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Indicator Fact Sheet

TERM 2007 28 – Specific emissions of air pollutants

(
The specific emissions of air pollutants from passenger and freight transport decreased during the time period 1995 - 2006 for the majority of transport modes and especially for passenger transport. The highest reduction of specific emissions can be observed in the road sector, following the implementation of increasingly strict emission standards. Railway and maritime passenger and freight transport emissions remained approximately constant over the same time period. Rail and water transport are still relatively clean forms of transport – compared to road and air transport – but without any regulations on their emissions, these modes might lose this leading position. 
Figure 1:
Modelled specific emissions of NOx, VOC, PM and CO per passenger-km or tonne-km and per mode of transport in 21 EEA member countries, 1995-2006
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Sources:
For road transport: TREMOVE v2.50 (De Ceuster et al, 2007)

For non-road modes: TRENDS (Giannouli et al, 2006)
Note:
Road data figures refer to 21 EEA member countries (EU15 + Czech Republic, Hungary, Norway, Poland, Slovenia and Switzerland). Data series on non-road modes are based on EU15.
Results and assessment

Policy relevance

By reducing emissions per transport unit (passenger-km or tonne-km), the environmental pressure for transportation of the same amount of goods and passengers is also reduced. Such reduction can be achieved by either increasing occupancy rates and load factors (see indicators TERM 29 and 30) or by decreasing the emissions per vehicle-km (i.e. setting stricter emission standards, see TERM 34. No explicit targets exist at European level directly addressing specific emissions.

Policy context

For policy on occupancy rates, load factors and emissions standards, the reader is referred to TERM 29 – Occupancy rates, TERM 30 – Load factors, TERM 34 – Proportion of the vehicle fleet meeting certain emission standards).

Environmental context

Specific emissions are defined as emissions of pollutants per transport unit (passenger-km or tonne-km), specified by mode (road, rail, inland, maritime, air). Since these emissions are expressed per transport unit, occupancy rates and load factors have a considerable effect on specific emissions produced from passenger and freight transport respectively. Therefore, variations can be extensive, e.g. for buses: doubling the number of passengers results in reducing almost by half the specific emissions per passenger-km, since the extra passengers do not significantly affect vehicle performance. For trucks, extra load changes the performance (i.e. energy uptake and specific emission of air pollutants) more significantly and thus increased load factors may not result in a proportionally better performance.

The average age of the vehicle fleet is of great importance for specific emissions of the whole vehicle fleet, as it reflects the technology level. For that reason, TREMOVE and TRENDS, the models used for calculating specific emissions, consider an age-dependent vehicle fleet composition.

In order to compare the emissions of different transport modes the difference in the transport distance between the origin and destination by different modes, and the routes followed, should be considered. VOC emissions from maritime and rail may be given as an example. While specific emissions of VOC per passenger-km from rail are up to three times higher compared to those of maritime transport, the respective distance travelled might be up to one third. Therefore, both transport modes will emit around the same amount of VOC (the impact of more or less emissions also depends on the resulting concentrations of pollutants, which in case of longer distances will be spread over larger areas, leading to lower concentrations). Furthermore, when comparing the differences in environmental impact of various modes, the marginal emissions, i.e. the additional emissions arising from an extra person undertaking a trip (e.g. as the driver of a car or as the passenger on a train) should be considered. In the latter case, the marginal emissions of an extra passenger are lower than in the former case. The marginal emissions of the extra train passenger increase when the total number of passengers is close to the carrying capacity of the trains/wagon (highest in peak situation, lower off-peak).

Assessment

The results of the specific emissions calculated with TREMOVE and TRENDS for each mode of transport are summarised in Tables 1-4.

Road remains by far the most polluting passenger transport mode with respect to CO and VOC specific emissions, even though it recorded the highest decreases (65 and 70 % for CO and VOC emissions respectively) from 1995 to 2006 compared to the other modes. As regards NOx specific emissions, road passenger transport emits about the same as air and rail transport and less than half of the specific emissions from maritime transport. Road is also the most polluting freight transport mode for all pollutants (with the exception of PM), although the specific emissions decreased from 30 to 60 % over the same period.

Rail is the cleanest mode of transport for all pollutants. Specific emissions of rail transport remain approximately constant from 1995 to 2006 for both passenger and freight transport. Specific emissions from trains depend critically on the technical level and the method of energy production used. The trend is towards electric powered trains for the future, especially for passenger traffic. The emission factors for electricity production represent the airborne pollutants incurred during the whole production and supply process from fuel extraction to electricity transport to the sub-stations feeding the railway network. This indicates that the focus in the future should be in controlling emissions from power generation, along with implementing the engine economy and emission control technology, which has already advanced.

Following rail, maritime shipping is the second cleanest mode of freight transport, except for specific sulphur oxide (SOx) emissions, which are the highest for shipping (and aviation), mainly due to the high sulphur content of bunker fuels. However, maritime shipping remains the most polluting passenger transport mode with regard to the specific NOx and PM emissions. The emissions generated by the maritime fleet are largely dependent on the quantity of fuel consumed; however, there are several factors besides fuel consumption, which influence the emissions generated. These include the fuel quality and the engine type. In particular, SOx and PM emissions are influenced by the quantity of sulphur within the fuel. In the future, emission reductions are expected from waterborne transport, mainly as a result of improved fuel quality and engine technology. EU legislation setting more stringent limits for sulphur content in fuel oils will greatly contribute to the expected emission reductions. To this end, the European Commission proposed ‘A European Union strategy to reduce atmospheric emissions from seagoing ships’ (European Commission, 2002).

It should be noted that the significant reductions in the emissions of all pollutants from road transport are mainly attributed to technological improvements and policy measures resulting from the strict emission standards imposed. On the other hand, the emissions from the other modes of transport are not subject to any emission control regulations, which would result in emission reductions similar to those from road transport.

Sub-indicator TERM 2007 28a: Comparison of specific emissions from road transport

(
Specific emissions of pollutants from all modes of road transport have decreased within the time period 1995-2006, mainly as a result of improved technologies and lower emission ceilings.

Figure 2:
Modelled specific emissions of NOx, VOC, PM and CO per passenger-km or tonne-km and per mode of road transport in 21 EEA member countries, 1995-2006
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Source:
TREMOVE v2.50 (De Ceuster et al, 2007)
Note:
Data series are based on 21 EEA member countries (EU15 + Czech Republic, Hungary, Norway, Poland, Slovenia and Switzerland).
Assessment of the sub-indicator

Specific emissions of all pollutants from passenger cars are reduced significantly by 2006 (50 to 80 % compared to 1995), mainly as a result of the improved technology and the introduction of Euro 2 (in 1996), Euro 3 (in 2000) and Euro 4 (in 2005) emission standards. During the same period specific emissions from buses and coaches also decreased, however to a lesser extent (35 to 50 %) mainly because of increases in occupancy rates (see TERM 29 – Occupancy rates). Due to the higher share in diesel vehicles, vans, buses and coaches have lower specific VOC and CO emissions compared to passenger cars, but higher specific NOx and PM emissions. Two-wheelers still have the highest specific emissions of CO and VOC and also high PM emissions compared to other modes of road passenger transport. However, a reduction of specific emissions from two- and three-wheel motor vehicles is expected in future years due to the more stringent emission levels imposed by the Directive 2002/51/EC (
).

The specific emission of PM from passenger cars has been declining, mainly as a result of improved technology. For heavy-duty trucks the specific emissions of PM are also decreasing, but this process started somewhat later than with passenger cars as a result of the introduction of the ‘Clean Lorry Directive’ 1999/96/EC (
). Similar reductions in the specific PM emissions are observed also for the light-duty vehicles, buses and coaches, since the same emission standards apply as for heavy-duty vehicles. Small differences might be explained by differences in average age between trucks and buses, or by different changes in occupancy rates and load factors.

On average, gasoline passenger cars emit nearly 30 times more CO and 14 times more VOC per passenger-km than diesel passenger cars (see Table 5). At the same time, diesel passenger cars produce nearly 30 times more PM and approximately 40 % more NOx emissions per passenger-km than gasoline cars.

Specific emissions of road freight transport decreased by 30 to 60 % between 1995 and 2006. Light-duty vehicles (LDVs) are considerably more polluting than the heavy-duty vehicles, producing approximately 4, 6 and 10 times more PM, VOC and CO emissions per tonne-km respectively (specific NOx emissions are about the same). The picture as regards the specific emissions from gasoline and diesel light-duty vehicles is similar to that of passenger cars. Gasoline LDVs emit almost 14 times more CO and 5 times more VOC per tonne-km and about 80% of NOx emissions produced from diesel LDVs.
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Table 1:
Estimated NOx emissions per passenger-km and per tonne-km, 1995-2006
Unit:
grams per passenger-km (for passenger transport) or grams per tonne-km (for freight transport)

	Passenger transport
	Air
	Maritime
	Rail
	Road
	Passenger cars
	Vans
	Two-wheelers
	Buses & coaches

	1995
	0.57
	1.02
	0.31
	0.85
	0.86
	1.32
	0.10
	0.79

	1996
	0.47
	1.01
	0.30
	0.79
	0.79
	1.26
	0.10
	0.77

	1997
	0.47
	0.99
	0.30
	0.74
	0.73
	1.20
	0.10
	0.75

	1998
	0.46
	1.05
	0.29
	0.68
	0.67
	1.14
	0.10
	0.74

	1999
	0.46
	1.05
	0.29
	0.63
	0.61
	1.10
	0.11
	0.72

	2000
	0.45
	1.03
	0.28
	0.58
	0.56
	1.05
	0.12
	0.70

	2001
	0.44
	1.03
	0.30
	0.55
	0.52
	1.02
	0.12
	0.69

	2002
	0.44
	1.03
	0.30
	0.51
	0.48
	0.98
	0.13
	0.66

	2003
	0.43
	1.03
	0.30
	0.47
	0.44
	0.94
	0.14
	0.64

	2004
	0.43
	1.02
	0.30
	0.44
	0.40
	0.91
	0.15
	0.61

	2005
	0.42
	1.02
	0.30
	0.41
	0.37
	0.87
	0.15
	0.58

	2006
	0.41
	1.02
	0.30
	0.37
	0.34
	0.84
	0.15
	0.52


	Freight transport
	Inland shipping
	Maritime
	Rail
	Road
	LDVs
	HDVs

	1995
	0.59
	0.33
	0.17
	1.62
	1.84
	1.62

	1996
	0.59
	0.33
	0.17
	1.57
	1.78
	1.56

	1997
	0.59
	0.33
	0.17
	1.51
	1.71
	1.51

	1998
	0.59
	0.33
	0.17
	1.46
	1.63
	1.45

	1999
	0.59
	0.33
	0.17
	1.42
	1.61
	1.41

	2000
	0.59
	0.33
	0.16
	1.36
	1.55
	1.36

	2001
	0.59
	0.33
	0.16
	1.34
	1.49
	1.33

	2002
	0.59
	0.33
	0.16
	1.29
	1.43
	1.29

	2003
	0.59
	0.33
	0.16
	1.25
	1.36
	1.25

	2004
	0.59
	0.33
	0.16
	1.21
	1.30
	1.21

	2005
	0.59
	0.33
	0.16
	1.16
	1.24
	1.16

	2006
	0.59
	0.33
	0.16
	1.12
	1.21
	1.12


Sources:
For road transport: TREMOVE (De Ceuster et al, 2007)


For non-road modes: TRENDS (Giannouli et al, 2006)

Note:
Road data figures refer to 21 EEA member countries (EU15 + Czech Republic, Hungary, Norway, Poland, Slovenia and Switzerland). Data series on non-road modes are based on EU15.
Table 2:
Estimated VOC emissions per passenger-km and per tonne-km, 1995-2006
Unit:
grams per passenger-km (for passenger transport) or grams per tonne-km (for freight transport)

	Passenger transport
	Air
	Maritime
	Rail
	Road
	Passenger cars
	Vans
	Two-wheelers
	Buses & coaches

	1995
	0.05
	0.03
	0.09
	1.09
	1.00
	0.39
	7.62
	0.08

	1996
	0.04
	0.03
	0.09
	1.02
	0.92
	0.36
	7.62
	0.08

	1997
	0.04
	0.03
	0.09
	0.93
	0.82
	0.33
	7.26
	0.08

	1998
	0.04
	0.03
	0.09
	0.85
	0.73
	0.31
	6.91
	0.08

	1999
	0.04
	0.03
	0.09
	0.76
	0.64
	0.28
	6.58
	0.07

	2000
	0.04
	0.03
	0.09
	0.67
	0.55
	0.25
	6.09
	0.07

	2001
	0.04
	0.03
	0.09
	0.61
	0.48
	0.24
	5.88
	0.07

	2002
	0.04
	0.03
	0.09
	0.55
	0.42
	0.22
	5.66
	0.06

	2003
	0.04
	0.03
	0.09
	0.48
	0.35
	0.20
	5.41
	0.06

	2004
	0.04
	0.03
	0.09
	0.43
	0.29
	0.19
	5.17
	0.06

	2005
	0.03
	0.03
	0.09
	0.36
	0.24
	0.17
	4.70
	0.06

	2006
	0.03
	0.03
	0.09
	0.33
	0.20
	0.16
	4.49
	0.05


	Freight transport
	Inland shipping
	Maritime
	Rail
	Road
	LDVs
	HDVs

	1995
	0.03
	0.01
	0.04
	0.09
	0.55
	0.07

	1996
	0.03
	0.01
	0.04
	0.09
	0.52
	0.07

	1997
	0.03
	0.01
	0.04
	0.08
	0.49
	0.07

	1998
	0.03
	0.01
	0.04
	0.07
	0.45
	0.06

	1999
	0.03
	0.01
	0.04
	0.07
	0.42
	0.06

	2000
	0.03
	0.01
	0.04
	0.07
	0.38
	0.06

	2001
	0.03
	0.01
	0.04
	0.06
	0.36
	0.05

	2002
	0.03
	0.01
	0.04
	0.06
	0.33
	0.05

	2003
	0.03
	0.01
	0.04
	0.06
	0.30
	0.05

	2004
	0.03
	0.01
	0.04
	0.05
	0.27
	0.04

	2005
	0.03
	0.01
	0.04
	0.05
	0.24
	0.04

	2006
	0.03
	0.01
	0.04
	0.04
	0.23
	0.04


Sources:
For road transport: TREMOVE (De Ceuster et al, 2007)


For non-road modes: TRENDS (Giannouli et al, 2006)

Note:
Road data figures refer to 21 EEA member countries (EU15 + Czech Republic, Hungary, Norway, Poland, Slovenia and Switzerland). Data series on non-road modes are based on EU15.
Table 3:
Estimated PM emissions per passenger-km and per tonne-km, 1995-2006
Unit:
grams per passenger-km (for passenger transport) or grams per tonne-km (for freight transport)

	Passenger transport
	Air
	Maritime
	Rail
	Road
	Passenger cars
	Vans
	Two-wheelers
	Buses & coaches

	1995
	0.00
	0.09
	0.02
	0.03
	0.02
	0.21
	0.11
	0.04

	1996
	0.00
	0.09
	0.02
	0.03
	0.02
	0.19
	0.11
	0.04

	1997
	0.00
	0.08
	0.02
	0.03
	0.02
	0.17
	0.10
	0.03

	1998
	0.00
	0.09
	0.02
	0.03
	0.02
	0.15
	0.10
	0.03

	1999
	0.00
	0.09
	0.02
	0.03
	0.02
	0.14
	0.10
	0.03

	2000
	0.00
	0.09
	0.02
	0.03
	0.02
	0.13
	0.09
	0.03

	2001
	0.00
	0.09
	0.02
	0.02
	0.01
	0.12
	0.09
	0.03

	2002
	0.00
	0.09
	0.02
	0.02
	0.01
	0.11
	0.09
	0.03

	2003
	0.00
	0.09
	0.02
	0.02
	0.01
	0.11
	0.08
	0.03

	2004
	0.00
	0.09
	0.02
	0.02
	0.01
	0.10
	0.08
	0.02

	2005
	0.00
	0.09
	0.02
	0.02
	0.01
	0.08
	0.08
	0.02

	2006
	0.00
	0.09
	0.02
	0.02
	0.01
	0.08
	0.07
	0.02


	Freight transport
	Inland shipping
	Maritime
	Rail
	Road
	LDVs
	HDVs

	1995
	0.04
	0.03
	0.01
	0.07
	0.29
	0.06

	1996
	0.04
	0.03
	0.01
	0.07
	0.27
	0.06

	1997
	0.04
	0.03
	0.01
	0.06
	0.25
	0.06

	1998
	0.04
	0.03
	0.01
	0.06
	0.23
	0.05

	1999
	0.04
	0.03
	0.01
	0.05
	0.22
	0.05

	2000
	0.04
	0.03
	0.01
	0.05
	0.19
	0.04

	2001
	0.04
	0.03
	0.01
	0.05
	0.18
	0.04

	2002
	0.04
	0.03
	0.01
	0.04
	0.17
	0.04

	2003
	0.04
	0.03
	0.01
	0.04
	0.16
	0.03

	2004
	0.04
	0.03
	0.01
	0.04
	0.15
	0.03

	2005
	0.04
	0.03
	0.01
	0.03
	0.12
	0.03

	2006
	0.04
	0.03
	0.01
	0.03
	0.12
	0.03


Sources:
For road transport: TREMOVE (De Ceuster et al, 2007)


For non-road modes: TRENDS (Giannouli et al, 2006)

Note:
Road data figures refer to 21 EEA member countries (EU15 + Czech Republic, Hungary, Norway, Poland, Slovenia and Switzerland). Data series on non-road modes are based on EU15.
Table 4:
Estimated CO emissions per passenger-km and per tonne-km, 1995-2006
Unit:
grams per passenger-km (for passenger transport) or grams per tonne-km (for freight transport)

	Passenger transport
	Air
	Maritime
	Rail
	Road
	Passenger cars
	Vans
	Two-wheelers
	Buses & coaches

	1995
	0.14
	0.09
	0.05
	5.52
	5.77
	4.22
	16.73
	0.22

	1996
	0.12
	0.09
	0.05
	5.19
	5.39
	3.85
	16.73
	0.21

	1997
	0.12
	0.09
	0.05
	4.77
	4.91
	3.51
	16.47
	0.20

	1998
	0.12
	0.10
	0.04
	4.36
	4.43
	3.15
	16.23
	0.20

	1999
	0.11
	0.10
	0.04
	3.96
	3.98
	2.86
	15.65
	0.19

	2000
	0.11
	0.10
	0.04
	3.46
	3.44
	2.48
	14.50
	0.18

	2001
	0.11
	0.10
	0.05
	3.24
	3.19
	2.30
	14.14
	0.18

	2002
	0.10
	0.10
	0.05
	3.03
	2.97
	2.12
	13.72
	0.17

	2003
	0.10
	0.10
	0.05
	2.74
	2.64
	1.96
	13.17
	0.17

	2004
	0.10
	0.09
	0.05
	2.51
	2.39
	1.81
	12.64
	0.16

	2005
	0.09
	0.09
	0.05
	2.18
	2.06
	1.57
	11.37
	0.16

	2006
	0.09
	0.09
	0.04
	1.95
	1.81
	1.46
	10.84
	0.14


	Freight transport
	Inland shipping
	Maritime
	Rail
	Road
	LDVs
	HDVs

	1995
	0.03
	0.03
	0.03
	0.50
	5.95
	0.32

	1996
	0.03
	0.03
	0.03
	0.48
	5.54
	0.31

	1997
	0.03
	0.03
	0.03
	0.45
	5.12
	0.30

	1998
	0.03
	0.03
	0.03
	0.42
	4.68
	0.29

	1999
	0.03
	0.03
	0.03
	0.40
	4.39
	0.27

	2000
	0.03
	0.03
	0.03
	0.38
	3.85
	0.27

	2001
	0.03
	0.03
	0.03
	0.36
	3.56
	0.26

	2002
	0.03
	0.03
	0.03
	0.34
	3.27
	0.25

	2003
	0.03
	0.03
	0.03
	0.33
	3.00
	0.24

	2004
	0.03
	0.03
	0.03
	0.31
	2.75
	0.24

	2005
	0.03
	0.03
	0.03
	0.29
	2.37
	0.23

	2006
	0.03
	0.03
	0.03
	0.28
	2.23
	0.23


Sources:
For road transport: TREMOVE (De Ceuster et al, 2007)


For non-road modes: TRENDS (Giannouli et al, 2006)

Note:
Road data figures refer to 21 EEA member countries (EU15 + Czech Republic, Hungary, Norway, Poland, Slovenia and Switzerland). Data series on non-road modes are based on EU15.
Table 5:
Estimated CO, NOx, PM and VOC emissions per passenger-km and per tonne-km in 21 EΕΑ member countries in 2006
Unit:
grams per passenger-km (for passenger transport) or grams per tonne-km (for freight transport)

	 
	CO
	NOx
	PM
	VOC

	Passenger transport

	Gasoline passenger cars
	2.78
	0.29
	0.001
	0.30

	Diesel passenger cars
	0.09
	0.41
	0.03
	0.02

	Freight transport

	Gasoline LDV
	8.74
	1.26
	0.002
	0.62

	Diesel LDV
	0.64
	1.20
	0.14
	0.13


Source:
TREMOVE (De Ceuster et al, 2007)
Meta data
Technical information

1. Data sources:
Specific NOx, PM, CO and VOC emissions data for road transport, 1995-2006 from
TREMOVE (De 
Ceuster
 et al, 2007)

Specific NOx, PM, CO and VOC emissions data for rail, air, maritime and inland
shipping, 1995-2006 from TRENDS (Giannouli et al, 2006)
2. Description of data: Emission of NOx, PM, CO and VOC per passenger-km or tonne-km. 

3. Geographical coverage: (a) for rail, air, maritime and inland shipping, EU15 (Belgium, Denmark, Germany, Greece, Spain, France, Ireland, Italy, Luxembourg, the Netherlands, Austria, Portugal, Finland, Sweden and the United Kingdom) and (b) for road, EEA21 (EU15 + Czech Republic, Hungary, Norway, Poland, Slovenia and Switzerland).
4. Temporal coverage: 1990-2006
5. Methodology and frequency of data collection: New runs of the TRENDS and the TREMOVE models are performed as soon as new data are available (e.g. data on the composition of the vehicle fleet).
6. Methodology of data manipulation, including making ‘early estimates’: Total tonnes of NOx, PM, CO and VOC divided by total passenger-kilometres or tonne-kilometres for the corresponding mode.

Quality information

7. Strength and weakness (at data level): Complete data series exist for all EU15 countries, Czech Republic, Hungary, Norway, Poland, Slovenia and Switzerland. Data on the other EEA countries are currently not available. The specific emissions are modelled rather than measured, based on estimates of the vehicle fleet composition and on emissions from different vehicle classes.

8. Reliability, accuracy, robustness, uncertainty (at data level): data can be considered fairly reliable

9. Overall scoring (give 1 to 3 points: 1=no major problems, 3=major reservations): 2


Relevancy: 1


Accuracy: 2 (There are some reservations regarding the data on rail and air transport)  


Comparability over time: 1


Comparability over space: 1

Further work required 

More work is needed to further improve the quality of data. TRENDS (Transport and Environment Database System), which was jointly developed by Eurostat and DG Transport, is a system for calculating a range of environmental pressures due to transport. These environmental pressures include air emissions and energy consumption from the four main transport modes, i.e. road, rail, water and air. An important aim is to produce a consistent set of estimates to be used for EU policy purposes including TERM. TRENDS can be used as a tool for monitoring the effects of specific policy measures on emissions and other environmental pressures (EEA, 2000).

The TREMOVE project (De Ceuster et al, 2007), funded by the Directorate General for Environment of the European Commission, is a policy assessment model to study the effects of different transport and environment policies on the emissions of the transport sector. The model estimates the transport demand, the modal shifts, the vehicle stock renewal, the emissions of air pollutants and the welfare level.

To remove the effect of different distances per mode, specific emissions should be based on a standardised theoretical distance rather than the actual one.

An indicator on primary emission intensities would provide a better basis for comparing modes. This would require a life-cycle analysis to take account of energy used and emissions generated by the production of electricity and fuels, and by the production and disposal of vehicles. This would, however, require extensive methodological development and data collection.
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