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Abstract 

This paper presents the assessment of two extreme scenarios for cost cuts in rail freight and for the electrification of road haulage 

for two European freight corridors by 2050. The scenarios Pro Rail for competitive freight railways and Pro Road for greenhouse 

gas neutral road transports aim at quantifying the potential contributions of these two respective directions of transport and 

climate policy to climate protection and sustainability.   

 
Pro Rail drafts a future, in which rail transport costs decline by 66 % through regulatory frameworks, entrepreneurial measures 

and the consequent application of digitalisation and automation. At the same time, road haulage costs increase by 25 % through 

taxes, charges and regulation. In contrast, Pro Road describes a future in which road transport operates carbon neutral through 

overhead wires, batteries and fuel cells.  

 
The market share of the railway triples in the Pro Rail scenario against the reference case in the year 2050. This is partly at the 

expense of trucks, but also at the expense of shipping. Along the Rhine-Alpine-Corridor, 2050, GHG emissions decline from 60 

Mt to 35 Mt CO2-eq in the Pro Rail scenario and to 22 Mt in the Pro Road scenario. Through the combination of both measures, 

a further reduction to 16 Mt would be feasible. As both of these extreme scenarios are unlikely to be realised, climate policy 

needs to exploit the full emission reduction potentials in all modes.  
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1. Introduction 

This paper deals with long-distance freight transport along major European corridors. These long distance 

corridors are one of the most steadily growing sources of greenhouse gas emissions in Europe. It is also the most 

difficult to address by renewable energies and other standard climate mitigation measures in transport. Starting from 

the classical suite of strategies such as “avoid”, “shift” and “improve”, the LowCarb-RFC methodology concentrates 

on the modal shift to rail and on mitigation measures in all freight modes along the two major transport corridors 

through Germany: the Rhine-Alpine (RALP) corridor from the Benelux countries to Northern Italy, and the North 

Sea-Baltic (NSB) corridor from Benelux via Poland to the Baltic States. Besides major European strategies, the 

project considers the implications for transport policy at the intersection of these two corridors in the German 

federal state of North Rhine-Westphalia (NRW). The project focuses on rail as a readily available alternative to 

transport large quantities of goods along busy routes using electric power in a potentially carbon-neutral way. 

In this paper the development of freight demand scenarios along the Rhine-Alpine and the North Sea-Baltic core 

network corridors for the years 2030 and 2050 are developed and assessed.  The scenarios depart from the common 

assumption that the power sector will be 95 % decarbonised by 2050 and that all technological and organisational 

options in the transport sectors are activated in order to either shift goods to rail or to avoid greenhouse gas (GHG) 

emissions in road haulage as much as possible. To this extent, the LowCarb-RFC scenarios reflect extreme cases for 

improving rail’s competitiveness and for decarbonising road transport.  

 

This paper is structured as follows. In section 2 the potential for mode shift to rail is assessed. In section 3 the 

business as usual scenario is developed, while in section 4 the alternative scenarios are given. In section 5 the 

developed method is given. The results are presented in section 6. Finally the conclusions are given in section7.ere 

introduce the paper, and put a nomenclature if necessary, in a box with the same font size as the rest of the paper. 

The paragraphs continue from here and are only separated by headings, subheadings, images and formulae. The 

section headings are arranged by numbers, bold and 10 pt. Here follows further instructions for authors. 

 

2. The potential for a modal shift to rail 

2.1 Drivers of modal shift 

In Doll and Köhler 2018, a review of the main drivers of a modal shift in freight transport along two of the major 

European rail freight corridors: RFC1: Rotterdam-Genoa and the western part of RTC8: Antwerp-Warsaw was 

done. Key publications for the review include the German railway’s strategy “Zukunft Bahn” (Deutsche Bahn 

2015), the EC core network studies on the Rhine-Alpine (EC 2014), North Sea-Baltic (Wojciechowski, 2016) and 

Scandinavian-Mediterranean corridors (Trautmann, 2016), the CERRE policy papers (Crozet et al. 2014), the EC-

funded studies BESTFACT (Permala and Eckhardt 2015) and PLATINA II (Lambrechts and Dasburg-Tromp 2014), 

the CE Delft and TRT study on modal shift drivers (De Boer et al. 2011) and the studies Rail Network 2030 

(Holzhey 2010) and Financing Sustainable Rail Transport (Sutter et al. 2016) conducted for the German Federal 

Environment Agency (UBA). Institutional reports from ERRAC, ITF, the Network of European Railways (NEE), 

CER and other institutions have also been reviewed. A detailed compilation of the studies is available in LowCarb-

RFC Working Paper 5 (Doll and Köhler 2018).  

 

From 19 literature sources, we extracted 66 individual statements on the drivers for and barriers to a modal shift 

to rail. We grouped these statements into eight categories that can be ranked in descending order according to the 

mentioned frequency of the drivers as depicted in Error! Reference source not found.. The statements were also 

assigned to one of three stakeholder groups: (1) research community, (2) railways and rail manufacturing industries 

and (3) policy and civil society organisations.   
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Fig. 1. (a) first picture; (b) second picture 

Source: Fraunhofer ISI 

 

The seven groups of drivers can be divided into primary and secondary drivers. Primary drivers are directly 

visible to customers and include quality, price and delivery times. Secondary drivers, such as technology and market 

structures, determine primary drivers and are internal to the rail production system. They are highly relevant because 

new technologies and organisational structures together with supportive policy packages are indispensable for 

improving the railways’ competitiveness.  

2.2 The competitiveness of transport modes today  

We construct scenarios on the potential competitiveness of transport modes based on the concept of generalised 

costs because quality and prices are the two decisive elements determining whether shippers send consignments by 

road, rail or inland waterway transport (IWT). This concept translates the main quality features of shipping 

alternatives along the entire transport chain, i.e. from door to door, into market prices. These are then added to the 

actual freight rates in order to obtain a single virtual cost value.   

 

For the monetary part of the generalised costs, we assume that changes in the transport operators’ cost burden 

translate directly into freight rates to their customers. This assumption does not comply fully with observations in 

the freight sector over the past decades. While decreases in taxes or infrastructure charges in the railways have not 

translated directly into freight rates, motorway charge increases have mostly been passed along to hauliers’ clients. 

For the 2030 and 2050 scenarios, we ignore such market forces and assume transparent pricing structures. Second, 

for the non-monetary part of generalised costs, we concentrate on delivery and delay times. We do so implicitly 

because the interrelationship between network saturation, travel speeds and delays is complex, for railways in 

particular, and depends on several operational standards and infrastructure configurations.  

 

In this study, we reviewed detailed cost items of road, rail, barge and intermodal transport with generalised, bulk 

and containerised cargo. 2015 cost structures were analysed for the cost categories infrastructure, vehicles, energy, 

labour and administration. This cost structure forms the basis for later forecasts towards 2030 and 2050 in various 

scenarios. We consider five cost categories: infrastructure, rolling stock, energy, staff, and overhead costs. While 

rail is dominated by locomotive- and wagon-related costs, road hauliers’ expenses focus on drivers and fuel. In 

combined transport, transhipment costs add 10 % to the cost structure, which needs to be offset by efficiency gains 

elsewhere in the transport chain to make the service attractive. Parts of these costs are fixed per shipment, others are 
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variable by distance or variable by time. In single wagonload rail transport, the fixed costs make up about 36 % of 

the total costs for a 500 km shipment. For road haulage, no fixed costs were considered for loading and unloading.  

For absolute freight rates, we consulted data from the Flemish freight model (Flemish Traffic Centre 2017).  

 

Together with road haulage costs from the cost information system of the German Federal Association for Road 

Haulage, Logistics and Disposal (BGL, 2017). The data suggest that block trains are completely competitive with 

trucking, while container trains are about equal and single wagonloads cannot compete in terms of costs. The large 

differences in rail costs per ton-kilometre are caused by different load factors, i.e. the number of tons per train. The 

overall load factor in rail transport results from the tons per loaded wagon, the share of empty wagons in the 

network, and the length of trains in wagons per locomotive. The same factors are relevant for truck and barge 

transport with the exception of train length.  

 

The weight of goods per wagon, truck or vessel depends on the current consignment and the type of cargo: there 

are weight-sensitive bulk goods and space-sensitive consumer goods. The share of empty wagons is close to 50 %, 

while the share of empty trailers in road haulage ranges around 20 % in Western Europe. The length of trains is 

restricted to between 650 m and 740 m in Europe. Container and bulk trains are usually this long, while single 

wagonload trains are often much shorter.  

 

3. The business-as-usual scenario 

The BAU scenario adheres to current policy and business plans and retains the transport systems as they are at 

present until the mid-21st century. In the BAU scenario, we do not consider major technological or organisational 

innovations disrupting long-distance freight transport – even though some potentially disruptive trends can already 

be identified: automation, platform-based demand and supply management and the electrification of road transport.  

 

The BAU scenario describes a state in which European and national freight transport policy remain more or less 

the same as they were in 2015. Planned infrastructure projects like the Iron Rhine will be completed and all modes 

retain sufficient capacity to keep their 2015 modal share through small to medium capacity investments. Efficiency 

improvements are more continuous and somewhat faster in rail transport than in road haulage due to moderate 

reform processes in railway undertakings. Rail freight can therefore already improve some of the competitive 

disadvantages experienced in the past in the BAU scenario towards 2050. 

    

The 2030 and 2050 forecasts are based on transport sector statements, an in-depth literature review and 

simulation model applications. The relevant transport and energy forecast models are the European tools PRIMES 

(E3MLab / AUTH, 2014) and ASTRA (Doll et al., 2016). These sources are used to predict the generalised costs of 

rail, road and waterborne transport, as well as their load rates. Load rates (or load factors) in freight transport play a 

decisive role for final transport prices as high load factors help to distribute fixed costs across more ton-kilometres 

and make better use of otherwise unutilised capacity. Load factors ultimately express quality issues, since we can 

assume higher quality results in higher demand for a particular service. 

  

The assumptions in this scenario can be split into general assumptions for 2030 and 2050, which hold true for all 

scenarios, and assumptions, which are specific to the BAU case. The general assumptions can be summarised as 

follows:  

 Demand projections by mode and country are derived from the PRIMES reference scenario (Möst 2017), 

but are adapted to the EC studies for the Rhine-Alpine (Wojciechowski, 2016) and the North Sea-Baltic 

(Trautmann, 2016) corridors. These already show the largest growth for rail (+43 %), followed by road 

haulage (+35 %) and IWT (+28 %).   

 The digital industry concept is assumed to entirely reshape the means of industrial production. New trends 

include real gross value added generated by companies through new product lines, the cooperation between 

employees and robots, the design of supply chains or the relocation of production facilities from low-wage 

countries back to Europe. 



 Author name / Transportation Research Procedia 00 (2018) 000–000  5 

 Energy market policies related to electricity production remain constant for all scenarios. According to the 

European Commission’s Low Carbon Roadmap of 2011, all the economic sectors in the EU are to reduce 

their GHG emissions by around 80 % by 2050 compared to 1990 levels (UIC and IEA 2016). For the 

electricity sector, we use the 95 % mitigation scenarios supported by the German Federal Environment 

Agency (Öko-Institut and Fraunhofer ISI 2015).  

 

The specific scenario assumptions for the BAU case and the resulting cost reduction rates by 2050 relative to 

2015 are briefly described in  

Table 1. Specific assumptions and cost reduction potentials in the BAU scenario 
Cost Category Railways Road haulage 

Load factors Corridor extension to 740m trains; 

European wagon management and cargo 

trading platforms. 

Without longer trucks, only slight improvement 

possible in loaded hauls and use of truckload 

space. 

 +45 % +10 % 

Infrastructure Policy plans: halving rail track access 

charges  

No major change to current pricing practices on 

European motorways 

 -20 % +/-0 % 

Rolling stock Soft removal of regulatory barriers but 

additional administrative hurdles; better 

management of wagon fleet  

Stop trials with longer and heavier vehicles; some 

field tests with electrified motorways; more 

expensive trucks (+20 %), constant maintenance 

costs  

 -25 % +9 % 

Energy costs Full electrification (-10 % primary energy 

demand) and improved energy efficiency 

through driver assistance (-5 %). 

Modest improvement in logistics planning, better 

aerodynamics (-21 %), driver-assistance systems. 

 -12 % -26 % 

Labour costs More or less stable for drivers; decrease for 

local workers due to automation of 

terminals and track works. 

Competition for truck drivers by higher wages and 

stronger enforcement of social legislation (driving 

and rest times, etc.) drives personnel costs up. 

 -20 % +/-0 % 

Administrative costs Productivity increases mainly in 

administrative structures (+25%); some 

extra management costs. 

Advanced use of IT technologies and networking 

(-20%); formation of larger haulage companies 

 -25 % -20 % 

Total generalised costs  Dominant drivers: rolling stock and energy 

costs. 

Dominant drivers: driver and fuel costs 

 -25 % -19 % 

. More details and the reductions for the intermediate year 2030 andfor the three categories of goods - unitised, 

bulk and containerised cargo - are described in Doll and Köhler (2018). 

Table 1. Specific assumptions and cost reduction potentials in the BAU scenario 

Cost Category Railways Road haulage 

Load factors Corridor extension to 740m trains; 

European wagon management and cargo 

trading platforms. 

Without longer trucks, only slight improvement 

possible in loaded hauls and use of truckload 

space. 

 +45 % +10 % 

Infrastructure Policy plans: halving rail track access 

charges  

No major change to current pricing practices on 

European motorways 

 -20 % +/-0 % 
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Rolling stock Soft removal of regulatory barriers but 

additional administrative hurdles; better 

management of wagon fleet  

Stop trials with longer and heavier vehicles; some 

field tests with electrified motorways; more 

expensive trucks (+20 %), constant maintenance 

costs  

 -25 % +9 % 

Energy costs Full electrification (-10 % primary energy 

demand) and improved energy efficiency 

through driver assistance (-5 %). 

Modest improvement in logistics planning, better 

aerodynamics (-21 %), driver-assistance systems. 

 -12 % -26 % 

Labour costs More or less stable for drivers; decrease for 

local workers due to automation of 

terminals and track works. 

Competition for truck drivers by higher wages and 

stronger enforcement of social legislation (driving 

and rest times, etc.) drives personnel costs up. 

 -20 % +/-0 % 

Administrative costs Productivity increases mainly in 

administrative structures (+25%); some 

extra management costs. 

Advanced use of IT technologies and networking 

(-20%); formation of larger haulage companies 

 -25 % -20 % 

Total generalised costs  Dominant drivers: rolling stock and energy 

costs. 

Dominant drivers: driver and fuel costs 

 -25 % -19 % 

Source: Fraunhofer ISI
 

 

 We see considerable cost efficiency gains towards 2050 along the corridors in the BAU scenario already, which 

are bigger for rail (-18 %) than for road (-13 %) or for IWT (-8 %). This assumption is based on current observations 

of the successes in re-structuring the sector. There are still enormous efficiency potentials on the railway market, 

some of which will be tapped by measures that have already been implemented today. These include public 

subsidies, opening markets, digitalisation, asset and labour management or the concentration on core markets.  

In the BAU scenario, road transport will profit due to company mergers and the long-term shift away from fossil 

fuels. While road freight rates are expected to decrease by 17 % towards 2050, its relative cost advantage over rail is 

still 26 %. 

 

4.  Alternative scenarios development 

As long as energy prices remain low for whatever propulsion trucks use, the development of demand is not likely 

to change significantly in the next years and decades. Logistics will continue to introduce new tools to meet the 

demand of the transportation market for high frequency delivery, a sector in which rail cannot play a major role. The 

structure of goods is also expected to continue to develop away from traditional rail formats. If any unexpected 

changes occur, road haulage can respond more quickly to new opportunities than rail can. Safer, quieter and less 

polluting trucks driving in platoons instead of trying to overtake each other at very low speed differences help to 

increase public acceptance of them in the coming years. Improved traffic information, platooning, driver-assistance 

systems, mobile networks as well as connected, remotely-driven and autonomous lorries will drive down the 

operating costs and increase the energy efficiency of road haulage. Thus, without substantial policy intervention to 

improve the rail system and promote the use of rail freight, it is much more likely that the Pro Road vision will 

become reality than the Pro Rail vision. 

 

Table 2 summarises the main assumptions and the average cost evolutions from 2015 to 2050 for rail and road 

transport in the Pro Road scenario. Interestingly, the use of new technologies like digitalisation and automation let 

drop costs in both cases, Pro Road and Pro Rail, against 2015. Main drivers of the stronger drop of road costs are 

more efficient use of road infrastructure due to demand shifts to road, the low costs of electric propulsion and the 

replacement of human drivers by automation.  
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Table 2: Assumptions and cost reduction potentials in the Pro Rail and Road scenarios 

Cost Category Railways Road haulage 

Load factors As BAU: 740m trains; European wagon 

management and cargo trading platforms. 

Longer and heavier trucks, European cargo trading 

platforms, horizontal cooperation & mergers 

 +45 % +15 % 

Infrastructure As BAU: Policy plans: halving rail track 

access charges  

No more environmental charges; more traffic 

sharing fixed infrastructure costs; heavier trucks 

decreasing costs per ton. 

 -25 % -40 % 

Rolling stock As BAU: soft removal / extension of 

regulatory barriers; management of wagon 

fleet  

New digital equipment, aerodynamic elements and 

electric drive trains by 2030; payoff of these costs 

towards 2050. 

 -20 % +5 % 

Energy costs As BAU: Full electrification and improved 

energy efficiency through driver assistance 

(-5 %). 

Growing prices plus multiple effect of efficiency 

gains, regulations, alternative energy sources, 

driver assistance systems and automation.  

 -12 % -26 % 

Labour costs More or less stable for drivers; decrease for 

local workers due to automation of 

terminals and track works. 

Longer vehicles, automation and remote control of 

trucks 

 -20 % -70 % 

Administrative costs Productivity increases mainly in 

administrative structures (+25%); some 

extra management costs. 

Rapid development of digital administration tools 

and lower insurance rates due to safer vehicles 

 -25 % -40 % 

Total generalised costs  Dominant drivers: rolling stock and energy 

costs. 

Main drivers: more efficient infrastructure use, 

energy efficiency and the replacement of human 

lahour.  

 -25 % -35 % 

Source: Fraunhofer ISI 

 

5. Modeling approach 

The modelling approach is divided into 2 part. In the first part the main method is explained, while in the second 

subsection the data needs for the model are given. 

 

5.1 Method 

 

The developed method should allow the assessment of different scenarios in which conventional rail 

improvement and policy packages are considered, including emerging industry and technology trends as well as 

completely new transport solutions. The project develops two scenarios: a Pro Road and a Pro Rail scenario. As both 

scenarios go to extremes with regard to cost cuts and quality improvements, a Modest Road (Mod Road) and 

Modest Rail (Mod Rail) scenario are added.  

 

These different scenarios affect cost elements of either road or rail transport. In addition, the parameters in a 

future scenario include changes in infrastructure (shorter distances when a new railway line is used), different 

speeds and reliability levels. All have an effect on the generalised costs and therefore the choice of transport mode. 

This influences the total ton-kilometres (tkm) and vehicle-kilometres driven in NRW.  The main objectives of this 

paper are to: 
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- Develop a method to assess different scenarios (BAU, Mod Rail, Pro Rail, Mod Road and Pro Road) for the 

years 2030 and 2050. 

- For the different scenarios and both freight corridors, determine the change in modal shift, transport volume 

and capacity needs and the effects on the infrastructure in NRW. 

- Determine the total greenhouse gas emissions per year for each scenario.   

 

The method used in this working paper is designed to assess the impacts of different future scenarios on the 

modal choice and GHG emissions for two main freight corridors through NRW. 

  

The two corridors (RALP and NSB) in this project are mapped in Figure 2. The zones north or west of NRW in 

the corridors are shown in blue. In both corridors they represent the Benelux area. The zones south or east of NRW 

are highlighted in grey, while NRW zones are marked in red. 

 

For each corridor, we distinguish seven different cargo flows (the directions in brackets concern the NSB 

corridor): 

- Transit from North (West) to South (East) (from blue to grey) 

- Transit from South (East) to North (West) (from grey to blue) 

- From NRW to South (East) (from red to grey) 

- From NRW to North (West)  (from red to blue) 

- From South (East) to NRW (from grey to red) 

- From North (West) to NRW (from grey to blue) 

- Internal NRW flows 

 

The main indicators determined for each of these different cargo flows are: 

- Ton-kilometres (tkm)  (road, rail, IWT) 

- Twenty-foot equivalent unit-km (TEU-km) (road, rail, IWT) 

- (Loaded) vehicle kilometres (road, rail, IWT) 

- Modal split (TEU or ton) 

 

In order to calculate the modal split*, we determine the generalised costs for each mode of transport. The main 

purpose of having four different cargo flows is that each of these cargo flows features different cost structures. IWT 

cargo flows for dry and liquid bulk are usually unimodal (without pre and post haulage), while there is much more 

inter- or multimodal transport† for containers and general cargo. This can be seen in Table 33. 

 

 

 
* The share of a certain transport mode on a transport link (origin destination pair)  
† Intermodal transport refers to container transport, while multi-modal transport is usually associated with general cargo. 
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Figure 2: Considered corridors (RALP left, NSB right) 

Table 3: Different forms of transport for the considered commodity types. 

  Unimodal Inter-/multi-modal 

  Road Rail IWT Rail IWT 

Containers X 

  

X X 

Dry bulk X X X 

  Liquid bulk X X X 

  General cargo X 

  

X X 

 

With respect to intermodal and multi-modal transport, we distinguish two alternatives:   

- Maritime flows (a seaport as origin or destination) 

- Continental flows  

 

For the maritime flows, the origin (or destination) of the cargo flow is a seaport. This means that there is only 

post- (or pre-) haulage and a handling cost. 

  

In order to determine the modal split for each mode of transport (or transport option), the generalised transport 

costs are calculated. Besides the cost functions, the distances are also needed as an input to: 

- Calculate the generalised costs 

- Calculate the ton-kilometres and vehicle-kilometres involved.  

 

The cost functions for road, rail and IWT are taken from van Hassel et al. (2016) and adapted to incorporate cost 

changes due to possible future developments. These cost functions are described in detail in the full working paper 

(Van Hassel et al, 2018). 

5.2 Data 

As stated above, the model needs different types of data: cargo data, distance data and  cost data of the different 

transport options. With respect to the cargo flow data, we distinguish different main cargo groups: 

- Containers (unitised)  

- Bulk cargo  
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o Dry bulk 

o Liquid bulk  

- General cargo 

 

The data are taken from the ASTRA model. Different sources are used for distance data. We calculate road 

distances using Google maps.  Distances are calculated from the centres of the NUTS-2 regions. The road distance 

data are determined for the following cases: 

- Both OD matrices (30x30 and 40x40) 

- From each rail terminal to the centre of a NUTS-2 region (needed for the pre- and/or post-haulage 

calculation) 

- Road distance for each OD pair on NRW territory.  

 

For rail transport, distances are determined between different rail terminals (containers and bulk) for the 

following cases: 

- Both OD matrices (30x30 and 40X40) 

- Rail distance for each OD pair on NRW territory. 

 

We use OpenStreetMap data for the rail distances (OpenStreetMap, 2015). 

 

For IWT transport, distances are determined between different IWT terminals (containers and bulk, using Blue 

Road Map‡ (2017) for the following cases: 

- Botch OD matrices where IWT transport is possible (22x22 and 31X31) 

- IWT distance for each OD pair on NRW territory. 

 

Different sources are used for the cost data. These data are collected for road, rail and inland waterway transport 

and taken from other research projects and data collected in the LowCarb project working group. See van Hassel et 

al (2018) for a full overview of the data used. 

 

6. Results 

The results of the scenario analysis are given in two parts. In the first one the impact of the different scenarios are 

given based on the internal cost, while in the second section the cost are given for the external cost.  

  

6.1 Internal cost  

The developed model is calibrated with transport flows generated by the ASTRA-EC System Dynamics model. It 

is then possible to calculate the modal split and the TEU kilometres, ton-kilometres and vehicle-kilometres in North 

Rhine-Westphalia by applying the calculated spreading factor (μ). It is also possible to change the input parameters 

related to the cost structure and determine the impact of these changes on the parameters mentioned above. We can 

further consider the effect of changing freight flows (forecasts for 2020 and 2030). The changes to the input 

parameters are taken from the different scenarios: 

- Pro Rail scenario  

- Pro Road scenario  

 

Comparing the BAU scenario to the Pro Rail and Pro Road scenarios reveals the following differences: 

- There are significant differences in terms of modal split. These differences depend on the inputs from the 

various scenarios. A Pro Rail scenario leads to a high market share of rail transport, mostly at the expense 

 

 
‡
 http://www.blueroadmap.nl/ 
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of IWT and road transport to a smaller extent. The Pro Road scenario has the opposite effect as it increases 

road market shares on the expense of IWT and rail to a smaller degree.   

- In the bulk good segment, rail market growth in the Pro Rail scenario is fed equally by road and IWT 

transport. Nevertheless, the strongest impact of the Pro Rail scenario is on the modal share of IWT.    

- Road transport retains a high market share in absolute terms, especially in NRW. This is mainly due to the 

short distances involved for the majority of transport volumes (within NRW) so that road transport is very 

dominant.  

- In both scenarios, there is a very large increase in the TEU-kilometres, ton-kilometres and vehicle-

kilometres for NRW and for each corridor as a whole. This is due to the increase in demand for freight 

transport (1.7 % growth). The number of vehicle-kilometres is smallest in the Pro Rail scenario, but the 

capacity of the railway infrastructure needs to be taken into account as well. This scenario is only possible 

if the rail infrastructure can accommodate such a strong increase in train vehicle-kilometres.  

- With respect to CO2 emissions, the absolute volume increases in all the scenarios. The smallest increases 

are observed for the Pro Rail scenario for both freight corridors (+ 35 % in 2015 for the RALP corridor and 

+ 53 % for the NSB corridor).  

 

  

Figure 3: Transport volumes on the corridors 2015 to 2050 

Over the course of the LowCarb-RFC project, the results are interpreted as follows:  

- The modal shift identified by the transport model constitutes a theoretical maximum of market reactions. In 

reality, we observe that modal shares are rigid and change only slowly over time. Limited network capacity 

and the inoperability of certain cargo types on rail are the most constraining factors. The model does not 

consider capacity constraints. However, the full-scale scenarios Pro Rail and Pro Road and their more 

moderate variants represent options for preparing the transport systems. Feeding back these results into the 

scenario assessments makes it possible to define respective investment strategies for these cases.  

- Scenarios need time to unfold. Because investments were not considered in the model, the respective long 

planning and construction periods were also omitted. This implies that, even if we provide sufficient 

infrastructure, realising the theoretical shift potentials could lag behind our figures by 20 years or more.  

- Cost reduction scenarios need to be supported by policy and entrepreneurial strategies. The assumed cost 

reductions can only be realised if they are partly covered by the public sector and if the railways develop 

sufficient and partly radical innovations. Change management and institutional reforms are thus integral 

elements of the Pro Rail scenario, in particular. These issues are covered in detail by other reports of the 

LowCarb-RFC project.  

- Concepts for inland waterway transport are crucial. The assessment of fixed rate GHG emission scenarios 

clearly shows that, even though unrealistically high market shares of the railways are computed, the 

reduction in GHG emissions due to modal shifts alone remains rather modest. Besides the fact that the 



12 Author name / Transportation Research Procedia 00 (2018) 000–000 

fixed rate GHG emission concept deliberately excludes decarbonisation strategies of the railways and the 

power sector, the demand shift from IWT to rail is mainly responsible for this result. A low-carbon strategy 

that aims at curbing transport sector emissions needs to maintain a balance between all the climate-friendly 

modes.   

- Real GHG mitigation potentials of modal shift scenarios need to consider other crucial factors. These 

include the decarbonisation of the power sector, the electrification of today’s diesel-powered trains or the 

use of low-carbon combustion fuels, efficiency gains and developments in road and IWT transport. These 

issues will be assessed in a separate scenario evaluation process in the LowCarb-RFC study.  

 

6.2 External cost 

External costs are primarily determined by the expected strong increase in transport volumes. Total costs increase 

in the BAU scenario by more than half. In contrast, the Pro Road scenario manages to reduce external costs in 2050 

by 42 % (RALP) and by 34 % (NSB) compared to 2015. This is a remarkable result, because not only road volumes 

increase during this period, but the costs for CO2 emissions as well. This reduction is achieved through extensive 

decarbonisation of road freight. The Pro Rail scenario shows a smaller reduction in road freight emissions, resulting 

in external costs in 2050 that are similar to the 2015 level. Local air pollution becomes increasingly important.  

 

 

Figure 4: External costs by effects 

Climate change costs represent the largest share of external costs, followed by air pollution. Noise and accidents 

do not play an important role here, since noise affects only limited numbers of residents near motorways, the 

accident rates on motorways are relatively low and additional technical improvements, in particular automated and 

autonomous driving, will reduce the number of casualties on motorways even further by 2050. 

 

Comparing the costs in the 2050 scenarios, Figure 4 reveals that all the scenarios reduce the external costs 

compared to BAU. However, the cost reductions are highest in the Pro Road scenario with a decrease of around 

60 %, followed by Pro Rail with 40 % in the RALP corridor and 27 % for the NSB corridor. The lower results in the 

NSB corridor are due to the larger share of non-electric trucks here. Both moderate scenarios produce only modest 

improvements between 9 % and 20 %. External cost reductions in the Pro Road scenario amount to 1.1 billion euros 

per year on the RALP corridor and to 2.1 billion euros per year in the NSB corridor.  
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7. Conclusions 

We can summarise the conclusions from this work as follows:  

- Rapid decarbonisation of road transport through electrification is indispensable to achieve the climate 

targets in transport.  

- Strong railways are needed to achieve even deeper cuts in GHG emissions and compensate those segments 

of road haulage that cannot be electrified. The sector needs to standardise and simplify technologies and 

operations.  

- Inland waterway and coastal shipping need to play an integral role in decarbonisation strategies as they still 

have available capacities and a small carbon footprint.  

- Sustainability considerations will probably focus on greenhouse gas emissions as their economic costs 

increase and because other externalities can and will be mitigated technically.  

- If all measures were implemented, we can achieve up to 70 % reduction in GHG emissions of freight 

transport along major European corridors. Combining road and rail measures achieves the highest 

mitigation results.  

- The annual investment costs required are huge, ranging between 10 billion euros per year for decarbonising 

road transport to 100 billion euros for a massive modal shift to rail.  

- CO2 mitigation costs then range from 2500 euros per ton for decarbonising road to 20000 euros per ton for 

massive shifts to rail. The costs of decarbonising the energy sector are excluded here.  

 

These results clearly indicate what a huge undertaking it is to decarbonise the European long-distance freight 

sector. Cheaper and quicker options are badly needed, funding issues must be solved and decision pathways need to 

be drastically accelerated to achieve our 2030 and 2050 targets.  
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