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Abstract  

The 2019 announced Green Deal of the European Commission aims at reducing 90% of transport-related 

emissions by 2050. A major measure to reach the 90% reduction is to increase the modal share of inland 

waterway transport (IWT), representing an environmentally friendly transport mode. In particular, the 

European automotive industry has potential suitable cargo for IWT, namely fully assembled cars. Thus, 

the goal of this paper is to identify the modal shift potential from road to IWT for fully assembled cars 

of the European automotive industry. For the identification of the modal shift potential, a GIS-Software 

approach was applied using the Network Analyst extension of the ESRI ArcGIS software. In total, 80 

European automotive production plants were identified and analyzed regarding the European inland 

waterways and the European road network. Considering the results of the accomplished spatial analysis, 

26 European automotive production plants bear a modal shift potential and a potential of a reduction of 

CO2 emission up to 60% compared to road transport. 
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1. Introduction & literature review 

Sustainability is a major goal of the European Climate Policy with the aim to limit the effects of global 

warming and the climate change. In December 2019, the ‘Green Deal’ was announced by the European 

Commission, aiming at a 90% reduction of transport-related emissions by 2050. A modal shift towards 

the sustainable transport modes railway or inland waterway (IWT) is a main part of the Green Deal and 

has the potential to reduce the negative side effects caused by road transport including external costs 

from emissions, noise, and congestion. Railway and IWT are the inland transport modes with lower 

emissions and external costs compared to road and air transport. [1–3]. 

The transportation sector had a significant share of about 15.5% of the worldwide CO2 equivalent 

greenhouse gas (GHG) emissions in 2017. Furthermore, road transportation is the leading transportation 

mode, and accounts for 72.9% of the total CO2 emissions generated by the transportation sector [4]. At 

the same time, the European automotive industry has high annual production figures, the fully assembled 

cars being mostly transported by truck and by train. In total 15.8 million passenger cars have been 

produced resulting in a worldwide market share of about 21% of the global passenger car production in 
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2019 [5]. In 2019, around one third of the annual passenger car production (i.e. 5.6 million cars) in 

Europe was exported overseas. The automotive industry is widely spread throughout Europe. The 

assembled cars outgoing from the factories to the customers are mostly transported to the main export 

harbors in the Netherlands, Belgium and Germany or directly to the European retailers [6]. A modal shift 

of these fully assembled cars from road to IWT would limit the negative environmental consequences, 

which are caused by road transport [4]. Moreover, several of the major European automotive production 

plants are located near navigable inland waterways and thus, can be considered for a modal shift using 

roll-on roll-off (RoRo) inland vessels. The use of IWT is a more environmentally friendly option to 

distribute the high numbers of assembled cars across Europe than the transportation by road. A modal 

shift from roads to inland waterways helps to reduce congestions on roads and decrease external costs 

such as congestion costs, emissions costs and noise. Moreover, the transport on IWT offers a high level 

of security for the transported goods against theft or damage. Indeed, the basic requirements of IWT 

such as the access to waterways, the longer transport duration, and the frequency of ships departure must 

fit with the logistics system of the automotive producer [7]. The previous discussion leads us to the 

following research question, which guides this paper: 

RQ: Which production plants of the European automotive industry can be considered for RoRo-transport 

on European Waterways? 

To realize transports by inland navigation using RoRo-vessels, which are competitive with the other 

transport modes in the fully assembled car distribution sector, a holistic view of the logistic chain is 

required. From an ecological point of view, the caused emissions during the distribution process using 

IWT for the transport of fully assembled cars are extremely low (19 CO2e) compared to road (98 CO2e) 

or railway (between 22 and 60 CO2e) transport. Table 1 lists the different amount of CO2 emissions for 

each transport mode. A modal shift towards IWT for fully assembled cars would have significant positive 

environmental impacts in terms of greenhouse gas and other external costs as congestions costs, noise 

or accidents [8]. As shown in Table 1, the difference between the emissions caused by road transport 

and IWT are significant, whereas the CO2 emissions for IWT and electric railway are nearly equal. 

Furthermore, in comparison to other transport modes IWT has the lowest specific energy consumption 

and the lowest external costs [7]. 

Table 1: CO2 emissions of the hinterland transport modes (GLEC) 

Mode of Transport description Fuel  CO2e (g/tkm) WTW1 

Road Rigid Truck (26-32 t)  Diesel 98 

Rail  Train loaded with cars  Electric2 22  

Diesel 60  

Vessel Motor vessels 135 m (2000–3000 t) Diesel 19   

1: considering the complete emissions in the life cycle of the needed fuel                            2: European electricity mix 2016 
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Both the Rhine and the Danube offer free transport capacities in contrast to road and railway networks 

which are well utilized [7]. The transport capacity of a RoRo-inland-vessel is one of the major 

advantages compared to other land transport modes, which cannot compete with the large amount of 

transport capacity. In fact, RoRo-inland-vessels have a capacity of up to 550 passenger cars, which is 

more than twice compared to the capacities of railways and up to 50 times more than the capacities of a 

truck [9]. Even smaller RoRo-vessels have at least a transport capacity of about 230 passenger cars. For 

the realization of a transport with more than 230 passenger cars, at least the inland waterway class V is 

required which can be found along the whole Rhine-Main-Danube waterway[10]. 

The goal of this paper is to identify European automotive production plants, which are relevant due to 

its geographical locations for a modal shift to inland waterway transport using RoRo-transport and thus, 

to identify the modal shift potential from road to IWT for fully assembled cars of the European 

automotive industry. Therefore, a database with geographical information using GIS was developed 

which combines the geographical characteristics and classification of inland waterways with the 

manufacturing plants of the automotive industry in Europe. Moreover, the methodical approach of our 

paper how to evaluate a modal shift potential in general can be applied for further studies. The paper is 

one of the scarce scientific evaluations around a modal shift potential of RoRo-transports in the 

automotive sector and the ecological advantages of RoRo-transports on inland waterways for the 

European automotive industry. 

 

2. Methodology 

The identification of the modal shift potential for fully assembled cars towards IWT requires multiple 

information, i.e., the exact geographical position of the European production plants, the knowledge of 

which European harbors are capable to realize a RoRo-transshipment and where are those located and 

which kind of inland waterway class is at least required to realize an economically successful RoRo-

transport. Geographic Information Systems (GIS), which are used in several fields, e.g., transportation 

management, emergency services, gas station mapping or healthcare planning, are able to combine this 

different information and enable an efficient analysis and data visualization. Therefore, we have chosen 

the GIS software ESRI ArcGIS to answer the above mentioned research question [11]. In addition to the 

use of the software, a desktop research was carried out and expert interviews were conducted considering 

experts mainly of the IWT- and transportation sector. In total, four interviews have been accomplished. 

In the first step, the needed data was collected by a literature review. The resulting database includes 

European production plants for fully assembled cars, the European RoRo-terminals, the European road 

network and the European inland waterways. The information about the location of the infrastructure is 

essential to identify the modal shift potential in a later stage. In the second step, the database was 

prepared for the subsequent spatial analysis carried out by using ESRI ArcGIS. For that purpose, the 

data was geocoded, which resulted in a geodatabase. This geodatabase stores the geocoded data as well 

as the datasets for the European inland waterways and European road networks. Table 2 summarizes the 
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methodical approach to identify the modal shift potential of fully assembled cars towards IWT. 

Table 2: Methodical approach to identify the modal shift potential 

 

2.1 Identification of data, data preparation & geocoding 

Due to the lack of an open-source database or shapefiles for European Waterways and RoRo 

infrastructure which included the needed information, an extensive desktop research was carried out to 

build a database for the further investigations. Besides the literature review, four qualitative expert 

interviews were conducted in order to identify the required data. The RoRo-terminals in Europe have 

been identified, geocoded and converted into a shapefile for further analyzes with ESRI ArcGIS. To 

identify the European automotive production plants three main selection criteria were applied: (1) The 

plants have to be located on the European mainland (2) The plants have to be located within the EU 27 

member countries (3) Plants which produce small annual numbers of fully assembled cars (< 1.000 

units) were excluded. The production plants were geocoded and converted into a shapefile to be 

subsequently able to identify the modal shift potential for IWT. Furthermore, the European inland 

waterway network was visualized and divided according to the European waterway classification [12]. 

To map the European road network as accurately as possible, the continuously updated crowdsourced 

spatial database OpenStreetMap (OSM) was used [13]. 
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2.2 Spatial analysis using GIS 

The identification of the modal shift potential from 

road to IWT requires the use of the ESRI ArcGIS 

Network Analyst extension with the specific Service 

Area-function. This approach allows a more 

accurate determination of the catchment areas for the 

production plants than the circular buffer approach 

[14]. The circular buffer approach is exactly round 

as presented in Figure 1. For this reason, the results 

are less accurate and thus, less realistic. The Service 

Area-function instead makes it possible to create a 

catchment area, e.g., based on the actual road or 

waterway network.  

This paper uses a catchment area of 60 km, which 

was a result of the expert interviews and the 

literature review, to simulate the maximum distance 

between the RoRo-terminal and the production plant, 

since an economic transport requires a short distance 

regarding pre-haulage. Figure 1 shows the defined 

catchment area of 60 km and the calculated service 

area, which corresponds to the actual road network. Due to the correspondence with the road network, 

the shape of the defined service area is not exactly round. Figure 1 presents an example of the catchment 

area for a production plant for both approaches: service area approach (based on real road network) vs. 

circular buffer approach (i.e. circle). The results of both approaches varied: while the service area 

approach with a set catchment area of max 60 km identified one production plant, the buffer approach 

with a set catchment area of 60 km identified two production plants. Thus, this paper follows the more 

accurate service area approach, as recommended by Landex and Hansen, 2006. 

3. Results & Discussion  

At the beginning, a general overview about the current RoRo-market in the automotive sectors is 

presented and discussed. Table 3 summarized the identified automotive manufacturers that already use 

inland waterways for the distribution of its fully assembled vehicles. Table 3 also presents the distance 

between the production plant and the nearest RoRo-terminal for the waterways Rhine and Danube. In 

total, six manufacturing plants were identified based on literature review, desktop research and expert 

interviews. Three of the manufacturing plants produce passenger cars; the other plants produce vans, 

trucks and agricultural machinery. The distance between the production plant and the nearest RoRo-

terminals was mainly directly located at the manufacturing plant or up to 20 kilometers. An outlier is 

the production plant of Dacia in Romania that is 230 km far from the next RoRo-terminal.  

Figure 1: Compression service area & buffer 



Identifying the modal shift potential of fully assembled cars for inland waterway transport  

 

6 

Table 3: Overview of the European RoRo-market 

Brand  Waterway Location of the plant Type of product Distance plant & 

RoRo-terminal  

Ford  Rhine Cologne, Germany  Car - 

Mercedes-Benz Rhine Düsseldorf, Germany  Van <7km 

Mercedes-Benz Rhine  Wörth, Germany Truck - 

John Deere Rhine Mannheim, Germany Agricultural 

Machinery 

<10km 

Suzuki  Danube Esztergom, Hungary Car 20km 

Dacia Danube Pitești, Romania Car 230km 

 

The distance between the automotive production plant and the closest RoRo-terminal is quite different 

(i.e. between 0 km and 230 km). As a result, there is no general maximum distance for the pre-haulage 

to realize an economically successful RoRo-transport. Considering the information of Table 3 as well as 

the literature review and the conducted expert interviews for this study, we set a catchment area of 60 

km considering the service area approach for the pre-haulage between the European automotive 

production plants and the closest RoRo-terminal. The inland waterways and RoRo-terminals are 

described within the next sub-section. 

3.1 Inland waterways & RoRo-terminals 

A map with the European inland waterways with major importance (i.e. waterway class IV or higher) 

was developed. The inland waterways were grouped by using the official European waterway 

classification [12]. The different IWT classifications determine the usable inland vessels and were 

unified at the European Conference of Ministers of Transport in 1992. For example, the classification 

Va enables the use of an inland vessel with a max width of 11.40 m and a max length of 110 m [15]. The 

classified waterways resulted in the map, which is presented in Figure 2 and is essential for the later 

spatial analyses. Then, the 96 identified RoRo-terminals were geocoded. Furthermore, the created 

service areas with the defined catchment area of 60 km were calculated for each RoRo-terminal in 

Europe. The results are presented in Figure 3. 
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Figure 2: IWT with European importance 

The terminals, which are able to realize a RoRo-transshipment, are widely spread along the European 

inland waterways. Most of the RoRo-terminals (i.e., 54) are located along the Danube, the Rhine and in 

particular at the Rhine-Delta. Considering the results of the expert interviews and the current market 

situation (of Table 3), RoRo-transports have to be carried out on inland waterways with class V or higher 

to be economically viable. For this reason, Figure 3 focuses on waterways classes V and higher. The 

Danube and the Rhine consistently fulfil this criterion since the waterway classification is mainly above 

class V at most river stretches. Due to its length, especially the Danube is able to realize RoRo-transports 

continuously on a long distance. This is relevant because RoRo-vessels become more efficient when the 

distance of usage on the inland waterway is longer. 

 

Figure 3: Inland waterways above water class V & RoRo-terminals 
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3.2 Automotive production plants in Europe 

The locations of the European automotive manufacturers are essential to identify the modal shift 

potential for fully assembled cars. Based on the previously defined criteria, namely that the plants have 

to be at the (1) European mainland (2) within the 27 member countries of the EU and (3) have to produce 

more than 1000 fully assembled cars annually, 80 automotive manufacturing plants were identified. 

Figure 4 illustrates the distribution of the automotive production plants in Europe.  

 

Figure 4: European automotive production plants 

The center of the European automotive production is in the middle of Europe but also in countries such 

as Spain and Italy, as well as in Eastern European countries along the Danube. Table 4 provides an 

overview, in which countries most of the European production plants are located. 

Table 4: Distribution of the European Automotive production plants 

Country 
Number of  

production plants 

Germany 23 

France 12 

Spain 10 

Italy 8 

Czech Republic 4 

Slovakia 4 

Poland 4 

 



Identifying the modal shift potential of fully assembled cars for inland waterway transport  

 

9 

3.3 Identifying the modal shift potential for fully assembled cars  

Then, the location of the automotive production plants and the classified waterways with its RoRo-

terminals were merged. We used ArcGIS with its extension ‘Network Analyst’ to run the analysis and 

analyzed whether the identified 80 European production plants are located within the defined service 

areas (i.e., 60 km) of the RoRo-terminals. Figure 5 presents a visualization of the methodological 

approach to identify the modal shift potential.  

 

Figure 5: Spatial analysis 

In total 26 European automotive production plants were detected within the defined service area of 60km. 

Figure 6 presents the results of this spatial analysis and the merge of the identified information (i.e., 

inland waterways, location of RoRo-terminals with their service areas and the location of the automotive 

production plants). As mentioned before, for an economic RoRo-transport waterways of class V or above 

are required. For this reason, the presented map in Figure 6 shows only these waterways. Two of the 

identified automotive production plants already use inland navigation for the distribution of the fully 

assembled cars. One production plant is located at the Danube and one of them at the Rhine river. The 

remaining 24 European automotive production plants do not yet use IWT for distribution and thus are 

potential plants for a modal shift to sustainable IWT distribution of their cars.  

 

Figure 6: Result of the spatial analysis 
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Table 5 shows in which countries and along which IWT the identified 26 automotive production plants 

are located. Most of the identified automotive production plants (i.e., 15 plants, which are 58%) which 

bear a possible modal shift potential, are located along the Danube, the Rhine and at the Rhine-Delta. 

These waterways are particularly suitable for a modal shift due to their excellent infrastructure for RoRo 

transports. 

Table 5: Distribution of production plants within the defined service area 

Country Number of 

production plants 

Waterways Number of 

production plants 

Germany 11 Danube 6 

France 7 Rhine-Delta 5 

Hungary  2 Rhine 4 

Netherlands 2 Seine 3 

Belgian  2 Mosel 3 

Slovakia 2 others 5 

 

Besides the fact that most of the identified RoRo-terminals are located along the Danube and Rhine, 

these waterways have the adequate bridge height to realize a RoRo-transport with up to four loading 

decks. In contrast, the Main and Main-Danube-canal are ‘bottlenecks’ for a RoRo-transport between the 

Danube and Rhine because of the relatively high number of locks (i.e. 50) and the lower height of the 

bridges. As a result, the numbers of loading decks for the RoRo-vessels is limited to two. 

4. Conclusion and further research 

This paper provides an overview of the European automotive production plants that bear a potential to 

use sustainable IWT for transportation of their fully assembled cars due to their geographical 

characteristics. The results show that the transport of fully assembled cars using inland RoRo-vessels is 

an effective way to limit the negative environmental effects of freight transportation and thus, 

contributes to the goal of the Green Deal to reduce CO2 emissions. The advantages of IWT are prevailing 

compared to road and rail: free capacities along the rivers, the high transport capacity of a RoRo-vessel 

with up to 550 passenger cars per ship and the relatively small amount of CO2 and further external costs. 

Indeed, potential users must adapt their logistics systems to fit with the requirements of IWT such as the 

longer travel time or the lower frequency of transports compared to road transport.  

The analysis identified 96 RoRo-terminals, 80 European production plants and the classified European 

inland waterways as well as the European road network. Currently, some automotive companies already 

successfully use IWT for the distribution of fully assembled cars. The realization of a modal shift to 

IWT requires three main criteria. First, to operate a RoRo-vessel cost-efficiently, a high number of 

assembled cars are required annually. Second, the water infrastructure must be powerful, i.e., at least 
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water class V and special RoRo-terminals as well as RoRo-vessels are required. Third, from an economic 

and an ecological point of view, RoRo-vessels become more efficient when the distance of usage on the 

inland waterways is longer.  

The spatial analysis found that around 30% (i.e., 26 plants) of the total 80 identified automotive 

production plants in Europe mainland are capable to use RoRo-transport due to their geographical 

location next to RoRo-terminals and inland waterways. We found that 58% of the identified automotive 

production plants are located along the rivers Rhine, Rhine-Delta, and Danube. These inland waterways 

allow for high-performance RoRo-infrastructure and already scheduled RoRo -services which operate 

on defined routes e.g. on the Danube and the Rhine. Comparing the amount of CO2 emissions of the 

different modes of transport rail, road and IWT has by far the lowest emissions. In fact, a CO2 emission 

reduction from up to 60% can be achieved considering the defined pre-haulage of 60 km compared to 

road transport. 

To balance the trade-off between economic efficiency and the advantage of the more environmentally 

friendly transport mode (IWT) the defined criteria for the spatial analysis are (1) a service area of 60 km 

and (2) considered water classifications of class V and higher. In this approach, we consider both 

economic and ecologic points of view to identify the modal shift potential. These results are important 

managerial implications, which demonstrate that a modal shift to IWT can be economically successful 

in particular along the Danube und Rhine. Our findings help managers of European automotive plants 

to develop economic and sustainable distribution networks for their fully assembled cars using IWT and 

thus, to reduce the company’s carbon footprint and to increase the share of sustainable transportation in 

Europe. A theoretical implication is that a database such as used in our paper is an important tool to 

identify modal shift potentials, not only for IWT, but also for other transport modes. For this reason, it 

would be highly relevant to provide such data online, ideally as Open-Source data. Another contribution 

to theory is the developed methodology since it can be used by other researchers for similar research 

areas to analyze the modal shift potential also for other transport modes. 

The major limitation of our paper is that we were limited to expert interviews and desktop research to 

establish out database and further automotive productive plants might be missing. For further research, 

the transport flows of each manufacturing plant must be evaluated in detail. Therefore, additional 

transport information such as the destination of the fully assembled cars, the amount of passenger cars 

and the currently used transport mode is required. Further research can include trucks and agricultural 

machinery which are due to its size and weight efficiently be transported by IWT. 

 

This research was supported through REWWay which is funded by viadonau and Logistikum.Retail 

which is funded by Land OÖ.   



Identifying the modal shift potential of fully assembled cars for inland waterway transport  

 

12 

References 

1. McKinnon, A., Browne, M., Whiteing, A. and Piecyk, M., (2015). Green Logistics. Improving the 

Environmental Sustainability of Logistics, Kogan Page Publishers. 

2. Otten, M., 't Hoen, M. and den Boer, E., (2017). STREAM Freight transport 2016. Emissions of 

freight transport modes – Version 2. Delft. 

3. (2019). The European Green Deal. COM(2019) 640 final. 

4. Dong, B., Christiansen, M., Fagerholt, K. and Chandra, S., (2020). Design of a sustainable maritime 

multi-modal distribution network – Case study from automotive logistics. Transportation Research 

Part E: Logistics and Transportation Review, 143: p. 102086. 

5. European Automobile Manufacturers Association, (2020). The Automobile industry Pocket Guide 

2020/2021. Brussels. 

6. Dias, J. Q., Calado, J.M.F. and Mendonça, M. C., (2010). The role of European «ro-ro» port 

terminals in the automotive supply chain management. Journal of Transport Geography, 18(1): 

p. 116–124. 

7. Fastenbauer, M., Filz, F., Grath, B., Hartl, S., Hartl, T., Herkel, A., Kneifel, J., Kusebauch, G., 

Maierbrugger, G., Matzner, B., Meinel, U., Nikolic, M., Putz, L.-M., Sattler, M., Schweighofer, J., 

Tögel, R., Trögl, J., Wesp, L., Zwicklhuber, T., Weissenburger, V., Scherfer, A. and Stockhammer, 

V., (2019). Manual on Danube Navigation. Vienna, viadonau. 

8. Greene, S. and Lewis, A., (2019). Global Logistics Emissions Council Framework for Logistics 

Emissions Accounting and Reporting, version 2.0. Amsterdam. 

9. Kalina, T., Jurkovic, M., Binova, H. and Gardlo, B., (2016). Water Transport - The Challenge for the 

Automotive Industry in Slovakia. Scientific Letters of the University of Zilina, 18: p. 26–29. 

10. Sihn, W., Pascher, H., Ott, K., Stein, S., Schumacher, A. and Mascolo, G., (2015). A Green and 

Economic Future of Inland Waterway Shipping. Procedia CIRP, 29: p. 317–322. 

11. Amrapali, D., K. V., K. and Yogesh, G., (2015). Network Analysis for Finding Shortest Path in 

Hospital Information System. International Journal of Advanced Research in Computer Science 

and Software Engineering, 5(7): p. 618–623. 

12. United Nations - Economic Commission for Europe, (2012). Inventory of main standards and 

parameters of the E waterway network. blue book. New York and Geneva, United Nations. 

13. Foody, S., (2017). A Review of OpenStreetMap Data. In: G. Foody, L. See, S. Fritz, P. Mooney, A.-

M. Olteanu-Raimond, C. C. Fonte, V. Antoniou (eds.) Mapping and the Citizen Sensor, Ubiquity 

Press: p. 37–59. 

14. Landex, A. and Hansen, S., (2006). Examining the Potential Travellers in Catchment Areas for 

Public Transport. In 26th Annual ESRI International User Conference, San Diego. 

15. European Court of Auditors, (2015). Inland Waterway Transport in Europe: no significant 

improvements in modal share and navigability conditions since 2001. Luxembourg. 

 


