pollutant intensive vehicles while having imported low emission
vehicles and new vehicles (with the latter not being displayed here). Main recipient of the
vehicles with high CO, emissions (red lines in Figure 17) was the Central-Eastern country
group, i.e. Czechia, Hungary, Poland and Slovakia as well as the Baltics (Estonia, Latvia,
Lithuania), followed by — to a lesser extent — Germany. At the same time, the vehicles in this
export flow also had high air pollutants (see Figure 18). The low environmental performance
was a result of the low values of vehicles traded between these regions. The majority of the
Northern group’s air pollutant intensive used vehicles (which were diesel-fuelled vehicles traded
with an average value below EUR 1,000) went to the countries of the Western country group,
i.e. Belgium, France, Ireland, the Netherlands and UK. As these vehicles were mainly diesel-
fuelled vehicles with a medium-size engine capacity, their performance was much better in
terms of CO2 emissions (yellow line in the Figure 18).

Similarly, the Central country group exported more used vehicles than it imported. Exports
consisted of mainly vehicles with high air pollutants and CO, emission while imported vehicles
had a medium environmental performance, thus having improved the own vehicle stock. The
main destination countries of air pollutant and CO, emission intensive vehicles were countries
of the South-Eastern group. The majority of traded vehicles were large diesel passenger cars
with a low average trade value. Hence, these cars were relatively CO, emission intensive and
are in the highest classification in terms of air pollutants.

As the biggest trader in Europe, Germany exported used vehicles to all of the country groups.
Germany exported rather environmental friendly used vehicles, while the country imported used
vehicles with rather high air pollutants and CO. emissions — mainly from the Northern and
Central country group. Not only is Germany in short distance to both of these two country blocks
but also had the lowest mean household income among them, although income differences
were not as significant as they were between the Northern and the Eastern or South-Eastern
country group (Eurostat, 2019c). In addition, Germany had the highest share of vehicles with
rather high air pollutants and CO; emissions in its vehicle stock among the stronger economies
in Europe. The biggest share of good performing used vehicles originated from the Western
country group, followed by the Southern group. Overall, these trade flows were in line with a
fairly balanced vehicle stock with a majority of these vehicles categorized as medium emission
intensive.

The Central-Eastern country group was a key importing region of vehicles with low
environmental performance and limited exports. Within the group, Poland was the biggest
importer of used vehicles with high CO, emissions and air pollutants, which resulted in a vehicle
stock that consisted of a relatively large share of vehicles with low environmental performance.
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The biggest share of vehicles imported to the Central-Eastern country group came from the
Western country group; a large amount of more environmental friendly vehicles was imported
from Germany.

The biggest importing block was the Western country group consisting of Belgium, France,
Ireland, the Netherlands and the UK. The Western country group imported rather environmental
friendly used vehicles, in particular in terms of CO, emissions as also most of these countries
had a comparably high mean household income. For example, Ireland imported only a limited
number of vehicles with average CO, emissions of more than 155g CO./km in 2017 (see Box
4).12 The biggest amount of imported vehicles to the Western country group originated from
within the group followed by Germany and the Northern group. For instance, Germany exported
a large share of diesel vehicles with a medium engine capacity and an average trade value
between EUR 15,001 and EUR 20,000 while a large share of low-value diesel vehicles came
from the Northern country group with particular high air pollutants.

Box 4: COz intensity of imported cars to Ireland

Ireland is one of the few countries reporting on the CO; emissions of imported
vehicles throughout the last decade. However, the figures include intra- and extra-EU
trade and also includes new cars.

The total imports of cars significantly increased from 2016 onwards. The imports of
vehicles with relatively low CO, emissions per kilometre driven has increased notably
in the last years — not only in total numbers but also relative to the overall amount. On
the contrary, vehicles with high values of CO2 emissions constantly decreased in both
relative and total numbers.

Figure 19: Imports of cars to Ireland according to their specific CO2 emissions
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12 New passenger cars emit on average 120 gCOz /km in the EU in 2018
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Similar to the Central-Eastern country group, the South-Eastern group was a main recipient of
used vehicles with medium to high CO, emission and air pollutant intensity. These vehicles
mainly came from the Central country group, which consists of Austria, Switzerland,
Liechtenstein as well as Luxembourg and Slovenia. While the Central-Eastern country group
exported vehicles with high CO» emissions to the South-Eastern group, vehicles with high air
pollutants originated from the Western and the Southern country group (Italy, Malta, Portugal
and Spain). As indicated above, the majority of households in the South-Eastern country group
had a comparably low household income in Europe which may explain the low value of the
imported vehicles. As some countries ban imports of old vehicles and vehicles with low
European emission standard for air pollutants such as Bosnia-Herzegovina, Serbia or Turkey
(see also Chapter 4.1), it could be the case that vehicles have been traded for a relatively small
price although these vehicles are relatively new and have a relatively good environmental
performance.
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Conclusions

There was considerable progress in the environmental performance of vehicles in the
stocks and also of the traded used vehicles in Europe:

Since 2000, progress has been achieved in the environmental performance of vehicle stocks
and in the trade of used vehicles in terms of air pollutant and CO, emissions. The progress in
the vehicle stocks was stronger for passenger cars than for busses, vans and lorries while it
was comparable for all country groups. This can be traced back to EU regulations and in most
countries also national regulatory frameworks including taxation which favour environmental
friendly vehicles over environmental harmful vehicles as well as to technological progress
reducing the specific energy consumption as well as air pollutants and CO; emissions (see
Table 7).

This also includes the introduction of electric vehicles which do not directly emit air pollutants
nor CO». Although the market for electric vehicles is relatively new and hence, the share of
used electric vehicles is still small, the increasing share of electric vehicles in the sales of new
cars since 2010 also improved the environmental performance of the vehicle stocks. In addition,
these vehicles also enter the used vehicle market and trade statistics show that the electric
vehicles are also traded amongst the country groups with a somewhat rising share over the
past five years. So far, these vehicles are traded amongst all country groups without clear
direction. The stock as well as the trade of electric vehicles is likely to increase as a result of
the European CO:; targets for new vehicles and national plans to ban the sale of new internal
combustion engine cars in e.g. Norway, the Netherlands, Ireland, Slovenia, France and the UK
(see Velten et al. 2019). The increase of new zero-emission vehicles in the market will also
result in the increased availability of these vehicles to second hand vehicle buyers, thus
substituting vehicles with higher air pollutants CO» emissions on the secondary market.

There are regional differences of the environmental performance of vehicles in the
vehicle stocks and trade flows:

The Northern, Central and Western country groups have the most environmental friendly
vehicle stocks, with vehicles having on average the lowest air pollutants and CO; emissions.
Vehicles in the South-Eastern, Central-Eastern and Southern country groups have particularly
high air pollutants and CO, emissions when compared to the other country groups. The trade
flows also show differences for these country groups. For instance, the Northern and Central
country group export much more used vehicles than they import. As the overall number of
vehicles increased over the past years, the difference is covered by new vehicles (and to a
limited extent by extra-EU trade). In these countries, the impact of regulations for new vehicles
have a stronger and direct impact on the vehicle fleet. The South-Eastern and Central-Eastern
country groups are key importers while exports to the other country groups are particularly low.
In addition, these two country groups import vehicles with relatively high air pollutants and CO;
emissions.

One of the key factors for the differences is the available household income which differs
significantly between these country groups but which determines what a household is able to
pay for a vehicle. In addition, national regulations and taxation schemes can influence the
purchasing decision e.g. when the registration tax rapidly increases as a function of rising air
pollutants and/or CO, emissions, thus somewhat closing the financial gap between a low-value
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but environmental harmful vehicle and a higher-priced vehicle with better environmental
performance.

Import bans on old vehicles or vehicles with low European emission standard (i.e. high air
pollutants), however, did not lead to the import of higher-value vehicles in Serbia, Bosnia-
Herzegovina or Hungary. It might be the case that for those countries the underlying assumption
that low-value vehicles have high emissions is not valid but that these countries in particular
import vehicles having a low price but still a medium emission intensity (e.g. because of high
kilometre driven or other drawbacks of a vehicles reducing its price). However, further research
is required to better understand the influences of the import ban on the vehicle stock.

Necessity for better data: The analysis of stock and trade data shows that the current
available data on used vehicle stocks and trade is limited and provides little options for analysis.
This was partly unexpected as the transport sector, and particularly road transport are at the
heart of current discussions to mitigate the climate crisis and local air pollution. As a
consequence, it was a challenge to draw conclusions on reasons for low or high emission
vehicle stocks and trade flows and related options to improve the environmental sustainability,
for example with regard to the effects of individual policy measures.

Some countries already provide some good reporting on their vehicle stock and/or trade. For
example, for the vehicle stock, Slovakia and Norway provide the engine type and Euro standard
over at least the last decade; UK and Lichtenstein provide a CO: classification of their
passenger cars. For vehicle trade, Ireland publishes the CO classification of imported vehicles.

However, in the light of the global climate crisis and local air pollution problems, a suitable
European database is urgently needed. Such database should include the age structure,
engine type and capacity or power as well as the air and CO2 emissions for the stock and trade
of vehicles in Europe. The data on stock is available at the countries’ responsible authority for
registering a vehicle. For trade, a key source for this information seems to be the re-registration
information which Member States share according to Council Directive 1999/37/EC of 29 April
1999 on the registration documents for vehicles. The shared information includes basically all
relevant characteristics provided by the vehicle registration documents. These statistics are,
however, not publically available and thus, only some countries provide statistics on the
environmental performance of their stock based on these statistics.

Such statistics would facilitate the analysis of influencing factors such as household incomes,
corporate activities and most importantly policy interventions that should have an effect on
motorised road vehicles.

39




} Used vehicle trade and fleet composition in Europe

Indexes

Figures

Figure 1: Age Of the Car STOCKS ......cciiiiiiiiiiiiiiiiie e eeeeas 3

Figure 2: Amount and environmental performance of traded used vehicles in Europe
2 0 A TR 4

Figure 3: Differences in the exports from Germany to the EU according to trade and
re-regiStration STALISTICS.......uuiiii e e e e e e s e e e e e e e e eans 14

Figure 4: Assumptions for classification of used vehicles in terms of air pollutants and

CO2 BIMISSIONS ..ttt e e e e e bt e e s aa b et e e s b bt e e s abbe e e s anbeeeenaans 16
Figure 5: Advances of the CO, emission classification of the car stocks...........c.ccoecvvvveeennnnn. 26
Figure 6: Average age of a car in the vehicle StOCKS ...........cooocciiiiiiiic e, 27
Figure 7: Advances in terms of air pollutant emission classification of the car stocks............. 27
Figure 8: Air pollutant classification of the vehicle stocks in Italy, Norway and Slovakia

............................................................................................................................... 28
Figure 9: Diesel share of the Car STOCKS.........ciiiii i 28
Figure 10: Share of EUro Standards ...........uuviviiieiiiiiiiiiieie et e e rreee e 29
Figure 11: COz emission classification in 2018.............c.ceevieiiiiiiiiiiiieee e 29
Figure 12: Trade volume of used vehicles in EUIOPE .....c.ooovvviiiiiiiiiee e 31
Figure 13: Top exporters by value (above) and amount (below) in 2017 .........cccooevcvvvvieeneenn. 32
Figure 14: Top importers by value (above) and amount (below) in 2017.............ccccvvveveeeennn. 32
Figure 15: Age StruCture Of Car IMPOITS........uuiiiiieeiiiiiiiiiiee e e e sttt e e e e e s e e e e e e s snserreeeeeees 33
Figure 16: Age structure Of the Car STOCK ... 33
Figure 17: Used vehicle trade and corresponding CO; emission intensity in 2017 ................. 34
Figure 18: Used vehicle trade and corresponding air pollutant intensity in 2017...........c......... 34
Figure 19: Imports of cars to Ireland according to their specific CO2 emissions............cc........ 36
Tables
Table 1: Overview on regions and countries and their abbreviation code covered by

L1 T (=] 0L SR 9
Table 2: Overview of vehicle classes covered by this report.........ccccccooveciiieee e, 10
Table 3: Overview of vehicle classes and related cylinder capacity.........ccccccevveeeiiiiciviiieeenenn. 11
Table 4: Eurostat data coverage for the stock of vehicles..........ccccoeeiiiiiii e, 12
Table 5: Eurostat data coverage for the trade of vehicles..........ccccccoeiiiiiiii e, 13
Table 6: CO2 emiSSIONS ClasSIfICAION .........cociiiiiiii e 17



file://sartre/ecologic/ecologic-intern/projects/01_ongoing_projects/2632-01%20Used%20vehicles/EEA_UsedVehicles/Ecologic&ISI_UsedVehiclesStockTrade_Feb2020_fin.docx#_Toc35335783
file://sartre/ecologic/ecologic-intern/projects/01_ongoing_projects/2632-01%20Used%20vehicles/EEA_UsedVehicles/Ecologic&ISI_UsedVehiclesStockTrade_Feb2020_fin.docx#_Toc35335783
file://sartre/ecologic/ecologic-intern/projects/01_ongoing_projects/2632-01%20Used%20vehicles/EEA_UsedVehicles/Ecologic&ISI_UsedVehiclesStockTrade_Feb2020_fin.docx#_Toc35335785
file://sartre/ecologic/ecologic-intern/projects/01_ongoing_projects/2632-01%20Used%20vehicles/EEA_UsedVehicles/Ecologic&ISI_UsedVehiclesStockTrade_Feb2020_fin.docx#_Toc35335786
file://sartre/ecologic/ecologic-intern/projects/01_ongoing_projects/2632-01%20Used%20vehicles/EEA_UsedVehicles/Ecologic&ISI_UsedVehiclesStockTrade_Feb2020_fin.docx#_Toc35335790
file://sartre/ecologic/ecologic-intern/projects/01_ongoing_projects/2632-01%20Used%20vehicles/EEA_UsedVehicles/Ecologic&ISI_UsedVehiclesStockTrade_Feb2020_fin.docx#_Toc35335791
file://sartre/ecologic/ecologic-intern/projects/01_ongoing_projects/2632-01%20Used%20vehicles/EEA_UsedVehicles/Ecologic&ISI_UsedVehiclesStockTrade_Feb2020_fin.docx#_Toc35335794

} Used vehicle trade and fleet composition in Europe

Table 7: Taxes and fees for the registration of a vehicle in Europe ..........cccccceveeeiiiiciiiieenneenn. 22
Table 8: National regulations and taxes for the import of used vehicles............cccccoeviieirnnne. 25
Boxes

Box 1: Euro standards of the car stocks in Italy, Norway and Slovakia ..........c..cccccecvvvveeeeennn. 28
Box 2: Air pollutants and CO» emissions of passenger cars in Germany ..........ccccoeccvvvveeeeeennn. 29
Box 3: Age structure of Poland’s passenger car imports and related stocK............ccccvveeeeennn. 33
Box 4: CO; intensity of imported cars to Ireland............cccceeeeeiiiiiiiiie e 36

Abbreviations

M Passenger vehicle

Passenger car for the transport of maximum 8 persons in addition to

M1 the driver’'s seat

M2 Passgnger vehicle for f[he transport of at least 9 person_s in addition to
the driver's seat and with a maximum mass not exceeding 5 tons.

M3 Passenger vehicle for the transport of at least 9 persons in addition to
the driver's seat and with a maximum mass exceeding 5 tons.

N Goods vehicle

N1 Goods vehicle with a mass of below 3.5 tons

N2 Goods vehicle with a mass of 3.5 to 12 tons

N3 Goods vehicle with a mass of more than 12 tons
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