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1 Background  
For the past few decades the railway has been losing market shares in freight 
transportation, despite a rapid and general increase in freight volume. This applies to 
Sweden as well as to the rest of Europe. Of this increase in volume, the greater part has 
gone to road transport. The reason for this is that our railways have neither been 
sufficiently customer-oriented and adapted to their markets, nor have they developed 
themselves enough technically. However, the United States, for instance, do present an 
obvious example of an adaptable and developed railway network, technically as well as 
concerning management. 

If any changes to this general setback are to be achieved at all, measures affecting both 
transport policy, organisation, and technology must be taken. Just for comparison, let us 
have a brief look at today´s railway situation in Sweden, Europe and the US: In 1995 
Sweden had 32 per cent of its domestic freight going on rails, the largest share in 
Western Europe (in ton-km; excluding foreign shipping), while the European average 
was just 15 per cent. - Germany, for instance, had 18 per cent. In the US the rail share 
was 49 per cent – note that this figure has not changed much for quite some time, either; 
see table 1! Also most notable is the fact that the rail market share of Swedish 
international transports 1 is just one-half of the domestic one, in spite of its large 
volumes and distances. 

 

Table 1: Rail freight market shares in Sweden, Europe and the US (share of total 
transportation effort performed; in ton-km; including short-haul trucking but excluding foreign 
shipping & pipelines /short-haul trucking in the US also excluded/). Source: ECMT and AAR 
statistics. 
 

 1970 1995 Total increase of 
transports 1970-95 

Index: 1970 = 100 

Sweden 43% 32% 150 

Europe (EU) 31% 15% 173 

USA 51% 49% 186 

 

Railway development in general is better understood if one makes a comparison of 
international rail performance with the different national characteristics of each network 
in mind (organisation, technology, etc.). In the US the railways are private enterprises –  
as a rule they are making a profit and they are operated in a most businesslike manner, 
combining large-scale and small-scale traffic. This is achieved by means of a technical 
performance level far above that of European lines. Carload freight (as opposed to 
trainload traffic ”unit train”, for instance for coal or iron ore) still accounts for a large 
share of the traffic, thanks to the well-developed US infrastructure for freight; the large 
number of industrial sidings available in the US today may be comparable to what we 
had in Sweden thirty years ago. 

In Sweden the railways have undergone an extensive rationalisation programme, making 
them the most efficiently operated ones of all Europe – yet their performance lags far 

                                           

1 I. e. incoming freight for a Swedish final destination, plus outgoing freight for a foreign final destination. 
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behind the US, as far as axle loads and train weights are concerned. As to customer 
orientation and businesslike operation these are also one step behind both their top-rate 
counterparts in the US and the Swedish trucking industry. It should also be noted that 
Sweden now has the largest gross road vehicle weights in Europe, and our industrial 
sidings are disappearing one by one. 

In table 2 some important basic information is presented regarding national freight 
transport in Sweden, Germany and the US. The average net trainload in Sweden was (in 
1996) about 500 metric tons, in Germany a good 300 tons, and in the US more than 
2,500 tons! The average freight hauling distance was 1,350 km in the US, 350 km in 
Sweden and 250 km in Germany – but here it should be remembered that in Europe all 
foreign haulage is regarded as one separate haul in each country, which obviously 
distorts the figures. The US, on the other hand, enjoys a large domestic market with very 
large amounts of long-distance freight hauls. Note that the emergence of the common 
market lead to Europe going in the same direction. 

The average freight income per ton-km is 0,022 ECU in Sweden, 0,049 ECU in 
Germany and 0,015 ECU in the US. A number of different factors lie behind these 
figures, such as total freight volume, haulage distances and competitiveness. And yet the 
railways of the US are most profitable, in Sweden they are almost profitable, and in 
Germany they are clearly not profitable. 

Finally, in table 2 the gross weights of trucks are also given. In the US the normal figure 
is 36 tons, in Germany 40 tons, and in Sweden 60 tons. The maximum axle load on the 
railways is 35.7 tons in the US and 22.5 tons in Europe. This means that in the US one 
rail axle equals about one truck, whereas in Germany almost two rail axles are needed to 
equal one truck, and in Sweden almost three axles are needed. 

 
Table 2: Freight transport conditions in Sweden, Germany & US in 1996. Source: Statistics 
from SJ (incl. northern ore line), DB and AAR. 
 

 Sweden Germany USA 

Average payload per train (tons) 490 332 2 624 

Average hauling distance (km) 343 235 1 355 

Average revenue per ton-km (ECU) 0.022 0.049 0.015 

Maximum rail axle load (tons) 22.5 22.5 35.7 

Maximum gross truck weight (tons) 60 40 36 

 

Another problem is that European rail infrastructure fees have not been integrated; in 
some countries they are very high indeed. For instance in Germany they are in the range 
of  6 ECU per train-km – this is about the same as the total freight train haulage cost per 
km in Sweden, including infrastructure fee (about 0,5 ECU per train-km)! 

To a very great extent the problems inherent in today´s inter-European rail freight traffic 
are due to the different companies being unable to co-operate in an efficient manner. A 
freight haul from Sweden to Spain today will have to involve six different railways! 
Production planning, as well as sales effort, are both performed only at the national 
level, with a national perspective as the guiding factor. Thus a rail freight salesperson 
has to contact a number of his or her colleagues in Denmark, Germany, Belgium, France 
and Spain, before an offer can be presented to the would-be customer. 
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Often a trucking representative could make a rapid mental calculation of the cost of a 
haul, and thus give the customer an immediate answer. As the responsibility for rail 
haulage is divided, this affects transport quality in a most detrimental way– especially 
with regard to the time consumed; nobody can state the exact time required! 

The problems and prospects for the organisation of the railways are discribed in a paper 
written by Gerhard Troche: ”Organisational Changes in the European rail freight 
industry and their impact on the prospects for international rail freight”. 

 

2 Models for choice of mode of transportation 
The process of modal choice in freight transportation is performed in a more aggregated 
manner (including more than one consignment) than that of modal choice in passenger 
transportation. At the industrial level the former is done by transport managers, who 
select the mode of transport. This is often a matter of signing long-term transport 
contracts covering a number of years. Also, as the entire logistic system of that company 
comes into the picture, the whole process becomes a far more complex one. In the 
previous KTH project of ”Truck or Rail – choice of transport alternatives for long-
distance freight transport in Sweden”  (TRITA-TPL-81-08-05--07), one method of 
describing how difficult choices may be attacked was this one: The choice process may 
be separated into ”restrictions, choice, and inertias”, all of these related to one element 
of Supply, and another of Demand. 

Restrictions consist of physical customer requirements dictating such limiting elements 
as availiability, time of transport and consignment size. Each of these may eliminate one 
or more of the transport modes. If, say, there is no harbour, sea transport cannot be 
employed, at least not initially. If the haul consists of just 2 tons, carloads cannot be 
employed, either. By thus using certain restrictive criteria a number of unusable 
alternatives may be omitted from the start, which makes for a better choice situation. 
However, such restrictive criteria may change in time, for instance if the infrastructure is 
changed. Should industrial sidings disappear altogether, this will make it next to 
impossible to use rail transport.  

Choice applies if and when the customer may choose from among a number of possible 
alternatives that are more or less suitable, due to haulage cost, haulage time, reliability, 
and other variables of a quantifiable nature. This is normally where choice models come 
into the picture, however, the process is usually not as simple as that, since both 
restrictions, above, and inertias, below, must be taken into account, too. 

Inertias apply whenever the theoretically best alternative is not chosen, or chosen at a 
later time, due to lack of information or the time consumed in changing old habits. In 
fact the customer may be inhibited by a transport contract and/or a logistics system that 
is difficult to change. The customer may also have personal contacts that make him/her 
less prone to effect changes in the transportation chain. 

In considering the mode of transport, modern forecasting systems mainly employ one of 
these three basic model types: Models of Stated Preferences (SP), models of Revealed 
Preferences (RP), or route assignment models. The SP and RP models are mainly 
founded on disaggregated data, i.e., at the single consignment level. Obviously models 
based on aggregated data also exist. 



 5

Investigations along the RP theme are founded on observations of the actual choice of 
transport mode made by the freight customers; this is then contrasted with a coded 
choice of other modes. This process presupposes that the actual cost and quality of 
alternative transport modes may be quantified. A model of this type was developed at 
KTH in the ”Truck or Rail”  project referred to above, in 1981. This constitutes a logit 
model of the same type as the passenger traffic models, the decision-maker instead 
being the company transport manager. 

The SP type of investigations is commonly used to find out how the market may react to 
different changes. In 1991-92 a fairly exhaustive SP investigation was performed by 
Transek at the joint request of the Swedish road and rail state authorities (Godskunders 
transportmedelsval, Transek, May, 1992). By means of SP methodology both factual 
and hypothetical changes may be investigated, and the findings may then be 
implemented in a forecast model. Generally speaking, investigations of the SP type are 
less stable than those of the RP type, as the latter tend to be conservative in content. 

Network models are commonly used to analyse routes and costs of intricate transport 
networks. In combination with other model types they may also be used for making 
forecasts. These are the most well-developed in the case of road traffic, which often 
offers alternative routes as well as capacity bottlenecks and volume-delay functions..  

A general freight transport analysis system is STAN. This is employed by SIKA for 
making freight transport forecasts. The system may compute transport routes and also 
share the amount of hauls between different transport modes, based on minimization of 
cost and time. Apart from the network assignment this contains no real forecast models 
and has to be supplied with additional input data. It can be used for complementing 
forecasts with supply data and for assignment-based result matrixes. Note, however, that 
network analyses of rail production systems are particularly difficult to make as these 
contain a lot of planning functions, which guide production by means of criteria that are 
difficult to reflect in general models. 

In all the above choice models transport cost or price is a decisive factor. Nearly every 
investigation, whether quantitative or qualitative, made on the choice of modes of 
transport, has shown that transport cost is the overriding factor – provided that the basic 
quality requirements are met. Various representatives from all spheres of the transport 
industry do confirm this; price competition is fierce indeed. 

The next most important variable when mode of transport is chosen is then transport 
quality, having time and reliability as its most important components. Tables 3 and 4 
show the results of two investigations made at an interval of about 20 years, in 1977 and 
1999, respectively. It is interesting to note that both of these list transport cost as the no. 
1 factor, with transport time as no. 2. Thus this attitude towards priority seems to be a 
stable one. 

The 1999 investigation includes a number of environmental factors, which have 
received fairly high priorities, too. Such questions were not even posed back in 1977! 
Also, results of this type are obviously geared to the type of question posed. 

In order to make meaningful analyses of competition in sub-markets, access to pertinent 
data on road and rail freight cost structures are a must. If for instance the railway should 
be unable to compete by price, the quality it could offer would be of no interest, as road 
haulage normally can offer sufficient quality. However, should rail haulage be 
economically competitive, this must include a quality level that is sufficiently high. 
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Table 3  Findings from a Swedish Rail Authority questionnaire sent in 1999 to decision- 
makers at 413 companies employing various modes of transport. 
 

Factor Regarded as  
most important 
or  important 

Regarded as 
most unimportant
 or unimportant, 
or n.a. 

1  Cost 97 % 3 % 

2  Speed 95 % 5 % 

3  Ability of customer to affect dep. or arr. time 95 % 5 % 

4  Environmental effects 87 % 13 % 

5  Mode of transport regarded as environmen- 
    tal friendly 

81 % 19 % 

6  Energy consumption 77 % 23 % 

7  Effects on physicalenviroment 73 % 27 % 

8  All destinations maybe reached by the same 
    transport mode 

67 % 33 % 

9  Availability/frequency 63 % 37 % 

 

 

Table 4  Evaluations by transport managers; a questionnaire from KTH in 1977 directed at 
143 Swedish companies employing various modes of transport. 
 
Factor Regarded as 

most important 
or important 

Regarded as 
unimportant or 
less important 

1  Cost 96 % 4 % 

2  Time 94 % 6 % 

3  Customer service 94 % 6 % 

4  Availability 93 % 7 % 

5  Risk of delays 89 % 11 % 

6  High frequency 85 % 15 % 

7  Risk of damage 78 % 22 % 

8  Loading time 75 % 25 % 

9  Risk of theft 51 % 49 % 

10 Flexibility 36 % 64 % 
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Restrictions as to the choice of rail haulage as an alternative are primarily due to 
availability: Location of industry in relation to railway lines; access to industrial sidings 
for potential rail customers; directions of required feeder hauls in relation to available 
railway lines. 

Swedish industry is still to a very large extent located in places with access to railways, 
even if this is not always utilised. Approximately 85 % of our manufacturing industry is 
so located (the figure applies to the share of its workforce). Railway closures have 
affected mainly the passenger traffic; manufacturing has also tended to become 
concentrated to larger municipalities and cities. 

Even if transports start from locations with rail access, neither industrial sidings nor 
local rail freight terminals always exist. In 1997 the Swedish Rail Authority made a 
questionnaire directed at transport managers in  companies with more than 100 
employees; see table 5. This revealed that about 72 % of these companies had industrial 
sidings or a railway very near themselves, another 22 % had access to a railway 50 km 
away or less, and just 5 % had their nearest railway more than 50 km away. However, 
out of these companies practically none but those with  industrial sidings of their own 
were using rail transport to any considerable extent; 43 % of them were employing rail 
haulage, while more than 90 % of all categories were employing road haulage. 

 

Table 5 – Access to railways, and rail share of the market. Source: Rail Auth. questionnaire to 
companies with more than 100 employees. 
 

 Share of freight 
customers 

Customers using  
rail transport 

Customers using  
road haulage 

Industrial sidings 35 % 43 % 92 % 

Railway  nearby 37 % 11 % 95 % 

Railway ≤ 50 km away 22 % 7 % 96 % 

Railway > 50 km away 5 % 0 % 100 % 

Total 100 % 21 % 94 % 

 

The transport sector features different types of inertia. The most common way of 
measuring this is by inertia in time, the time-lag, or just ”lag”. This makes a freight 
customer more or less bound to the chosen mode of transport. Obviously this lag applies 
to the transportation companies themselves, too, making them unwilling to test new 
ways of effecting transport. In the matter of the railway sector this lag has been most 
evident indeed, as opposed to the flexibility of the road haulage sector. 

As part of the Transek investigation in 1991 regarding choice of transportation modes 
among freight customers, an estimate of the lag preventing customers from changing 
from rail to road haulage was made. This duly demonstrated that customers using rail 
haulage were prone to retain their attitude. At the same it was also demonstrated that a 
large percentage of these companies – especially those using road haulage – held the 
view that their haulage needs could not be answered by other means, not even in the 
long-term perspective and with the necessary investments ensured. 
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Even if it is difficult to perform measures of this kind, it is only natural, and obvious, 
that a certain inertia exists in the choice of transport mode, just as in every decision-
making process. An interpretation of the KTH questionnaire in 1977 demonstrated that 
about one-third of the companies were relatively open to discuss new approaches to 
transportation, one-third were more or less neutral to the subject, and the remaining one-
third were more or less bound to their existing  alternative. 

 

3 Purpose and scope 
As cost is usually the major factor affecting the choice of transport mode, changes 
affecting the cost structure in any way, such as changes in the financing of 
infrastructure, new maximum loads permitted, more efficient solutions among 
transportation companies, or changes of rates and taxes, are all of paramount importance 
to the competitiveness of the different modes. 

The purpose of this paper is to discuss and study how cost of transportation varies with 
different products, distances and modes of transport. By performing this in a 
systematical manner, the break-even point between different products and transport 
modes may be determined, i. e. the distance at which the cost of transportation is equal, 
using different modes. The paper also aims to study both rail/road competition and 
combined transports using both of these modes. 

The railway and the truck are the two most similar modes of transport in terms of cost 
and quality. Therefore their areas of direct competition are also the largest. Seen from a 
historical perspective, the truck has gradually taken market shares from the train. Most 
of the freight hauled by rail may also be hauled by truck, even if this is not always 
suitable. A lot of the freight hauled by truck may also be hauled by rail, if only the 
conditions are right. In the short-term perspective, however, this substitution potential 
may not be large, as freight customers are often bound by their own logistic systems, but 
in a longer perspective, when conditions may have changed, the substitution potential, 
will become greater. 

Naturally there also exists an area of competition between sea and rail as well as road 
haulage. This, however, is not as obvious – sea transport has the natural limit of being 
possible only between harbours and involving only larger consignments. The production 
units of road and rail transport are of approximately the same size, whereas those of sea 
transport are much larger and also vary more. This is one of the reasons why sea versus 
land transport is difficult to describe in general terms of competition. In addition, the 
feeding of freight to enable sea transport is also dependent on the other two modes. 

The railway can offer the following product mix for different market segments: 

•   Carloads or unit trains – especially suitable for basic commodities and mass volume 
freight. 

•   Intermodal freight traffic – suitable for hauling product freight, such as finished and 
semi-finished goods. 

•   Express freight trains and Express parcel freight –  suitable for the service market, 
including post office mail and parcels. 

The needs of heavy industry for raw materials and semi-finished goods are answered by 
carload or unit train lots. Cars are hauled directly from customer to customer via 
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industrial sidings, warehouses and harbours. In the case of heavy international volume 
flows, this is often performed jointly with the shipping industry. 

The needs of hauling smaller lots of finished or semi-finished goods are answered by the 
intermodal freight service. This includes customers who do not have access to industrial 
sidings. Traditional intermodal freight traffic handles containers, swap bodies and road 
trailers for long-distance haulage between terminals and harbours.  

The needs of hauling mail, parcels and urgent express freight, such as spare parts and 
perishable goods, are answered by express freight train services. These consist of two 
types; specially scheduled, fast freight trains, and express parcel freight hauled in 
passenger trains, mainly in the daytime. 

This paper will deal further with carload traffic and intermodal traffic – not with unit 
trains or express freight. 

 

4 Methodology 
In order to analyse the interfaces of competition between rail and road haulage, 
including possible co-operation between the two, a simplified transport model has been 
designed. This model does not claim to be an exact one – it is rather meant to serve as a 
tool for analysing the general cost competition in transportation. However, the current 
project of ”Model for supply and demand of freight transport”, by Gerhard Troche of 
Railway Group KTH, involves making a more exact and detailed model for this 
purpose. 

The simplified model employed here was based on earlier reports and papers published 
at KTH, such as ”Cost structure of truck and rail transportation”, the UNIFE report 
”Orders of magnitude of costs in the railway sector”, Karl Kottenhoff´s ”Train analysis 
for passenger transport” software program, and also on the directions for making 
estimates at the Swedish Rail Authority, figures from official railway statistics and trade 
periodicals, as well as information from various specialists. 

The model incorporates certain fixed costs and variable costs. In the case of the railway 
fixed costs may consist of feeder transport cost (via rail or road), shunting of cars, or 
lifting of unit cargo in a terminal, plus a common cost of planning, sales and 
administration. Variable cost is that of cost per car-km of the average long-distance 
freight train. It should be emphasized that the natural economic unit of freight train 
haulage is the train itself. In the model the cost of average trains was computed first, and 
this was then distributed on each freight car, which is a simplification. 

In the case of direct road haulage by truck, a small fixed cost covering set-up time is 
included, plus the cost of administration and sales effort, while the greater part of the 
total cost is that of variable cost per road-km. Intermodal hauls of various kinds are then 
charged a fixed cost of feeder transport, which still varies with the system used, and also 
the distance, plus fixed costs of cargo lift-on and lift-off. 

Costs are computed per ton-km, or per ton, also taking relevant shares of empty haulage 
into account. This share is usually larger with the railway than with the truck. The fact 
that the distance via rail is greater than via road is also taken into account, as the feeder 
haul is not included in the hauling distance itself. 
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As an example, let us take a single domestic carload haul, consisting of a 30-ton cargo 
over 500 km distance on a 2-axle car. Feeder hauls at either end cost 2 x 700 
SEK=1,400 SEK, and two shunting operations amount to another 200 SEK; total 1,600 
SEK in fixed cost. Train haulage cost is estimated at barely 2 SEK per km, giving a cost 
of 950 SEK. Administrative costs are estimated to amount to 900 SEK for a single 
carload. Total cost has now reached 3,450 SEK. Thus the cost per ton-km, computed 
with the corresponding road distance in view, is 0.23 SEK. 

If instead we look at a similar haul by truck, a general rule-of-thumb of trucking cost per 
km in Sweden today is 8.50 SEK. This includes all costs, also the replacement value. 
Should the distance covered be the same as that of the carload haul, above, or 500 km, 
the cost will be 4,250 SEK. To this a set-up cost of 200 SEK and an administration cost 
of 300 SEK should be added. The total cost of this road haul will then amount to 4,750 
SEK (in one direction). The truck can load 40 tons, and with a full load the cost per ton-
km will then be 0.24 SEK, or a little more than that of the rail haul.  

In order to arrive at the total cost, and thus the price which the freight customer has to 
pay, empty haulage must also be taken into account. Only very rarely are freight flows 
so well balanced that empty hauls become almost zero; thus an extra cost item for this 
must always be included. Should the freight flow be in only direction, the customer will 
in fact have to pay almost twice the price. In real business life, however, pricing is 
always taking the market pressure situation into account, too, so the price asked for a 
single cargo need not reflect the actual total cost of it. And yet, in the overall 
perspective, total costs always have to be covered. 

It may, realistically, be assumed that railways suffer the burden of about 30 % empty 
haulage on the average. In the preceding example the total cost would then rise to 
100/70 = 1.43 x 3,450 SEK, or 4,934 SEK for the 30-ton rail cargo. Comparing this 
with the trucking alternative, and assuming the required empty haul extra cost to be 
about 20 % there, the total trucking cost would rise to 100/80 = 1.25 x 4,750 SEK, or 
5,938 SEK for a 40-ton road cargo. Cost per ton-km for the rail haul, computed with 
road distance as the basis, would then amount to 0.33 SEK, and 0.30 SEK for the road 
haul. When taking the empty haul factor into account the cost of road haulage is thus 
lower, however, this only applies in case the maximum loading capacity of the truck 
may be utilised. Should the weight of the cargo not exceed 30 tons, the rail alternative 
will be much less expensive. 

This demonstrates that both the utilisation factor and the empty haulage factor are very 
important items – an increase in the former and decrease in the latter will result in 
reduced costs per ton! A 100 % balanced freight flow, with paying freight in either 
direction, means a cost reduction of nearly 50 %, compared with a wholly unbalanced 
freight flow in just one direction! Here it should be noted that trucking is in a better 
position when it comes to return cargoes; trucks are more flexible, and their drivers can 
also act as salesmen. This is reflected in the lower share of empty hauls in trucking, 
even if this is also affected by the types of freight hauled. On the other hand, empty 
haulage by rail is cheaper, relatively speaking, provided that it is done efficiently. Over a 
shorter rail distance it may even be more profitable to do a fast empty haul than to 
handle a return cargo by means of performing some extra shunting and an extra local 
feeder haul! 

The results from these analyses are shown here by means of a number of diagrammes 
accounting for the economic feasibility of rail haulage in different product segments and 
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distances. The Y axis shows cost in SEK per ton, and the X axis shows the distance in 
km. The diagrammes also include the trucking alternative; thus the break-even point of 
the two modes of transport may be easily found under certain given conditions. 

 

5 Competitiveness of the Swedish Railways 
Figure 6 indicates the cost in SEK per ton of the average Swedish rail carload hauls as 
compared with direct truck hauls. Here it is assumed that the freight customer has 
access to an industrial siding, so as to enable rail transport without transfer. The 
diagramme shows a number of different examples – from a single 2-axle car of 30 ton 
capacity, giving the maximum cost per ton, to a whole group of 4-axle cars loading 200 
to 400 tons, giving the minimum cost per ton. For comparison a 40-ton truck of 24 m 
vehicle length is included; larger volumes would require more trucks, even if their cost 
per ton would be the same. 

The comparatively high fixed cost of railway transportation is clearly demonstrated by 
the starting-point on the Y axis, while that of the truck  is almost zero. Instead the cost 
of trucking rises more rapidly, and in direct proportion to the distance covered. Railway 
cost is rising more slowly, and even more so with rising tonnage, although its starting 
cost is higher. However, the fixed cost of rail haulage is quite possible to affect – by 
means of larger cars and bigger freight lots it could be almost halved, and the inclination 
of the cost curve could be levelled even more. The cost picture of the truck instead is 
more flexible and not as dependent on volume as that of the rail haul, on the condition 
that trucks are always fully loaded. 

The example thus shows that the break-even point of a 2-axle carload from an industrial 
siding versus a single truckload occurs at just below 600 km distance – a whole group of 
carloads, and/or larger cars, however, could even reduce the point of break-even to a 
little over 200 km. Evidently large consignments by rail are cheaper than small ones. 
But the importance of efficient feeder hauls, cost of shunting and low common costs 
should not be underestimated, as they might compensate a small freight volume. The 
availability of industrial sidings is important, too, or else extra feeder hauls and transfers 
are required, which makes costs rise. 

Figure 7 shows feeder haul with truck + carload haul compared with direct truck haul. 
”Feeder” here indicates that the cargo is first loaded on a truck, which brings it to the 
nearest railway terminal. The cargo is then transferred to a freight car by conventional 
means, such as a fork lift truck. This would be necessary in case no industrial sidings 
exist. The figure includes feeder haul at one end or both ends, with a single 4-axle 
freight car involved. 

We can thus see that the break-even point of a single 4-axle carload including one 
feeder haul rises from about 400 km without feeder haul to about 550 km with one 
feeder haul. An extra feeder haul will raise it even more, to about 700 km. With smaller 
2-axle cars loading just 30 tons the break-even point would be still higher. Another 
factor is the risk of damages to the cargo as it is reloaded. This would also take longer, 
at least when compared with a direct truck haul. Thus it is most probable that once the 
customer has loaded his cargo on a truck, it will stay on that truck until it has arrived at 
its destination. 
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This all illustrates the importance of having access to industrial sidings if transportation 
by railway is desired. Industrial sidings at either end of the haul is an advantage – feeder 
hauls by truck are economically feasible only in the case of very long total distances. 

Figure 8 shows intermodal rail-road freigh hauls compared with direct truck hauls. 
This is based on a trailer of 25 ton capacity. Here feeder transport of the trailer, of 150 
km total, is included at either end, plus lifting at terminals. For comparison three 
different direct truck hauls are shown: The present Swedish 60-gross ton trucks, the 
51.4-ton trucks that were the heaviest ones allowed before 1990, and finally the present 
standard EU truck with gross weight 40 tons.  

The first conclusion we could make from this is that an intermodal haul as per the 
above, compared with today´s efficient heavy-weight trucks in Sweden, does not reach 
the break-even point until at about 850 km distance. Obviously that point could be lower 
in cases of shorter feeder transports of the 25-ton trailer or if the consignment may also 
be too light to utilise the full capacity of the direct truck. This case ends up at about the 
same level as that of an ordinary carload with two feeder hauls. Note, however, that the 
intermodal variety is probably a more attractive alternative to the customer – it is more 
efficient in the case of smaller cargoes and it offers better transport quality as the 
container is closed throughout the transport chain. 

The second conclusion we could make from this is that the heavier trucks now in use in 
Sweden have impaired the conditions for operating intermodal traffic successfully. The 
point of break-even, as per the above, with the previous Swedish 51.4-ton road vehicles, 
was at about 500 km. A lighter EU vehicle of 40 tons gross, loading 25 tons, just like 
the trailer, results in an even lower break-even point of about 350 km – 500 km less than 
the present figure. Obviously this is of the greatest importance. 

These same conditions have affected rail carload traffic as well. Figure 9 displays data 
of a 2-axle carload haul versus direct truck hauls with trucks of different sizes. With 
Swedish rail infrastructure costs of 1996 as the basis, break-even occurs at 300 km with 
a light EU truck and 600 km with a Swedish 60-ton truck. 

This increase of gross vehicle weight was made possible by the Swedish autorities 
allowing European axle or bogie loads (for 18 m EU vehicles) to be applicable on long 
vehicles, too (and they were even lengthened from 24 to 25.25 m). Suggestions to adopt 
the 18 m maximum vehicle length of the EU were ignored; instead gross road vehicle 
weight was increased! In addition to this the km-tax was repealed. This all aimed to 
improve transportation to Swedish industry. 

The positive effects of this on industry are obvious if we compare the normal EU 40-ton 
truck with the Swedish 60-ton one. Transport cost per ton-km in Sweden is about 30 % 
lower; see figure 10.  

The increased gross weight of Swedish trucks from 51.4 to 60 tons led to a 20 % 
decrease in ton-km rates. This had the following negative effects on Swedish rail 
haulage: 

– The truck could compete even more effectively with the train also for long distance 
hauls and for even larger freight volumes; 

– The market price of general haulage dropped, which put great price pressure on rail 
haulage. 
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Figure 8  Intermodal rail-road freight with 25 ton payload trailer compared with direct truck 
hauls with different gross weight. 

 

Cost for different truck sizes

0

50

100

150

200

250

300

350

400

450

0 100 200 300 400 500 600 700 800 900 1000

Distance km

C
o

st
 S

E
K

/to
n

n
e

EU truck 40 ton,
18m

Swedish truck,
51 tons, 24 m

Swedish truck,
60 tons, 25 m

Rail, single, 2-
axle

Figure 9  Single carload with 2-axle wagon from industrial siding compared with direct truck 
hauls  with different grossweight 



 15

– This led to a drastically deteriorating profitability among rail operators, both state and 
private ones. 

In short, although the Swedish State Railways in the past ten years have made very great 
efforts to make their freight service more efficient and again profitable, they just have 
not been able to catch up. 

One major reason why such a change in the break-even point should affect the railway 
market share so much is, that the longer the distance the smaller the volume. The large 
freight volumes are in the short-distance sector; see figure 12. Even if longer distances 
account for a great deal of the transport work effort, the less-than-500-km hauls account 
for two-thirds of all long-distance hauls (of more than 100 km). Figure 11 describes 
market shares in different distance segments and gives clear indications of the reduced 
market share which rail haulage now has. 

To a certain extent the new governmental traffic policy prescribing lower infrastructure 
rates for rail usage may restore the former balance. However, this is founded on socio-
economically equal calculation of costs. It would also be of great value, for long term 
competitiveness, both to society and industry, to raise the technical railway standard by 
means of higher axle loads and greater metre weight and loading gauge, see figure 13. 
This could in fact bring about a radical reduction of haulage costs as well as mean an 
increased long-term market share for the railway. 

 

Figure 10   Comparison between vehicle size and haulage cost of trucking 
 
Type 
truck length 
metres 

Axle 
load 
tons 

Gross 
weight 
tons 

Payload 
tons 

Volume 
 
m3 

Cost with 20% 
empty hauls 
SEK/tonkm 

Index 

24m Sweden 10/16 51,4 31,0 160 0,36 100 

24 m Sweden 10/18 56,0 35,0 160 0,32 89 

24 m Sweden 11,5/19 60,0 40,0 160 0,28 78 

18 m EU 11,5/19 40,0 26,0 120 0,41 114 

 

Figure 13  Comparison between different railway freight cars for single carload, 500 km haul 
 
Type of 
railway 
waggon 

Axle 
load 
 tons 

Gross  
weight 
tons 

Payload 
 
tons 

Volume 
 
m3 

Cost with 30 % 
empty hauls 
SEK/tonkm 

Index 

4-axle EU 22.5 90 62.5 165 0,25 100 

4-axle Swedish 25.0 100 72.0 165 0,22 88 

4-axle US car 30.0 120 100 205 0,18 71 
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Figure 11 Development of railway market share in different distance segments, 1987 to 1997. 

 

 

 

Figure 12  Total transport market in different distance segments. 
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6 Competitiveness of European railways 
Despite the EU directive (no. 91/440) on deregulation and harmonisation of European 
railway operations, the different railways are today working under vastly different 
financial and organisational conditions. The EU principle of keeping infrastructure and 
traffic operations apart, at least economically, has not been executed in a consistent 
manner in every country. The pricing of infrastructure varies a great deal – from ”no 
charges”, as in the Netherlands, via ”socio-economic marginal cost, including external 
effects”, as in Sweden, to full cost coverage, as in Britain and Germany. In Britain even 
the infrastructure has been privatised, while in Germany it is still subordinate to the 
Deutsche Bahn corporation. 

The level of infrastructure cost, i.e. the ”rail access fees”, obviously have great effect on 
rail competitiveness versus trucking. If rail fees are low and based on ”socio-economic 
marginal cost”, the break-even point between an 18-metre truck and a 2-axle carload in 
international railway traffic lies around 450 km, figure 10 below If rail fees are high, 
due to full cost coverage fees, it will rise to about 700 km. This applies when full 
trucking costs are taken into account. 

In actual practice, costs are often lower due to truckers of variable calibre and ditto 
respect for work rules, etc., competing fiercely for hauls, with or without return cargoes 
assured. At this sometimes very low transport cost level the break-even point, as per 
above, will rise to about 900 km in the case of low rail fees, and to something like 2,500 
km when high rail fees are charged. 
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Figure 10  Cost for carload in Europe with differerent track fees compared with trucks with 
different price levels 
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This explains the fact that it is sometimes possible for a trucker to compete by price 
with the railway on a haul across the entire European continent. The problem is hardly 
solved by enforcing better regulation and control of the trucking industry – but the 
competitive disadvantage of the railway would be greatly eased if the charging of rail 
fees according to the ”marginal cost of public economy” principle were established all 
over Europe. 

 

7  How rail competitiveness may be improved 
It is generally recognized that high axle loads and volumes, resulting in a high 
utilisation factor, are just as important as low direct costs are, if an efficient traffic 
production is to be achieved. Thus it is imperative that the maximum permitted axle 
loads on European railways be increased, so as to gradually reach the level of U S rail 
freight haulage. As the tracklaying and maintenance technologies are constantly being 
improved, just as the rail vehicle technologies are, resulting in better vehicle running 
gear and less track wear, this axle load raising process could probably be adopted 
gradually. 

If, say, the maximum axle load could be increased from 22.5 tons to 25 tons, which is 
being done in Sweden today, another 5 tons could be loaded on each car of the same 
type, with little or no increase of costs. The car capacity then rises from 30 tons to 35 
tons, making the cost per ton-km drop. Figure 15 demonstrates that the break-even point 
would then go down from 600 km to about 450 km for a single 2-axle car. 

In the USA the permitted rail axle load is minimum 30 tons. The rolling stock consist of 
4-axle cars only, loading at least 90 metric tons each. The purchase price of each car, 
despite their size, is about half of a European freight car, thanks to large production 
series and rigid standardisation. Figure 16 indicates what the benefits of an increase to 
30 tons´ axle load would be in Sweden – note, however, that an extra 10 % have been 
added here for train haulage costs, to reflect the rise in a number of misc. smaller cost 
items. Nevertheless this would all make a single 2-axle carload competitive even down 
to 350 km distance; groups of 4-axle cars accessible via industrial sidings would in fact 
be able to compete down to 100 km distance! 

Other possible means of improvement are to adopt better and more efficient rail traffic 
routines. If, say, the average freight train could consist of 25 cars instead of 20, this 
would reduce the ton-km cost by 4 %. This illustrates the fact that axle loads and 
volumes are of decisive importance for rail competitiveness. Here improvements could 
mean radically reduced haulage costs – provided that rail traffic is generally operated in 
an efficient manner. 

The basic problem of intermodal freight transportation is its feeder hauls and transfers 
of cargo, which both generate high extra costs. Such detrimental effects cannot be 
avoided in today´s system of few and expensive freight terminals far away from each 
other. If intermodal freight is to succeed better, a larger number of smaller terminals 
with less expensive facilities must be set up, thereby improving accessibility and thus 
also shortening feeder haul distances. A larger number of terminals could also help 
making the rail alternative feasible to new customers and help co-operation with trucks 
on shorter distances. 
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Cost for wagon load with 22,5-25 tonnes axle load - trucking
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Figure 15  Cost of single carload with 22,5 and 25 ton axle load and 60 ton truck 

Cost for wagon load with 22,5 - 30 tonnes axle load - trucking
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Cost of heavy intermodal - Light Intermodal - direct trucking

0

50

100

150

200

250

300

350

0 100 200 300 400 500 600 700 800 900 1000

Distance, km

C
o

st
, S

E
K

/to
n

Swedish
truck, 60 tons,
25 m

Heavy
intermodal, 3
containers

Light Combi 3
containers

Figure 17 Cost of conventional intermodal rail-road with a trailer with 26 ton payload 
compared with Light Combi with 2 swap-bodies with 25 ton payload and a 60 ton truck with 40 
ton payload. 

 

An example of this is shown in figure 17. Here a traditional intermodal system of a 25-
ton road trailer is compared with a kind of ”scheduled-line system” corresponding to the 
Swedish ”Light Combi System”  with two swap bodies of 25 tons´ capacity together. In 
this case the break-even point versus traditional road haulage with 60-ton trucks lies at 
400 km distance instead of 850 km. 

It should be emphasized that this is applicable under these very conditions only. Should 
the feeder hauls be shorter, the break-even point will become lower also in traditional 
intermodal hauls. This, however, is more difficult to obtain in practice. 

8 Conclusions 
In all choice models transport cost or price is a decisive factor. Nearly every 
investigation, whether quantitative or qualitative, made on the choice of modes of 
transport, has shown that transport cost is the overriding factor – provided that the basic 
quality requirements are met. Various representatives from all spheres of the transport 
industry do confirm this; price competition is fierce indeed.  

In order to make meaningful analyses of competition in sub-markets, access to pertinent 
data on road and rail freight cost structures are a must. If for instance the railway should 
be unable to compete by price, the quality it could offer would be of no interest, as road 
haulage normally can offer sufficient quality. However, should rail haulage be 
economically competitive, this must include a quality level that is sufficiently high. 

One general conclusion that we may make from the above analises is, that rail haulage is 
nearly always less expensive than trucking when it comes to underway haulage per se, 
but instead its fixed costs and feeder costs are higher. Rail haulage is often cost-
competitive in the case of a cargo going directly from a sender or a terminal to another 
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terminal or consignee with rail access, where efficient handling may be performed. 
Should extra feeder or transfer costs arise, however, this often makes rail haulage 
uncompetitive, thus the cargo will be hauled by truck all the way. As the same truck 
may be used for the entire chain, this makes the local transport parts of the haul much 
less expensive and also much faster. This all stresses the very great importance of 
having access to industrial sidings if haulage by rail is desired at all. 

Even if the cost per car-km on the railway is lower than that of the truck, the price that 
the railway has to charge the customer for each ton transported is not equally low; it 
rather lies in what we may call the ”range of competition”. One of the reasons for this is 
that the overall railway transportation structure is different from that of trucking, its one-
way hauls of raw materials, for one thing, leading to a higher percentage of empty 
haulage. If hauls of that type were to go by truck it would reduce its utilisation factor 
considerably. This discussion may be said to be somewhat irrelevant here, although it 
explains at least partly why the railway has to charge more than just its net costs to 
cover its overall total cost. 

As a rule, the marginal cost of different kinds of rail haulage is generally lower than that 
of similar hauls by truck. In actual practice, however, it may be easier for the trucking 
companies to compete by price. This is due to more informal contacts between truck 
drivers, representatives and freight customers, leading to a higher number of ”marginal” 
assignments, and also a result of the railway being less able to modify its pricing to 
conform with each individual cargo offered. Obviously it is a general feature of the 
transportation industry that every single haul must not pay its way, but in the long-term 
perspective all costs must be covered. 

As it is generally desirable to reduce the transportation costs in trade and industry, and 
also to improve railway competitiveness, the existing product mix must be made more 
readily available to the customers. Also, new products must be developed so as to 
answer the customer demand for transportation of smaller consignments, of more high-
value freight, and of hauls over shorter distances. However, in the case of carload or 
larger lots the most efficient means of achieving this goal is by increasing rail axle 
loads, weight per metre of freight cars, and car volume. 

If intermodal freight traffic is to increase its market share it must bring about a wind of 
change towards a larger number of small and inexpensive terminals that may be 
accessible to freight trains doing brief stops at them. Then the traditional ”heavy combi 
mode” with trailers and large containers may also be concentrated to a limited number 
of large terminals. 

As far as inter-European traffic is concerned – apart from a number of organisational 
changes that really should be effected at once – reduced rail infrastructure fees of a 
uniform type would do very much indeed to strengthen rail competitiveness. Here the 
action prescribed by the EU commission is just what is required: Separation of traffic 
operations from infrastructure, and pricing of the latter in accordance with the principle 
of ”socio-economic marginal cost, including external effects”. 

As may be seen from the above examples, the transportation market is an intricate one – 
apart from transport quality requirements, factors such as consignment size, freight 
volume, weight, empty haulage percentage, etc., are all having great effect on its 
economics. Here it must be emphasized that we are assuming that both rail and road 
haulage are conforming to customer quality requirements; this all then strictly becomes 
a matter of cost competititon!  
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