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Abstract: Environmental impacts of the road vehicles manufacturing and usage have been widely studied but 
very limited considerations have been made about the new vehicles distribution from the assembly plants to 
the final users. In this paper a methodology is proposed in order to evaluate the external costs of new 
passenger cars distribution and to estimate the achievable reduction that could be obtained by adopting 
different transportation modes. Starting from the location of the assembly plants and the models of passenger 
cars produced in 2013 in Europe, the external costs associated to the flows from the assembly plants to the 
selected European countries are evaluated. Potential environmental savings are estimated and discussed. 
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1. Introduction 
Road vehicles manufacture and usage environmental 
impacts have been widely studied. However, the 
environmental aspects related to the outbound logistics 
of new vehicles have not been widely debated in the 
scientific literature (Nieuwenhuis et al., 2012). In this 
paper only new passenger cars (PCs) outbound logistics 
has been considered. In 2013, 65.433.287 passenger cars 
(+3,7% respect to 2012) have been assembled worldwide 
and 62.786.169 (+3,8 respect to 2012) registered (or 
sold). Figure 1 shows the percentage share of the 
passenger cars production and registrations (or sales) in 
2013 worldwide (OICA, 2014a and OICA, 2013b).  

 

Figure 1: New passenger cars statistics in 2013 [own table 
based on (OICA, 2014a) and (OICA, 2014b) data]    

Once assembled, passenger cars wait on factory 
compounds to be loaded in trains, trucks, barges or 
vessels to reach the market compounds or the 
distribution centres (Holweg and Miemczyk, 2002). They 
are then transported by trucks to the final customers, 
generally car dealers and in some cases car rental 
companies and other public or private companies 
(Kchaou, 2013). Vehicles can also be delivered directly 
from plants to final users by trucks, if the demand area is 
relatively close to the plant. According to the Association 

of European Vehicle Logistics (ECG, 2010) the 4% of 
the sale price of a vehicle can be attributed to its physical 
distribution. However it is not clear the impact of the 
external costs generated by the new passenger cars 
distribution in terms of percentage of the total vehicle 
cost and optimal transport means selection. This article 
aims at estimating: (i) the total external costs due to the 
distribution of new passenger cars supposing different 
transport mode options; (ii) the potential external costs 
savings for four selected routes. This paper has the 
following structure: section 2 provides an overview about 
the different transport modalities for the automotive 
outbound logistics and the related external costs; in 
section 3 the methodology steps for data collection and 
elaboration are provided; in section 4 two numerical 
examples are discussed; finally the conclusions in the 
section 5.  

2. Modalities in new passenger cars distribution and 
related external costs 
Five different transport modalities, each one 
characterized by different external costs, can be used for 
the new passenger cars outbound logistics.  
 

2.1 Road Transport  
European heavy trucks trailers carry between 8 and 11 
cars (ECG, 2010) and are characterized by a non-
standardized length between 18,75 [m] and 25.25 [m] 
(Baldissera, 2013). This transport mode is used for local 
distribution, medium distance continental traffic and, in 
exceptional cases, long distance continental traffic. 
Advantages: door-to-door deliveries, low level of 
handling, competitive prices due to the strong 
competition among operators. Disadvantages: low 
capacity, infrastructure saturation, high pollution, high 
accident rate on road, inefficient for long distances.   
 

2.2 Rail Transport  
The most common vehicle transport wagons used in 
Europe are characterized by two loading flats (Burg, 
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2007) and are able to carry between 16 and 20 middle-
class cars (ECG, 2010). Typical European trains pull 
between 40 and 50 wagons (Nieuwenhuis et al., 2012). 
This transport modality is used for medium and long 
distance continental traffic. Advantages: suitable for large 
volumes, relatively economic, monetary incentives related 
to the Marco Polo EU Programme. Disadvantages: not 
door-to-door deliveries, more handling and related higher 
probability of damage, low flexibility in terms of cars 
transportable, lack of wagons, limits in the available 
infrastructure. 
 

2.3 Inland Waterway Transport  
Inland vessels carry up to 600 cars (ECG, 2010). This 
transport mode is used for medium and long distance 
continental trafic. Advantages: suitable for large volumes, 
relatively economic, monetary incentives related to the 
Marco Polo EU Programme. Disadvantages: not door-
to-door deliveries, need to combine with other transport 
modes for pre- and post-haulage.  
 

2.4 Sea Transport 
Sea transport modality is used for long distance 
continental traffic (Short Sea Shipping, SSS) and 
intercontinental traffic (Deep Sea Shipping). Specialized 
sea ships can transport up to 5000 passenger cars. 
Advantages: suitable for large volumes, relatively 
economic. Disadvantages: not door-to-door deliveries, 
need to combine with other transport modes for pre- and 
post-haulage. 
 

2.5 Airplane Transport 
Airplane transport is an high price transport modality 
characterized by low capacity and high pollution but it is 
used for the ability to respect stringent lead time for 
luxury vehicles. 
 

2.6 Transport modality choice 
The optimization of the outbound automotive logistics 
supply chain implies the opportunity to use a single 
transport mode or a combination of two or more modes 
The optimal choice mostly depend on “cost x distance” 
considerations and, sometimes, by the value of the 
transported cars (Figure 2). 
 

 
Figure 2: “Cost x distance” optimization map [source: 

ECG, 2010] 

In 2007 the 19,3% of the total vehicles processed by the 
ECG Members (representing about the 80% of the new 
vehicles processed by the European finished vehicles 

logistics industry) has been characterized by pure trucks 
transport (ECG, 2008). 
 

2.7 External Costs 
The external costs coefficients has been extracted from 
the Marco Polo Calculator 2013. The European Union’s 
Marco Polo Programme aims to shift or avoid freight 
transportation off the road to other more environmental 
friendly transport modes. The Calculator provides 
external costs related to the environmental impacts (air 
quality, noise, climate change) and socio-economic 
impacts due to road, rail, inland waterway and short sea 
shipping transport modes (Brons and Christidis, 2013) 
 

Table 1: External costs coefficients [own table based on 
(Brons and Christidis, 2013) data] 

 

3. Methodology 
Figure 3 schematically illustrates the methodology 
adopted to collect and manage the needed data allowing 
to carry out the two case studies proposed in Paragraph 
4. 

 
Figure 3: Methodology steps 

3.1 Identification of automotive assembly plants in 
Europe 
The first step has been the passenger cars definition. 
Eurostat and OICA (Organisation Internationale des 
Constructeurs d'Automobiles) provide two equivalent 
definitions leading to the same conclusion: a passenger 
car is a motor vehicle with at least four wheels used for 
the transport of maximum nine passengers including the 
driver. More than 100 passenger cars assembly plants 
have been identified in the Europe excluding Russia 
(ACEA, 2014) 
 

3.2 Identification of new passenger car models 
assembled in each plant 
Known the assembly plants location it has been 
performed a web-research step on the Original 
Equipment Manufacturers (OEM) official websites to 
discover the car models assembled in each plant.  
 

Externality 

[€/t·km]
Road 

(motorways)
Rail Diesel Rail Electric

IWT (Freight 

Capacity: 401-

650 [t]; Fuel: 

LNG)

SSS (speed: 

< 17 [kn]; 

Fuel: LNG)

air pollution 0,00858 0,01025 0,001 0,0018 0,00156

climate change 0,00392 0,0019 0,00146 0,0012 0,00294

noise 0,00193 0,00188 0,00149 x x

accidents 0,00064 0,00054 0,00033 x x

congestion 0,00343 0,0002 0,0002 x x

Total 0,0185 0,01477 0,00448 0,003 0,0045
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3.3 New passenger cars registrations statistics in 
2013 
The definition of the new passenger cars flows in 2013 
from the selected assembly plants to the selected 
countries required the collection of new passenger cars 
registration statistics split by brand and model. These 
data have been mainly collected contacting privately 
national statistics associations. 
 

3.4 Quantification of the new passenger cars flows 
from the assembly plants to the selected countries 
The passenger cars distribution flows have been 
calculated by crossing the data collected in the previous 
three steps. A model assembled only in one plant (for 
example the Dacia Logan assembled only in the 
Romanian plant of Pitesti) provided quite certain 
information about the related distribution flows origin. In 
some cases a car model has been assembled in more than 
one plant in 2013: for example Audi A4 has been 
assembled in the German plants of Ingolstadt and 
Neckarsulm. It has been assumed that in each European 
country the 50% of the Audi A4 flow originated from 
Ingolstadt  and 50% from Neckarsulm. In other cases it 
has been made more accurate hypothesis if available the 
total number of the cars assembled in the plants split by 
model. For example Opel Astra, in 2013, has been 
assembled in Gliwice (Poland), Rüsselsheim (Germany) 
and Bochum (Germany) plants, respectively 100.886, 

58.547 and 16.339 cars. The flows in this case have not 
been split according to the 33% rule but in proportion to 
the cars assembled in these three plants. 
 

4. External costs estimation 
A general external costs estimation (paragraph 4.1) and a 
more detailed analysis for four selected transport routes 
(paragraph 4.2) have been performed. 
 

4.1 General external costs estimation 
The aim of this analysis is to estimate the total external 
costs due to the passenger cars outbound logistics for the 
77 assembly plants located in the map in Figure 4 
considering the distribution flows related to 19 countries. 
It has not been considered countries needing Short Sea 
Shipping transport and countries for which no cars 
registration statistics have been collected. The 19 
countries has been schematized choosing a central point 
in which to concentrate all the related incoming flows 
(green circles in Figure 4). In 2013, 9.171.184 new 
passenger cars have been registered (or sold) in the 
selected countries and, according our calculations,  more 
than 80% of these cars has been assembled in the 
selected assembly plants.  

 

 

 
Figure 4: Selected assembly plants and countries [own figure using Google Maps Engine Pro]  

 

The calculations have been performed considering the 
following steps:  
1) Origin-destination matrix obtained calculating the 
flows from the assembly plants to the selected countries; 
2) Origin-destination matrix obtained calculating the road 
distances among plants and countries by the help of a 
Visual Basic Macro extracting the needed distances from 
Google Maps; 
3) Origin-destination matrix combining the two previous 
matrix quantifying the cars-kilometers for all the possible 

routes (77 (plants) * 19 (selected countries) = 1463 
routes) 
The sum of all the cars-kilometers is equal to 
6.682.602.257 [cars*km] that multiplied by an average car 
weight of 1231 [kg] (TU Delft, 2010) gives 8.226.283.378 
[t*km]. Table 2 shows ten different scenarios calculated 
considering the total external costs related to the total 
tonnes-kilometers split by three different transport 
modes. It has been assumed that road distances do not 
differ from rail and river distances. The external costs 
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coefficients are shown in Table 1: for the rail transport 
only electric trains has been considered whereas for the 
inland waterways transport Liquefied Natural Gas (LNG) 
has been considered as fuel. 

Table 2: Different scenarios and related external costs 

 

In terms of external costs savings the present analysis 
quantified foreseeable results such as to limit the road 
transport and to take advantage of the river transport, 
where possible, and of the rail transport. However, the 
transport of new passenger cars by inland waterway 
transport is a rarely exploited option although it is 
considered as an opportunity to raise the modal share of 
this transport mode (CE Delft et al., 2011). In effect, 
although the European Union has one of the longest 
networks of inland waterways in the world characterized 
by more than 40.000 [km] (EC, 2013), 29.172 [km] of 
which have been earmarked by Governments as 
waterways of international importance (UN, 2012), 
inland waterway transport accounts in the EU27 only for 

3,7% of freight transport based on tonne‐kilometres (EC, 
2013).  

4.2 External cost estimation for four selected routes 
This example analyzes in more detail the passenger cars 
flows from four selected assembly plants to Germany, 
Netherlands and Belgium in order to analyze the 
potential external costs savings due to the inland 
waterway transport. It has been assumed to unload all the 
passenger cars directed to Netherlands and Belgium in 
the Port of Rotterdam and to unload in the Port of 
Mainz the 40% of the total flow directed to Germany 
(Figure 5). The last assumption has been made 
considering the not logical option to unload all the cars 
directed to the Germany in the same port given the 
extension of this country. Table 3 shows the passenger 
cars flows for the selected routes and the related total 
weight transported in 2013 (according our calculations). 
Two direct transport options (all-road and all-rail-electric) 
and two multimodal transport options (inland waterway 
transport as main-haulage combined before with road 
and then with rail transport as pre-haulage) have been 
considered. To facilitate the comparisons, for each route 
the transport from the assembly plant to the selected 
unloading port has been considered neglecting the post-
haulage. The multimodal transport needed a pre-haulage 
from each assembly plant to the nearest inland port. The 
road and rail distance has been assumed to be equal and 
calculated with the already mentioned Visual Basic Macro 
instead Ecotransit calculation tool provided the river 
distances. Table 4 and Table 5 summarize the results 
obtained 
 

 

 
Figure 5: Assembly plants and ports localization [own figure using Google Maps Engine Pro]  

 

Road 

Transport 

Factor

Rail Electric 

Transport Factor

Inland 

Waterway 

Transport 

Factor

Total External 

Costs [€]

Scenario 1 0,40 0,60 0,00 82.986.747

Scenario 2 0,40 0,50 0,10 81.769.257

Scenario 3 0,40 0,40 0,20 80.551.767

Scenario 4 0,30 0,50 0,20 69.018.518

Scenario 5 0,30 0,40 0,30 67.801.028

Scenario 6 0,20 0,60 0,20 57.485.268

Scenario 7 0,20 0,50 0,30 56.267.778

Scenario 8 0,10 0,70 0,20 45.952.019

Scenario 9 0,10 0,60 0,30 44.734.529

Scenario 10 0,05 0,65 0,30 38.967.904
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Table 3: Number of passenger cars transported in 2013 and related weight [own table]  

 

Table 4: Transport chain data [own table]  

 

Table 5: External costs estimation [own table] 

 

 

Despite the river distance always more than 20% longer 
respect to the direct road distance for all the selected 
routes, the multimodal transport is the best solutions in 
terms of total external costs. For all the eight routes 
considered the multimodal combination of rail electric 
and inland waterway transport is always the best solution. 
The direct road transport is clearly always the worst 
solution. For the first four routes (R1, R2, R3 and R4), 
characterized by a relatively long pre-haulage, the direct 
rail electric transport is the second best solution followed 
by the combination of road and inland waterway 
transport. For the last four routes (R5, R6, R7 and R8), 
characterized by a short pre-haulage, the multimodal 
transport combination of road electric and inland 

waterway transport is the second best solution followed 
by the direct rail electric transport mode.   

Conclusion 
The aim of this paper was to quantify the external costs 
generated by new passenger cars distribution in Europe 
studying the potential savings. After a general external 
costs estimation  a more detailed analysis for four 
selected transport routes have been performed. To do 
this a long and deepened data collection has been 
performed: the passenger cars assembly plants location, 
the car models assembled in each plant and the car 
registration statistics in 2013 for the selected countries 
allowed to perform our goal. Results obtained reveal, as 
expected, that, neglecting the sea transport, the inland 

Country OEM City Model
Average 

weight [t]
Belgium Netherlands Germany Belgium Netherlands Germany

Romania RENAULT SA Colibasi (Pitesti) Dacia Logan 1,111 1490 65 5055 1656 72 5617

Romania RENAULT SA Colibasi (Pitesti) Dacia Sandero 1,036 6274 1659 17401 6498 1718 18023

Romania RENAULT SA Colibasi (Pitesti) Dacia Duster 1,279 4180 151 12807 5347 193 16382

Romania FORD OF EUROPE Craiova Ford B-Max 1,295 2911 3112 16273 3770 4030 21074

Hungary SUZUKI Esztergom Swift 1,055 1849 2643 8644 1951 2788 9119

Hungary SUZUKI Esztergom SX4 1,295 784 950 6953 1015 1230 9004

Hungary SUZUKI Esztergom Splash 1,048 748 1338 2952 784 1403 3095

Hungary SUZUKI Esztergom Fiat Sedici 1,263 49 78 774 62 98 977

Hungary SUZUKI Esztergom Opel Agila 1,050 426 1569 1630 447 1647 1712

Slovakia VOLKSWAGEN AG Bratislava VW UP! 0,859 2095 16187 42867 1799 13899 36808

Slovakia VOLKSWAGEN AG Bratislava Skoda Citigo 0,860 685 3026 13852 589 2601 11907

Slovakia VOLKSWAGEN AG Bratislava Seat Mii 0,858 379 3640 11340 325 3121 9724

Slovakia VOLKSWAGEN AG Bratislava VW Touareg 2,149 181 97 9000 389 208 19343

Slovakia VOLKSWAGEN AG Bratislava Audi Q7 2,272 224 89 3329 509 202 7562

Number of cars [unit] Total Weight [t]

Route 

Number
Country OEM City

Loading Port 

Country

Loading 

Port City

Pre-

Haulage 

[km]

Unloading 

Port 

Country

Unloading 

Port City

River 

Distance 

between 

Ports [km]

Road 

Distance 

Plant-

Unloading 

Port [km]

Total weight 

of PCs 

transported 

[t]

R1 Romania RENAULT SA Colibasi (Pitesti) Romania Calafat 223 Germany Mainz 2056 1709 16009

R2 Romania RENAULT SA Colibasi (Pitesti) Romania Calafat 223 Netherlands Rotterdam 2541 2114 15484

R3 Romania FORD OF EUROPE Craiova Romania Calafat 91 Germany Mainz 2056 1633 8429

R4 Romania FORD OF EUROPE Craiova Romania Calafat 91 Netherlands Rotterdam 2541 2037 7800

R5 Hungary SUZUKI Esztergom Slovakia Sturovo 8 Germany Mainz 1205 988 9563

R6 Hungary SUZUKI Esztergom Slovakia Sturovo 8 Netherlands Rotterdam 1690 1392 11427

R7 Slovakia VOLKSWAGEN AG Bratislava Slovakia Bratislava 22 Germany Mainz 1083 862 34138

R8 Slovakia VOLKSWAGEN AG Bratislava Slovakia Bratislava 22 Netherlands Rotterdam 1568 1229 23643

Direct Transport Direct Transport

Route 

Number
Road Transport 

Rail Electric 

Transport

Pre-Haulage: 

Road 

Transport 

Pre-Haulage: 

Rail Transport 

Main Haulage: 

Inland 

Waterway 

Transport

Multimodal 

Transport 

(Road+IWT)

Multimodal 

Transport 

(Rail+IWT)

R1 506.234 122.591 65.963 15.974 98.743 164.706 114.717

R2 605.463 146.620 63.802 15.451 118.038 181.841 133.489

R3 254.642 61.665 14.179 3.434 51.993 66.171 55.426

R4 293.958 71.186 13.120 3.177 59.458 72.577 62.635

R5 174.825 42.336 1.342 325 34.569 35.911 34.894

R6 294.358 71.282 1.603 388 57.932 59.536 58.321

R7 544.514 131.861 13.769 3.334 110.914 124.683 114.249

R8 537.726 130.217 9.536 2.309 111.216 120.752 113.526

Multimodal Transport

Total External Costs [€]
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waterway transport is the best main haulage option 
followed by rail and road transport. However new 
passenger cars distribution is presently a market not 
widely exploited by inland waterways transport. Further 
research steps are numerous. First at all it will be useful 
to deepen the analysis of the present outbound logistics 
routes and to consider the impact, for each transport 
mode, of the external costs on the total transport cost. 
Furthermore interesting could be to understand if the 
external costs due to the new passenger cars distribution 
influence the optimal location of the distribution centres 
and dealers. 
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