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Abstract 

Like any other business, a train operator is expected to make a profit and to make that profit as large 

as possible. The transportation market is highly competitive and it is therefore hard to increase the 

price of the transportation service. In order to maintain the profit margins focus needs to be on 

keeping the costs down. Therefore, in this thesis the cost side of freight train operation will be 

investigated. The main focus will be on the costs inflicted by the choice of locomotives. Locomotives 

are expensive and the capital cost usually makes up a significant portion of the total cost. It can 

therefore be tempting to buy older locomotives with lower capital cost. However, even though 

reducing the capital cost, using older locomotives might inflict other costs, such as higher 

maintenance costs. 

The aim of this thesis is to find the main cost drivers in freight train operation that is related to the 

choice of locomotive and to use that information to build a software tool that calculates if using old 

or new locomotives is more cost efficient for different scenarios. 

In order to identify the different factors that affect the cost of the railway operation, interviews were 

conducted with experts in different railway transportation fields. To complement the information 

from the experts, a literature survey was performed. Also, statistical data of the actual costs related 

to different locomotives was used. 

It was found that capital cost, energy, maintenance and repair, planning and administration, delays, 

infrastructure and drivers were important factors that affect the cost. 

Whether it is more cost efficient to use old or new locomotives depends mainly on the 

transportation service that should be provided. The marginal cost per kilometre is lower for new 

locomotives, however their capital cost is higher. This makes modern locomotives more suitable for 

transportation tasks that require that the locomotive runs long distances every year, whereas older 

locomotives are more suitable when shorter transportations are needed. 

Since the newer locomotives have higher tractive force and better slip control they can pull heavier 

trains. Therefore, depending on the mass of the train, fewer new than old locomotives can be used 

to pull the trains. In those cases it will be more cost-efficient to use new locomotives. 

 

 

  

  



 

Sammanfattning 

Precis som alla företag förväntas tågoperatörer att gå med vinst och helst ska vinsten vara så stor 

som möjligt. Transportbranschen är en starkt konkurrensutsatt marknad och det kan därför vara 

svårt att höja priset på transporttjänster. För att kunna behålla vinstmarginalen är det därför viktigt 

att fokusera på att hålla kostnaderna nere.  

I detta arbete har därför kostnader för att bedriva godstågsverksamhet undersökts. Fokus har varit 

på kostnader uppkomna på grund av valet av lokmodell, gamla lok jämfört med nya. Lok är dyra och 

kapitalkostnaden utgör därför vanligtvis en betydande del av den totala kostnaden. För att sänka 

kapitalkostnaden kan det därför vara lockande att köpa äldre lok. Även om äldre lok vanligtvis 

medför lägre kapitalkostnader finns risken att de för med sig andra kostnader, såsom högre 

underhållskostnader. 

Målet har varit att identifiera de huvudsakliga kostnadsfaktorerna som härrör sig till valet av lok samt 

att använda denna information till att konstruera ett datorverktyg som räknar ut vilket lok som är 

mest kostnadseffektivt vid olika transportuppdrag.  

För att identifiera faktorerna som påverkar kostnaden för att bedriva godstågsverksamhet utfördes 

intervjuer med experter inom olika järnvägsrelaterade områden. För att komplettera informationen 

från experterna utfördes även en litteraturstudie. Utöver detta användes statistisk data om de 

faktiska kostnaderna som hänförde sig till de olika loken.  

Undersökningen gav att kapitalkostnad, underhåll, energi, planering och administration, förseningar, 

infrastruktur och förarkostnader var de huvudsakliga kostnadsfaktorerna.  

Huruvida det är mest kostnadseffektivt att använda nya eller gamla lok beror främst på vilket 

transportuppdrag som ska utföras. Marginalkostnaden per kilometer är lägre för nya lok, å andra 

sidan är kapitalkostnaden högre. Detta medför att nya lok är lämpliga för transportuppdrag där loket 

går långa sträckor medan äldre lok är bättre lämpade för kortare transportuppdrag.  

Då de nya loken som undersökts kan ge en högre dragkraft och har bättre slirreglering än de äldre 

loken kan de användas till att dra tyngre tåg. Därför, beroende på tågvikten, kan i vissa fall färre nya 

än gamla lok användas för att dra tågen. I dessa fall är det mer kostnadseffektivt att använda nya  
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1 INTRODUCTION 

1.1 Background 

Like any other business, a train operator is expected to make a profit and to make that profit as large 

as possible. Evidently there are two factors that can be changed to increase the profit, either the 

revenues can increase or the costs decrease. The transportation market is highly competitive and it is 

therefore hard to increase the price of the transportation service. In order to maintain the profit 

margins focus needs to be on keeping the costs down. Therefore, in this thesis the cost side of freight 

train operation will be investigated. The main focus will be on the costs inflicted by the choice of 

locomotives. Locomotives are expensive and, as can be seen in Table 1, the capital cost usually 

makes up a significant portion of the total cost. 

 

Table 1: The average cost structure for train operations in northern Europe (Andersson, et al., 2016). 

 

Due to the large portion of the capital cost it can be tempting to buy older locomotives with lower 

capital cost. However, even though reducing the capital cost, using older locomotives might inflict 

other costs, such as higher maintenance costs. The choice of locomotives might also have some more 

indirect effects on the cost structure. For instance it might affect the company attractiveness 

amongst train drivers and the customer satisfaction. The effects related to the locomotive that 

contribute to the costs will be investigated. 
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1.2 Purpose 

The aim of this thesis is to find the main cost drivers in freight train operation that is related to the 

choice of locomotive. Furthermore the information about the cost drivers should be used to design a 

tool that compares the typical cost of using a new respectively an old locomotive for a specific task. 

The purpose of the tool is that it should be able to help train operators to choose which locomotives 

to use for a specific business case and also be useful when deciding the age profile of the locomotive 

fleet.   

1.3 Scope 

Locomotives can be used for both freight and passenger transportation, however in this thesis the 

emphasis is on freight transportation and focus is put on the Swedish market. 

In Sweden most of the railway lines are electrified and therefore electrical locomotives are investigated.  

1.4 Method  

To compare the costs related to differently aged locomotives a case study was performed where the 

train operator Hector Rail’s actual costs of running an older and a newer locomotive model were 

investigated. The information gained in the case study was then used to build a tool that calculates 

the cost of running the newer and older locomotives. The locomotive cost comparison tool is built to 

simulate the process of choosing which locomotive that should be used for a specific customer. 

In order to identify the different factors that affect the cost of the train operation, interviews were 

conducted with experts in different railway transportation fields. To complement the information 

from the experts, a literature survey was performed. Also, statistical data of the actual costs related 

to different locomotives was used. For the development of the cost comparison tool the focus was 

on two specific locomotive mod 

els. A description of these locomotives and an explanation of why they were chosen to be the base 

for the tool can be seen in chapter 3. The choice of time horizon considered in the tool will also be 

explained in that chapter. 
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2  COST FACTORS 

In this chapter, different factors that affect the locomotive costs are discussed.  

2.1 Investments and cost of capital 

Running a train operation is a capital intense business since locomotives are expensive. A new 

electrical locomotive typically costs around 40 million SEK (Andersson, et al., 2016). Due to the large 

investments needed, the capital cost will make up a substantial part of the total cost.  

The investments needed can either be financed with loans or with equity, usually a mix of the two of 

them. The capital cost of borrowed money is the interest rate and the cost of equity is the return the 

equity holders require on their investments. The cost of capital is associated with risk. High-risk 

projects usually have a higher cost of capital than low-risk projects. 

Furthermore, the locomotives will depreciate over time. How much the locomotive value changes 

over time depends on the locomotive model and the age and mileage of the locomotive.  

2.2 Energy 

The energy cost is one of the more important costs for a train operator. According to Andersson et al. 

(Andersson, et al., 2016) the energy cost makes up 5% of the total cost for the average train 

operator. When only looking to the costs that directly relate to the choice of locomotives, the share 

is even higher. Having low energy consumption is therefore crucial in keeping down the costs. 

Depending on whether or not the locomotives are equipped with an electricity meter, the energy 

cost is determined in two different ways. Either the actual electricity usage is measured and a market 

price is paid for the electricity or it is calculated by using a standard value, in Sweden set by the 

Swedish Transport Administration (Trafikverket). When using the standard value, the energy cost is 

based on both the mass of the train and the mileage. If a locomotive has a functioning electricity 

meter the standard value method cannot be used. Most new locomotives have an electricity meter. 

There are several factors that affect the energy consumption of a train, for instance mass, 

acceleration and speed. Even though the mentioned parameters have large impact on the total 

energy consumption, hence also the total energy cost, the parameters are not only related to the 

choice of locomotive. Although they can differ between locomotives, they are mainly affected by 

what type of and how many wagons that are being used and how heavily loaded they are. 

Furthermore will the driver’s choice of speed and how often the driver brakes or accelerates the train 

affect the energy consumption.  

However, when braking the train, the locomotive model can have a large impact on the energy 

consumption. The reason behind this is that some locomotive models are equipped with 

regenerative brakes. Most modern locomotives are equipped with regenerative brakes and it is the 

main braking technique for modern electric locomotives (Liudvinavicius, et al., 2011). However, that 
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is not the case for older locomotives. When using regenerative brakes it is possible to return about 

25% of the traction power to the catenary system (Liudvinavicius, et al., 2011). The actual amount of 

energy returned to the catenary system also depends on to which extent the driver uses the 

regenerative brakes and how often the train needs to brake.    

Railway transportation is energy effective compared to many other transport modes. For example, it 

takes on average four times as much energy to transport the same amount of goods by truck as it 

does by train (Fröidh, et al., 2011). Furthermore can most of the electricity that is used come from 

renewable sources. Railway transportation is therefore an environmentally friendly mode of 

transportation. Even though the environment is seldom the transportation buyers top priority it can 

affect their willingness to pay for the service. Studies have shown that when choosing between 

otherwise similar transportation solutions a decrease in carbon dioxide emissions by half will 

increase the price the customer is willing to pay by 2 % (Lundberg, 2006).  

2.3 Maintenance and repair 

Maintenance and repair costs are after capital cost the largest cost for a freight train operator that is 

directly related to the locomotives, see Table 1. Therefore, an important aspect when choosing the 

locomotives in a vehicle fleet is to consider their need for maintenance and repair.  

When locomotives are maintained, maintenance is planned in advance. Repair on the other hand is 

done when the locomotives unexpectedly break down. In order to minimize costs the optimum 

balance of maintenance and repair needs to be decided. When deciding on such a balance there are 

many factors to take into account, for instance the cost of down time and the reliability needed of 

the locomotive. Since the optimal balance depends on many factors and the company’s specific 

operation it is hard to find an optimal relationship between maintenance and repair. However, a rule 

of thumb in the railway industry is that about 30% of the costs usually relates to repairs (2, 2016). 

The aim of the maintenance is to maximize reliability and safety using a minimum of resources 

(Stenström, et al., 2016). When and how extensive the locomotive is maintained is usually dependent 

on the mileage. With quite frequent intervals the locomotive gets lighter maintenance and with 

longer intervals the locomotives are maintained more extensively. The distance between the 

maintenance intervals differs depending on the locomotive in question. A couple of times in a 

locomotive’s lifetime it needs an even more extensive maintenance, those maintenance occasions 

are called revisions. During a revision the locomotive is disassembled and all parts that are broken or 

at the end of their expected lifetime are changed. When the locomotives are maintained they cannot 

be used, hence when using locomotives with a higher need for maintenance, more spare locomotives 

are needed and it will require more planning to get the operation to work.  

Products, in this case locomotives, only have a limited lifetime. The lifetime is determined by when 

the cost of repairing and maintaining the product exceeds the value created by the repair and 

maintenance (Brown, 1961). Since a locomotive is a product that is expected to be used for many 

years, about 30-40 years (Andersson, et al., 2016), it is of interest to know how the repair costs will 

develop over time. The repair cost of an electrical locomotive is however not only dependent on the 
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age of the vehicle, it is also affected by the mileage. According to Brown (Brown, 1961), given that 

the locomotive runs an equal distance every year, the repair cost will increase linearly over time. It 

was found that the repair cost increased somewhere between 0.2-0.5% annually (Brown, 1961).   

2.4 Planning and administration 

Planning and administration is a cost aspect that is closely linked to the choice of locomotives. 

However not only the locomotive models themselves will influence this cost, it is also largely 

dependent on the composition of the vehicle fleet.  

Vehicles in need of more maintenance and repair also require more planning and administration 

since they can be used in operation less of the time making the use of them less flexible. Since older 

vehicles tend to require more maintenance and repair they also tend to have higher planning and 

administration costs. Another drawback of older vehicles is the access to spare parts, or rather the 

lack of access to spare parts since many of the parts might have become obsolete. Finding parts to 

old vehicles can therefore both be time consuming and costly. For new vehicles the manufacturer 

can usually provide spare parts, resulting in lower administration costs than for older vehicles.  

All administration and planning costs are not related to the vehicles. If the locomotives are used for 

very diversified tasks more planning and administration will be needed and perhaps also a 

diversification in the vehicle fleet, resulting in even more planning and administration. If the tasks 

and the vehicle fleet on the other hand are not diversified, less planning and administration is 

needed.   

2.5 Delays 

There are several reasons why delays are costly and at least equally many reasons why they can 

occur. One reason for delays is locomotive failure and that is a cause for delay that is related to the 

choice of locomotive. Even though different locomotive models can be differently sensitive to failure, 

the number of failures also depends on the chosen maintenance strategy since a lower degree of 

maintenance likely will lead to a higher degree of locomotive failures and hence delays. This is an 

important aspect to take into account when deciding on a maintenance plan. Another reason for 

delay can be slippery tracks, for example due to leaves on the tracks. How well a train can handle this 

depend on the weight on the driven axles and how good slip control the locomotive has.   

Regardless of the cause of delay, it has some costly implications. For instance the train crew needs to 

be paid for the additional time they have to work due to the delay. Furthermore, for traffic in 

Sweden, a fee needs to be paid to the Transport Administration for every minute the train is delayed 

(Trafikverket, 2014).  Delays are usually also associated with fines to the customers and will 

ultimately lead to worsening customer relationships. How much the customer relationships are 

affected by delays is largely dependent on what kind of goods being transported. However according 

to Karlsson (Karlsson, 2010) there are several studies that indicate that reliability is the top priority of 

freight customers.   
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2.6 Drivers  

The cost of the train drivers is in the same range as the energy cost (Andersson, et al., 2016), making 

it a large cost for the train operator. Having enough drivers is also essential to make the operation 

work.  

The train operator’s choice of locomotives will not directly influence the driver cost since all 

locomotive drivers with a couple of years’ experience are usually payed the same regardless of the 

locomotive they are driving. However the choice of locomotive might have some more indirect 

effects, for instance on the company’s ability to recruit and retain the best drivers. Apart from the 

fact that recruiting new people is costly, partly because of the direct recruiting costs and partly 

because of the training cost, not being able to attract and keep the best drivers is expensive. The 

reason for that is because the driver’s way of handling the vehicle will affect the wear and tear of the 

locomotive and perhaps even more important the energy consumption. As can be seen in Figure 1 

the most energy efficient drivers need almost only half as much energy as some of the other drivers. 

It is therefore important to be able to keep the drivers that drive the locomotives eco-friendly. A step 

in the right direction to be able to additionally capitalize on the gains of reduced energy consumption 

would be to give the drivers the education and tools needed to keep track of their energy 

consumption. Even though costly, reducing the overall energy consumption due to the drivers would 

over time result in extensively lower costs. 

Figure 1: Energy consumption per gross ton kilometre as function of train gross ton. The dots 

represent different departures of the train. The blue dots are drivers giving, over time, exceptionally 

low energy consumption.  (1, 2016)   

The reason why the choice of locomotives could affect how content the drivers are with their work 

situation is that most locomotive drivers tend to prefer new or newly refurbished locomotives (3, 

2016), hence it might be easier to recruit and keep the best drivers if the locomotives are newer. The 

reason for why most locomotive drivers prefer newer driver’s cabins is that the physical working 

environment and ergonomics are poorer in the older locomotives (Kecklund, et al., 1999). 
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To which extent the choice of locomotives actual influences the driver’s choice of employer is 

unknown and one should keep in mind that there are also other factors that affect how content the 

drivers are with their work situation, for instance scheduling and work hours (Kecklund, 2001). 

Among professional bus, taxi and lorry drivers this was the most common reason to change jobs 

(Hedberg, et al., 1989). Due to the similarities in job, it is likely that this should apply to locomotive 

drivers as well.  

2.7 Infrastructure 

In Table 1 it can be seen that the infrastructure cost can make up for as much as 30% of the total cost 

of a train operator. That is if the train operator needs to pay for the full infrastructure maintenance 

and renewal costs. However, these infrastructure costs are usually partly financed by the 

government (Andersson, et al., 2016). In Sweden only the marginal cost of using the infrastructure is 

paid by the train operators and it is based both on the distance a train runs and how heavy it is 

(Trafikverket, 2014). 

The choice of locomotive can influence the part of the infrastructure cost that is based on running 

distance. That is because if a more powerful locomotive is used it can pull more goods than if less 

powerful locomotives are being used. Hence by using more powerful locomotives it can be possible 

to transport the same amount of goods in fewer trains and thereby reducing the total amount of 

train-kilometres needed to transport the goods.     
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3 THE COST COMPARISON TOOL                         

This chapter is about the Cost Comparison Tool (CCT), what its function is, how it is built and what 

data are used in the calculations.  

First the method used to build the Cost Comparison Tool will be explained. After the method has 

been explained there will be a description of the information from the case study needed to perform 

the calculations. 

3.1 Method 

The cost comparison tool calculates the cost per year of a user specified transportation task over a 

period of ten years for one old and one new electric locomotive. For the calculations the user needs 

to specify a number of parameters that quantifies the desired transportation task. The parameters 

that need to be specified can be seen in Table 2. When the parameters have been defined the 

program returns the number of locomotives needed and the transportation cost for the different 

locomotive models to the user. 

Table 2: Parameters that need to be specified by the user of the CCT. 

Distance/year [km] 

Gross train mass  [tonne] 

Max speed [km/h] 

Number of wagons per train 

Train length [m] 

Largest gradient [‰] 

Smallest curve radius [m] 

 

It is assumed that the running distances will be the same every year over the entire period. In the 

CCT it is assumed that only either new or old locomotives will be used and not a combination of old 

and new locomotives. It is also assumed that multiple locomotives will not be coupled together to 

perform the task. The max speed defined in Table 2  is not necessarily the max speed that the 

locomotive theoretically can run at but rather the maximum speed that the trains should be able to 

run at in the specific transportation situation. 

The first step in order to be able to calculate the cost is to find out how many trains that are needed 

to fulfil the requirements specified in Table 2. To decide how many locomotives are needed, the 

running resistance needs to be calculated. The total running resistance is made up of several 

components: Rolling resistance, aerodynamic resistance, curving resistance and gradient resistance. 

When the running resistance is known it can be compared to the available tractive force from the 

locomotive. If the running resistance is lower than the force the locomotive can provide at the 

intended top speed, one locomotive will be sufficient for the transportation task, otherwise 
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additional trains will be needed. In that case the mass of the cargo and wagons will be evenly 

distributed between the locomotives. In Figure 2 an example of the tractive force and running 

resistance can be seen. Where the curves cross is the maximum speed at which the train can run 

under the specific load case.  

 

 

Figure 2: Example of tractive force and running resistance of a freight train. Curve A represents an electrical 
locomotive and curve B a diesel locomotive (Andersson, et al., 2016).  

The rolling resistance is calculated using the following equations (Andersson, et al., 2016):  

 
𝐷𝑟 = 𝑎 ∑(30 + 𝑎𝑄

𝑛𝑎𝑥

𝑖=1

𝑄𝑖) + ∑(𝑏𝑄𝑄𝑖

𝑛𝑎𝑥

𝑖=1

)𝑣  [N] 
 
(1) 

 
 

 
𝐷𝑟 = 𝑎 ∑(65 + 𝑎𝑄𝑄𝑖) + ∑(𝑏𝑄𝑄𝑖)𝑣   [N]

𝑛𝑎𝑥

𝑖=1

𝑛𝑎𝑥

𝑖=1

  

 

 
(2) 

 

Equation (1) is used to calculate the rolling resistance of the locomotive and equation (2) is used to 

calculate the rolling resistance of the wagons. a is a constant that is one when the train is running 

and two when it starts running. In the cost comparison tool, a have been set to one since that shows 

the force needed to overcome the rolling resistance when the train is running. The locomotives can 

provide extra force for shorter periods of time, for example when starting, that extra force is not 

included in the cost comparison tool, hence the force required when the train is running is 

calculated. nax is the number of axles in the vehicle, Qi the axle load for axle i and v the speed. aQ  and 

bQ  are constants and their values depend on the quality of the track and the dynamic properties of 

the vehicle. For locomotives aQ usually is between 0.4∙10-3 -0.7∙10-3 and for wagons usually between 
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0.6∙10-3-0.9∙10-3. bQ  varies between 0-2∙10-5 for both wagons and locomotives (Andersson, et al., 

2016). In the cost comparison tool both aQ and bQ have been set to the highest value in the ranges. 

The values in the top of the ranges were chosen because neither the quality of the tracks, nor the 

exact dynamic properties of the vehicles are known. Choosing the highest values will then probably 

overestimate the rolling resistance, however choosing these conservative values will make sure that 

the chosen locomotives will be able to pull the required load at the desired speed.  

The aerodynamic resistance is calculated using the following equation (Andersson, et al., 2016): 

 
𝐷𝐴 =

1

2
𝜌𝐴𝐶𝐷𝑣2 + (𝑞 + 𝐶0𝐿𝑇)𝑣 

 

 (3) 

were ρ is the air density, A the cross section area of the train and CD is the drag coefficient. q is the 

total ventilation inflow in the train and is in this case set to zero. C0 is a constant that usually is 0.6 

[kg/ms] for freight trains. This number was used in the cost comparison tool. LT is the train length.  

The resistance area CDA as function of train length is exemplified in Figure 3 for different types of 

wagons. It was assumed that the wagons used are the ones called Oms in Figure 3.  

 

Figure 3: CDA as function of the train length for different types of trains (Andersson, et al., 2016).  

The curving resistance was calculated using the following equation: 

 
𝐷𝑐 =

6.5

𝑅 − 55
𝑚𝑇 

(4) 

  

where R is the curve radius and mT  is the train mass. The equation applies for curve radii over 300 m 

and vehicles with stiff running gear on dry track condition (Andersson, et al., 2016). 
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The gradient resistance is calculated as  

 
𝐷𝐺 = 𝑚𝑇𝑔

𝐺

1000
 

 

(5) 
 

where g is the acceleration of gravity and G the gradient in per mille. 

The user of the cost comparison tool will have to give the program as input the narrowest curve and 

steepest gradient that the train should be able to manage.  

When the resistance forces are calculated they are summed together. The sum of the forces the train 

needs to overcome is then compared to the available tractive force. The maximum force that can be 

used to haul the train depends both on the locomotives maximum tractive force and the available 

adhesion. 

The available adhesion can depend on many things, for example the vehicle speed and the weather 

conditions (Zhang, et al., 2002). An equation that can be used to approximate the available adhesion 

at dry conditions which is used by the Chinese Railways can be seen below: 

 
𝛼 = 0.24 +

8

100 + 8𝑉
 

(6) 

 

where V is the speed of the train in km/h (Zhang, et al., 2002). This equation is used to decide the 

available adhesion in the cost comparison tool. When the available adhesion is known the maximum 

adhesion force that can be provided from each driven axle can be calculated as 

 𝐹𝛼 = 𝛼𝑁 (7) 
 

where N is the normal force on each driving axle. The available adhesion can also differ between 

different locomotive models depending on how good slip control they have. Modern locomotives 

tend to have better slip control. To simulate that, the adhesion force obtained in equation (7) has 

been multiplied with a factor for the modern locomotives. It is normal that new locomotives have 

about 15% better slip control than old locomotives and that number has been used in the CCT (4, 

2016). 

However the maximum force available is not only limited by the available adhesion, the locomotive 

also needs sufficient tractive power to generate a large enough traction force. To calculate the 

maximum tractive force from the locomotive the following equation can be used: 

 
𝐹𝑚𝑎𝑥 =

𝑃

𝑣
 

 

 
(8) 
 

where P is the tractive power and v the vehicle speed. 

When both the available adhesion force and the maximum tractive force are known the number of 

locomotives needed can be calculated. To do so, the running resistance is divided with the smallest 

of the locomotive tractive force and the adhesion force available and the result of that is then 

rounded up to the nearest integer.  
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When the number of locomotives needed is known the cost can be calculated. The cost comparison 

tool starts by calculating the cost of hauling the train the desired annual distance.  

The first step when calculating the cost of hauling the train is to calculate the train weight. If only one 

locomotive is needed the train weight is the same as what the user have specified. If on the other 

hand more than one locomotive is needed it is assumed that the weight of the wagons and cargo is 

distributed evenly between the trains. The weight per train is then used to calculate the energy cost 

of hauling the train. The energy consumption is calculated using historical data of the energy usage of 

the old and new locomotives for different train weights. The energy usage can of course change 

depending on the route the train is taking and the speed of the train. 

The energy consumption is assumed to be constant during the studied period in the cost comparison 

tool. So is the energy price even though it has a tendency to fluctuate over time it is hard to predict 

how the price will evolve and it is therefore kept constant in the model. 

Other costs that are directly related to the haulage of the train is the driver cost and the 

infrastructure charges.  

The driver cost is approximately 1000 SEK/h and the total cost will therefore depend on the speed of 

the train. Furthermore is the driver cost dependent on how many trains that are needed. How the 

real salaries change over time is largely dependent on the economy. However the average real salary 

increase in Sweden from 1970 to 2013 have been 1.44% per year (SCB) and this number is used in 

the CCT.   

The infrastructure charges are dependent on both the distance travelled and the weight of the train, 

hence the size of the infrastructure charges depends on how many locomotives that are needed. 

Over the next ten years the traffic administration have decided to increase the infrastructure charges 

with about 250% (Trafikverket, 2014). In the cost comparison tool it has been assumed that the 

infrastructure charges will increase with the same per cent every year. 

If a train is delayed additional fees need to be paid to the traffic administration for every minute the 

train is delayed if it is the train operator that is responsible for the delay. These fees are included in 

the CCT and are based on historical data that have been weighted with the running distance. 

It is common that the train operator also needs to pay fees to the customers if the train is delayed.  

How large those are only depend on the contract with the customer and have therefore not been 

included in the CCT.          

The locomotives also need to be positioned for several reasons. It can be that they need to go to the 

workshop or that they are in the wrong place for the service they should provide. When the trains 

are positioned they can either go by themselves or be pulled in another train. When the locomotives 

go by themselves it is necessary to pay energy costs, infrastructure costs and a driver. When the 

locomotive on the other hand is pulled by another locomotive it is only the extra energy cost for the 

weight of the locomotive that needs to be considered. If however the train that pulls the locomotive 

already is heavy or long it might not be possible to transport as much cargo as desired on the train 

leading to loss of revenues. This has not been considered in the cost comparison tool. The amount of 
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time the locomotives are used for positioning is based on historical data. The time the locomotives 

have been used for positioning over a year has been divided by the kilometres the locomotives run 

that year and is in the cost comparison tool multiplied with the desired kilometres the locomotive 

should run per year.  

The positioning that is done due to that the locomotive is in the wrong place is not related to the 

locomotive model, it is rather a question of planning. Since the old and new locomotives have been 

used for different tasks the planning of them might differ, however it is assumed that that difference 

is small and that it mainly is the transportation to service locations that differ between the 

locomotive types. The time it takes every year to transport the locomotive to service depends both 

on how many times the locomotive needs service and how far it is on average to the workshop. How 

often the locomotive needs service is only dependent on the locomotive type and not on planning. 

How far it is to the workshop can both depend on the locomotive model and on the planning. The 

reason for that is that there are fewer workshops that can handle some locomotive models than 

other, hence making the average distance to a workshop longer. However, it can also depend on 

planning since it is possible to plan to use the locomotive only in regions where there are workshops 

for that locomotive model. However it is hardly practical to plan to only use the locomotive near its 

workshops, hence it is more likely that the average distance to the workshop is more dependent on 

how many workshops there are that can handle the locomotive model in question and therefore this 

is more related to the locomotive model than to planning.  

When calculating the cost and time needed for maintenance the locomotive’s maintenance plan is 

the base for how often and what kind of maintenance the locomotive needs. The CCT will calculate 

what kind of maintenance the locomotives need for each year depending on the yearly mileage. 

The repair costs are also dependent on the yearly mileage and are calculated from historical data.   

The amount of maintenance and repair the locomotives needs will change over time. In the CCT it is 

assumed that the maintenance and repair time, and thereby also the cost, increase with 0.5% 

annually (Brown, 1961).   

To be able to maintain the operation when the locomotives are in repair, spare locomotives are 

needed. About 10 to 15% extra vehicles are usually needed to cover normal maintenance and repair 

(Andersson, et al., 2016). Though having 10 to 15 % spare capacity will not be enough in case of 

serious accidents like a derailment or a fire. However these incidents occur seldom and it is therefore 

unlikely profitable to adjust the vehicle fleet to be able to maintain operations as planned even when 

those incidents occur. In the CCT it is assumed that there will be 15% spare locomotives.  

The administration cost is assumed to be about three times as high for an old locomotive than a new 

locomotive. The main reason why the administrative cost is assumed to be higher for the older 

locomotives is that it is harder to find spare parts. The administration time needed does not increase 

much for every additional locomotive, instead the work is mainly associated with the number of 

locomotive models.  
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When all the operational costs are known the total cost of running the locomotives for the selected 

period can be calculated. The total cost is calculated as the present value of the costs over the ten 

year period and a free cash flow approach is used to do so (Berk, et al., 2011). The free cash flow is 

usually calculated in the following way: 

 𝐹𝐶𝐹 = 𝐸𝐵𝐼𝑇(1 − 𝑡𝑎𝑥) + 𝑑𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 + 𝑎𝑚𝑜𝑟𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛 − ∆𝑊𝐶 − 𝐶𝐴𝑃𝐸𝑋 
 

(9) 

where EBIT stands for earnings before interests and taxes, ∆WC is the change in working capital and 

CAPEX is the capital expenditure. However in this case, since only the cost side is considered, the 

EBIT is unknown. Hence a modified version of the free cash flow is used. Instead the cash flow is 

calculated as  

 𝐶𝐹 = −𝑂𝐸 − ∆𝑊𝐶 − 𝐶𝐴𝑃𝐸𝑋 (10) 
 

where OE is the operational expenditure.  

In the calculations the change in working capital is considered to be zero. In CAPEX the revisions of 

the locomotives are included. The CAPEX in year zero also includes the market value of the 

locomotive and in the final year the terminal value is included in the CAPEX as a negative 

expenditure. 

The value of the locomotive can be seen as an investment at the beginning of the first year, year 

zero. This is true both for companies in need of acquiring a locomotive to start the operation and for 

those who already have a locomotive since the locomotive can be sold and the money used 

elsewhere. It is therefore important to include the value of the locomotive in the calculations.  

When the cash flow of costs is known the cash flows can be used to calculate the present value of 

the costs.  The present value of the costs is calculated using the following equation: 

 
𝑃𝑉 = ∑

𝐶𝐹𝑡

(1 + 𝑑)𝑡

𝑁

𝑡=0

 
(11) 

 

where t is the year and d is the discount rate. As discount rate the WACC (weighted average cost of 

capital) is usually used. The WACC is calculated using the following equation: 

 
𝑊𝐴𝐶𝐶 =

𝑟𝑖𝑖 + 𝑟𝑒𝑞𝑒𝑞

𝑖 + 𝑒𝑞
 

(12) 

 

where ri is the interest rate and req is the expected return on equity. i is the amount of borrowed 

capital that is used to finance the locomotive and eq the amount of equity that is used.  

Usually when calculating the NPV (net present value) the free cash flow is used. When the cash flow 

from the incomes of the project is known the present value of the costs can be used to calculate the 

NPV. This will give the same result as if equation (9) with the free cash flow was used in the 

calculations of the NPV except tax effects will not be included.     
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Apart from calculating the cost the CCT also calculates the time that is required to perform the 

transportation task every year including maintenance and delays etc. Since the time required to 

perform each of the different elements in the transportation service have been used to calculate the 

cost, they only have to be summed to find the total time the locomotive is occupied for the specific 

transportation service.   

3.2 The case study 

In order for the CCT to give realistic results, information about the actual costs of running a train 

operation is needed. That information was obtained from a case study at Hector Rail. In this section 

information related to the specific case studied will be presented and discussed.  

The choice of locomotives 

In the case study two different locomotive types in Hector Rail’s fleet were investigated. The newer 

locomotive type investigated is called 241 by Hector Rail and was manufactured by Bombardier, 

belonging to the Traxx-family.  Over 300 units of this specific locomotive type have been 

manufactured, of which Hector Rail owns twelve. These twelve locomotives were manufactured 

between 2007 and 2011, making them between 5 and 9 years old at the time this report is written.  

The older locomotive type investigated is called 142 by Hector Rail and was previously owned by 

ÖBB, the Austrian state railways. The locomotives were manufactured between 1972 and 1975.  In 

total, 257 locomotives of this type were produced. Hector Rail purchased eleven of them in 2006.  

The 241 locomotive was chosen to be included in the study because the Bombardier Traxx 

locomotives are among the more common modern electrical locomotives. When investigating the 

costs of new locomotives it would have been interesting to look at a totally brand new locomotive, 

especially when one of the aims of the tool developed is to help train operators to decide whether to 

buy new or previously used locomotives. However if totally new locomotives had been investigated, 

there had been little data of the operating costs available and therefore a few years old locomotive 

was chosen.  

The older locomotive chosen was produced in a large quantity and its performance is quite similar to 

other common locomotives from the 60s and 70s, for instance the Swedish Rc-locomotives. The 

locomotive model can therefore be seen as a good representative for old locomotives.  

 

 

 

 



16 
 

Furthermore Hector Rail has quite many locomotives of these two models, resulting in a large 

quantity of available data. Some general information about the two locomotive models can be seen 

in Table 3 

Table 3: General information about the locomotive models that have been investigated in the case 
study. 

Class 142 241 

Axles 4 4 

Mass [ton] 84 84 

Max power [kW] 4000 5600 

Max tractive force [kN] 225 300 

Max speed [km/h] 150 140 

Year of manufacturing 1972-1975 2007-2011 
 

The time perspective 

In the locomotive cost comparison tool the time perspective is ten years. The reason for this is that a 

user should be able to use the tool to calculate the cost of using different locomotives for a specific 

business opportunity. A ten-year time horizon is reasonable for long-term rail transport contracts. 

Furthermore, some large expenses occur seldom. If a shorter time perspective had been considered 

those costs might have been missed all together. 

The data for the case study 

When calculating the energy consumption of the locomotives the data used is based on the energy 

consumption in May 2015 and is calculated as a function of train weight. Other parameters such as 

the speed of the train have not been taken into consideration. Furthermore can the energy 

consumption depend on which routes the train traffics. The new and the old locomotives have not 

historically been used for the same purpose which might bias the data somewhat. However more 

than 300 trains have been included in the data and should therefore give a good average.  

The largest difference between the new and old locomotives that is associated with the energy 

consumption is that the new locomotive has regenerative brakes which reduces the energy 

consumption with about 21%. The old locomotive does not have regenerative brakes. 

The delay times included in the CCT are the total delays and not only the delays related to the choice 

of locomotive. The total delay was included due to the available data and because it is the total delay 

that will affect the transportation time and also affect customer relationships. It has been assumed 

that any differences in delay time between the old and new locomotives caused by the train operator 

is related to the choice of locomotive since other causes of delay should occur at the same frequency 

regardless of this choice.    

In this case study it was found that about 50% of the delays was caused by the train operator, for 

instance due to locomotive failure, and the other half of the delays was caused by the infrastructure 
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operator, the Swedish Transport Administration. This means that the train operator only can do 

something about half of the delays. However all of the delays will affect the customer relationship 

and impair the competitiveness of railway transportations.  

The repair and maintenance cost of the locomotives are based on actual historical data, however the 

way the costs are calculated differs somewhat between the old and new locomotives. The reason for 

that is that the data for the different locomotives look different. For the new locomotive there is a 

maintenance and repair agreement with a fixed charge per kilometre the locomotive runs regardless 

of the amount of maintenance and repair needed. In the agreement almost everything except 

revisions is included. Because of this agreement the cost of maintenance and repair cannot be 

separated for the newer locomotive. For the older locomotive there exists no such agreement. 

Instead the maintenance and repair is paid on an hourly basis.   

For the older locomotive, repair costs are calculated by multiplying the time the locomotive 

historically have been in repair per kilometre it has run with the desired kilometres it should run per 

year and the repair cost per hour.  The calculation of the maintenance cost for the old locomotive is 

based on the maintenance plan. The cost comparison tool calculates how many times a year the 

locomotive needs different types of maintenance. The cost for each maintenance occasion is the 

based on actual historical costs. The historical cost of spare parts per kilometre is also used to 

calculate the repair and maintenance cost.  

For the new locomotive the CCT also calculates the number of times the locomotive needs 

maintenance. These occasions are on the other hand not used to calculate cost but rather to see how 

much time the locomotive needs for maintenance and repair per year. The reason why it is of 

interest to calculate the amount of time the locomotive spends in the workshop, is because that time 

the locomotive cannot be used. When choosing which locomotive to use it is not only of interest how 

much it costs to use it, it is also interesting to know how much time the locomotive can be used, its 

availability. 

As it is today the old locomotive is used for about 80 000 kilometres per year and the new 

locomotive 200 000 km per year.  

To find the market value of the locomotive at the beginning of the first period was easy since a 

market evaluation had recently been done by Hector Rail. However finding the terminal value is 

much harder since it is hard to find information about exactly how the market value changes over 

time. However all companies need to include the depreciation of their assets in their annual report. 

The same depreciation rate that Hector Rail uses have been used in the CCT to find the termination 

value since that should be a good approximation of the actual depreciation. The depreciation rate 

differs between the old and new locomotives. The old locomotives are depreciated with a fixed 

amount for every kilometre they run, in this case 6.5 SEK/km.  The modern locomotives on the other 

hand are being depreciated with a percent of the locomotive value every year. In the CCT the 

depreciation rate of the locomotive and of its revisions have been considered. The depreciation rate 

for the locomotive is 5% per year and for the revisions 25%. The revisions are seen as investments 
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and are therefore depreciated.  The locomotives are expected to have a scrap value of approximately 

84 000 SEK which is the approximate metal value of the locomotives.  

To discount the cash flows in the CCT the Hector Rail company WACC of 6.3% is used.   
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4 RESULTS  

The figures below show the ten- year cost for old and new locomotives at different operations. In all 

of the operations it has been assumed that the largest gradient of the track has been 5 ‰ and the 

smallest curve radius 1000 m. A train length of 630 m and 25 wagons have been assumed.  

 

 

Figure 4: Ten-year cost as function of train mass when running 50 000 km/year at 80 km/h. 

 

Figure 5: Ten-year cost as function of train mass when running 100 000 km/year at 80 km/h. 
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Figure 6: Ten-year cost as function of train mass when running 200 000 km/year at 80 km/h. 

 

Figure 7: Ten-year cost as function of train mass when running 50 000 km/year at 40 km/h. 
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Figure 8: Ten-year cost as function of train mass when running 100 000 km/year at 40 km/h. 

 

Figure 9: Ten-year cost as function of train mass when running 200 000 km/year at 40 km/h. 
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Figure 10: Ten-year cost as function of train mass when running 50 000 km/year at 120 km/h. 

 

Figure 11: Ten-year cost as function of train mass when running 100 000 km/year at 120 km/h. 
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Figure 12: Ten-year cost as function of train mass when running 200 000 km/year at 120 km/h. 

 

 

Figure 13: Ten-year cost as a function of the yearly mileage for a train mass of 800 tonnes, running at 
80 km/h. 
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Figure 14: Ten-year cost as a function of the yearly mileage for a train mass of 800 tonnes, running at 
40 km/h. 

 

 

Figure 15: Ten-year cost as a function of yearly mileage for a train mass of 800 tonnes, running at 80 
km/h when the locomotive investment cost has been excluded. 
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Figure 16: Ten-year cost as a function of the yearly mileage for a train mass of 800 tonnes, running at 
80 km/h when assuming no change in locomotive cost over the ten-year period. 

 

 

 

 

Figure 17: Required time as percentage of total time available as function of distance for three 
different speeds.  
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5 DISCUSSION 

 

A common way for train operators to be paid is by the tonnage and distance of the transport. 

Therefore the difference in cost per transported ton is highly interesting. As can be seen in Figure 4 

to Figure 12 the cost lines for the old and new locomotives are rather parallel, indicating that the cost 

increases about equally with train mass for both locomotive models. However at certain points, 

where depends on the speed of the train, there is a discontinuity in the cost curves where they shift 

to a higher cost level. The shift is due to that for train masses over the shifting point an additional 

train is needed, hence the higher cost. The shifting point is at a higher train mass for the new 

locomotive. The reason is that the new locomotive has a higher tractive force and power and can 

therefore be used to haul heavier trains. Even after the shift the curves continue to be almost 

parallel.  

By looking at Figure 4 to Figure 12 it can also be concluded which locomotive that will give the lowest 

cost depends both on the speed and mass of the train. As long as equally many old or new 

locomotives could be used for the transportation task it is better to use old locomotives. This is true 

as long as the yearly distance is less than 230 000 km which can be seen in Figure 13 and Figure 14. If 

the train should run more than 230 000 km per year it is more cost effective to use the new 

locomotives.  

One noticeable trend is the slope of the curves in Figure 13 and Figure 14. It can be seen that the 

slope of the old locomotive cost curve as function of running distance is considerably steeper than 

that of the new locomotive. Hence the marginal cost per kilometre is higher for the old locomotive. 

The reason, despite of this, that it is more expensive to use the newer locomotive is because the new 

locomotive starts from a higher cost level. That is, even if the locomotives just stand still having a 

new locomotive is more expensive than having an old. This is due to the higher initial cost of the new 

locomotive and that it loses value faster than the old locomotive. In Figure 15 the ten-year cost per 

yearly running distance is shown when the initial costs of the locomotives and the depreciation of 

them have been excluded from the calculations. In this figure it can be seen that if the initial cost and 

depreciation of the locomotive are excluded the cost per kilometre is lower for the new locomotive. 

This shows that the capital cost has a large effect on the total cost. 

In Figure 16, the initial cost of the locomotives is included, however it has been assumed that they 

will not decrease in value over time. From this it can be concluded that also the estimation of the 

depreciation will have a large effect on which locomotive that should be used. If the locomotives did 

not decrease in value over time it would be beneficial to use the new locomotives already at 155 000 

km pear year instead of 230 000 km per year. The reason why Figure 15 and Figure 16 look different 

is that in Figure 16 the effects of the time value of money have been included for the cost of the 

locomotive which have been excluded in Figure 15. The depreciations in the CCT have been based on 

the depreciation rate that Hector Rail uses. Even though that should be a good assumption it is not 

necessarily that the depreciation follows the market value. However, as long as equally many old or 
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new locomotives are needed to perform the transportation task, it will always be better to use the 

old locomotives if the yearly distance is less than 155 000 km. That is as long as a company do not 

already own new locomotives that they are unable to sell.  If a company already owns a new 

locomotive and has no possibility to sell it, it will always be better to use the new locomotive since 

the cost increases less per kilometre than for an old locomotive, see Figure 15. In that case the initial 

cost can be seen as a sunk cost and should therefore not be included in the calculations. 

Using a higher speed will reduce the transportation time and will thereby lower the cost. However 

there is one drawback with this and that is that the locomotives will not be able to pull as heavy 

trains when the speed increases, hence for a given train mass it will be cost effective to increase the 

speed of the train as long no more trains will be needed. One should keep in mind that increasing the 

speed will also lead to a higher energy consumption. This effect is not included in the CCT.  

Apart from the cost per kilometre the availability of the locomotives also needs to be taken into 

consideration when choosing which locomotive to use. The old locomotive needs maintenance more 

often than the new locomotive, hence reducing the flexibility and the time available to use it in 

operation. As can be seen in Figure 17 using the old locomotive takes more time than using the new 

locomotive even if the locomotives run at the same speed. The more time needed for the old 

locomotive is due more break downs and more time needed in the workshops. However the time 

difference is not huge. How many kilometres per year the locomotives can run do of cause depend 

on which speed they run at. Still, according to the calculations there would be no problems for the 

locomotives to run longer per year than they do today. This is especially true for the old locomotives. 

There can be many reasons for this. For example, in the calculations it is assumed that the train can 

run with the desired speed all the time. However in reality this is rarely possible due to time tabling. 

Shunting times have not been included in the CCT since that is more related to what goods are being 

transported rather than which locomotive that is being used. Still it will affect the amount of time the 

locomotive is available for transportation. The use of the locomotives can of course also be affected 

by customer requirements on when the goods should be transported. 

In all the figures which have the yearly mileage on the horizontal axis, Figure 13 to Figure 17, it can 

be seen that the curves are not completely linear. At certain points there are small jerks in the 

curves. This is due to that some high costs, such as revisions, come at rather infrequent intervals and 

will therefore not appear for all yearly running distances.  
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6 CONCLUSIONS AND FURTHER WORK 

6.1 Conclusions 

It can be concluded that the marginal cost per kilometre is lower for the new locomotive than for the 

old locomotive. However, the higher capital cost of the newer locomotive will lead to that the yearly 

mileage needs to be high in order for the newer locomotives to be more cost efficient.   

Since the newer locomotives have higher tractive force and power and better slip control they can 

pull heavier trains. Therefore, depending on the mass of the train, fewer new than old locomotives 

can be used to pull the trains. In those cases it will be more cost-efficient to use new locomotives.   

6.2 Further work 

For future research it would be interesting to look more closely on what effects the choice of 

locomotives has on the drivers and their work situation and to see to what extent that can influence 

the costs.  

This report has solely focused on the costs inflicted by the locomotives. To be able to provide a 

transport service to the consumer, wagons are also needed. It would therefore be interesting to also 

investigate how the choice of wagons influence the total cost.  

Furthermore it might be that the customer’s willingness to pay for the service depends on the choice 

of locomotive. For instance, it has been shown that the willingness to pay increases slightly for more 

environmentally friendly transports. This should suggest that customers might be more willing to pay 

for transportation with the newer more energy efficient locomotives. Since this report have focused 

on the cost side and not the revenue side, effects such as this have not been within its scope. To 

investigate this could however be of interest in future research.       
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