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CHAPTER 1:  PREFACE 
 

This manual provides assistance to users in the application of Version 2 of the “Traincost” 
Point-to-Point Railway Traffic Costing Model. Version 1 of this model and the accompanying user 
manual was published in 1997. With the generous financial assistance of the Russian Federation, 
UNESCAP has updated the model to improve its capability and to take advantage of the recent 
substantial improvements in the software on which the model is based. 

 
A key improvement which has been built into Version 2 of the model is a capability to deal 

with railway fixed costs,  As can be seen from Figure 2.1 in the next chapter,  railway costs comprise 
a high proportion of what are termed “fixed costs”, i.e, costs which will be incurred independently of 
the level of traffic. Thus the estimation of point-to-point costs for individual types of traffic will need to 
incorporate a valid method for allocating such costs among different types of traffic using the same 
route.  

 
There is a growing recognition, within most of the region's railway organizations, of the 

importance of measuring the costs of operating individual traffics in order to estimate their contribution 
to corporate profitability, but not all have access to the costing systems or models which produce 
satisfactory results and are at the same time easy to apply and update. 
 

The transformation, currently in progress, of many of the region's railways from government 
institutions to market responsive transport operators with clear commercial objectives has also 
revealed a need for estimates of point to point traffic costs as a basis for making decisions about the 
acceptance or rejection of individual traffics, for which fare or tariff levels are established by market 
forces. Unless the costs of conveying specific traffics are known, at least in a broad sense, it cannot 
be concluded whether they will be self-sustaining (i.e. yield a healthy surplus of revenue above cost) 
or will require financial support through subsidies or grants. Specific railway traffic costing models, 
such as this one, provide the basic tools for making such assessments. 
 

An important distinction must be made between traffic costing systems or models and the 
accounting systems which collect and provide the base cost data inputs for the former. While many of 
the region's railways have introduced costing systems, few have modified their accounting systems to 
provide the necessary level of cost disaggregation needed for the costing of individual traffics. 
Essentially, these accounting systems serve other purposes, such as the traditional requirement of 
financial data for statutory reporting purposes. Thus, the costing systems which have been developed 
generally rely on average costs applicable across the entire railway network, leading in many cases to 
distortions in the cost estimates for individual traffics. In most cases, also, costs derived from 
traditional accounting data will reflect inefficient operating practices and will not be capable of 
adjustment to reflect more efficient operating practices, as required for the purpose of making pricing 
decisions. 
 

The model described in this manual cannot be expected to resolve these problems, but it 
does offer an alternative to the use of base cost data from established railway accounting systems. 
This alternative involves the use, wherever possible and appropriate of reliable cost indicators, such 
as wage rates in the case of train crew and other operating personnel costs and fuel consumption 
rates and the current unit price paid for fuel in the case of fuel costs. 
 

Reform of railway accounting systems, procedures and practices is a major undertaking 
which cannot be expected to be achieved in the short term. However, there is an immediate need for 
estimates of point-to-point (i.e. station to station) costs of individual railway traffics. This model is an 
answer to this need. 
 

The principles which have applied to the development of the model are that: 
 

 it should be capable of producing point-to-point cost estimates for all categories of railway 
traffic, i.e. intermodal freight, general freight, bulk freight and long distance (or intercity) 
passenger traffic; 

 
 it should be accessible to, and useable by, railway marketing staff; 
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 it should be designed to run on a personal computer and be based on readily available 
spreadsheet software; 

 
 it should present all costing options in a logical sequence and in a user friendly format; 

 
 it should be capable of using cost indicators as a substitute for accounting costs, whenever 

the latter are unavailable, inaccessible or out-dated. 
 

Although the model has been developed primarily for use by railway marketing staff in 
assessing the financial potential of existing or future railway traffics, it should be noted that it 
produces by-product information which could prove useful for other railway management applications. 
For example, the physical information it generates in terms of the quantum of locomotives, freight 
wagons or passenger rolling stock needed to support individual traffics could be a useful input to 
railway physical resource and capital planning processes (including project feasibility studies). 
Similarly, the disaggregated financial data it provides could also be of considerable assistance to 
railway senior management in rationalizing and improving railway operations, as well as in developing 
and implementing effective cost control measures. 
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CHAPTER 2:  COST DEFINITIONS 
 

A number of different cost terms are used throughout this manual. To assist an 
understanding of some of the more frequently used terms, definitions are given in this section. 
 

The three types of cost which are normally estimated for point-to-point traffic are: 
 

 Short Run Marginal Costs.  These are the addition to total costs within the 
short term (e.g. within 12 months) resulting from the addition of small increments, 
such as one more tonne of freight, to total output. Since they include cost 
elements which will only vary in the short run, they do not include items of capital 
cost. Examples of short run marginal cost elements are the cost of train crews, 
fuel, locomotive and rollingstock maintenance, and incremental track 
maintenance, needed to carry an extra tonne of freight, or an extra passenger. 

 
 Long Run Marginal, or INCREMENTAL, Costs. These are short run 

marginal costs, with the addition of other costs which will vary only in the long 
term (i.e. generally during periods of longer than 12 months). Thus the elements 
of long run marginal costs are those comprising short run marginal costs and any 
capital cost increments needed to support additions to output. One example of 
such a capital cost increment would be the purchase cost of new wagons needed 
to carry additional freight tonnage. 

 
 Fully Distributed, or Fully Allocated, Costs. These result from the addition  of 

overhead or indirect costs (i.e. costs which cannot be directly associated with, 
 and do not vary in proportion to, output).The distribution of these costs to specific 
services and traffics is often controversial, as the basis of distribution is 
necessarily arbitrary, e.g. distribution in proportion to direct costs or to some 
physical measure of output, such as gross tonne-kilometres. The cost associated 
with the provision and maintenance of a signalling system on a particular line, 
with the fixed cost of track maintenance and with head office overheads are 
examples of indirect costs, requiring distribution to individual traffics. 

 
The typical composition of these cost indicators is shown in Figure 2-1, using intermodal 

freight traffic as an example. Of course, the relative proportions of the cost constituents of these 
indicators is likely to vary considerably from railway to railway, but the example shown has been 
taken from a study of an actual freight service on an actual railway line in the region. It will be 
noted in this case that indirect or fixed costs account for nearly one third of total costs. In some 
countries of the region, where railway traffic volumes are very low, fixed costs comprise up to 80 
per cent of total railway costs.  
 

A particular form of indirect cost frequently encountered in railway operation is joint cost. 
This is the cost of providing two or more services, the production of which cannot be physically 
separated. That is, provision of a facility for one service will automatically make that facility 
available (up to the limit of its capacity) for all other services. The signalling system costs and the 
costs of railway head office administration, cited above, provide classical examples of joint costs. 
There is no reasonable basis on which joint costs may be allocated to any one service. 
 
 

Another type of cost which is frequently encountered in railway operation is common cost. This is the 
cost of resources shared by more than one service, where the proportions of the resources allocated 
to individual services may be altered at the discretion of management. An example is the cost of train 
crews. The sharing of the costs of a given train crew depot among the various services operated by 
that depot is determined by the way in which crews are rostered for duty. In principle, it is possible to 
relate such costs to individual activities and services. Common costs are always of a "direct" nature, 
since the apportionment of indirect costs , such as supervision costs for train crew depots, will not be 
directly influenced by crew deployment decisions. Common costs are a major element of the short 
and long run marginal cost estimates described above. 
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Finally, another cost indicator frequently used as a basis for studying the financial and economic 
viability of operating individual lines or other sub-divisions of railway networks is avoidable cost. This 
is the cost which would be avoided or would not be incurred if a service ceased to be provided. For  
example, if a station on a particular line were to be closed, the costs of maintaining that station would 
be avoided, but the costs of staffing that station would not be avoided, unless the staff were 
completely separated from the railway organization, through retirement, resignation, or other means of 
severance. 
 

        

 
 

Figure 2-1: Railway traffic cost components ( example: railway 
intermodal traffic) 
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CHAPTER 3:       SOFTWARE INFORMATION AND LOADING PROCEDURES 
 
3.1 Software Used for This Model  
 
 The software used for the construction of this model is Microsoft Excel 2010. This commercial 
software is readily available and offers major advantages in terms of enabling the inter-linkage of 
several different worksheets within a single file. The advances in computer technology since the first 
edition of the model was released have been immense. Most notebook and desk top computers 
available these days have a hard disk capacity of more than 1 gigabyte, with a RAM of more than 500 
megabytes, which is more than adequate as a platform for operating the model.  
 
3.2 Model Structure 
 

The model is structured in five linked worksheets, within the file: 
 Traincost_model_Oct13.xlw. The functions of these worksheets are described in Chapters 4 - 
8. 
 
3.3 General Instructions for Use of Microsoft Excel Software 
 

It is assumed that users will have more than a passing acquaintance with the application 
of Microsoft Excel software. However, they will especially need to be aware of the "recalculation" 
features of the software, when attempting to input data to the model . 
 

For the purposes of the model, the worksheet defaults have been set for "Manual  
Calculation". When you have finished keying in data and wish to see these inputs reflected in the 
costing result, you should press the “Formulas” button on the heading line of the worksheet and 
then the “Calculate Sheet” button at the top right-hand side of the worksheet. When you do this, 
the Calculation indicator at the bottom left-hand corner of your screen will disappear, as the 
cells containing new data are recalculated. The Calculation indicator will reappear at the bottom 
left-hand corner of your screen whenever you input further data to the worksheet. This feature 
will be especially helpful in assessing the effect on costs of changing certain physical costing 
parameters, e.g. variation of number of operating days per year, deployment of higher powered 
(and therefore higher haulage capacity) locomotives and/or higher payload freight wagons, use 
of diesel railcar sets in place of locomotive hauled carriage sets, etc.  
 
3.4 Loading “Traincost” onto your Personal Computer 
 

It will be necessary to load the “Traincost” model onto your Personal Computer from a DVD 
diskette supplied with this documentation.  

 
To do this, insert the diskette into the DVD drive of your computer (this is usually drive “E” on 

modern computers), double left-click your mouse on the “My Computer” icon (usually at the top left-
hand corner of your opening Windows screen), then again on  “DVD Drive [E:]”  and copy the file with 
the name “Traincost_model_Oct13.xlw.” to your chosen folder and directory. It is strongly 
recommended that you create a special directory for all your costing files within the folder called “My 
Documents” .  
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CHAPTER 4:  STARTING “TRAINCOST” 
 
Step 1: 
 

After starting your personal computer, double left click your mouse on the Main Directory icon 
at the top left-hand corner of your screen and then again on the “My Documents” folder which will 
appear as a pop-up. Next, double left click on the directory containing “Train 
cost_model_Oct13.xlw” and the opening screen of the Traincost model will appear, as 
shown below. 

 

 
 
 

Step 2: 
 

From the five choices given in the coloured “Select Boxes”, select the type of operation you 
wish to perform by placing the cursor over the button in the relevant box and either double clicking the 
left hand mouse button or pressing the “Enter” key on your computer keyboard. 
 

 If you select: 
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The “sysdata” worksheet (Worksheet 2) will be displayed. This worksheet will allow you to input 
system wide cost and operational data and to calculate detailed unit cost data for specified line 
sections, locomotives, items of passenger and freight rolling stock, as well for station staffing and train 
marshalling operations, etc. The unit costs so derived can be transferred to the individual traffic 
costing worksheets. 
 
If you choose to use this worksheet, you will need to be assured that base cost data are 
available at the required level of dissection from your railway organization's accounting 
system, or from management sources, such as workshops overhaul records for locomotives 
and rolling stock. 
 

 If you select: 
 

 
 
A worksheet which calculates the cost of container train operation (Worksheet 3) will be displayed. 
This worksheet, will allow you to calculate the costs which would be attributable to hauling, on double 
or single stack container wagons, a specified volume of international and/or domestic 
containers, between a given origin and destination. 
 
 

 If you select: 
 

 
 
 
A worksheet allowing you to calculate the cost of transporting general (i.e. non-unitized) freight, in up 
to three different types of wagons in the same train (Worksheet 4), will be displayed.  
 

 If you select: 
 

   
 
 
You will find displayed a worksheet which will enable you to calculate the cost of hauling a given 
annual volume of bulk freight between a given origin and a given destination (Worksheet 5). In this 
case, bulk cement haulage has been used as an example but the worksheet may be adapted for the 
haulage of any other bulk commodity, e.g. coal, mineral ores, etc, but allowance will have to be made 
for the use of specialized wagons, with specific tare weights and payloads, for the purpose.      
 

 If you select: 
 

 
 
 
 
The worksheet displayed  will allow you to cost the operation of a passenger train transporting a 
specified number of passengers between a given origin and destination (Worksheet 6). In this case, a 
fast Diesel Multiple Unit (DMU) operation is costed, but the worksheet may be applied equally to 
operation of locomotive hauled passenger trains. 
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CHAPTER 5:  INPUT AND CALCULATION OF DETAILED COST DATA 

IN “SYSDATA” WORKSHEET (LINE SECTION AND 
OPERATING ASSET COSTS) 

 
5.1 Purpose of “sysdata” worksheet 

 
 
In this chapter, the use of the sysdata worksheet is explained. It is this worksheet which 

is displayed when you select the "sysdata" button from the menu in the introductory worksheet. 
 
The purpose of this worksheet is to accept and re-calculate inputs of detailed physical 

and financial costing data for specified line sections, types of locomotives, and types of 
passenger and freight rollingstock, as well as for other system-wide data used for the calculation 
of unit costs. These re-calculated costing inputs may be used independently, or as inputs to the 
calculation of point-point traffic costs in the succeeding worksheets "containers" (costing of 
container trains), "general freight” (costing of breakbulk freight carried in multiple wagon types), 
”bulk freight” and “passengers”. The level of detail required in these inputs is such that only 
railway organizations with advanced Accounting and Operational Reporting ‘systems are likely to 
be in a position to use this worksheet. In order to demonstrate the use of this worksheet, sample 
data from a selection of the region’s railways have been used as input, but these data should not 
be assumed to be an accurate reflection of actual up-to-date costs, since it was necessary in 
some cases to supplement actual costs with estimates where the former were unavailable. 

 
It is important to note that the physical data inputs for this and the subsequent 

worksheets should reflect efficient operating practices. This is especially true when the traffic 
opportunities being costed are vulnerable to competition, since in such cases costs could be 
artificially inflated by operating inefficiencies, leading to poor contribution margins and ultimately 
to incorrect decisions being made about traffic acceptance or rejection. Where system-wide 
averages are being derived for the purposes of estimating unit costs, it may be necessary to 
adjust these averages to reflect operational efficiency. 
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Before beginning to input data to the worksheet, you should use the space provided at 
the top of the worksheet to indicate the name of the department and organization responsible for 
generating the costing. The date of the costing will automatically appear below this indication. 
 

The worksheet is divided into 13 sections. The types of data inputs accepted by each of 
these sections are shown in parentheses as follows: 
 

 Section 1.  Route data (route lengths, track lengths and speeds, by line 
section) 
 

 Section 2.  Calculation of gross passing tonnage and gross tonne-km 
(number of trains by type and gross load, for the costed route) 

 
 Section 3.  Calculation of infrastructure maintenance costs (inputs of annual 

maintenance costs and fixed/variable ratios)  
 

 Section 4.  Locomotives (technical, operational and financial data, by type of 
locomotive) 

 
 Section 5.  Freight wagons (technical, operational and financial data, by type 

of wagon) 
 

 Section 6.  Passenger rolling stock for long distance passenger services 
(technical, operational and financial data, by car type) 

 
 Section 7.  Train crew cost (number of employees per crew category in 

network, monthly wage per employee inclusive of wage on-costs) 
 

 Section 8.  Energy costs, by energy type and physical unit of consumption 
 

 Section 9.  Station operating costs, (total station operating cost per annum  
for route) 

 
 Section 10. Permanent way capital costs (unit construction cost of fully 

signalled line, by type of terrain) 
 

 Section 11. Station capital cost (number of stations on route by category; unit 
construction cost by category) 

 
 Section 12. Train marshalling cost  (number of wagons marshalled per year; 

shunter costs; shunting locomotive operating and maintenance cost, by 
marshalling location) 

 
 Section 13. Insurance (total insurance payments for network per annum; 

train km per annum, for route) 
 

 
In this worksheet, data inputs are required in all cells which are coloured blue. The 

remaining cells will reflect automatic recalculations of data inserted in the blue cells. 
 
The number of operating days per year and the applicable currency should be indicated 

in the cells provided at the beginning of the worksheet. 
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5.2 Section 1: Route Data  
 

There is space in this section to input data for up to four line sections within a single 
costed route, but the model may be adapted to accept more line sections, or indeed routes, if 
desired. The routes for which data inputs are to be provided should correspond with, or include, 
the routes for which traffic costings are required. 
 

 
 
 
Step 1 - Selecting Line Sections 
 

The line sections selected for each route should correspond with the operational sections 
defined by the railway for train running purposes. In general, they will be sections of line joining 
major stations, or sections which are differentiated from one another by major differences in their 
operational characteristics, such as schedule or average speeds. 

 
Step 2 - Inputting Data 
 

Data inputs should now be inserted in the following sequence: 
 
Route data 

 
i. Line section identifier. This is the identifying number for each line section within each 

route. If it is the first line section within Route 1, it should be assigned the number 1.1. 
 
ii. Line section end stations. For each line section, the stations at either end of the section 

should be identified under "From" and "To" respectively. 
 
iii. Route km. This is the distance in kilometres between the stations at either end of each 

line section. 
 
iv. Track km. This is the total length of track within the section, accounting for multiple 

running tracks, as well as all sidings and crossing/passing loops within the section. This 
figure is needed as a basis for calculating the unit costs of track maintenance,   

 
v. Elapsed time in hours. This is the time taken for a train to pass through each line 

section. Separate details are required for passenger, container and other freight trains. 
This information may be obtained from a sample of actual train operating graphs 
prepared by the Railway Operating Department. 

 
vi. Average (schedule) speeds. These are the average speeds achieved by each train type 

in transiting each line section. They result from the division of the route km by the 

elapsed time for each line section. They are automatically calculated by the 
model and require no user input. 
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5.3 Section 2: Calculation of Gross Passing Tonnage and Gross Tonne-Km 
 
Calculations of Gross Tonne-Km (GTKM) are needed as a basis for estimating the variable 
costs of infrastructure maintenance as well as of energy consumption. This section of the 
worksheet is formatted to accept the data inputs necessary for .GTKM calculation, as shown 
below. 

 
i. Trains per day. Details of the total number of trains passing through each line section 

per day are needed as the basis for calculating GTKM as well as for apportioning the 
fixed costs of a route among the individual traffic components using the route. These 
details will generally be available from railway statistical departments and should be input 
to Section 2. The model will then automatically calculate the annual number and 
distribution of trains through the route being costed. 

 
ii. Average km per train operated.  The average trip distance for each category of train 

operated should be keyed in here. The model will then automatically calculate the annual 
train operating km, which is used in the calculation of GTKM. 
 

iii. Train composition and gross weight. The numbers and gross weights of the 
locomotives and rolling stock comprising each type of train should be input to the relevant 
cells provided in this section. Using these data, the model will automatically calculate the 
annual passing gross tonnage and gross tonne-km for each train type and in total for the 
route. 

 
vi. Significance and sourcing of “gross passing tonnes” per annum. 

Gross passing tonnage is a measure of the load bearing on the track from the passage of 
trains and is used as a basis for calculating that element of track maintenance costs 
which varies directly with the level of traffic. It is a statistic which is frequently used by 
railway civil engineers to calculate track life and to establish maintenance cost 
relationships with the quantum of traffic. In this case, it is calculated by the model from 
base operating data, but it is a fundamental operating statistic and , as such is usually 
available from railway statistical departments, or from Traffic, or Operating, departments. 

 
5.4 Section 3: Calculation of Infrastructure Maintenance Costs 
 
 Infrastructure maintenance includes all activities related to the maintenance of track, 

bridges, buildings and the signalling and communications system. The costs of these 
activities must be divided into variable costs which vary with the level of traffic and fixed 
costs which are incurred independently of the level of traffic.  

 
 Accounting records will usually reveal the overall annual cost incurred for infrastructure 

maintenance within the entire railway network. The model allows for a network wide cost 
to be derived either from central accounting records, or from infrastructure inventory 
records maintained by rail civil engineering department. This cost should then be 
converted to a unit cost per track-km, through the application of a network track-km figure 
which should be available from civil engineering records.   
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 : 
 

While the example provided in this manual demonstrates direct inputting of the fixed and 
variable components of infrastructure maintenance costs, it is possible that the split of 
these components will not in all instances be available directly from railway civil 
engineering sources. If these records provide a dissection of costs by maintenance 
activity then it may be possible to derive the split by grouping maintenance activities 
under fixed and variable cost components, as shown above. 

 
 There is a wide body of technical literature available on the variability of track 

maintenance costs. This literature reveals divergent views about the variability of various 
elements of track maintenance costs. For example, if track is laid on timber sleepers, 
there is an argument that sleeper replacement costs will be more time than traffic related, 
since timber sleepers will be vulnerable to the deteriorating effects of climate over time.  

 
 On the other hand, the available evidence suggests that the deterioration of concrete 

sleepers in track will be more a function of traffic than of time. The type of materials used 
in bridge construction could also dictate whether bridge maintenance costs will be traffic 
or time related, since steel or concrete bridges are more likely to deteriorate in proportion 
to traffic tonnage than are timber bridges.  

 
 The rule of thumb suggested above as the basis for determining which cost components 

are traffic related and which are not may be refined considerably if studies of track 
maintenance causation have been undertaken by railway civil engineering departments. 
These studies involve the application of multiple regression techniques in order to 
establish the significance of the relationship of the gross tonnage passing over a given 
line section to the level of different types of maintenance inputs. 

 
 The model has been designed to accept inputs of fixed costs as a rate per track km per 

annum and inputs of variable costs as a rate per gross tonne km (GTKM). For railways 
with high traffic volumes, the fixed cost proportion of infrastructure maintenance cost 
tends to be relatively low at 55-60%, but for railways with low traffic volumes can be as 
high as 80-90%,   
 

 
 
 
 
 
 
 



ESCAP:   “Traincost”, Point-to-Point Railway Traffic Costing Model – Users’ Manual 2014 
 

 
 13 

 
 

5.4 Section 4: Locomotive data 
 

This section provides for data inputs for up to eight different types of locomotives. The 
data already inserted in this section were derived from a selection of the region’s railways. 
Please note that the maintenance cost for shunting locomotives needs to be inserted in Section 
12 (Train Marshalling Cost).    

 
 

 
 
All of the data inputs required in this section should be available from the Mechanical 

Engineering or Motive Power Department (either directly or from vehicle registers maintained by 
this department). They include: 
 
i. Description.  Indicate traction type (diesel or electric), deployment (passenger, freight or 

both) and power rating in Horsepower (where power rating is the maximum continuous 
power available for traction). 

 
ii. Gross weight. This is the all-up service weight of locomotive unit, in tonnes. In the case 

of a dieseI locomotive, this will be its fully fuelled weight. In the case of an electric 
locomotive, this will be the overall weight of the locomotive body and all of its 
components. Gross weight is needed as one of the bases for calculating the gross 
tonnage of costed trains, which in turn provides the basis for calculating the variable 
component of track maintenance cost. 

 
iii. Energy consumption rate. This is expressed in terms of litres per thousand gross tonne 

 kilometres in the case of diesel locomotives and kilowatt hours per thousand gross tonne 
kilometres in the case of electric locomotives. Locomotive energy consumption depends 
on a number of factors, train gross tonnage, train speed, locomotive age, and terrain 
characteristics being just some of these.  
  



ESCAP:   “Traincost”, Point-to-Point Railway Traffic Costing Model – Users’ Manual 2014 
 

 
 14 

The rates which have been keyed in to the sysdata worksheet assume the deployment of 
new locomotives and their operation in flat terrain with near zero gradients. If the route 
you are costing contains steep gradients then you may wish to increase the energy 
consumption rate in subsequent worksheets to reflect the higher energy consumption 
resulting from operation on steeply graded track.  
 
A review of operational experience of several railways in the UNESCAP region has 
revealed typical energy consumption rates for different train categories. These rates 
(shown in the table below) were used to provide data inputs for the model. 
 
Train type Gross 

tonnage 
Traction type/energy consumption rate 

Diesel Electric 

Heavy haul bulk commodities 5,000-
10,000 + 

1-2 litres/’000 GTKM 8 kwh/’000 GTKM 

Container/general freight 
3,000 -
4,000 

3-4* litres/’000 GTKM 11 kwh/’000 GTKM 

General freight 1,600 4-5.5 litres/’000 GTKM  
Loco hauled passenger 1,300 8 litres/’000 GTKM 19 kwh/’000 GTKM 
Push-pull DMU 280 11.4 litres/’000 GTKM  
 
* Rate derived from Australian sources and relates to haulage on level grade. Same sources suggest 
that the rate could increase to 10 litres per thousand GTKM on steeply graded track (Submission to 
Productivity Commission Enquiry on Energy Efficiency, October 2004). 
 

 It should be noted that the model does not allow for different rates of energy consumption 
to be applied respectively in the cases of loaded or empty train operation. This will result 
in a slight understatement of the cost of empty train operation, since it can be observed 
that energy consumption rates for empty trains will be higher than those of loaded trains.    

 
iv. Replacement cost. This is the amount, in local currency, which would currently be paid 

for the purchase of a new locomotive of the specified type, inclusive of all duties, taxes 
and government charges. In most cases, this cost will be available from the Mechanical 
Engineering or Motive Power department, but as a rough guide currently stands at about 
US$ 4 million for a high horsepower (4,000 HP+) diesel-electric locomotive, around US$ 
7 million for a high powered electric locomotive and around US$ 3.0 million for a lighter 
powered (2,000-3,000 HP) diesel electric locomotive. 

 
v. Maintenance cost.  This field is intended to record the average amount per locomotive 

kilometre which would typically be incurred for the maintenance of a locomotive of the 
specified type, inclusive of the cost of all servicing inputs (e.g. fuelling, sanding, brake 
block replacement, etc), running repairs, programmed and emergency overhaul.  
 
For ease of calculation and in the absence of adequate experience based data, all 
maintenance is assumed to be distance related. However, it might be argued that the 
replacement of certain electrical components such as armature wiring or traction motor 
components could be related more to time in service, than to any other factor.  
 
Major overhaul work will not generally be undertaken every year. Indeed railway 
organizations around Asia are likely to vary in terms of their locomotive maintenance 
policies and practices. For the purposes of this section of the worksheet, it was assumed 
that major overhauls will be scheduled every 360,000 km, or about every 2.5 years if the 
average annual running distance is 150,000 km.  
 
Locomotive maintenance costs are likely to vary greatly in relation to traction type 
(electric locomotives are typically considered to have maintenance costs only 40-60% of 
those of diesel locomotives) and age (with recent evidence suggesting that the cost of 
locomotive maintenance increases markedly with age). 
 
By contrast, maintenance costs do not seem to vary greatly with installed power. 
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Many experts have claimed that the cost of maintaining the current generation of 
3,000-4,000 HP diesel electric locomotives is little different from that of earlier generation 
2,000 HP locomotives, because apart from the larger cylinder size of the higher 
horsepower locomotives, basic technical differences between the two goups are confined 
mainly to the more advanced control systems of the latter.  
 
Ideally, workshop records should provide a running tally of the cost of maintaining 
specific locomotives. In practice, however, it was found that few railway mechanical 
departments had in place the job or activity costing systems needed to provide cost data 
on individual locomotives, let alone locomotive types or classes. The data input in this 
section of the worksheet represent average overhaul costs across different types and 
classes of locomotives. Similarly, it was found that few railway organizations had in place 
the cost recording systems needed to reveal the actual costs of running repairs and 
routine servicing. Instead, based on advice from some of the region’s railway mechanical 
departments, the cost of routine maintenance was estimated at 10 per cent of overhaul 
costs. 
 
If it is possible to obtain actual overhaul and routine maintenance costs for specific 
locomotive classes, these data should be inserted directly into relevant column of the 
table, to replace the default averages across the entire fleet.   
 

vi. Availability rate. This represents the percentage of a full year during which a locomotive 
 will be available for revenue earning traffic. When applied to the total number of hours in 
a year (8,760), it will indicate the number of hours in a year, less an allowance for 
downtime for servicing, overhaul or other reasons. Locomotive availability tends to be low  
 throughout the region, rarely exceeding 85%. Well managed Motive Power or Mechanical 
Engineering departments will be able to provide availability data by class of locomotive 
and for a range of locomotive ages. The model uses the available hours per locomotive 
year to calculate the gross requirement of locomotives when divided into the annual 
locomotive hours for a particular traffic (see individual traffic worksheets). 

 
5.5 Section 5:         Freight Wagon Data 
 

This section provides for data inputs for up to seven different types of freight wagons. As with 
locomotives, all of the data inputs required in this section should be available from the Mechanical 
Engineering Department (either directly or from vehicle registers maintained by this department).  
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The relevant fields requiring data inputs include: 
 

i. Type.  Data should be inserted for all wagon types typically used on services which are likely 
to be the subject of costings. "Type" indicates the physical nature of the wagon, e.g. 
“Gondola” for a four axle, high sided wagon, open at the top; “Boxcar” for an enclosed van, 
etc. 

. 
ii. Tare weight.  This is the empty weight of a wagon, i.e. the weight of a wagon without its load. 

The objective of the wagon designer is to minimize the tare weight of a wagon in relation to its 
payload, or load carrying capacity. Typically, a modern well designed wagon will have the 
capacity to carry more than three times its own weight as payload. 

 
iii. Maximum payload. This is the maximum permissible weight, in tonnes, of the contents of a 

wagon. Owing to differences in the density of freight commodities, something less than 100% 
of the maximum payload of wagons will typically be used. When the average payload of the 
wagon is added to its tare weight, the result is applied to the number of wagons comprising a 
train to calculate the train gross trailing load. This latter statistic is used in turn as a basis for 
calculating the quantity of energy consumed and, with the addition of locomotive gross 
weights, the level of variable track maintenance cost.  

 
iv. Maximum gross weight. This is the maximum permissible weight of a wagon and its 

contents. For modern wagons of efficient design, it will be equivalent to the maximum 
permissible axle load on the system, multiplied by the number of axles.  
 

v. TEU capacity.  Data must be inserted in this field only for container carrying wagons. The 
TEU capacity of a wagon is its capacity in terms of the maximum number of twenty foot 
equivalent units of containers it can carry. Thus, if the wagon is capable of carrying a single 
40 ft container, its TEU capacity will be 2.0 and if it is capable of carrying a single 45 foot 
container, its TEU capacity will be 2.25 (i.e. 45 ft / 20 ft), and so on. In the case of double 
stack container wagons, two 40ft or 45ft containers will normally be loaded one above the 
other, giving a TEU carrying capacity of 4 or 4.5. 

 
vi. Replacement cost. This is the amount, in local currency, which would currently be paid for 

the purchase of a new wagon of the specified type, inclusive of all duties, taxes and 
government charges. Replacement costs will vary significantly with the specific purpose and 
design of wagons. For a modern low tare bogie flat wagon, a cost in the range of US$ 60,000 
- 75,000 would be typical, but the costs of specialized wagons, such as petroleum or cement 
tankers would be substantially more than this. The replacement cost of a double stack 
container wagon will be at least one third more than the cost of a single tier container wagon, 
mainly because the design of the wagon incorporates a low profile “well” within which the 
bottom tier will rest. The cost of the latter (as reflected in this section of the worksheet) was 
actually derived from recent annual reports of the Gunderson Company, the US based 
manufacturer.  

 
vii. Maintenance cost. This should be the average amount per wagon kilometre which would 

typically be incurred for the maintenance of a wagon of the specified type, inclusive of the 
cost of all servicing inputs (e.g. bearing lubrication, brake block replacement, etc), running 
repairs, programmed and emergency overhaul. However, as is the case with locomotives, it is 
unlikely that the maintenance cost of individual wagons, or even of individual wagon classes, 
will be available from the records of railway mechanical departments. Thus, the maintenance 
cost data in this section represent the overhaul and running maintenance cost averaged 
across the entire wagon fleet. All maintenance is assumed to be distance related, although it 
might be argued that some elements of wagon maintenance, such as body re-painting, could 
be related more to time than to any other factor. However, since bogies and running gear 
account for a majority of the maintenance work done on freight wagons, it is reasonable to 
expect that the maintenance of most wagon components is distance related. Wagon 
overhauls were assumed to take place after 250,000 km of running. If the wagons are utilized 
on average 50,000 km per year, this would mean that overhauls would be undertaken every 5 
years on average. 
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If it proves possible to obtain actual overhaul and routine maintenance costs for specific 
wagon classes, these data should be inserted directly into relevant column of the table, to 
replace the default averages across the entire fleet.   
 

 
5.6  Section 6:      Passenger Vehicles  
 

This section provides for data inputs for up to six different types of passenger rolling stock. As 
with locomotives and freight wagons, all of the data inputs required in this section should be available 
from the Mechanical Engineering Department (either directly or from vehicle registers maintained by 
this department). 

 

 
 
The relevant data fields requiring inputs include: 

 
i. Type.. "Type" indicates the physical nature of the vehicle, e.g. sitting car or coach, sleeping 

car, brakevan, or diesel railcar, etc. Data should be inserted for all vehicle types typically used 
on services which are likely to be the subject of costings.  

 
ii. Energy consumption rate. This is relevant only for air conditioned rollingstock equipped  with 

diesel powered air conditioning units and for diesel or electric powered railcars or multiple unit 
(MU) vehicles. Energy consumption is expressed in terms of: litres per gross tonne kilometre 
for diesel railcars; kilowatt hours per gross tonne kilometre for electric railcars; and litres per 
hour in the case of diesel powered air conditioning units.  

 
 In this section, the rate of fuel consumption for a fast “push-pull” DMU was calculated by the 

following formula: 
 
                                FCDMU  = (PKW x EF x RT x  189)/(850 x D x GT) 
 
   Where: FCDMU = Fuel consumption rate for DMU in litres per GTKM; 
     PKW       = Rated power in KW (based on HST 125 power of  
       3356 KW); 
     EF       = Efficiency Factor = 50%, to convert rated power to  
       power available at wheels; 
     RT      = Running time in hours, in this case 3.4 hours; 
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     189     = Grams of fuel consumed per Kwh; 
     850     = Conversion factor, grams to litres; 
     D         = Distance run (in this case 470 km); 
     GT       =Gross Tonnage of DMU set = 280 tonnes for 5  
        trailer cars plus 2 power cars 
  

The rate of fuel consumption calculated in this case (9.517 litres per thousand GTKM) is 
sensitive to assumptions about power efficiency. For example if the efficiency factor is 
increased to 70%, fuel consumption increases to 13.32 litres per thousand GTKM. 

 
iii. Maximum gross weight. This is the maximum service weight, in tonnes, typically applying to 

a specified type of vehicle. It is inclusive of the tare weight of the vehicle, the weight of its 
passenger load, and (in the case of powered vehicles) the weight of its fuel load. This statistic 
is needed in order to calculate train gross tonnage, which itself is used for the calculation of 
fuel consumption and track maintenance costs. 

 
iv. Passenger capacity. This is the maximum number of passengers which can be 

accomodated in a specified type of vehicle. Clearly, the number of passengers typically 
carried on a particular service will be somewhat less than this capacity figure. The relationship 
between the typical number carried and the capacity number is called the load factor, and this 
is expressed as a percentage. 

 
v. Replacement cost. This is the amount, which would currently be paid for the purchase of a 

new vehicle of the specified type, inclusive of all duties, taxes and government charges. The 
replacement costs of locomotive hauled passenger vehicles in this case were based on recent 
purchases within the region, while those for fast, lightweight DMU vehicles were based on 
dasta from feasibility studies. 

 
vi. Maintenance cost. This is the average amount per vehicle kilometre which would typically be 

incurred for the maintenance of a vehicle of the specified type, inclusive of the cost of all 
servicing inputs (e.g. fuelling, brake block replacement, etc), running repairs, programmed 
and emergency overhaul. All maintenance is assumed to be distance related, because it may 
be argued that the maintenance of a majority of vehicle components is likely to be related 
more to distance, than to any other factor.  

 
 As is the case with locomotive maintenance, it is unlikely that railway mechanical departments 

will be able to provide details of maintenance costs for individual passenger vehicles, or 
indeed for individual vehicle types or classes. Thus, the data in this section represent fleet 
wide averages over all vehicle classes. In this case it has been assumed that the standard 
cost of passenger vehicle overhauls will be available from the railway mechanical department 
and that these overhauls will be scheduled to be done every 250,000 km. The cost of running 
repairs and servicing were then calculated as a proportion of overhaul costs (in this case 
10%).  

 
 Wherever possible, maintenance costs should at least be identified by vehicle class, but this 

will depend upon the extent to which job or activity based costing systems have been 
introduced by railway mechanical departments. 

 
vii. Availability rate. This represents the percentage of a full year during which a passenger 

 vehicle will be available for revenue earning traffic. When applied to the total number of  hours 
in a year (8,760), it will indicate the number of hours in a year, less an allowance for downtime 
for servicing, overhaul or other reason. 

 
 
5.7 Section 7:         Train Crew Data 
 
 This section requires inputs of wage costs for train crews. In most cases the data will be 
available from payroll records maintained by the Traffic, or Operating, Department, although in the 
case of some railway systems, responsibility for locomotive drivers and assistants rests with the 
Mechanical Engineering, or Motive Power, Department.  
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The cost data to be inserted here should include base wage costs, allowances (e.g. distance based 
allowances if applicable) and labour on-costs (such as pension and health benefit contributions) for all 
train crew categories. The data may either be obtained as an annual cost for each staff category 
across the entire railway system or as a monthly wage rate which also includes allowances and labour 
on-costs. The numbers of employees in each category within the entire railway system should also be 
captured from payroll and/or employee establishment records. These numbers should be distributed 
between passenger and freight trains in direct proportion to the annual number of trains run per 
category.  
 
Note that train crew composition will vary depending upon the type of train being operated. For freight 
trains, including container trains, a crew normally comprises: a driver, a driver’s assistant, and a train 
guard, although many railway organizations are beginning to dispense with the latter and to re-assign 
responsibility for train safe-working to the driver’s assistant. For passenger trains, the normal crew 
composition is as for freight trains with the addition of train conductors, the number of which will 
depend upon the number of passenger vehicles comprising the train. Since train crews are rostered 
for duty across the entire system, labour costs at the system-wide level will reflect cases of poor crew 
utilization on certain lines as well as cases of efficient utilization on others. Where it is known that 
inefficient crew utilization predominates across the system, adjustments should be made to system-
wide costs to reduce or eliminate its effect.     
 
In this section, separate unit crew costs per train hour for passenger and freight trains have been 
derived from system-wide costs distributed between each train type and divided by the annual number 
of train hours for each type. 
 
5.8 Section 8:           Energy Cost 
 

Data inputs required in this section are, simply, the current purchase cost of diesel fuel per 
litre and, where relevant, the current cost of electricity supply per kilowatt hour. These costs will 
usually be available from the Supply, or Central Stores, department. 
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5.9 Section 9:          Station operating cost       
 
 Data to be inserted in this section are the wage costs of all station staff. They include 
base wages plus allowances and on-costs, such as pension and health insurance contributions. 
As in the case of train crew costs, they are likely to be available from payroll and establishment 
records maintained by railway Traffic or Operating departments.   
 
 

 
 
 In this section, system-wide data relating to the number of station employees and wage 
costs, are recorded by station category (main, medium and small). Either annual wage costs may 
be inserted directly or monthly wage rates inclusive of allowances and on-costs and the related 
system-wide employee number may be inserted against each station category. A unit station 
operating cost is then computed by dividing the system-wide wages cost for all stations by the 
number of route-km. It should be noted that station operating costs are assumed to be fixed, 
since stations are generally staffed at levels which are mainly independent of traffic volume. This 
is because on many of the region’s railways, station staff have train control and safe-working 
functions (applicable across all train types), in addition to their function of handling passenger 
traffic. For this purpose, stations need to be staffed for 24 hours per day, 7 days per week.   
 
 The use of system-wide costs in this case will also reflect any inefficiency in staff 
utilization, for which adjustments may need to be made if it is desired that costs should reflect 
efficient utilization of staff.   
 
 
5.10 Section 10:          Permanent way capital cost       
 
 This section provides for the estimation of permanent way capital cost. This estimate 
is required if it is desired to recover infrastructure capital cost in railway prices.  
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 In this section, an estimate of the capital cost of the subject route was made by applying 
valid and current unit construction costs to the breakdown of the route km by type of terrain (flat, 
hilly and mountainous). Railway civil engineering departments will be the source of unit 
construction cost data. It should be noted that the resulting construction cost estimate relates to a 
fully signalled, non-electrified, route.  The unit construction cost of an electrified route will be 
about one third greater than that of a non-electrified route through hilly terrain, but the actual cost 
difference should be verified by railway civil/electrical engineers. 
 
5.11 Section 11:          Station capital cost       
 
 An estimate of station capital cost is necessary if the recovery of infrastructure capital 
from railway prices is desired.    
 

 
 
 In this section, unit construction costs for three categories of stations (main, medium 
and small) were applied to the number of each category on the route in order to estimate the 
total station construction cost for the route. Unit construction costs can be provided by 
railway civil engineering departments. 
 
5.12 Section 12:         Train Marshalling Cost 
 

In this section, both the total annual costs and the vehicle throughputs of each major train 
marshalling location should be inserted. From these two statistics, the model will automatically 
calculate the average marshalling cost per vehicle at all recorded locations. 
 

The train marshalling locations recorded should include all major freight marshalling yards 
located on the route being costed. The total annual costs of these locations should include the costs 
of all operating personnel deployed at these locations, as well as all costs associated with the 
crewing, operation and maintenance of shunting locomotives and the costs of maintaining yard 
trackage and signalling systems. The costs of train marshalling and shunting using train locomotives 
at minor stations will be calculated by the model as an increment to linehaul operation. It should be 
noted that generally block or unit trains operating in fixed formations will not require shunting and any 
movement of such trains within terminals will be carried out by mainline locomotives and train crews.  
 
 Similarly, in the case of long distance passenger services, the marshalling of car sets is 
usually the responsibility of train crews, whose costs will be captured under “Train Crew” data (see 
Section 5.7).   
 

In general, the data inputs required in this section will be available from the accounting 
system and from the Traffic, or Operating, Department. 
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CHAPTER 6:   COSTING A CONTAINER TRAIN OPERATION  
 
6.1 Purpose of Worksheet 3 
 

In this chapter, the use of the container traffic costing sub-model in the third worksheet is 
explained. As indicated in Chapter 4, it is this worksheet which is displayed when you select the 
"containers" button from the menu in the “intro” worksheet (Worksheet 1). 
 

The purpose of container traffic sub-model in Worksheet 3 is to generate costings of specific 
point-to-point rail movements of containers. The sub-model will allow the costing of double stack 
container trains as well as of conventional single-tier container trains. 
 
6.2 Preliminaries:  basic identifying information 
 

After entering Worksheet 3  you should identify both the subject of the costing (i.e. the specific 
traffic to be costed) and the department and organization preparing the costing, as shown in the 
following excerpt. Please note that the date of the costing is automatically generated by the model. 
 

You should note that you may only input data in the blue-coloured cells, which have 
been left unprotected for this purpose. The remaining data cells in the worksheet contain the results of 
calculations automatically made by the model and have been protected, to prevent users from 
accidentally keying in data. 

 

 
 
6.3 Keying in data inputs 
 

You may now key in data inputs in the relevant cells, using one or a combination of two 
methods. You can directly key in data, or if the data are already available in the “sysdata” worksheet 
(Worksheet 2), you may copy them into the relevant cells of this worksheet by using the Windows 
Edit- Copy routine or by typing “=” in the destination cell to establish a link with the source cell in the 
sysdata worksheet, and then clicking on the latter to enter the data into the destination cell. In this 
way, a link will automatically be established between the two worksheets, such that any change made 
in the former will automatically be reflected in the latter. 
 
6.3.1  Section A: Fixed Details (Items 1-5) 
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In this section, you should key in the basic information describing the traffic to be costed and 

the basic operating conditions, as shown in the excerpt from the worksheet, (above). 
 

The commodity to be transported (data item 1) should be based on the broad classification 
of freight commodities used for the Marketing Reporting system of your railway organization. 
 

Number of operating days per year (data item 2) is the number of days in the year on which 
trains conveying the costed commodity will operate. 
 

The originating and terminating stations (data items 3 and 4) should be the starting and 
finishing points for the mainline train movement on which the costed consignment will be conveyed. 
The model will automatically account for any local shunting or placement moves at origin or 
destination when the cost of train marshalling is calculated..  

 
The haul distance (data item 5) is simply the distance over which the train will operate 

between its origin and destination. 
 

 
6.3.2  Section B:   Physical Costing Parameters - Items 6-16 
 

 
 
The “One-way loading”  indication (data item 6) and the related backhaul loading 

indication (data item 7) provide the signal to the model as to whether or not the costing will need to 
allow for empty back-haulage. If the costed train will move empty in one direction, “1” should be keyed 
in against item 6 and the proportion of back-loading  shown as “0%”. Conversely if container loading 
can be generated in both directions, “2” should be keyed in against item 6 and the proportion of back-
loading shown as a percentage greater than zero. 

 
Annual tonnage to be hauled (forward) – data item 8 – is intended to indicate the annual 

tonnage to be transported in containers on rail in the forward direction. Given the back-haulage 
proportion (item 7), the model will then automatically calculate the container tonnage hauled in the 
other direction. It should be noted that “tonnage” in this case includes both the load in the container 
and the tare weight of the container itself.  

 
Annual TEU volume to be hauled (forward) – data item 9 – is calculated automatically by 

the model given: the average container payload in the forward direction and the container tare, which  
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should be keyed in to the relevant fields (items 12  and 14  respectively).  It should be noted that the 
TEU volumes in each direction are balanced, although the tonnage volumes are not. This is because 
containers are generally carried on unit trains which shuttle backwards and forwards between ports 
and inland terminals carrying a balanced number of containers on each trip. If tonnage in the forward 
direction exceeds that in the opposite direction there will be a number of empty containers carried in 
the latter direction. It is the predominant traffic direction which determines the number of TEU carried 
in both directions.  Annual TEU volume is needed as a basis for calculating the numbers of trains, 
locomotives and wagons needed to support the traffic. 
 

The block train indication (data item 15) is important, because a block train will normally 
by-pass marshalling yards, i.e. will not require shunting, and its placement in, and withdrawal from, 
loading/unloading tracks at the port or inland terminal will be undertaken by the mainline 
locomotive(s).  
 
 
6.3.2  Section B:   Physical Costing Parameters - Items 17-25 

 

 
Payload per wagon is calculated by the model, given: the assumed load factor (data item 

17a); the TEU capacity of the selected wagon type (extracted from the sysdata worksheet); the 
average payload per TEU in each direction (items 12 and 13) and the container tare weight per TEU 
(item 14). The example used here is the costing of a double stack container train operation. The TEU 
capacity of double stack container wagons is 4. If a payload factor of 80% is inserted, the average 
TEU payload of a double stack wagon is 4 x 80% = 3.2. Effectively, this will mean that a train of 40 
double stack wagons will carry 128 TEU, instead of its capacity load of 160 TEU. This is equivalent to  
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32 empty slots or 8 empty wagons per train. The average wagon payload in tonnes is then calculated 
as 3.2 TEU x (11.6+2.4) = 44.8 tonnes (forward) and 3.2 TEU x (5.8+2.4) = 26.24 tonnes (back). 
These wagon payloads are then used to calculate the total payload and gross tonnages per train, 
which in turn allow the calculation of fuel/energy consumption and the variable cost of track 
maintenance, 
 

Wagon type and number per train (data items 18a and 18b). You should key in the wagon 
type classification used by your railway system. In this case it is “Double stack container wagon”. The 
number of wagons keyed in against "number per train" (data item 18b) should not exceed the number 
compatible with the typical length of en-route crossing tracks or sidings. 
 

Gross tonnage per wagon (data items 19 and 20) is the all-up weight of the wagon and its 
contents. It can be calculated by the addition of the wagon tare weight to its payload as already 
recorded against data items 17d and 17e. 
 

Locomotive traction type, class and number per train (data items 21a, 21b, and 21c). 
Traction type will usually be either diesel (D) or electric (E). You should key in the locomotive I.D. 
code or classification used by your railway system, together with an indication of the power rating of 
the selected locomotive type. In the example used, the locomotive type assigned is a 4,000 HP diesel-
electric. The number of locomotives to be assigned to a train depends upon the gross trailing tonnage 
of the train and the hauling capacity of a single locomotive unit on the route being costed. These 
details are usually available from the Mechanical Engineering or Motive Power Department. In the 
example given, the gross trailing tonnage (forward) is 2,672 when the probable haulage capacity of a 
single 4,000 HP locomotive in hilly terrain is likely to be of the order of 2,000 tonnes. Thus, the model 
assumes that two such locomotives will be required per train. 
 

The gross tonnage of a locomotive is its all-up service weight (including the net weight of the 
unit and its components, for diesel and electric types and the weight of its fuel in the case of diesel 
types). Inputs related to wagon and locomotive numbers, types and loads are required in order to 
calculate fuel consumption and the variable cost of track maintenance. 

 
The brakevan indication (data item 23a.) is needed for the calculation of the gross train 

load. If "YES" is inserted in this cell, the model will automatically add the assumed gross weight of a 
brakevan (25 tonnes) to the gross train load. 

 
 
6.3.3 Section B:   Physical Costing Parameters – Items 26-31 
 

 
The inputs in this section of the worksheet are needed to allow calculation by the model of the 

train gross tonnage (including locomotive weight), train payload and the number of trains to be 
despatched per year. 
 

All of the data items in this section, except for item 30 (additional number of trains using this 
route per year), are automatically calculated by the model from inputs provided in the preceding 
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section, and require no direct input by users. An input for item 30 can be provided by summing the 
number of other trains on the route from the sysdata worksheet. The relationship of item 29 (number  
 
of container trains despatched per year) to item 31 (the total number of trains per year using this 
route) provides a basis for allocating fixed costs, as well as infrastructure capital, to the costed traffic,   
 
 
6.3.4 Section B:   Physical Costing Parameters – Items 32-39b 

 

 
 
In this section, the model calculates the physical requirement of locomotives and wagons 

needed to support the costed traffic. The basis of these calculations is the wagon and locomotive 
cycle times achieved in the haulage of containers over a trip distance of 470 km.  

 
Wagon tumround, or cycle, time details are needed for the calculation of the number of 

wagons required to support the traffic being costed. Except for block trains returned empty to their 
originating stations, wagon tumround time is defined as the time interval between a wagon's departure 
from its originating station and its despatch, after reloading, from its terminating station. In the case of 
loaded out/empty back block trains, wagon tumround is defined as the time interval between a 
wagon's departure from and return to its originating station. 
 

The base for the calculation of wagon tumround time is the transit time of the costed train, 
which is the elapsed time between its departure from the originating station and its arrival at the 
terminating station. When provided with the average or commercial speed of the train between its 
origin and destination (item 32a), the model will calculate the train transit time in one direction. Speed 
and transit time details may be obtained directly from operational records or by sampling actual train 
operating diagrams. Once collected from these sources, the details should be keyed in to Section 1 of 
the sysdata worksheet (Worksheet 1).  

 
The wagon turnround calculation performed by the model requires inputs for the other cycle 

time components. These are: train loading/unloading time (data item 32c), train 
marshallinglre-marshalling time (data item 32d) and wagon idle time (data item 32e). The latter 
should contain an allowance for wagon servicing or running repairs, in addition to waiting time in 
terminals. In fact, prudent operational practice would dictate that all such servicing activities be 
undertaken while wagons are waiting for re-loading. 
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The source of these additional time allowances will usually be freight terminal and marshalling 
yard records. The model will add these allowances to the transit time in order to calculate the overall 
wagon tumround time (data item 32f). 
 

 
 
In cases where the costed train is identified as a loaded out/empty back block train, the model 

will automatically double the transit time calculated against item 32b, to allow for completion of a 
round trip cycle. 

 
From the transit time calculation, the model will automatically calculate the annual train 

hours(data item 33) and the annual locomotive hours (data item 35) associated with container 
haulage on the costed route. These items are used in conjunction with average locomotive availability 
(either transferred from the sysdata worksheet or directly input by the user to item 36) to determine at 
item 37 the net physical requirement of locomotives, i.e. the requirement net of spares to cover 
maintenance downtime. The user is then required to input (at item 37a) a figure for the spares 
allowance in order to produce an estimate of the gross requirement of locomotives for the traffic (data 
item 37b). 

 
For the calculation of the physical requirement of wagons, the user is required only to input a 

figure (at item 39a) for a spare wagon allowance to cover for maintenance downtime. The model will 
automatically perform the calculations required to arrive at an estimate of the net requirement of 
wagons (data item 39). This is based on the annual number of wagon transits divided by the annual 
number of cycles per wagon. The model will then add in the spares allowance to arrive at the gross 
wagon requirement (data item 39b).  

 
 

6.3.5   Section B: Physical Costing Parameters, Items 40-47f 
 
 

 
 
 

In this section, the quantity of fuel or electrical energy consumed by container train operations 
on the costed route is calculated and the proportion of fixed infrastructure and operating cost 
attributable to these operations is determined.  
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For energy consumption calculations, the user needs only to input the fuel or electricity consumption 
rate per thousand gross trailing tonne-km. This may be done directly at item 45a or 45b, or the data 
may be transferred from the sysdata worksheet. The model will then use data inputs from previous 
sections to (a) determine whether diesel or electric traction applies and (b) to calculate the physical 
quantity of the relevant type of energy consumed (data item 46 or 46a).  
 
 
 Similarly, to allow the calculation of the proportion of fixed infrastructure and operating cost 
attributable to this traffic, the user needs only to activate the calculation of previously input data.  
 
6.3.6  Section C: Financial Costing Parameters, Items 48-57a 
 

 
 
Section C of the worksheet contains all of the financial data inputs needed, in combination 

with the physical data inputs of Section B, to generate container train costings. All data items in this 
section, together with the currency unit indication, and the shadow pricing factors for conversion of 
financial to economic costs, require user inputs. 
 

Currency unit indication. You should key your national currency unit into the cell labelled 
"Currency Unit", unless for some reason the costing is to be expressed in terms of another type of 
currency, in which case that currency should be indicated. 

 
C1   Operating and Maintenance Costs 

 
Train crew costs - per train hour (data item 48) is the unit cost of a complete train crew. 

Freight train crews will typically comprise a driver and a driver's assistant in the locomotive cab and 
one or two train guards in a brakevan at the  rear of the train. The unit train crew cost may be keyed in 
directly against this item, or transferred from the sysdata worksheet. 

 
Unit costs of fuel (data item 49) and electrical energy (data item 49a) should represent the 

current rates actually paid to suppliers - these generally being available from stores accounting 
records. Data may be inserted directly in these fields, or alternatively transferred from the sysdata 
worksheet. 
 

Unit cost of locomotive maintenance (data item 50). This is the typical unit cost for the 
maintenance of the type of mainline locomotive specified in Section B, inclusive of all programmed 
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and non-programmed overhaul, servicing (such as fuelling, sanding, traction motor and brake block 
replacement), and running repairs. If Mechanical Engineering Department records do not isolate costs 
by locomotive class, then averages across all classes may be used, provided that these averages 
include only the costs of mainline locomotives (i.e. exclude costs of shunting locomotives). While it 
may be argued that some of the costs of locomotive maintenance are determined by distance run, 
others by time in service and still others by work performed, it has been assumed for the sake of 
simplicity in the application of this model that all maintenance costs will be distance determined. This  
 
can be justified by the fact that the great majority of all maintenance activities, particularly those 
related to maintenance of running gear, suspension and braking systems and powerplant 
components, will be determined by running distance. Users may input data directly from mechanical 
department records or transfer it from the sysdata worksheet. 
 

Unit cost of wagon maintenance (data item 51). This is the typical unit cost for the 
maintenance of the type of wagon specified in Section B, inclusive of all programmed and non-
programmed overhaul, servicing (such as greasing of journal bearings and brake block replacement), 
and running repairs (such as repair of damaged superstructure and doors). As with locomotives, cost 
averages across wagon classes may have to be used if class specific costs are not available from the 
accounting system or Mechanical Engineering records. The overall maintenance costs of wagons will 
be dominated by the costs of maintaining components below the wagon underframe, such as the 
running gear, braking and suspension systems, all of which will require attention in proportion to 
distance run. Hence, the model assumes that all wagon maintenance will be distance determined. 
Users may input data directly from mechanical department records or transfer it from the sysdata 
worksheet.  
 

Variable cost of track maintenance (data item 52). A portion of the overall cost of 
maintaining track and structures, such as bridges, can be expected to vary in proportion to the gross 
tonnage of trains passing over the track, while another portion will be the cost of track maintenance 
activities which must be undertaken irrespective of traffic volume. Typically, the reballasting and a 
majority of the re-sleepering of track, as well as the maintenance of steel and concrete bridges, will be 
examples of maintenance inputs which will be variable with traffic volume. Details of the costs of these 
activities for the relevant line sections should be available from Civil Engineering Department records. 
If multiple regression studies of the relationship of track maintenance to traffic volume have been 
undertaken, the results of these studies may be used to refine the data inputs for this item. The model 
assumes that the variable components of track maintenance will vary in direct proportion to the gross 
tonne kilometres generated by the costed train, You may input a variable cost figure directly, or if it is 
available in the sysdata worksheet, you may input the appropriate cell reference. 
 

Fixed cost of infrastructure maintenance (data item 53). This is the cost of those track, 
structures, signalling system, and (where relevant) electrical power transmission system maintenance 
activities which, typically, will be invariant with traffic volume. These activities will include daily track 
inspection, vegetation control and the maintenance of timber bridges (which are prone more to 
degradation by the effects of climate than of passing tonnage). Although these costs are incurred on a 
daily, weekly or monthly basis, the model assumes that they would be recovered in direct proportion 
to the number of train transits over a section of line in a year. You should input an amount per track-
km against this item, or  alternatively input the appropriate cell references from the sysdata 
worksheet. 
 

Station staffing cost per route-km per year (data item 54). This is the cost of wages and 
benefits for personnel whose duties are specifically (or mainly) associated with train safeworking. 
These personnel can be located at enroute stations, signal boxes or train control centres. As with the 
fixed track and signalling system maintenance activities identified above, the activities and workload 
of safeworking personnel will generally be invariant with traffic volume. Hence, their associated cost, 
which should be available from the Traffic or Operations department, should be keyed in as an 
amount per route-km per year, or alternatively transferred from the sysdata worksheet.  
 

Train marshalling cost (data item 55). This is the cost of train assembly/disassembly, 
incurred in specialized marshalling yards. You should only input data for this item if you are costing a 
non-block train which will require marshalling at origin and/or destination. The model assumes that 
block trains will run as fixed formation consists, requiring only limited shunting which can be 
performed by the mainline locomotive and crew. The unit rate to be inserted here should be inclusive 
of the costs associated with ground shunting and shunting locomotive personnel, maintenance of yard 
trackage and other infrastructure, and shunting locomotive operation and maintenance. A large 
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proportion of these costs will be fixed because a minimum level of expenditure will be necessary to a 
provide a given level of freight train marshalling capacity, irrespective of the extent to which this 
capacity is actually used. Nevertheless, the model assumes that these costs will be recovered in 
proportion to the number of wagons processed in each marshalling yard. Hence, where relevant, you 
should input a rate per wagon against data item 55. The accuracy of this figure will depend upon the 
capacity of the accounting system to isolate costs for individual marshalling yards. Alternatively, it 
should be based on estimates prepared by yard managers, or transferreds from the sysdata 
worksheet. 
 

C2   Capital Costs 
  

In addition to the items of Operating and Maintenance (O&M) cost, described above, it is 
important that the costing should also include an allowance for the annual depreciation and interest 
cost of any capital expenditures which might be necessary to support the traffic under consideration. 
In the case of freight traffic, such expenditures might cover the cost of infrastructure provision (e.g. 
new freight sidings or additional mainline trackage) , as well as the purchase costs of additional 
locomotives  and wagons, if it can be shown that these additional assets will be needed to handle the 
traffic being costed. 
 

It might otherwise be desired to recover through rail prices the entire cost of the existing 
infrastructure on the costed route. In this case, the model calculates the annual depreciation and  
interest allowance, net of the salvage value at the end of an asset’s life. It is the current replacement 
value of the asset, rather than its historical cost which is relevant to the calculation. This method of 
calculation is used, because its purpose is merely to recover through railway prices the cost of 
replacing the assets directly associated with the traffic being costed.  
 
 Section C2 of the worksheet is subdivided into three subsections: C2.1 dealing with railway 
infrastructure (including track, bridges, subgrade, buildings and signalling  systems); C2.2 dealing with 
locomotives, and C2.3 dealing with wagons. However, within each subsection similar information 
inputs are required. 
 
 C2.1 Railway Infrastructure 

 
Infrastructure investment cost (data items 58b and 59b).  Infrastructure investment costs 

include the capital cost of permanent way, including the formation, track-work, bridges and signalling 
system installed on a railway route, as well as the capital cost of associated buildings, such as 
stations, workshops and operating depots.  
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There are two alternative approaches to the inclusion of infrastructure investment in a specific 
rail traffic costing.  

 
First, the infrastructure investment will include the cost of constructing the additional 

permanent way and buildings needed to support the traffic being costed. In most cases, this will be 
the current cost of constructing  new sidings to a customer’s plant or loading dock, or of constructing 
additional mainline trackage, and (possibly) of upgrading signalling systems, where these are required 
specifically for the handling of the traffic being costed. In some cases, where the additional (new) 
freight traffic is to be added  to an existing mainline, its addition may cause capacity problems and 
therefore capacity relief will be required in the form of an additional mainline track or improved 
signalling or both. In such cases, the traffic being added would be required to bear all of the additional 
cost.  Infrastructure capital costs will usually be available from the railway's capital works plan (if the 
work is yet to be undertaken) or from project management documents (if the work has been 
completed and the costs already incurred). 

 
Second, where it is desired to recover from railway prices the capital cost of all existing 

infrastructure on the costed route, the infrastructure investment will include the current cost of 
replacing the existing permanent way and building assets. In this case, the traffic being costed would 
be required to bear a share only of the infrastructure capital cost, calculated in direct proportion to its 
share of the annual number of trains operated on the route. In the example given in the worksheet, 
the permanent way capital cost is estimated from unit construction cost data provided by the Civil 
Engineering Department, while station building cost is estimated from the number of buildings of 
different categories on the costed route multiplied by relevant unit construction costs provided by the 
same Civil Engineering Department.  In both cases these calculations have already been performed 
in, and are available from, the sysdata worksheet.  

 
 Infrastructure economic or depreciable life (data items 58c and 59c). This is normally the 
period over which the infrastructure can be expected to provide cost effective service (i.e. before 
maintenance costs start to become prohibitive) – following which it will need to be replaced.  Modern 
concrete sleepered track is generally estimated to have a cost effective life of 50 years, while 
signalling systems might require replacement after only 15 years. The railway Civil Engineering and 
Signalling and Communications departments  will be able to provide advice on the choice of an 
appropriate figure. 
 
 Infrastructure residual value as % of initial cost (data items 58d and 59d). This is the 
percentage of the initial value remaining at the end of the asset’s commercial life. In the case of life 
expired track, it will usually be equivalent to the scrap value of the rail, since the other track 
components are unlikely to have a significant residual value. Again, advice on the choice of a suitable 
percentage is likely to be available from the relevant technical departments of the railway.  
 

Interest rate applicable to infrastructure loans (data items 58e and 59e). Within the region, 
railway infrastructure is usually built with long term low interest loans from international development 
agencies or foreign governments. Rates of interest and loan repayment terms and conditions very 
within a wide range. In the example provided, it has been assumed that the applicable interest rate 
would be equivalent to the current interbank offered rate (in this case the rate applicable in Thailand). 
In fact, the interest rates offered by international development agencies are usually much lower than 
this and the re-payment terms are very generous (up to 40 years). The actual interest cost will depend 
on the loan repayment conditions (with interest being paid on the declining loan balance), but in this 
case in the absence of these details, interest has been assumed to be paid on the annual 
depreciation amount. In determining the exact interest rate and amount which is payable by your 
railway organization you should consult with the Railway Finance Department. 
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C2.2 Locomotives 
 

 
Locomotive purchase cost, per locomotive unit (data item 60). The value input against 

this item should represent the current unit purchase value of the particular type and class of 
locomotive to be purchased to support the traffic being costed.  This figure will usually be available 
from railway Mechanical Engineering departments, sourced either from recent purchase contracts or 
from supplier quotations. The model uses this figure in conjunction with the required number of 
locomotives (calculated against item 37b) to compute the total locomotive purchase cost associated 
with the traffic being costed. 

 
Locomotive economic or depreciable life (data item 61). The locomotive lives assumed by 

different railway organizations tend to vary widely throughout the region.  The typical experience of 
several of the region’s railways suggests that maintenance and overhaul expenditures may be 
expected to increase dramatically once locomotives have reached 30 years in service. In the example 
provided, it has been assumed that the economic life of locomotives is about 25 years. Advice should 
be sought both from the Mechanical Engineering and Finance departments as to the most appropriate 
assumption for your railway organization. 
 
 Locomotive residual value as % of initial cost (data item 62). As is the case with 
infrastructure, this will be the remaining value at the end of the asset’s life. Since locomotives may be 
rebuilt or refurbished, they are likely to have a significant residual value at the end of their commercial 
lives. Again, advice should be sought from the railway Mechanical Engineering Department as to the 
percentage which should be used. 
 

Interest rate applicable to mainline locomotive purchases (data item 62a). While low 
interest loans are available for locomotive purchases (including those available under supplier finance 
or export credit schemes), it has been assumed here that locomotive purchases would be financed 
from commercial loans. In this case, the prevailing interest rate applicable to commercial loans in 
Thailand (around 7% per year) has been assumed. The actual interest cost will depend on the loan 
repayment conditions (with interest being paid on the declining loan balance), but in this case in the 
absence of these details, interest has been assumed to be paid on the annual depreciation amount. In 
determining the exact interest rate and amount which is payable by your railway organization you 
should consult with the Railway Finance Department.   
 
  Shunting locomotive purchase cost, per locomotive unit (data item 63). Shunting 
locomotives will only be required where block/unit trains are not operated. The number required 
should be indicated in data item 32 of this worksheet. The unit purchase cost of shunting locomotives 
will be available from the railway Mechanical Engineering Department, but should be inserted in (and 
transferred from) the sysdata worksheet. 
 
 Shunting locomotive economic, or depreciable, life (data item 64). Shunting locomotives 
are likely to have shorter lives than mainline locomotives owing to the greater stress placed on 
powerplants, transmissions and drawgear from continuous shunting activity. Nevertheless, in the 
example provided, a life of 25 years has been assumed for shunting locomotives. 
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  Shunting locomotive residual value as % of initial cost (data item 65). Similarly, owing to 
greater wear and tear, the residual value of a shunting locomotive at the end of its life will be 
significantly lower than in the case of mainline locomotives.  Again, advice should be sought from the 
railway Mechanical Engineering Department as to the percentage which should be used.   
 

Interest rate applicable to shunting locomotive purchases (data item 65a). While low 
interest loans are available for locomotive purchases (including those available under supplier finance 
or export credit schemes), it has been assumed here that locomotive purchases would be financed 
from commercial loans. In this case, the prevailing interest rate applicable to commercial loans in 
Thailand (around 7% per year) has been assumed. The actual interest cost will depend on the loan 
repayment conditions (with interest being paid on the declining loan balance), but in this case in the 
absence of these details, interest has been assumed to be paid on the annual depreciation amount. In 
determining the exact interest rate and amount which is payable by your railway organization you 
should consult with the Railway Finance Department.   
 

C2.3 Wagons 
 

 
 
Wagon purchase cost, per wagon unit (data item 66). The value input against this item 

should represent  the current unit purchase value of the particular type and class of wagon to be 
purchased to support the traffic being costed. This figure will usually be available from railway 
Mechanical Engineering departments, sourced either from recent purchase contracts or from supplier 
quotations. The model uses this figure in conjunction with the required number of wagons (calculated 
against item 39b) to compute the total wagon purchase cost associated with the traffic being costed. 

 
Wagon economic or depreciable life (data item 67).  In common with locomotive lives, the 

wagon lives assumed by different railway organizations tend to vary widely throughout the region.  
Wagons involved in heavy duty traffic are unlikely to have useful lives longer than, say, 20 years. 
However, it is known that some railways of the region depreciate their wagons over periods as long as 
40 years. Again, advice should be sought both from the Mechanical Engineering and Finance 
departments as to the most appropriate assumption for your railway organization. 
 
 Wagon residual value as % of initial cost (data item 68). As is the case with infrastructure 
and locomotives, this will be the remaining value at the end of the asset’s life. However, since wagons 
have limited potential for rebuilding or refurbishment , it is likely that they will have only scrap value at 
the end of their commercial lives. Again, advice should be sought from the railway Mechanical 
Engineering Department as to the percentage which should be used here. 
 

Interest rate applicable to wagon purchases (data item 68a). While low interest loans are 
available for wagon purchases (including those available under supplier finance or export credit 
schemes), it has been assumed here that wagon purchases would be financed from commercial 
loans. In this case, the prevailing interest rate applicable to commercial loans in Thailand (around 7% 
per year) has been assumed. The actual interest cost will depend on the loan repayment conditions 
(with interest being paid on the declining loan balance), but in this case in the absence of these 
details, interest has been assumed to be paid on the annual depreciation amount. In determining the 
exact interest rate and amount which is payable by your railway organization you should consult with 
the Railway Finance Department.   
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6.4  Cost Results - Financial 
 

The model generates separate estimates of the short run marginal costs, long run 
marginal costs and fully distributed costs which would be incurred in transporting the freight 
commodity traffic specified for costing. These costs are expressed as rates per: train trip; wagon 
trip; tonne; tonne-kilometre; TEU and TEU-kilometres (in the case of container traffic), as shown in 
the following excerpt from Section D of the worksheet. 
 

 
Short run marginal cost includes all of the variable costs which are attributable to operation 

of the specified train, including the costs of train crews, fuel/energy consumption, locomotive 
maintenance, wagon maintenance, variable track maintenance, station operations and train 
marshalling costs (for non-block trains only). Long run marginal cost includes all of the SRMC 
components identified above, with the addition of the annualized capital costs of locomotives, wagons 
and dedicated infrastructure, since these costs could be expected to vary only in the long term (in 

RAILWAY CONTAINER TRAFFIC COSTING SUB-MODEL

COSTING SUBJECT: Double Stack Container Block Train Service, Line 1, Station "A" to Station "E"

COSTING PREPARED BY: P J Hodgkinson
DATE: 22-Jan-14

D. COST  RESULTS - FINANCIAL
For route per year Per train Per wagon Per net Per net

D1. O&M COSTS (Variable) trip      trip tonne tonne-km

69. Train crews 1,432,827                           455 11 0.34 0.0007

70. Fuel/energy consumption 10,008,728                         3,176 79 2.36 0.0050

71. Locomotive maintenance 3,399,243                           1,079 27 0.80 0.0017

72. Wagon maintenance 8,015,559                           2,544 64 1.89 0.0040

73. Variable track maintenance 1,796,892                           570 14 0.42 0.0009

74. Train marshalling cost -                                     0 0 0.00 0.0000

75. Terminal handling expenses -                                     0 0 0.00 0.0000

75a. Cost of delivery of container cargo to final destination -                                     0 0 0.00 0.0000

76. SUB-TOTAL, O&M COST (variable) 24,653,249                        7,824 196 5.82 0.0124

D2. O&M COSTS (Fixed)

77. Fixed cost of infrastructure maintenance 1,422,565                           451 11 0.34 0.0007

78. Station operating cost 349680 1,398,720                           444 11 0.33 0.0007

79. Level crossing barrier guard cost -                                     0 0 0.00 0.0000

80. SUB-TOTAL, O&M COST (fixed) 2,821,285                          895 22 0.67 0.0014

D3. OVERHEADS

81. Administrative overhead cost           30.0%  of O&M Cost 8,242,360                           2,616 65 1.95 0.0041

82. Insurance 230,072                             73 2 0.05 0.0001

SUB-TOTAL, OVERHEADS 8,472,432                          2,689 67 2.00 0.0043

D4. CAPITAL COSTS

83. Infrastructure capital

84a. Permanent way 17,304,787                         5,492 137 4.09 0.0087

84b. Station Buildings 607,261                             193 5 0.14 0.0003

84c. Total infrastructure capital 17,912,049                        5,685 142 4.23 0.0090

85. Mainline locomotive capital 1,284,000                          407 10 0.30 0.0006

86. Shunting locomotive capital -                                     0 0 0.00 0.0000

87. Wagon capital 1,926,000                          611 15 0.45 0.0010

88. SUB-TOTAL, CAPITAL COST 21,122,049                        6,703 168 4.99 0.0106

89.  GRAND TOTAL - FULLY ALLOCATED COST 57,069,015                   18,111 453 13.48 0.0287

Short Run Marginal Cost 24,653,249                   7,824 196 6.75 0.0144

Long Run Marginal Cost (Short Run Marginal Cost + loco & wagon capital) 27,863,249                   8,843 221 7.63 0.0162

Fully Allocated Cost (Long Run Marginal Cost + fixed O&M + infrastructure capital) 57,069,015                   18,111 453 15.63 0.0333
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excess of a year). Such costs are nevertheless attributable to the costed traffic as they represent the 
purchase of resources specifically to support that traffic. 
 

The fully distributed or fully allocated cost reflects the addition to LRMC of an allowance 
for full recovery of the capital cost of existing infrastructure. To allow the model to calculate the 
overhead charge as a proportion of fixed and variable O&M costs, you should input the relevant 
overhead rate as a percentage against item 81. Guidance on the choice of an appropriate overhead 
rate should be obtained from the railway system Finance Department.  

 
6.4.1 Cost sensitivity 
 
You may now wish to assess the sensitivity of these cost results to variations in some of the 

physical parameter inputs. This you may do by changing the relevant data, splitting the screen just 
below the row in which you have made the changes, scrolling down to the last rôw in the worksheet 
and then selecting Calc at the bottom right-hand side of the screen. The input changes you have 
made will now be reflected in changed cost results. 
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6.5 Cost Results - Economic 
 
The financial costs shown in the excerpt from Section D of the worksheet were converted to economic 
costs through the application of shadow pricing factors (SPF’s) which remove taxes and government 
charges and adjust costs for distortions from market based factor prices. The resulting economic cost 
results are shown in the excerpt from Section E of the worksheet (below). 
 

 

RAILWAY CONTAINER TRAFFIC COSTING SUB-MODEL

COSTING SUBJECT: Double Stack Container Block Train Service, Line 1, Station "A" to Station "E"

COSTING PREPARED BY: P J Hodgkinson
DATE: 29-Dec-13

E. COST  RESULTS - ECONOMIC
For route per year Per train Per wagon Per net Per net  Per TEU     Per TEU -km

E1. O&M COSTS (Variable) trip      trip tonne tonne-km

90. Train crews 1,249,818                           397                   10                        0.30 0.0006 3 0.0066

91. Fuel/energy consumption 8,507,419                           2,700                67                        2.01 0.0043 21 0.0449

92. Locomotive maintenance 2,760,185                           876                   22                        0.65 0.0014 7 0.0146

93. Wagon maintenance 6,773,148                           2,150                54                        1.60 0.0034 17 0.0357

94. Variable track maintenance 1,518,374                           482                   12                        0.36 0.0008 4 0.0080

95. Train marshalling cost -                                     -                    -                       0.00 0.0000 0 0.0000

96. Terminal handling expenses, Riyadh Dry Port -                                     -                    -                       0.00 0.0000 0 0.0000

96a. Cost of delivery of container cargo to final destination -                                     -                    -                       0.00 0.0000 0 0.0000

97. SUB-TOTAL, O&M COST (variable) 20,808,943                        6,604               165                      4.91 0.0105 52 0.1098

E2. O&M COSTS (Fixed)

98. Fixed cost of infrastructure maintenance 2,073,264                           658                   16                        0.49 0.0010 5 0.0109

99. Station operating cost 1,220,067                           387                   10                        0.29 0.0006 3 0.0064

100. Level crossing barrier guard cost -                                     -                    -                       0.00 0.0000 0 0.0000

101. SUB-TOTAL, O&M COST (fixed) 3,293,331                          1,045               26                        0.78 0.0017 8 0.0174

E3. CAPITAL COSTS

102. Infrastructure capital

102a. Permanent way 14,806,235                         4,699                117 3.50 0.0074 37 0.0781

102b. Buildings -                                     -                    0 0.00 0.0000 0 0.0000

102c. Total infrastructure capital 14,806,235                        4,699               117 3.50 0.0074 37 0.0781

103. Mainline locomotive capital 948,000                             301                  8 0.22 0.0005 2 0.0050

104. Shunting locomotive capital -                                     -                   0 0.00 0.0000 0 0.0000

105. Wagon capital 1,422,000                          451                  11 0.34 0.0007 4 0.0075

106. SUB-TOTAL, CAPITAL COST 17,176,235                        5,451               136 4.06 0.0086 43 0.0906

107.  GRAND TOTAL - FULLY ALLOCATED COST 41,278,510                   13,100          328 9.75 0.0207 102 0.2178
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CHAPTER 7:   COSTING A GENERAL FREIGHT TRAIN OPERATION  
 
7.1 Purpose of Worksheet 4 
 

In this chapter, the use of the general freight traffic costing sub-model in the fourth worksheet 
is explained. As indicated in Chapter 4, it is this worksheet which is displayed when you select the 
"general freight" button from the menu in the “intro” worksheet. 
 

The purpose of the general freight traffic sub-model in Worksheet 4 is to generate costings of 
specific point-to-point rail movements of general freight. General freight, sometimes referred to as 
breakbulk freight, comprises multiple commodities carried in non-unitized form, although general 
freight consignments are often loaded into wagons on pallets, to allow mechanized handling and 
reduced handling costs. Unlike containers which are almost universally carried in fixed formation unit 
trains between a single origin and a single destination, general freight is generally carried in multiple 
wagon types within the same train and between multiple origins and destinations. Unlike unit trains 
which do not require shunting either at the terminals or en-route, general freight trains will generally 
have to be assembled or disassembled in terminals and at en-route locations.       
 
7.2 Preliminaries:  basic identifying information 
 

After entering Worksheet 4, you should identify both the subject of the costing (i.e. the specific 
traffic to be costed) and the person, department or organization preparing the costing, as shown in the 
following excerpt. Please note that the date of the costing is automatically generated by the model. 
 

You should note that you may only input data in the purple-coloured cells, which have 
been left unprotected for this purpose. The remaining data cells in the worksheet contain the results of 
calculations automatically made by the model and have been protected, to prevent users from 
accidentally keying in data. 

 

 
 
7.3 Keying in data inputs 
 

You may now key in data inputs in the relevant cells, using one or a combination of two 
methods. You can directly key in data, or if the data are already available in the “sysdata” worksheet 
(Worksheet 2), you may copy them into the relevant cells of this worksheet by using the Windows 
Edit- Copy routine or by typing “=” in the destination cell to establish a link with the source cell in the 
sysdata worksheet, and then clicking on the latter to enter the data into the destination cell. In this 
way, a link will automatically be established between the two worksheets, such that any change made 
in the former will automatically be reflected in the latter. 
 
7.3.1  Section A: Fixed Details (Items 1-5) 
 

In this section, you should key in the basic information describing the type of traffic to be 
costed and the basic operating conditions, as shown in the excerpt from the worksheet (below). 
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The commodity to be transported (data item 1) should be based on the broad classification 
of freight commodities used for the Marketing Reporting system of your railway organization. 
 

Number of operating days per year (data item 2) is the number of days in the year on which 
trains conveying the costed commodity will operate. 
 

The originating and terminating stations (data items 3 and 4) should be the starting and 
finishing points for the mainline train movement on which the costed consignment will be conveyed.  

 
The haul distance (data item 5) is simply the distance over which the train will operate 

between its origin and destination. 
 

 
7.3.2  Section B:   Physical Costing Parameters - Items 6-11d 
 

 
The “One-way loading”  indication (data item 6) and the related backhaul loading 

indication (data item 7) provide the signal to the model as to whether or not the costing will need to  
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allow for empty back-haulage. If the costed train will move empty in one direction, “1” should be keyed 
in against item 6 and the proportion of back-loading  shown as “0%”. Conversely if container loading 
can be generated in both directions, “2” should be keyed in against item 6 and the proportion of back-
loading shown as a percentage greater than zero. 

 
Annual tonnage to be hauled (forward) – data item 8 – is intended to indicate the annual 

tonnage of general freight to be transported by rail in the forward direction. Given the back-haulage 
proportion (item 7), the model will then automatically calculate the tonnage hauled in the other 
direction. It should be noted that “tonnage” in this case is based on the net weight of a wagon’s 
contents, or a wagon’s payload.  

 
Annual tonnage to be hauled (back). Given the back-loading ratio in data item 7 and the 

forward tonnage (data item 8), the model the model automatically calculates(against item 9) the 
annual tonnage to be hauled in the back direction. 

 
Wagon types comprising the train. The model allows for up to three different wagon types 

to comprise a train. The relevant types can be keyed in directly, to item 11, or copied from the sysdata 
worksheet.  

 
Payload utilization rates – forward (item 11a) and back (item 11b) should be keyed in for 

each wagon type. These should represent the typical utilization rates experienced in each direction on 
the costed route, and can be obtained from Traffic, or Operating, Department records.  
 

Payload per wagon. in tonnes (items 11c and 11d), is calculated in each direction by the 
model, given: the estimated payload utilization rates and the payload capacity of the selected wagon 
type (extracted from the sysdata worksheet).These wagon payloads are then used to calculate the 
total payload and gross tonnages per train, which in turn allow the calculation of fuel/energy 
consumption and the variable cost of track maintenance, 
 
7.3.3  Section B:   Physical Costing Parameters - Items 12-25 
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Wagon type and number per train (data items 12a and 12b). You should key in the wagon 
type classification used by your railway system for each of the wagons comprising the costed train. In 
this case, three general purpose wagon types – boxcars, gondola (or high sided open) wagons, and  
 
low sided or non-container flat wagons – have been assumed. You should key in the number of 
wagons against each type, taking care that the total number per train does not exceed the number 
compatible with the typical length of en-route crossing tracks or sidings or with the haulage capacity of 
a single locomotive. In this case the total number assumed per train is 30, with a gross trailing 
tonnage which is compatible with the haulage capacity of a single 2,500 HP locomotive. 
 

Gross tonnage per wagon (data items 13 and 14) is the all-up weight of the wagon and its 
contents. It is calculated by the addition of the wagon tare weight to its payload as already recorded in 
the sysdata worksheet. 
 

Locomotive class, traction type, and number per train (data items 15a, 15b, and 15c). 
Traction type will usually be either diesel (D) or electric (E). You should key in the locomotive I.D. 
code or classification used by your railway system, together with an indication of the power rating of 
the selected locomotive type. In the example used, the locomotive type assigned is a 2,500 HP diesel-
electric. The number of locomotives to be assigned to a train depends upon the gross trailing tonnage 
of the train and the hauling capacity of a single locomotive unit on the route being costed. These 
details are usually available from the Mechanical Engineering or Motive Power Department. In the 
example given, the gross trailing tonnage (forward) is 1,404 when the probable haulage capacity of a 
single 2,500 HP locomotive in hilly terrain is likely to be of the order of 1,200 tonnes. Thus, the model 
assumes that one locomotive will be sufficient for the haulage of a train. 
 

The gross tonnage of a locomotive (item 16) is its all-up service weight (including the net 
weight of the unit and its components, for diesel and electric types and the weight of its fuel in the 
case of diesel types). Inputs related to wagon and locomotive numbers, types and loads are required 
in order to calculate fuel consumption and the variable cost of track maintenance. 

 
The brakevan indication (data item 17) is needed for the calculation of the gross train load. 

If "YES" is inserted in this cell, the model will automatically add the assumed gross weight of a 
brakevan (25 tonnes) to the gross train load. 

 
The next seven data fields (18-22c), covering train gross tonnages and payload tonnages, do 

not require inputs from users, since the model calculates the required values based on earlier data 
inputs. 

 
Items 23-25 (number of trains per year using the costed route) are calculated by the model as 

a basis for apportioning fixed infrastructure capital and operating costs to general freight traffic.  
 
7.3.4 Section B:   Physical Costing Parameters – Items 26-31 
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In this section, the model calculates the physical requirement of locomotives and wagons 
needed to support the costed traffic. The basis of these calculations is the wagon and locomotive 
cycle times achieved in the haulage of containers over a trip distance of 470 km.  

 
 
Wagon tumround, or cycle, time details are needed for the calculation of the number of 

wagons required to support the traffic being costed. Except for block trains returned empty to their 
originating stations, wagon tumround time is defined as the time interval between a wagon's departure 
from its originating station and its despatch, after reloading, from its terminating station. In the case of 
loaded out/empty back block trains, wagon turnaround is defined as the time interval between a 
wagon's departure from and return to its originating station. 
 

The base for the calculation of wagon tumround time is the transit time of the costed train, 
which is the elapsed time between its departure from the originating station and its arrival at the 
terminating station. When provided with the average or commercial speed of the train between its 
origin and destination (item 26a), the model will calculate the train transit time in one direction. Speed 
and transit time details may be obtained directly from operational records or by sampling actual train 
operating diagrams. Once collected from these sources, the details should be keyed in to Section 1 of 
the sysdata worksheet (Worksheet 1).  

 
The wagon turnaround calculation performed by the model requires inputs for the other 

cycle time components. These are: train loadinglunloading time (data item 26c), train 
marshallinglre-marshalling time (data item 26d) and wagon idle time (data item 26e). The latter 
should contain an allowance for wagon servicing or running repairs, in addition to waiting time in 
terminals. In fact, prudent operational practice would dictate that all such servicing activities be 
undertaken while wagons are waiting for re-loading. 
 

The source of these additional time allowances will usually be freight terminal and marshalling 
yard records. The model will add these allowances to the transit time in order to calculate the overall 
wagon turnaround time (data item 26f). 
 

In cases where the costed train is identified as a loaded out/empty back block train, the model 
will automatically double the transit time input by users, to allow for completion of a round trip cycle. 

 
From the transit time calculation, the model will automatically calculate the annual train hours 

(data item 27) and the annual locomotive hours (data item 29) associated with general freight haulage 
on the costed route. These items are used in conjunction with average locomotive availability (either 
transferred from the sysdata worksheet or directly input by the user to item 30) to determine at item 31 
the net physical requirement of locomotives, i.e. the requirement net of spares to cover maintenance 
downtime. The user is then required to input (at item 31a) a figure for the spares allowance in order to 
produce an estimate of the gross requirement of locomotives for the traffic (data item 31b). 

 
For the calculation of the physical requirement of wagons, the user is required only to input a 

figure (at item 33a) for a spare wagon allowance to cover for maintenance downtime. The model will 
automatically perform the calculations required to arrive at an estimate of the net requirement of 
wagons (data item 33). This is based on the annual number of wagon transits divided by the annual 
number of cycles per wagon. The model will then add in the spares allowance to arrive at the gross 
wagon requirement (data item 33b).  
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7.3.5   Section B: Physical Costing Parameters, Items 34-41f 
 

 
 
 

In this section, the quantity of fuel or electrical energy consumed by general freight train 
operations on the costed route is calculated and the proportion of fixed infrastructure and operating 
cost attributable to these operations is determined.  
 
For energy consumption calculations, the user needs only to input the fuel or electricity consumption 
rate per thousand gross trailing tonne-km. This may be done directly at item 39a or 39b, or the data 
may be transferred from the sysdata worksheet. The model will then use data inputs from previous 
sections to (a) determine whether diesel or electric traction applies and (b) to calculate the physical 
quantity of the relevant type of energy consumed (data item 40 or 40a).  
 
Similarly, to allow the calculation of the proportion of fixed infrastructure and operating cost 
attributable to this traffic, the user needs only to activate the calculation of previously input data.  
 
7.3.6    Section C: Financial Costing Parameters, Items 44-64  

 
Section C of the worksheet contains all of the financial data inputs needed, in combination 

with the physical data inputs of Section B, to generate general freight train costings. All data items in 
this section, together with the currency unit indication, and the shadow pricing factors for conversion 
of financial to economic costs, require user inputs. 
 

Currency unit indication. You should key your national currency unit into the cell labelled 
"Currency Unit", unless for some reason the costing is to be expressed in terms of another type of 
currency, in which case that currency should be indicated. 
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Conversion of financial to economic costs. This section of the worksheet allows for the 

conversion of the financial costs (which are input by users) to economic costs through the application 
of shadow pricing factors (SPFs) which adjust the former to exclude transfer payments (taxes and  
 
government charges) or to remove price distortions. Users should review and adjust, as 
necessary, the SPFs already inserted into the worksheet. The model will then automatically apply 
these factors without further input from users. 

 
C1   Operating and Maintenance Costs 

 
Train crew costs - per train hour (data item 44) is the unit cost of a complete train crew. 

Freight train crews will typically comprise a driver and a driver's assistant in the locomotive cab and 
one or two train guards in a brakevan at the  rear of the train. The unit train crew cost may be keyed in 
directly against this item, or transferred from the sysdata worksheet. 

 
Unit costs of fuel (data item 45) and electrical energy (data item 45a) should represent the 

current rates actually paid to suppliers - these generally being available from stores accounting 
records. Data may be inserted directly in these fields, or alternatively transferred from the sysdata 
worksheet. 
 

Unit cost of locomotive maintenance (data item 46). This is the typical unit cost for the 
maintenance of the type of mainline locomotive specified in Section B, inclusive of all programmed 
and non-programmed overhaul, servicing (such as fuelling, sanding, traction motor and brake block 
replacement), and running repairs. If Mechanical Engineering Department records do not isolate costs 
by locomotive class, then averages across all classes may be used, provided that these averages 
include only the costs of mainline locomotives (i.e. exclude costs of shunting locomotives). While it 
may be argued that some of the costs of locomotive maintenance are determined by distance run, 
others by time in service and still others by work performed, it has been assumed for the sake of 
simplicity in the application of this model that all maintenance costs will be distance determined. This 
can be justified by the fact that the great majority of all maintenance activities, particularly those 
related to maintenance of running gear, suspension and braking systems and powerplant 
components, will be determined by running distance. Users may input data directly from mechanical 
department records or transfer it from the sysdata worksheet. 
 

Unit cost of wagon maintenance (data item 47). This is the typical unit cost for the 
maintenance of the type of wagon specified in Section B, inclusive of all programmed and non-
programmed overhaul, servicing (such as greasing of journal bearings and brake block replacement), 
and running repairs (such as repair of damaged superstructure and doors). As with locomotives, cost 
averages across wagon classes may have to be used if class specific costs are not available from the 
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accounting system or Mechanical Engineering records. The overall maintenance costs of wagons will 
be dominated by the costs of maintaining components below the wagon underframe, such as the 
running gear, braking and suspension systems, all of which will require attention in proportion to 
distance run. Hence, the model assumes that all wagon maintenance will be distance determined. 
Users may input data directly from mechanical department records or transfer it from the sysdata 
worksheet.  
 

Variable cost of track maintenance (data item 48). A portion of the overall cost of 
maintaining track and structures, such as bridges, can be expected to vary in proportion to the gross 
tonnage of trains passing over the track, while another portion will be the cost of track maintenance 
activities which must be undertaken irrespective of traffic volume. Typically, the reballasting and a 
majority of the re-sleepering of track, as well as the maintenance of steel and concrete bridges, will be 
examples of maintenance inputs which will be variable with traffic volume. Details of the costs of these 
activities for the relevant line sections should be available from Civil Engineering Department records. 
If multiple regression studies of the relationship of track maintenance to traffic volume have been 
undertaken, the results of these studies may be used to refine the data inputs for this item. The model 
assumes that the variable components of track maintenance will vary in direct proportion to the gross 
tonne kilometres generated by the costed train, You may input a variable cost figure directly, or if it is 
available in the sysdata worksheet, you may input the appropriate cell reference. 
 

Fixed cost of infrastructure maintenance (data item 49). This is the cost of those track, 
structures, signalling system, and (where relevant) electrical power transmission system maintenance 
activities which, typically, will be invariant with traffic volume. These activities will include daily track 
inspection, vegetation control and the maintenance of timber bridges (which are prone more to 
degradation by the effects of climate than of passing tonnage). Although these costs are incurred on a 
daily, weekly or monthly basis, the model assumes that they would be recovered in direct proportion 
to the number of train transits over a section of line in a year. You should input an amount per track-
km against this item, or  alternatively input the appropriate cell references from the sysdata 
worksheet. 
 

Station staffing cost per route-km per year (data item 50). This is the cost of wages and 
benefits for station operating staff. The duties of these staff include, in addition to handling passenger 
traffic, responsibility for train safeworking. These personnel can be located at enroute stations, signal 
boxes or train control centres. As with the fixed track and signalling system maintenance activities 
identified above, the activities and workload of safeworking personnel will generally be invariant with 
traffic volume. Hence, their associated cost, which should be available from the Traffic or Operations 
department, should be keyed in as an amount per route-km per year, or alternatively transferred from 
the sysdata worksheet.  
 

Train marshalling cost (data item 51). This is the cost of train assembly/disassembly, 
incurred in specialized marshalling yards. You should only input data for this item if you are costing a 
non-block train which will require marshalling at origin and/or destination. The model assumes that 
block trains will run as fixed formation consists, requiring only limited shunting which can be 
performed by the mainline locomotive and crew. In this case it has been assumed that general freight 
trains will need to be assembled or disassembled in marshalling yards at each trip end.  The unit rate 
to be inserted here should be inclusive of the costs associated with ground shunting and shunting 
locomotive personnel, maintenance of yard trackage and other infrastructure, and shunting locomotive 
operation and maintenance. A large proportion of these costs will be fixed because a minimum level 
of expenditure will be necessary to a provide a given level of freight train marshalling capacity, 
irrespective of the extent to which this capacity is actually used. Nevertheless, the model assumes 
that these costs will be recovered in proportion to the number of wagons processed in each 
marshalling yard. Hence, where relevant, you should input a rate per wagon against data item 51. The 
accuracy of this figure will depend upon the capacity of the accounting system to isolate costs for 
individual marshalling yards. Alternatively, it should be based on estimates prepared by yard 
managers, or transferred from the sysdata worksheet. 

 
Level crossing barrier guard cost (data item 52). This item has been inserted in the model 

to allow for the possibility that manually operated level crossing barriers predominate on the costed 
route. Typically many of the region’s railways are now replacing such manually operated barriers with 
automatically operated and signalled barriers or are grade separating their rail/road crossings. If you 
need to input data here, you should obtain an annual labour cost for the route from the Traffic, or 
Operating, Department.  
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C2   Capital Costs 
 
In addition to the items of Operating and Maintenance (O&M) cost, described above, it is 

important that the costing should also include an allowance for the annual depreciation and interest 
cost of any capital expenditures which might be necessary to support the traffic under consideration. 
In the case of freight traffic, such expenditures might cover the cost of infrastructure provision (e.g. 
new freight sidings or additional mainline trackage) , as well as the purchase costs of additional  
 
 
locomotives  and wagons, if it can be shown that these additional assets will be needed to handle the 
traffic being costed. 
 

It might otherwise be desired to recover through rail prices the entire cost of the existing 
infrastructure on the costed route. In this case, the model calculates the annual depreciation and  
interest allowance, net of the salvage value at the end of an asset’s life. It is the current replacement 
value of the asset, rather than its historical cost which is relevant to the calculation. This method of 
calculation is used, because its purpose is merely to recover through railway prices the cost of 
replacing the assets directly associated with the traffic being costed.  
 
 Section C2 of the worksheet is subdivided into three subsections: C2.1 dealing with railway 
infrastructure (including track, bridges, subgrade, buildings and signalling  systems); C2.2 dealing with 
locomotives, and C2.3 dealing with wagons. However, within each subsection similar information 
inputs are required. 
 
 C2.1 Railway Infrastructure 
 

 
 

Infrastructure investment cost (data items 54a, 54b, 55a, 55b).  Infrastructure investment 
costs include the capital cost of permanent way, including the formation, track-work, bridges and 
signalling system installed on a railway route, as well as the capital cost of associated buildings, such 
as stations, workshops and operating depots.  

 
There are two alternative approaches to the inclusion of infrastructure investment in a specific 

rail traffic costing.  
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First, the infrastructure investment will include the cost of constructing the additional 

permanent way and buildings needed to support the traffic being costed. In most cases, this will be 
the current cost of constructing  new sidings to a customer’s plant or loading dock, or of constructing 
additional mainline trackage, and (possibly) of upgrading signalling systems, where these are required 
specifically for the handling of the traffic being costed. In some cases, where the additional (new) 
freight traffic is to be added  to an existing mainline, its addition may cause capacity problems and 
therefore capacity relief will be required in the form of an additional mainline track or improved 
signalling or both. In such cases, the traffic being added would be required to bear all of the additional 
cost.  Infrastructure capital costs will usually be available from the railway's capital works plan (if the 
work is yet to be undertaken) or from project management documents (if the work has been 
completed and the costs already incurred). 

 
Second, where it is desired to recover from railway prices the capital cost of all existing 

infrastructure on the costed route, the infrastructure investment will include the current cost of 
replacing the existing permanent way and building assets. In this case, the traffic being costed would 
be required to bear a share only of the infrastructure capital cost, calculated in direct proportion to its 
share of the annual number of trains operated on the route. In the example given in the worksheet, 
the permanent way capital cost is estimated from unit construction cost data provided by the Civil 
Engineering Department, while station building cost is estimated from the number of buildings of 
different categories on the costed route multiplied by relevant unit construction costs provided by the 
same Civil Engineering Department.  In both cases these calculations have already been performed 
in, and are available from, the sysdata worksheet.  

 
 Infrastructure economic or depreciable life (data items 54c and 55c). This is normally the 
period over which the infrastructure can be expected to provide cost effective service (i.e. before 
maintenance costs start to become prohibitive) – following which it will need to be replaced.  Modern 
concrete sleepered track is generally estimated to have a cost effective life of 50 years, while 
signalling systems might require replacement after only 15 years. The railway Civil Engineering and 
Signalling and Communications departments  will be able to provide advice on the choice of an 
appropriate figure. 
 
 Infrastructure residual value as % of initial cost (data items 54d and 55d). This is the 
percentage of the initial value remaining at the end of the asset’s commercial life. In the case of life 
expired track, it will usually be equivalent to the scrap value of the rail, since the other track 
components are unlikely to have a significant residual value. Again, advice on the choice of a suitable 
percentage is likely to be available from the relevant technical departments of the railway.  
 

Interest rate applicable to infrastructure loans (data items 54e and 55e). Within the region, 
railway infrastructure is usually built with long term low interest loans from international development 
agencies or foreign governments. Rates of interest and loan repayment terms and conditions very 
within a wide range. In the example provided, it has been assumed that the applicable interest rate 
would be equivalent to the current interbank offered rate (in this case the rate applicable in Thailand). 
In fact, the interest rates offered by international development agencies are usually much lower than 
this and the re-payment terms are very generous (up to 40 years). The actual interest cost will depend 
on the loan repayment conditions (with interest being paid on the declining loan balance), but in this 
case in the absence of these details, interest has been assumed to be paid on the annual 
depreciation amount. In determining the exact interest rate and amount which is payable by your 
railway organization you should consult with the Railway Finance Department.  
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C2.2 Locomotives 
 

 
Locomotive purchase cost, per locomotive unit (data item 56). The value input against 

this item should represent the current unit purchase value of the particular type and class of 
locomotive to be purchased to support the traffic being costed.  This figure will usually be available 
from railway Mechanical Engineering departments, sourced either from recent purchase contracts or 
from supplier quotations. The model uses this figure in conjunction with the required number of 
locomotives (calculated against item 31b) to compute the total locomotive purchase cost associated 
with the traffic being costed. 

 
Locomotive economic or depreciable life (data item 57). The locomotive lives assumed by 

different railway organizations tend to vary widely throughout the region.  The typical experience of 
several of the region’s railways suggests that maintenance and overhaul expenditures may be 
expected to increase dramatically once locomotives have reached 30 years in service. In the example 
provided, it has been assumed that the economic life of locomotives is about 25 years. Advice should 
be sought both from the Mechanical Engineering and Finance departments as to the most appropriate 
assumption for your railway organization. 
 
 Locomotive residual value as % of initial cost (data item 58). As is the case with 
infrastructure, this will be the remaining value at the end of the asset’s life. Since locomotives may be 
rebuilt or refurbished, they are likely to have a significant residual value at the end of their commercial 
lives. Again, advice should be sought from the railway Mechanical Engineering Department as to the 
percentage which should be used. 
 

Interest rate applicable to mainline locomotive purchases (data item 58a). While low 
interest loans are available for locomotive purchases (including those available under supplier finance 
or export credit schemes), it has been assumed here that locomotive purchases would be financed 
from commercial loans. In this case, the prevailing interest rate applicable to commercial loans in 
Thailand (around 7% per year) has been assumed. The actual interest cost will depend on the loan 
repayment conditions (with interest being paid on the declining loan balance), but in this case in the 
absence of these details, interest has been assumed to be paid on the annual depreciation amount. In 
determining the exact interest rate and amount which is payable by your railway organization you 
should consult with the Railway Finance Department.   
 
  Shunting locomotive purchase cost, per locomotive unit (data item 59). Shunting 
locomotives will only be required where block/unit trains are not operated. The number required 
should be indicated in data item 32 of this worksheet. The unit purchase cost of shunting locomotives 
will be available from the railway Mechanical Engineering Department, but should be inserted in (and 
transferred from) the sysdata worksheet. 
 
 Shunting locomotive economic, or depreciable, life (data item 60). Shunting locomotives 
are likely to have shorter lives than mainline locomotives owing to the greater stress placed on 
powerplants, transmissions and drawgear from continuous shunting activity. Nevertheless, in the 
example provided, a life of 25 years has been assumed for shunting locomotives. 
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  Shunting locomotive residual value as % of initial cost (data item 61). Similarly, owing to 
greater wear and tear, the residual value of a shunting locomotive at the end of its life will be 
significantly lower than in the case of mainline locomotives.  Again, advice should be sought from the 
railway Mechanical Engineering Department as to the percentage which should be used.   
 

Interest rate applicable to shunting locomotive purchases (data item 61a). While low 
interest loans are available for locomotive purchases (including those available under supplier finance 
or export credit schemes), it has been assumed here that locomotive purchases would be financed 
from commercial loans. In this case, the prevailing interest rate applicable to commercial loans in 
Thailand (around 7% per year) has been assumed. The actual interest cost will depend on the loan 
repayment conditions (with interest being paid on the declining loan balance), but in this case in the 
absence of these details, interest has been assumed to be paid on the annual depreciation amount. In 
determining the exact interest rate and amount which is payable by your railway organization you 
should consult with the Railway Finance Department.   

 
C2.3 Wagons 
 

 
 
Wagon purchase cost, per wagon unit (data item 62). The value input against this item 

should represent  the current unit purchase value of the particular type and class of wagon to be 
purchased to support the traffic being costed. This figure will usually be available from railway 
Mechanical Engineering departments, sourced either from recent purchase contracts or from supplier 
quotations. The model uses this figure in conjunction with the required number of wagons (calculated 
against item 33b) to compute the total wagon purchase cost associated with the traffic being costed. 

 
Wagon economic or depreciable life (data item 63).  In common with locomotive lives, the 

wagon lives assumed by different railway organizations tend to vary widely throughout the region.  
Wagons involved in heavy duty traffic are unlikely to have useful lives longer than, say, 20 years. 
However, it is known that some railways of the region depreciate their wagons over periods as long as 
40 years. Again, advice should be sought both from the Mechanical Engineering and Finance 
departments as to the most appropriate assumption for your railway organization. 
 
 Wagon residual value as % of initial cost (data item 64). As is the case with infrastructure 
and locomotives, this will be the remaining value at the end of the asset’s life. However, since wagons 
have limited potential for rebuilding or refurbishment , it is likely that they will have only scrap value at 
the end of their commercial lives. Again, advice should be sought from the railway Mechanical 
Engineering Department as to the percentage which should be used here. 
 

Interest rate applicable to wagon purchases (data item 64a). While low interest loans are 
available for wagon purchases (including those available under supplier finance or export credit 
schemes), it has been assumed here that wagon purchases would be financed from commercial 
loans. In this case, the prevailing interest rate applicable to commercial loans in Thailand (around 7% 
per year) has been assumed. The actual interest cost will depend on the loan repayment conditions 
(with interest being paid on the declining loan balance), but in this case in the absence of these 
details, interest has been assumed to be paid on the annual depreciation amount. In determining the 
exact interest rate and amount which is payable by your railway organization you should consult with 
the Railway Finance Department.   
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7.4 Cost Results - Financial 
 

The model generates separate estimates of the short run marginal costs, long run 
marginal costs and fully allocated costs which would be incurred in transporting the freight 
commodity traffic specified for costing. These costs are expressed as rates per: train trip; wagon 
trip; tonne; tonne-kilometre; TEU and TEU-kilometres (in the case of container traffic), as shown in 
the following excerpt from Section D of the worksheet. 

 

 
 
Short run marginal cost includes all of the fixed and variable costs which are attributable to 

operation of the specified train, including the costs of train crews, fuel/energy consumption, 
locomotive maintenance, wagon maintenance, variable track maintenance, station operations and 
train marshalling costs (for non-block trains only).  

 
Long run marginal cost includes all of the SRMC components identified above, with the 

addition of the annualized capital costs of locomotives, wagons and dedicated infrastructure, since 

RAILWAY GENERAL FREIGHT TRAFFIC COSTING SUB-MODEL

D. COST  RESULTS - FINANCIAL
For route per year Per train Per wagon Per net Per net

D1. O&M COSTS (Variable) trip      trip tonne tonne-km

65. Train crews 1,278,417                    780                26                          1.66 0.0035

66. Fuel/energy consumption 3,963,683                    2,417             81                          5.15 0.0110

67. Locomotive maintenance 884,601                       539                18                          1.15 0.0024

68. Wagon maintenance 3,128,892                    1,908             64                          4.06 0.0086

69. Variable track maintenance 472,145                       288                10                          0.61 0.0013

70. Train marshalling cost 894,992                       546                18                          1.16 0.0025

71. Terminal handling expenses

72. SUB-TOTAL, O&M COST (variable) 10,622,730                  6,477            216                        13.80 0.0294

D2. O&M COSTS (Fixed)

73. Fixed cost of infrastructure maintenance 2,332,054                    1,422             47                          3.03 0.0064

74. Station operating cost 1,398,720                    853                28                          1.82 0.0039

75. Level crossing barrier guard cost -                              -                -                         0.00 0.0000

76. SUB-TOTAL, O&M COST (fixed) 3,730,774                    2,275            76                          4.85 0.0103

D3. OVERHEADS

77. Administrative overhead cost         30.0%  of O&M Cost 4,306,051                    2,626             88                          5.59 0.0119

78. Insurance 35,857                         22                  1                            0.05 0.0001

79. SUB-TOTAL, OVERHEADS 4,341,908                    2,648            88                          5.64 0.0120

D4. CAPITAL COSTS

80. Infrastructure capital

80a. Permanent way 7,732,994                    4,715             157                         10.04 0.0214

80b. Buildings 271,367                       165                6                            0.35 0.0007

80c. Total infrastructure capital 8,004,361                    4,881            163                         10.40 0.0221

81. Mainline locomotive capital 481,500                       294               10                          0.63 0.0013

82. Shunting locomotive capital 115,560                       70                 2                            0.15 0.0003

83. Wagon capital 808,021                       493               16                          1.05 0.0022

84. SUB-TOTAL, CAPITAL COST 9,409,443                    5,737            191                        12.22 0.0260

85.  GRAND TOTAL - FULLY ALLOCATED COST 28,104,856             17,137       571                    36.50 0.0777

Short Run Marginal Cost 10,622,730             6,477         216                    13.80  0.0294                         

Long Run Marginal Cost (Short Run Marginal Cost + loco & wagon capital) 12,027,811             7,334         244                    15.62  0.0332                         

Fully Allocated Cost (Long Run Marginal Cost + fixed O&M + infrastructure capital) 28,104,856             17,137       571                    36.50  0.0777                         
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these costs could be expected to vary only in the long term (in excess of a year). Such costs are 
nevertheless attributable to the costed traffic as they represent the purchase of resources specifically 
to support that traffic. 
 

The fully distributed or fully allocated cost reflects the addition to LRMC of an allowance 
for full recovery of the capital cost of existing infrastructure, as well as fixed O&M costs and 
administrative overheads. . To allow the model to calculate the overhead charge as a proportion of 
fixed and variable O&M costs, you should input the relevant overhead rate as a percentage against 
item 77. Guidance on the choice of an appropriate overhead rate should be obtained from the railway 
system Finance Department.  

 
7.4.1 Cost sensitivity 
 
You may now wish to assess the sensitivity of these cost results to variations in some of the 

physical parameter inputs. This you may do by changing the relevant data, splitting the screen just 
below the row in which you have made the changes, scrolling down to the last rôw in the worksheet 
and then selecting Calc at the bottom right-hand side of the screen. The input changes you have 
made will now be reflected in changed cost results. 
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7.5 Cost Results - Economic 
 
The financial costs shown in the excerpt from Section D of the worksheet were converted to economic 
costs through the application of shadow pricing factors (SPF’s) which remove taxes and government 
charges and adjust costs for distortions from market based factor prices. The resulting economic cost 
results are shown in the excerpt from Section E of the worksheet (below). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RAILWAY GENERAL FREIGHT TRAFFIC COSTING SUB-MODEL

E. COST  RESULTS - ECONOMIC 100.5
For route per year Per train Per wagon Per net Per net

E1. O&M COSTS (Variable) trip      trip tonne tonne-km

86. Train crews 1,115,130                    680           23                          1.45 0.0031

87. Fuel/energy consumption 3,369,131                    2,054        68                          4.38 0.0093

88. Locomotive maintenance 718,296                       438           15                          0.93 0.0020

89. Wagon maintenance 2,643,914                    1,612        54                          3.43 0.0073

90. Variable track maintenance 398,962                       243           8                            0.52 0.0011

91. Train marshalling cost 261,881                       160           5                            0.34 0.0007

92. Terminal handling expenses, Riyadh Dry Port

93. SUB-TOTAL, O&M COST (variable) 8,507,313                    5,187        173                        11.05 0.0235

E2. O&M COSTS (Fixed)

94. Fixed cost of infrastructure maintenance 2,098,849                    1,280        43                          2.73 0.0058

95. Station operating cost 1,220,067                    744           25                          1.58 0.0034

96. Level crossing barrier guard cost -                              -            -                         0.00 0.0000

97. SUB-TOTAL, O&M COST (fixed) 3,318,916                    2,024        67                          4.31 0.0092

E3. CAPITAL COSTS

98. Infrastructure capital

98a. Permanent way 6,616,466                    4,034        134                         8.59 0.0183

98b. Buildings 237,463                       145           5                            0.31 0.0007

98c. Total infrastructure capital 6,853,928                    4,179        139                         8.90 0.0189

99. Mainline locomotive capital 355,500                       217          7                            0.46 0.0010

100. Shunting locomotive capital 85,320                         52            2                            0.11 0.0002

101. Wagon capital 596,576                       364          12                          0.77 0.0016

102. SUB-TOTAL, CAPITAL COST 7,891,325                    4,812        160                        10.25 0.0218

103.  GRAND TOTAL - FULLY ALLOCATED COST 19,717,554             12,023   401                    25.61 0.0545
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CHAPTER 8:   COSTING A BULK FREIGHT TRAIN OPERATION  
 
8.1 Purpose of Worksheet 5 
 

In this chapter, the use of the bulk freight traffic costing sub-model in the fifth worksheet is 
explained. As indicated in Chapter 4, it is this worksheet which is displayed when you select the "bulk 
freight" button from the menu in the “intro” worksheet. 
 

The purpose of the bulk freight traffic sub-model in Worksheet 5 is to generate costings of 
specific point-to-point rail movements of bulk freight. Bulk freight usually comprises a single bulk 
commodity, such as coal, ferrous and non-ferrous minerals, bulk cement, or bulk grain carried in fixed 
formation trains between a single origin and a single destination. Like other unit trains (e.g. container 
trains), bulk hauling unit trains do not require shunting either at the terminals or en-route, and 
depending upon  the sophistication of the available loading/unloading systems may be 
loaded/unloaded on the move. Any movement of trains within terminals will be handled by the 
mainline locomotive(s).      
 
8.2 Preliminaries:  basic identifying information 
 

After entering Worksheet 5, you should identify both the subject of the costing (i.e. the specific 
traffic to be costed) and the person, department or organization preparing the costing, as shown in the 
following excerpt. Please note that the date of the costing is automatically generated by the model. 
 

You should note that you may only input data in the green-coloured cells, which have 
been left unprotected for this purpose. The remaining data cells in the worksheet contain the results of 
calculations automatically made by the model and have been protected, to prevent users from 
accidentally keying in data. 

 

 
 

8.3 Keying in data inputs 
 

You may now key in data inputs in the relevant cells, using one or a combination of two 
methods. You can directly key in data, or if the data are already available in the “sysdata” worksheet 
(Worksheet 2), you may copy them into the relevant cells of this worksheet by using the Windows 
Edit- Copy routine or by typing “=” in the destination cell to establish a link with the source cell in the 
sysdata worksheet, and then clicking on the latter to enter the data into the destination cell. In this 
way, a link will automatically be established between the two worksheets, such that any change made 
in the former will automatically be reflected in the latter. 
 
8.3.1  Section A: Fixed Details (Items 1-5) 
 

In this section, you should key in the basic information describing the type of traffic to be 
costed and the basic operating conditions, as shown in the excerpt from the worksheet (below). 
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The commodity to be transported (data item 1) should be based on the broad classification 

of freight commodities used for the Marketing Reporting system of your railway organization. 
 

Number of operating days per year (data item 2) is the number of days in the year on which 
trains conveying the costed commodity will operate. 
 

The originating and terminating stations (data items 3 and 4) should be the starting and 
finishing points for the mainline train movement on which the costed consignment will be conveyed.  

 
The haul distance (data item 5) is simply the distance over which the train will operate 

between its origin and destination. 
 

 
8.3.2  Section B:   Physical Costing Parameters - Items 6-11d 
 

 
 

The “One-way loading”  indication (data item 6) and the related backhaul loading 
indication (data item 7) provide the signal to the model as to whether or not the costing will need to 
allow for empty back-haulage. If the costed train will move empty in one direction, “1” should be keyed 
in against item 6 and the proportion of back-loading  shown as “0%”. Conversely if container loading 
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can be generated in both directions, “2” should be keyed in against item 6 and the proportion of back-
loading shown as a percentage greater than zero. 

 
Annual tonnage to be hauled (forward) – data item 8 – is intended to indicate the annual 

tonnage of general freight to be transported by rail in the forward direction. Given the back-haulage 
proportion (item 7), the model will then automatically calculate the tonnage hauled in the other 
direction. It should be noted that “tonnage” in this case is based on the net weight of a wagon’s 
contents, or a wagon’s payload.  

 
Annual tonnage to be hauled (back). Given the back-loading ratio in data item 7 and the 

forward tonnage (data item 8), the model the model automatically calculates (against item 9) the 
annual tonnage to be hauled in the back direction. 

 
Wagon types comprising the train. The model allows for up to three different wagon types 

to comprise a train. The relevant types can be keyed in directly, to item 11, or copied from the sysdata 
worksheet.  

 
Payload utilization rates – forward (item 11a) and back (item 11b) should be keyed in for 

each wagon type. These should represent the typical utilization rates experienced in each direction on 
the costed route, and can be obtained from Traffic, or Operating, Department records.  
 

Payload per wagon. in tonnes (items 11c and 11d), is calculated in each direction by the 
model, given: the estimated payload utilization rates and the payload capacity of the selected wagon 
type (extracted from the sysdata worksheet).These wagon payloads are then used to calculate the 
total payload and gross tonnages per train, which in turn allow the calculation of fuel/energy 
consumption and the variable cost of track maintenance, 
 
8.3.3  Section B:   Physical Costing Parameters - Items 12-25 

 
Wagon type and number per train (data items 12a and 12b). You should key in the wagon 

type classification used by your railway system. In this case it is “Cement tank wagon”. The number of 
wagons keyed in against "number per train" (data item 12b) should not exceed the number compatible 
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with the typical length of en-route crossing tracks or sidings. In this case the total number assumed 
per train is 40. 
 

Gross tonnage per wagon (data items 13 and 14) is the all-up weight of the wagon and its 
contents. It is calculated by the addition of the wagon tare weight to its payload as already recorded in 
the sysdata worksheet. 
 

Locomotive class, traction type, and number per train (data items 15a, 15b, and 15c). 
Traction type will usually be either diesel (D) or electric (E). You should key in the locomotive I.D. 
code or classification used by your railway system, together with an indication of the power rating of 
the selected locomotive type. In the example used, the locomotive type assigned is a 4,000 HP diesel-
electric. The number of locomotives to be assigned to a train depends upon the gross trailing tonnage 
of the train and the hauling capacity of a single locomotive unit on the route being costed. These 
details are usually available from the Mechanical Engineering or Motive Power Department. In the 
example given, the gross trailing tonnage (forward) is 3,034 when the probable haulage capacity of a 
single 4,000 HP locomotive in hilly terrain is likely to be of the order of 2,000 tonnes. Thus, the model 
assumes that two locomotives will be required for the haulage of a train. 
 

The gross tonnage of a locomotive (item 16) is its all-up service weight (including the net 
weight of the unit and its components, for diesel and electric types and the weight of its fuel in the 
case of diesel types). Inputs related to wagon and locomotive numbers, types and loads are required 
in order to calculate fuel consumption and the variable cost of track maintenance. 

 
The brakevan indication (data item 17) is needed for the calculation of the gross train load. 

If "YES" is inserted in this cell, the model will automatically add the assumed gross weight of a 
brakevan (25 tonnes) to the gross train load. 

 
The next seven data fields (18-22c), covering train gross tonnages and payload tonnages, do 

not require inputs from users, since the model calculates the required values based on earlier data 
inputs. 

 
Items 23-25 (number of trains per year using the costed route) are calculated by the model as 

a basis for apportioning fixed infrastructure capital and operating costs to general freight traffic.  
 
8.3.4 Section B:   Physical Costing Parameters – Items 26-33b 

 
In this section, the model calculates the physical requirement of locomotives and wagons 

needed to support the costed traffic. The basis of these calculations is the wagon and locomotive 
cycle times achieved in the haulage of bulk cement over a trip distance of 293 km.  

 
Wagon tumround, or cycle, time details are needed for the calculation of the number of 

wagons required to support the traffic being costed. Except for block trains returned empty to their 
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originating stations, wagon tumround time is defined as the time interval between a wagon's departure 
from its originating station and its despatch, after reloading, from its terminating station. In the case of 
loaded out/empty back block trains, wagon turnaround is defined as the time interval between a 
wagon's departure from and return to its originating station. 
 

The base for the calculation of wagon tumround time is the transit time of the costed train, 
which is the elapsed time between its departure from the originating station and its arrival at the 
terminating station. When provided with the average or commercial speed of the train between its 
origin and destination (item 26a), the model will calculate the train transit time in one direction. Speed 
and transit time details may be obtained directly from operational records or by sampling actual train 
operating diagrams. Once collected from these sources, the details should be keyed in to Section 1 of 
the sysdata worksheet (Worksheet 1).  

 
The wagon turnaround calculation performed by the model requires inputs for the other 

cycle time components. These are: train loadinglunloading time (data item 26c), train 
marshallinglre-marshalling time (data item 26d) and wagon idle time (data item 26e). The latter 
should contain an allowance for wagon servicing or running repairs, in addition to waiting time in 
terminals. In fact, prudent operational practice would dictate that all such servicing activities be 
undertaken while wagons are waiting for re-loading. 
 

The source of these additional time allowances will usually be freight terminal and marshalling 
yard records. The model will add these allowances to the transit time in order to calculate the overall 
wagon turnaround time (data item 26f). 
 

In cases where the costed train is identified as a loaded out/empty back block train, the model 
will automatically double the transit time input by users, to allow for completion of a round trip cycle. 

 
From the transit time calculation, the model will automatically calculate the annual train hours 

(data item 27) and the annual locomotive hours (data item 29) associated with general freight haulage 
on the costed route. These items are used in conjunction with average locomotive availability (either 
transferred from the sysdata worksheet or directly input by the user to item 30) to determine at item 31 
the net physical requirement of locomotives, i.e. the requirement net of spares to cover maintenance 
downtime. The user is then required to input (at item 31a) a figure for the spares allowance in order to 
produce an estimate of the gross requirement of locomotives for the traffic (data item 31b). 

 
For the calculation of the physical requirement of wagons, the user is required only to input a 

figure (at item 33a) for a spare wagon allowance to cover for maintenance downtime. The model will 
automatically perform the calculations required to arrive at an estimate of the net requirement of 
wagons (data item 33). This is based on the annual number of wagon transits divided by the annual 
number of cycles per wagon. The model will then add in the spares allowance to arrive at the gross 
wagon requirement (data item 33b).  
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8.3.5   Section B: Physical Costing Parameters, Items 34-41f 
 

 
 
 

In this section, the quantity of fuel or electrical energy consumed by bulk freight train 
operations on the costed route is calculated and the proportion of fixed infrastructure and operating 
cost attributable to these operations is determined.  
 
For energy consumption calculations, the user needs only to input the fuel or electricity consumption 
rate per thousand gross trailing tonne-km. This may be done directly at item 39a or 39b, or the data 
may be transferred from the sysdata worksheet. The model will then use data inputs from previous 
sections to (a) determine whether diesel or electric traction applies and (b) to calculate the physical 
quantity of the relevant type of energy consumed (data item 40 or 40a).  
 
Similarly, to allow the calculation of the proportion of fixed infrastructure and operating cost 
attributable to this traffic, the user needs only to activate the calculation of previously input data.  
 
8.3.6    Section C: Financial Costing Parameters, Items 44-64 

 
Section C of the worksheet contains all of the financial data inputs needed, in combination 

with the physical data inputs of Section B, to generate bulk freight train costings. All data items in this 
section, together with the currency unit indication, and the shadow pricing factors for conversion of 
financial to economic costs, require user inputs. 
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Currency unit indication. You should key your national currency unit into the cell labelled 
"Currency Unit", unless for some reason the costing is to be expressed in terms of another type of 
currency, in which case that currency should be indicated. 

 
Conversion of financial to economic costs. This section of the worksheet allows for the 

conversion of the financial costs (which are input by users) to economic costs through the application 
of shadow pricing factors (SPFs) which adjust the former to exclude transfer payments (taxes and 
government charges) or to remove price distortions. Users should review and adjust, as 
necessary, the SPFs already inserted into the worksheet. The model will then automatically apply 
these factors without further input from users. 

 
C1   Operating and Maintenance Costs 
 

 
Train crew costs - per train hour (data item 44) is the unit cost of a complete train crew. 

Freight train crews will typically comprise a driver and a driver's assistant in the locomotive cab and 
one or two train guards in a brakevan at the  rear of the train. The unit train crew cost may be keyed in 
directly against this item, or transferred from the sysdata worksheet. 

 
Unit costs of fuel (data item 45) and electrical energy (data item 45a) should represent the 

current rates actually paid to suppliers - these generally being available from stores accounting 
records. Data may be inserted directly in these fields, or alternatively transferred from the sysdata 
worksheet. 
 

Unit cost of locomotive maintenance (data item 46). This is the typical unit cost for the 
maintenance of the type of mainline locomotive specified in Section B, inclusive of all programmed 
and non-programmed overhaul, servicing (such as fuelling, sanding, traction motor and brake block 
replacement), and running repairs. If Mechanical Engineering Department records do not isolate costs 
by locomotive class, then averages across all classes may be used, provided that these averages 
include only the costs of mainline locomotives (i.e. exclude costs of shunting locomotives). While it 
may be argued that some of the costs of locomotive maintenance are determined by distance run, 
others by time in service and still others by work performed, it has been assumed for the sake of 
simplicity in the application of this model that all maintenance costs will be distance determined. This 
can be justified by the fact that the great majority of all maintenance activities, particularly those 
related to maintenance of running gear, suspension and braking systems and powerplant 
components, will be determined by running distance. Users may input data directly from mechanical 
department records or transfer it from the sysdata worksheet. 
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Unit cost of wagon maintenance (data item 47). This is the typical unit cost for the 
maintenance of the type of wagon specified in Section B, inclusive of all programmed and non-
programmed overhaul, servicing (such as greasing of journal bearings and brake block replacement), 
and running repairs (such as repair of damaged superstructure and doors). As with locomotives, cost 
averages across wagon classes may have to be used if class specific costs are not available from the 
accounting system or Mechanical Engineering records. The overall maintenance costs of wagons will 
be dominated by the costs of maintaining components below the wagon underframe, such as the 
running gear, braking and suspension systems, all of which will require attention in proportion to 
distance run. Hence, the model assumes that all wagon maintenance will be distance determined. 
Users may input data directly from mechanical department records or transfer it from the sysdata 
worksheet.  
 

Variable cost of track maintenance (data item 48). A portion of the overall cost of 
maintaining track and structures, such as bridges, can be expected to vary in proportion to the gross 
tonnage of trains passing over the track, while another portion will be the cost of track maintenance 
activities which must be undertaken irrespective of traffic volume. Typically, the reballasting and a 
majority of the re-sleepering of track, as well as the maintenance of steel and concrete bridges, will be 
examples of maintenance inputs which will be variable with traffic volume. Details of the costs of these 
activities for the relevant line sections should be available from Civil Engineering Department records. 
If multiple regression studies of the relationship of track maintenance to traffic volume have been 
undertaken, the results of these studies may be used to refine the data inputs for this item. The model 
assumes that the variable components of track maintenance will vary in direct proportion to the gross 
tonne kilometres generated by the costed train, You may input a variable cost figure directly, or if it is 
available in the sysdata worksheet, you may input the appropriate cell reference. 
 

Fixed cost of infrastructure maintenance (data item 49). This is the cost of those track, 
structures, signalling system, and (where relevant) electrical power transmission system maintenance 
activities which, typically, will be invariant with traffic volume. These activities will include daily track 
inspection, vegetation control and the maintenance of timber bridges (which are prone more to 
degradation by the effects of climate than of passing tonnage). Although these costs are incurred on a 
daily, weekly or monthly basis, the model assumes that they would be recovered in direct proportion 
to the number of train transits over a section of line in a year. You should input an amount per track-
km against this item, or  alternatively input the appropriate cell references from the sysdata 
worksheet. 
 

Station staffing cost per route-km per year (data item 50). This is the cost of wages and 
benefits for station operating staff. The duties of these staff include, in addition to handling passenger 
traffic, responsibility for train safeworking. These personnel can be located at enroute stations, signal 
boxes or train control centres. As with the fixed track and signalling system maintenance activities 
identified above, the activities and workload of safeworking personnel will generally be invariant with 
traffic volume. Hence, their associated cost, which should be available from the Traffic or Operations 
department, should be keyed in as an amount per route-km per year, or alternatively transferred from 
the sysdata worksheet.  
 

Train marshalling cost (data item 51). This is the cost of train assembly/disassembly, 
incurred in specialized marshalling yards. You should only input data for this item if you are costing a 
non-block train which will require marshalling at origin and/or destination. The model assumes that 
block trains will run as fixed formation consists, requiring only limited shunting which can be 
performed by the mainline locomotive and crew.  

 
Level crossing barrier guard cost (data item 52). This item has been inserted in the model 

to allow for the possibility that manually operated level crossing barriers predominate on the costed 
route. Typically many of the region’s railways are now replacing such manually operated barriers with 
automatically operated and signalled barriers or are grade separating their rail/road crossings. If you 
need to input data here, you should obtain an annual labour cost for the route from the Traffic, or 
Operating, Department.  
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C2   Capital Costs 
 
In addition to the items of Operating and Maintenance (O&M) cost, described above, it is 

important that the costing should also include an allowance for the annual depreciation and interest 
cost of any capital expenditures which might be necessary to support the traffic under consideration. 
In the case of freight traffic, such expenditures might cover the cost of infrastructure provision (e.g. 
new freight sidings or additional mainline trackage) , as well as the purchase costs of additional 
locomotives  and wagons, if it can be shown that these additional assets will be needed to handle the 
traffic being costed. 
 

It might otherwise be desired to recover through rail prices the entire cost of the existing 
infrastructure on the costed route. In this case, the model calculates the annual depreciation and  
interest allowance, net of the salvage value at the end of an asset’s life. It is the current replacement 
value of the asset, rather than its historical cost which is relevant to the calculation. This method of 
calculation is used, because its purpose is merely to recover through railway prices the cost of 
replacing the assets directly associated with the traffic being costed.  
 
 Section C2 of the worksheet is subdivided into three subsections: C2.1 dealing with railway 
infrastructure (including track, bridges, subgrade, buildings and signalling  systems); C2.2 dealing with 
locomotives, and C2.3 dealing with wagons. However, within each subsection similar information 
inputs are required. 
 
 C2.1 Railway Infrastructure 
 

 
Infrastructure investment cost (data items 54a, 54b, 55a, 55b).  Infrastructure investment 

costs include the capital cost of permanent way, including the formation, track-work, bridges and 
signalling system installed on a railway route, as well as the capital cost of associated buildings, such 
as stations, workshops and operating depots.  
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There are two alternative approaches to the inclusion of infrastructure investment in a specific 
rail traffic costing.  

 
First, the infrastructure investment will include the cost of constructing the additional 

permanent way and buildings needed to support the traffic being costed. In most cases, this will be 
the current cost of constructing  new sidings to a customer’s plant or loading dock, or of constructing 
additional mainline trackage, and (possibly) of upgrading signalling systems, where these are required 
specifically for the handling of the traffic being costed. In some cases, where the additional (new) 
freight traffic is to be added  to an existing mainline, its addition may cause capacity problems and 
therefore capacity relief will be required in the form of an additional mainline track or improved 
signalling or both. In such cases, the traffic being added would be required to bear all of the additional 
cost.  Infrastructure capital costs will usually be available from the railway's capital works plan (if the 
work is yet to be undertaken) or from project management documents (if the work has been 
completed and the costs already incurred). 

 
Second, where it is desired to recover from railway prices the capital cost of all existing 

infrastructure on the costed route, the infrastructure investment will include the current cost of 
replacing the existing permanent way and building assets. In this case, the traffic being costed would 
be required to bear a share only of the infrastructure capital cost, calculated in direct proportion to its 
share of the annual number of trains operated on the route. In the example given in the worksheet, 
the permanent way capital cost is estimated from unit construction cost data provided by the Civil 
Engineering Department, while station building cost is estimated from the number of buildings of 
different categories on the costed route multiplied by relevant unit construction costs provided by the 
same Civil Engineering Department.  In both cases these calculations have already been performed 
in, and are available from, the sysdata worksheet.  

 
 Infrastructure economic or depreciable life (data items 54c and 55c). This is normally the 
period over which the infrastructure can be expected to provide cost effective service (i.e. before 
maintenance costs start to become prohibitive) – following which it will need to be replaced.  Modern 
concrete sleepered track is generally estimated to have a cost effective life of 50 years, while 
signalling systems might require replacement after only 15 years. The railway Civil Engineering and 
Signalling and Communications departments  will be able to provide advice on the choice of an 
appropriate figure. 
 
 Infrastructure residual value as % of initial cost (data items 54d and 55d). This is the 
percentage of the initial value remaining at the end of the asset’s commercial life. In the case of life 
expired track, it will usually be equivalent to the scrap value of the rail, since the other track 
components are unlikely to have a significant residual value. Again, advice on the choice of a suitable 
percentage is likely to be available from the relevant technical departments of the railway.  
 

Interest rate applicable to infrastructure loans (data items 54e and 55e). Within the region, 
railway infrastructure is usually built with long term low interest loans from international development 
agencies or foreign governments. Rates of interest and loan repayment terms and conditions very 
within a wide range. In the example provided, it has been assumed that the applicable interest rate 
would be equivalent to the current interbank offered rate (in this case the rate applicable in Thailand). 
In fact, the interest rates offered by international development agencies are usually much lower than 
this and the re-payment terms are very generous (up to 40 years). The actual interest cost will depend 
on the loan repayment conditions (with interest being paid on the declining loan balance), but in this 
case in the absence of these details, interest has been assumed to be paid on the annual 
depreciation amount. In determining the exact interest rate and amount which is payable by your 
railway organization you should consult with the Railway Finance Department.   
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C2.2 Locomotives 
 

Locomotive purchase cost, per locomotive unit (data item 56). The value input against 
this item should represent the current unit purchase value of the particular type and class of 
locomotive to be purchased to support the traffic being costed.  This figure will usually be available 
from railway Mechanical Engineering departments, sourced either from recent purchase contracts or 
from supplier quotations. The model uses this figure in conjunction with the required number of 
locomotives (calculated against item 31b) to compute the total locomotive purchase cost associated 
with the traffic being costed. 

 
Locomotive economic or depreciable life (data item 57). The locomotive lives assumed by 

different railway organizations tend to vary widely throughout the region.  The typical experience of 
several of the region’s railways suggests that maintenance and overhaul expenditures may be 
expected to increase dramatically once locomotives have reached 30 years in service. In the example 
provided, it has been assumed that the economic life of locomotives is about 25 years. Advice should 
be sought both from the Mechanical Engineering and Finance departments as to the most appropriate 
assumption for your railway organization. 
 
 Locomotive residual value as % of initial cost (data item 58). As is the case with 
infrastructure, this will be the remaining value at the end of the asset’s life. Since locomotives may be 
rebuilt or refurbished, they are likely to have a significant residual value at the end of their commercial 
lives. Again, advice should be sought from the railway Mechanical Engineering Department as to the 
percentage which should be used. 
 

Interest rate applicable to mainline locomotive purchases (data item 58a). While low 
interest loans are available for locomotive purchases (including those available under supplier finance 
or export credit schemes), it has been assumed here that locomotive purchases would be financed 
from commercial loans. In this case, the prevailing interest rate applicable to commercial loans in 
Thailand (around 7% per year) has been assumed. The actual interest cost will depend on the loan 
repayment conditions (with interest being paid on the declining loan balance), but in this case in the 
absence of these details, interest has been assumed to be paid on the annual depreciation amount. In 
determining the exact interest rate and amount which is payable by your railway organization you 
should consult with the Railway Finance Department.   
 
  Shunting locomotive purchase cost, per locomotive unit (data item 59). Shunting 
locomotives will only be required where block/unit trains are not operated. The number required 
should be indicated in data item 32 of this worksheet. The unit purchase cost of shunting locomotives 
will be available from the railway Mechanical Engineering Department, but should be inserted in (and 
transferred from) the sysdata worksheet. 
 
 Shunting locomotive economic, or depreciable, life (data item 60). Shunting locomotives 
are likely to have shorter lives than mainline locomotives owing to the greater stress placed on 
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powerplants, transmissions and drawgear from continuous shunting activity. Nevertheless, in the 
example provided, a life of 25 years has been assumed for shunting locomotives. 
 
  Shunting locomotive residual value as % of initial cost (data item 61). Similarly, owing to 
greater wear and tear, the residual value of a shunting locomotive at the end of its life will be 
significantly lower than in the case of mainline locomotives.  Again, advice should be sought from the 
railway Mechanical Engineering Department as to the percentage which should be used.   
 

Interest rate applicable to shunting locomotive purchases (data item 61a). While low 
interest loans are available for locomotive purchases (including those available under supplier finance 
or export credit schemes), it has been assumed here that locomotive purchases would be financed 
from commercial loans. In this case, the prevailing interest rate applicable to commercial loans in 
Thailand (around 7% per year) has been assumed. The actual interest cost will depend on the loan 
repayment conditions (with interest being paid on the declining loan balance), but in this case in the 
absence of these details, interest has been assumed to be paid on the annual depreciation amount. In 
determining the exact interest rate and amount which is payable by your railway organization you 
should consult with the Railway Finance Department.   

 
C2.3 Wagons 

 
Wagon purchase cost, per wagon unit (data item 62). The value input against this item 

should represent  the current unit purchase value of the particular type and class of wagon to be 
purchased to support the traffic being costed. This figure will usually be available from railway 
Mechanical Engineering departments, sourced either from recent purchase contracts or from supplier 
quotations. The model uses this figure in conjunction with the required number of wagons (calculated 
against item 33b) to compute the total wagon purchase cost associated with the traffic being costed. 

 
Wagon economic or depreciable life (data item 63).  In common with locomotive lives, the 

wagon lives assumed by different railway organizations tend to vary widely throughout the region.  
Wagons involved in heavy duty traffic are unlikely to have useful lives longer than, say, 20 years. 
However, it is known that some railways of the region depreciate their wagons over periods as long as 
40 years. Again, advice should be sought both from the Mechanical Engineering and Finance 
departments as to the most appropriate assumption for your railway organization. 
 
 Wagon residual value as % of initial cost (data item 64). As is the case with infrastructure 
and locomotives, this will be the remaining value at the end of the asset’s life. However, since wagons 
have limited potential for rebuilding or refurbishment , it is likely that they will have only scrap value at 
the end of their commercial lives. Again, advice should be sought from the railway Mechanical 
Engineering Department as to the percentage which should be used here. 
 

Interest rate applicable to wagon purchases (data item 64a). While low interest loans are 
available for wagon purchases (including those available under supplier finance or export credit 
schemes), it has been assumed here that wagon purchases would be financed from commercial 
loans. In this case, the prevailing interest rate applicable to commercial loans in Thailand (around 7% 
per year) has been assumed. The actual interest cost will depend on the loan repayment conditions 
(with interest being paid on the declining loan balance), but in this case in the absence of these 
details, interest has been assumed to be paid on the annual depreciation amount. In determining the 
exact interest rate and amount which is payable by your railway organization you should consult with 
the Railway Finance Department.   
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8.4 Cost Results - Financial 
 

The model generates separate estimates of the short run marginal costs, long run 
marginal costs and fully allocated costs which would be incurred in transporting the freight 
commodity traffic specified for costing. These costs are expressed as rates per: train trip; wagon 
trip; tonne; tonne-kilometre; TEU and TEU-kilometres (in the case of container traffic), as shown in 
the following excerpt from Section D of the worksheet. 

 

 
Short run marginal cost includes all of the fixed and variable costs which are attributable to 

operation of the specified train, including the costs of train crews, fuel/energy consumption, 
locomotive maintenance, wagon maintenance, variable track maintenance, station operations and 
train marshalling costs (for non-block trains only).  

 
Long run marginal cost includes all of the SRMC components identified above, with the 

addition of the annualized capital costs of locomotives, wagons and dedicated infrastructure, since 

RAILWAY BULK FREIGHT TRAFFIC COSTING SUB-MODEL

D. COST  RESULTS - FINANCIAL
For route per year Per train Per wagon Per net Per net

D1. O&M COSTS (Variable) trip      trip tonne tonne-km

65. Train crews 271,002                     378                 9                      0.39 0.0013

66. Fuel/energy consumption 1,269,355                  1,770              44                    1.81 0.0062

67. Locomotive maintenance 483,429                     674                 17                    0.69 0.0024

68. Wagon maintenance 1,137,036                  1,586              40                    1.62 0.0055

69. Variable track maintenance 231,006                     322                 8                      0.33 0.0011

70. Train marshalling cost -                            -                  -                   0.00 0.0000

71. Terminal handling expenses

72. SUB-TOTAL, O&M COST (variable) 3,391,829                 4,731              118                  4.85 0.0165

D2. O&M COSTS (Fixed)

73. Fixed cost of infrastructure maintenance 2,332,054                  3,253              81                    3.33 0.0114

74. Station operating cost 871,968                     1,216              30                    1.25 0.0043

75. Level crossing barrier guard cost -                            -                  -                   0.00 0.0000

76. SUB-TOTAL, O&M COST (fixed) 3,204,022                 4,469              112                  4.58 0.0156

D3. OVERHEADS

77. Administrative overhead cost         30.0%  of O&M Cost 1,978,755                  2,760              69                    2.83 0.0096

78. Insurance 35,857                       50                   1                      0.05 0.0002

79. SUB-TOTAL, OVERHEADS 2,014,612                 2,810              70                    2.88 0.0098

D4. CAPITAL COSTS

80. Infrastructure capital

80a. Permanent way 3,781,972                  5,275              132                  5.40 0.0184

80b. Buildings 129,040                     180                 4                      0.18 0.0006

80c. Total infrastructure capital 3,911,012                 5,455              136                  5.59 0.0191

81. Mainline locomotive capital 385,200                    537                 13                    0.55 0.0019

82. Shunting locomotive capital -                            -                 -                   0.00 0.0000

83. Wagon capital 555,121                    774                 19                    0.79 0.0027

84. SUB-TOTAL, CAPITAL COST 4,851,333                 6,766              169                  6.93 0.0237

85.  GRAND TOTAL - FULLY ALLOCATED COST 13,461,797           18,775         469              19.23 0.0656

Short Run Marginal Cost (O&M costs+Admin. Overheads) 8,610,464             12,009         300              12.30  0.0420    

Long Run Marginal Cost (Short Run Marginal Cost + loco & wagon capital) 9,550,785             13,320         333              13.64  0.0466    

Fully Allocated Cost (Long Run Marginal Cost + infrastructure capital) 13,461,797           18,775         469              19       0.0656    
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these costs could be expected to vary only in the long term (in excess of a year). Such costs are 
nevertheless attributable to the costed traffic as they represent the purchase of resources specifically 
to support that traffic. 
 

The fully distributed or fully allocated cost reflects the addition to LRMC of an allowance 
for full recovery of the capital cost of existing infrastructure, as well as fixed O&M costs and 
administrative overheads. . To allow the model to calculate the overhead charge as a proportion of 
fixed and variable O&M costs, you should input the relevant overhead rate as a percentage against 
item 77. Guidance on the choice of an appropriate overhead rate should be obtained from the railway 
system Finance Department.  

 
8.4.1 Cost sensitivity 
 
You may now wish to assess the sensitivity of these cost results to variations in some of the 

physical parameter inputs. This you may do by changing the relevant data, splitting the screen just 
below the row in which you have made the changes, scrolling down to the last rôw in the worksheet 
and then selecting Calc at the bottom right-hand side of the screen. The input changes you have 
made will now be reflected in changed cost results. 
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8.5 Cost Results - Economic 
 
The financial costs shown in the excerpt from Section D of the worksheet were converted to economic 
costs through the application of shadow pricing factors (SPF’s) which remove taxes and government 
charges and adjust costs for distortions from market based factor prices. The resulting economic cost 
results are shown in the excerpt from Section E of the worksheet (below). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RAILWAY BULK FREIGHT TRAFFIC COSTING SUB-MODEL

E. COST  RESULTS - ECONOMIC 100.5
For route per year Per train Per wagon Per net Per net

E1. O&M COSTS (Variable) trip      trip tonne tonne-km

86. Train crews 236,388                     330                 8                      0.34 0.0012

87. Fuel/energy consumption 1,078,952                  1,505              38                    1.54 0.0053

88. Locomotive maintenance 392,545                     547                 14                    0.56 0.0019

89. Wagon maintenance 960,796                     1,340              34                    1.37 0.0047

90. Variable track maintenance 195,200                     272                 7                      0.28 0.0010

91. Train marshalling cost -                            -                  -                   0.00 0.0000

92. Terminal handling expenses, Riyadh Dry Port

93. SUB-TOTAL, O&M COST (variable) 2,863,881                 3,994              100                  4.09 0.0140

E2. O&M COSTS (Fixed)

94. Fixed cost of infrastructure maintenance 2,098,849                  2,927              73                    3.00 0.0102

95. Station operating cost 760,595                     1,061              27                    1.09 0.0037

96. Level crossing barrier guard cost -                            -                  -                   0.00 0.0000

97. SUB-TOTAL, O&M COST (fixed) 2,859,444                 3,988              100                  4.08 0.0139

E3. CAPITAL COSTS

98. Infrastructure capital

98a. Permanent way 3,235,912                  4,513              113                  4.62 0.0158

98b. Buildings 116,136                     162                 4                      0.17 0.0006

98c. Total infrastructure capital 3,352,048                 4,675              117                  4.79 0.0163

99. Mainline locomotive capital 284,400                    397                 10                    0.41 0.0014

100. Shunting locomotive capital -                            -                 -                   0.00 0.0000

101. Wagon capital 409,856                    572                 14                    0.59 0.0020

102. SUB-TOTAL, CAPITAL COST 4,046,304                 5,643              141                  5.78 0.0197

103.  GRAND TOTAL - FULLY ALLOCATED COST 9,769,628             13,626         341              13.96 0.0476
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CHAPTER 9:   COSTING A PASSENGER TRAIN OPERATION  
 
9.1 Purpose of Worksheet 6 
 

In this chapter, the use of the passenger costing sub-model in the sixth worksheet is 
explained. As indicated in Chapter 4, it is this worksheet which is displayed when you select the 
"passengers" button from the menu in the “intro” worksheet. The worksheet is intended to provide 
costs for all types of passenger train operation, viz. locomotive hauled coach and sleeping carriages 
(either diesel or electric), diesel multiple unit (DMU) rail-cars, and electric multiple unit (EMU) rail-cars. 
 

The purpose of the passenger traffic sub-model in Worksheet 6 is to generate costings of 
specific point-to-point rail passenger movements. Like freight unit trains, modern passenger trains 
usually operate in fixed formations and will require only a minimum of shunting in terminals. Where 
these trains are locomotive hauled, any shunting can be handled by the mainline locomotive(s) and 
crews.      
 
9.2 Preliminaries:  basic identifying information 
 

After entering Worksheet 6, you should identify both the subject of the costing (i.e. the specific 
traffic to be costed) and the person, department or organization preparing the costing, as shown in the 
following excerpt. Please note that the date of the costing is automatically generated by the model. 
 

You should note that you may only input data in the burgundy-coloured cells, which 
have been left unprotected for this purpose. The remaining data cells in the worksheet contain the 
results of calculations automatically made by the model and have been protected, to prevent users 
from accidentally keying in data. 

 

 
 

9.3 Keying in data inputs 
 

You may now key in data inputs in the relevant cells, using one or a combination of two 
methods. You can directly key in data, or if the data are already available in the “sysdata” worksheet 
(Worksheet 2), you may copy them into the relevant cells of this worksheet by using the Windows 
Edit- Copy routine or by typing “=” in the destination cell to establish a link with the source cell in the 
sysdata worksheet, and then clicking on the latter to enter the data into the destination cell. In this 
way, a link will automatically be established between the two worksheets, such that any change made 
in the former will automatically be reflected in the latter. 
 
9.3.1  Section A: Fixed Details (Items 1-5) 
 

In this section, you should key in the basic information describing the type of traffic to be 
costed and the basic operating conditions, as shown in the excerpt from the worksheet (below). 
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The traffic to be transported (data item 1) should be shown as passengers. 

 
Number of operating days per year (data item 2) is the number of days in the year on which 

passenger trains will operate. 
 

The originating and terminating stations (data items 3 and 4) should be the starting and 
finishing points for passenger train movements.  

 
The haul distance (data item 5) is simply the distance over which the train will operate 

between its origin and destination. 
 

 
9.3.2  Section B:   Physical Costing Parameters - Items 6-12d 
 

 
 

The “Balanced loading”  indication (data item 6) and the related proportion of return 
loading indication (data item 7) establish the relationship between annual passenger volume in each 
direction. If you key in “1” in item 6, to indicate a directional traffic balance, the model will 
automatically repeat against item 9 the passenger volume inserted against item 8. However, if you 
key in “2” in item 6, the model will insert in item 9 the passenger volume inserted in item 8 multiplied 
by the return loading factor inserted in item 7. For example, if you insert “2” in item 6, “200%” in item 7  
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and “383,000” in item 8, the model will return a value of 766,000 in item 9, reflecting a passenger 
volume in the return direction which is twice that in the forward direction.  

 
Annual number of passengers carried on busiest section (forward) – data item 8. You 

should insert in this cell the annual passenger volume to be transported by rail on the busiest section 
in the forward direction. The number transported in the other direction (item 9) will automatically be 
calculated by the model given the inputs already provide in items 6 and 7.  

 
Average passenger trip distance (data item 11).  You should input here the average trip 

distance (in kilometres) of passengers on the costed route.  
 
Load factors – forward (item 12a) and back (item 12b) should be keyed in to represent the 

average seat occupancy expected over a year. Commercial, Traffic, or Operating, Department 
records will provide information on load factor, or seat occupancy, trends for specific routes.  
 

Average number of passengers per car (items 12c and 12d), is calculated in each direction 
by the model, given: the estimated load factors and the passenger capacity of the selected car type 
(extracted from the sysdata worksheet).These car payloads are then used, in conjunction with the 
number of cars per train, to calculate the total passenger loading per train. 

  
9.3.3  Section B:   Physical Costing Parameters - Items 13-24b 
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Vehicle type, traction type and number per train (data items 13a, 13b, and 13c). You 
should key in the car type, traction type (“D” for diesel or “E” for electric) and the number of cars 
comprising a train. In this case the car type is a DMU (diesel multiple unit). The number of cars keyed  
 
in against "number” (data item 13c) should not exceed the number compatible with the typical length 
of en-route crossing tracks or sidings. In this case, the total number assumed per train is only 7 as the 
train is assumed to be a fast push-pull DMU formation with limited passenger capacity but with a 
relatively high speed. 
 

Gross tonnage per car (data items 14 and 15) is the all-up weight of the car and its 
contents. It is given in the sysdata worksheet on the basis of information provided by the mechanical 
department and may be transferred to the relevant cells in this worksheet. 
 

Locomotive class, traction type, and number per train (data items 16a, 16b, and 16c).  
 
You should only input data in this section if you are costing a locomotive-hauled passenger 

train. 
 
Traction type will usually be either diesel (D) or electric (E). You should key in the locomotive 

I.D. code or classification used by your railway system, together with an indication of the power rating 
of the selected locomotive type. The number of locomotives to be assigned to a train depends upon 
the gross trailing tonnage of the train and the hauling capacity of a single locomotive unit on the route 
being costed. These details are usually available from the Mechanical Engineering or Motive Power 
Department.  
 

The gross tonnage of a locomotive (item 17) is its all-up service weight (including the net 
weight of the unit and its components, for diesel and electric types and the weight of its fuel in the 
case of diesel types). Inputs related to wagon and locomotive numbers, types and loads are required 
in order to calculate fuel consumption and the variable cost of track maintenance. 

 
The brakevan indication (data item 17) is needed for the calculation of the gross train load. 

If "YES" is inserted in this cell, the model will automatically add the assumed gross weight of a 
brakevan (25 tonnes) to the gross train load. 

 
The next 7 data fields (19-23c), covering train gross tonnages and passenger loadings, do 

not require inputs from users, since the model calculates the required values based on earlier data 
inputs. 

 
Items 19-24b (number of trains per year using the costed route) are calculated by the model 

as a basis for apportioning fixed infrastructure capital and operating costs to passenger traffic.  
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9.3.4 Section B:   Physical Costing Parameters – Items 25-33b 

 
 
In this section, the model calculates the physical requirement of rolling stock needed to 

support the costed traffic. The basis of these calculations is the car cycle times achieved in the 
operation of passenger trains over a trip distance of 470 km.  

 
Car tumround, or cycle, time details are needed for the calculation of the number of cars 

required to support the traffic being costed. Car cycle time is defined as the time interval between a 
car's departure from and return to its originating station. The base for the calculation of car cycle time 
is the transit time of the costed train, which is the elapsed time between its departure from the 
originating station and its arrival at the terminating station. When provided with the average or 
commercial speed of the train between its origin and destination (item 25a), the model will calculate 
the train transit time in one direction (item 25b). Speed and transit time details may be obtained 
directly from operational records or by sampling actual train operating diagrams. Once collected from 
these sources, the details should be keyed in to Section 1 of the sysdata worksheet (Worksheet 1), 
from where they can be transferred automatically to this worksheet.  

 
The car cycle calculation performed by the model requires inputs for the other cycle time 

components. These are: train marshalling/re-marshalling time (data item 25c); train preparation 
and loading/unloading time (data item 25d), and idle time (data item 25e). The latter should contain 
an allowance for wagon servicing or running repairs, in addition to waiting time in terminals. In fact, 
prudent operational practice would dictate that all such servicing activities be undertaken while cars 
are waiting for re-loading. The source of these additional time allowances will usually be station 
operating records. The model will add these allowances to the transit time in order to calculate the 
overall car cycle time (data item 25f). 

 
From the transit time calculation, the model will automatically calculate the annual train hours 

(data item 26), the annual locomotive hours (data item 28)  and the annual passenger carriage (car) 
hours (data item 31) associated with passenger train operation on the costed route. These items are 
used in conjunction with average locomotive or average car availability (either transferred from the 
sysdata worksheet or directly input by the user to item 29 or 32) to determine at item 30 or item 33 the 
net physical requirement of locomotives or passenger carriages. This is the requirement needed to 
support the traffic, net of the spare units needed to cover maintenance downtime. The model then  
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automatically applies a 25% spares allowance to the net physical requirement  in order to produce an 
estimate of the gross requirement of locomotives or passenger carriages for the traffic (data items 
30b or 33b respectively). 

 
9.3.5   Section B: Physical Costing Parameters, Items 34-41f 
 

 
 

In this section, the quantity of diesel fuel or electrical energy consumed by passenger train 
operations on the costed route is calculated and the proportion of fixed infrastructure and operating 
cost attributable to these operations is determined.  
 
 For energy consumption calculations, the user needs only to input the fuel or electricity 
consumption rate per thousand gross trailing tonne-km. This may be done directly at item 39a or 39b, 
or the data may be transferred automatically from the sysdata worksheet. The model will then use 
data inputs from previous sections to (a) determine whether diesel or electric traction applies and (b) 
to calculate the physical quantity of the relevant type of energy consumed (data item 40 or 40a).  
 
 Similarly, to allow the calculation of the proportion of fixed infrastructure and operating cost 
attributable to this traffic, the user needs only to activate the calculation of previously input data.  
 
9.3.6    Section C: Financial Costing Parameters, Items 42-57 

 
Section C of the worksheet contains all of the financial data inputs needed, in combination 

with the physical data inputs of Section B, to generate passenger train costings. All data items in this 
section, together with the currency unit indication, and the shadow pricing factors for conversion of 
financial to economic costs, require user inputs. 
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Currency unit indication. You should key your national currency unit into the cell labelled 

"Currency Unit", unless for some reason the costing is to be expressed in terms of another type of 
currency, in which case that currency should be indicated. 

 
Conversion of financial to economic costs. This section of the worksheet allows for the 

conversion of the financial costs (which are input by users) to economic costs through the application 
of shadow pricing factors (SPFs) which adjust the former to exclude transfer payments (taxes and 
government charges) or to remove price distortions. Users should review and adjust, as 
necessary, the SPFs already inserted in the worksheet. The model will then automatically apply 
these factors without further input from users. 

 
C1   Operating and Maintenance Costs 

 
Train crew costs - per train hour (data item 42) is the unit cost of a complete train crew. 

Passenger train crews will typically comprise a driver and a driver's assistant in the driving cab, one or 
two train guards in a compartment at the  rear of the train and 4-5 conductors/ticket collectors 
circulating throughout the train. The unit train crew cost may be keyed in directly against this item, or 
transferred automatically from the sysdata worksheet. 

 
Unit costs of fuel (data item 43) and electrical energy (data item 43a) should represent the 

current rates actually paid to suppliers - these generally being available from stores accounting 
records. Data may be inserted directly in these fields, or alternatively transferred from the sysdata 
worksheet. 
 

Unit cost of locomotive maintenance (data item 44). This is the typical unit cost for the 
maintenance of the type of mainline locomotive specified in Section B, inclusive of all programmed 
and non-programmed overhaul, servicing (such as fuelling, sanding, traction motor and brake block 
replacement), and running repairs. If Mechanical Engineering Department records do not isolate costs 
by locomotive class, then averages across all classes may be used, provided that these averages 
include only the costs of mainline locomotives (i.e. exclude costs of shunting locomotives). While it 
may be argued that some of the costs of locomotive maintenance are determined by distance run, 
others by time in service and still others by work performed, it has been assumed for the sake of 
simplicity in the application of this model that all maintenance costs will be distance determined. This 
can be justified by the fact that the great majority of all maintenance activities, particularly those 
related to maintenance of running gear, suspension and braking systems and powerplant 
components, will be determined by running distance. Users may input data directly from mechanical 
department records or transfer it from the sysdata worksheet. 
 

Unit cost of car maintenance (data item 45). This is the typical unit cost for the maintenance 
of the type of passenger carriage specified in Section B, inclusive of all programmed and non- 
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programmed overhaul, servicing (such as greasing of journal bearings and brake block replacement), 
and running repairs (such as minor repair of damaged components). As with locomotives, cost 
averages across passenger carriage classes may have to be used if class specific costs are not 
available from the accounting system or Mechanical Engineering records. The model assumes that all 
car maintenance will be distance determined. Users may input data directly from mechanical 
department records or allow it to be transferred automatically from the sysdata worksheet.  
 

Variable cost of track maintenance (data item 46). A portion of the overall cost of 
maintaining track and structures, such as bridges, can be expected to vary in proportion to the gross 
tonnage of trains passing over the track, while another portion will be the cost of track maintenance 
activities which must be undertaken irrespective of traffic volume. Typically, the reballasting and a 
majority of the re-sleepering of track, as well as the maintenance of steel and concrete bridges, will be 
examples of maintenance inputs which will be variable with traffic volume. Details of the costs of these 
activities for the relevant line sections should be available from Civil Engineering Department records. 
If multiple regression studies of the relationship of track maintenance to traffic volume have been 
undertaken, the results of these studies may be used to refine the data inputs for this item. The model 
assumes that the variable components of track maintenance will vary in direct proportion to the gross 
tonne kilometres generated by the costed train, You may input a variable cost figure directly, or if it is 
available in the sysdata worksheet, you may input the appropriate cell reference. 
 

Fixed cost of infrastructure maintenance (data item 47). This is the cost of those track, 
structures, signalling system, and (where relevant) electrical power transmission system maintenance 
activities which, typically, will be invariant with traffic volume. These activities will include daily track 
inspection, vegetation control and the maintenance of timber bridges (which are prone more to 
degradation by the effects of climate than of passing tonnage). Although these costs are incurred on a 
daily, weekly or monthly basis, the model assumes that they would be recovered in direct proportion 
to the number of train transits over a section of line in a year. You should input an amount per track-
km against this item, or  alternatively input the appropriate cell references from the sysdata 
worksheet. 
 

Station staffing cost per route-km per year (data item 48). This is the cost of wages and 
benefits for station operating staff. The duties of these staff include, in addition to handling passenger 
traffic, responsibility for train safeworking. These personnel can be located at enroute stations, signal 
boxes or train control centres. As with the fixed track and signalling system maintenance activities 
identified above, the activities and workload of safeworking personnel will generally be invariant with 
traffic volume. Hence, their associated cost, which should be available from the Traffic or Operations 
department, should be keyed in as an amount per route-km per year, or alternatively transferred from 
the sysdata worksheet.  
 

Train marshalling cost (data item 49). This is the cost of train assembly/disassembly, 
incurred in specialized marshalling yards. You should only input data for this item if you are costing a 
non-block train which will require marshalling at origin and/or destination. The model assumes that 
block trains will run as fixed formation consists, requiring only limited shunting which can be 
performed by the mainline locomotive and crew.  

 
Level crossing barrier guard cost (data item 52). This item has been inserted in the model 

to allow for the possibility that manually operated level crossing barriers predominate on the costed 
route. Typically many of the region’s railways are now replacing such manually operated barriers with 
automatically operated and signalled barriers or are grade separating their rail/road crossings. If you 
need to input data here, you should obtain an annual labour cost for the route from the Traffic, or 
Operating, Department.  
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C2   Capital Costs 

 
In addition to the items of Operating and Maintenance (O&M) cost, described above, it is 

important that the costing should also include an allowance for the annual depreciation and interest 
cost of any capital expenditures which might be necessary to support the traffic under consideration. 
In the case of freight traffic, such expenditures might cover the cost of infrastructure provision (e.g. 
new freight sidings or additional mainline trackage) , as well as the purchase costs of additional 
locomotives  and wagons, if it can be shown that these additional assets will be needed to handle the 
traffic being costed. 
 

It might otherwise be desired to recover through rail prices the entire cost of the existing 
infrastructure on the costed route. In this case, the model calculates the annual depreciation and  
interest allowance, net of the salvage value at the end of an asset’s life. It is the current replacement 
value of the asset, rather than its historical cost which is relevant to the calculation. This method of 
calculation is used, because its purpose is merely to recover through railway prices the cost of 
replacing the assets directly associated with the traffic being costed.  
 
 Section C2 of the worksheet is subdivided into three subsections: C2.1 dealing with railway 
infrastructure (including track, bridges, subgrade, buildings and signalling  systems); C2.2 dealing with 
locomotives, and C2.3 dealing with wagons. However, within each subsection similar information 
inputs are required. 
 
 C2.1 Railway Infrastructure 
 

 
Infrastructure investment cost (data items 50a, 50b, 51a, 51b).  Infrastructure investment 

costs include the capital cost of permanent way, including the formation, track-work, bridges and 
signalling system installed on a railway route, as well as the capital cost of associated buildings, such 
as stations, workshops and operating depots.  

 
There are two alternative approaches to the inclusion of infrastructure investment in a specific 

rail traffic costing.  
 
First, the infrastructure investment will include the cost of constructing the additional 

permanent way and buildings needed to support the traffic being costed. In most cases, this will be 
the current cost of constructing  new sidings to a customer’s plant or loading dock, or of constructing 
additional mainline trackage, and (possibly) of upgrading signalling systems, where these are required 
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specifically for the handling of the traffic being costed. In some cases, where the additional (new) 
freight traffic is to be added  to an existing mainline, its addition may cause capacity problems and 
therefore capacity relief will be required in the form of an additional mainline track or improved 
signalling or both. In such cases, the traffic being added would be required to bear all of the additional 
cost.  Infrastructure capital costs will usually be available from the railway's capital works plan (if the 
work is yet to be undertaken) or from project management documents (if the work has been 
completed and the costs already incurred). 

 
Second, where it is desired to recover from railway prices the capital cost of all existing 

infrastructure on the costed route, the infrastructure investment will include the current cost of 
replacing the existing permanent way and building assets. In this case, the traffic being costed would 
be required to bear a share only of the infrastructure capital cost, calculated in direct proportion to its 
share of the annual number of trains operated on the route. In the example given in the worksheet, 
the permanent way capital cost is estimated from unit construction cost data provided by the Civil 
Engineering Department, while station building cost is estimated from the number of buildings of 
different categories on the costed route multiplied by relevant unit construction costs provided by the 
same Civil Engineering Department.  In both cases these calculations have already been performed 
in, and are available from, the sysdata worksheet.  

 
 Infrastructure economic or depreciable life (data items 50c and 51c). This is normally the 
period over which the infrastructure can be expected to provide cost effective service (i.e. before 
maintenance costs start to become prohibitive) – following which it will need to be replaced.  Modern 
concrete sleepered track is generally estimated to have a cost effective life of 50 years, while 
signalling systems might require replacement after only 15 years. The railway Civil Engineering and 
Signalling and Communications departments  will be able to provide advice on the choice of an 
appropriate figure. 
 
 Infrastructure residual value as % of initial cost (data items 50d and 51d). This is the 
percentage of the initial value remaining at the end of the asset’s commercial life. In the case of life 
expired track, it will usually be equivalent to the scrap value of the rail, since the other track 
components are unlikely to have a significant residual value. Again, advice on the choice of a suitable 
percentage is likely to be available from the relevant technical departments of the railway.  
 

Interest rate applicable to infrastructure loans (data items 50e and 51e). Within the region, 
railway infrastructure is usually built with long term low interest loans from international development 
agencies or foreign governments. Rates of interest and loan repayment terms and conditions very 
within a wide range. In the example provided, it has been assumed that the applicable interest rate 
would be equivalent to the current interbank offered rate (in this case the rate applicable in Thailand). 
In fact, the interest rates offered by international development agencies are usually much lower than 
this and the re-payment terms are very generous (up to 40 years). The actual interest cost will depend 
on the loan repayment conditions (with interest being paid on the declining loan balance), but in this 
case in the absence of these details, interest has been assumed to be paid on the annual 
depreciation amount. In determining the exact interest rate and amount which is payable by your 
railway organization you should consult with the Railway Finance Department.   
 

C2.2 Locomotives 

 
Locomotive purchase cost, per locomotive unit (data item 52). The value input against 

this item should represent the current unit purchase value of the particular type and class of 
locomotive to be purchased to support the traffic being costed.  This figure will usually be available 
from railway Mechanical Engineering departments, sourced either from recent purchase contracts or 
from supplier quotations. The model uses this figure in conjunction with the required number of 
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locomotives (calculated against item 30b) to compute the total locomotive purchase cost associated 
with the traffic being costed. 

 
Locomotive economic or depreciable life (data item 53). The locomotive lives assumed by 

different railway organizations tend to vary widely throughout the region.  The typical experience of 
several of the region’s railways suggests that maintenance and overhaul expenditures may be 
expected to increase dramatically once locomotives have reached 30 years in service. In the example 
provided, it has been assumed that the economic life of locomotives is about 25 years. Advice should 
be sought both from the Mechanical Engineering and Finance departments as to the most appropriate 
assumption for your railway organization. 
 
 Locomotive residual value as % of initial cost (data item 54). As is the case with 
infrastructure, this will be the remaining value at the end of the asset’s life. Since locomotives may be 
rebuilt or refurbished, they are likely to have a significant residual value at the end of their commercial 
lives. Again, advice should be sought from the railway Mechanical Engineering Department as to the 
percentage which should be used. 
 

Interest rate applicable to mainline locomotive purchases (data item 54a). While low 
interest loans are available for locomotive purchases (including those available under supplier finance 
or export credit schemes), it has been assumed here that locomotive purchases would be financed 
from commercial loans. In this case, the prevailing interest rate applicable to commercial loans in 
Thailand (around 7% per year) has been assumed. The actual interest cost will depend on the loan 
repayment conditions (with interest being paid on the declining loan balance), but in this case in the 
absence of these details, interest has been assumed to be paid on the annual depreciation amount. In 
determining the exact interest rate and amount which is payable by your railway organization you 
should consult with the Railway Finance Department.   
 
  C2.3 Passenger carriages 

 
Car purchase cost, per car unit (data item 55). The value input against this item should 

represent  the current unit purchase value of the particular type and class of car to be purchased to 
support the traffic being costed.  This figure will usually be available from railway Mechanical 
Engineering departments, sourced either from recent purchase contracts or from supplier quotations.  
In the example provided, the unit purchase value of the relevant car type(s) has already been inserted 
in, and is available from, the sysdata worksheet. The model uses this figure in conjunction with the 
required number of car (calculated against item 33b) to compute the total car purchase cost 
associated with the traffic being costed. 

 
Car economic or depreciable life (data item 56).  In common with locomotive lives, the car 

lives assumed by different railway organizations tend to vary widely throughout the region. Advice 
should be sought both from the Mechanical Engineering and Finance departments as to the most 
appropriate assumption for your railway organization. 
 
 Car residual value as % of initial cost (data item 57). As is the case with infrastructure and 
locomotives, this will be the remaining value at the end of the asset’s life. Since cars are likely to have 
a significant potential for rebuilding or refurbishment, it is likely that they will have significant residual 
values at the end of their commercial lives. Again, advice should be sought from the railway 
Mechanical Engineering Department as to the percentage which should be used here.   
 

Interest rate applicable to car purchases (data item 57a). While low interest loans are 
available for car purchases (including those available under supplier finance or export credit 
schemes), it has been assumed here that car purchases would be financed from commercial loans. In  
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this case, the prevailing interest rate applicable to commercial loans in Thailand (around 7% per year) 
has been assumed. The actual interest cost will depend on the loan repayment conditions (with 
interest being paid on the declining loan balance), but in this case in the absence of these details, 
interest has been assumed to be paid on the annual depreciation amount. In determining the exact 
interest rate and amount which is payable by your railway organization you should consult with the 
Railway Finance Department.   
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9.4 Cost Results - Financial 
 

The model generates separate estimates of the short run marginal costs, long run 
marginal costs and fully allocated costs which would be incurred in transporting the freight 
commodity traffic specified for costing. These costs are expressed as rates per: train trip; car trip; 
passenger; and per passenger-kilometre, as shown in the following excerpt from Section D of the 
worksheet. 

 
Short run marginal cost includes all of the fixed and variable costs which are attributable to 

operation of the specified train, including the costs of train crews, fuel/energy consumption, 
locomotive maintenance, wagon maintenance, variable track maintenance, station operations and 
train marshalling costs (for non-block trains only).  

 

RAILWAY PASSENGER TRAFFIC COSTING SUB-MODEL

COSTING SUBJECT: Line:            1

Service: Fast Passenger Train Service, 
Station "A" to "Station "E"

COSTING PREPARED BY: P.J.Hodgkinson

DATE: 22-Jan-14

D. COST  RESULTS - FINANCIAL
For route per year Per train trip Per car trip Per passenger Per pax-km

D1. O&M COSTS (Variable) trip

58. Train crews 3,990,000                        1250 179 3.63 0.0125

59. Fuel/energy consumption 4,697,166                        1472 210 4.27 0.0147

60. Locomotive maintenance -                                   0 0 0.00 0.0000

61. Carriage maintenance 5,670,907                        1777 254 5.16 0.0177

62. Variable track maintenance 244,961                           77 11 0.22 0.0008

63. SUB-TOTAL, O&M COST (variable) 14,603,035                      4575 654 13.28 0.0456

D2. O&M COSTS (Fixed)

64. Fixed cost of infrastructure maintenance 3,373,098                        1057 151 3.07 0.0105

65. Station operating cost 1,398,720                        438 63 1.27 0.0044

66. Level crossing barrier guard cost -                                   0 0 0.00 0.0000

67. SUB-TOTAL, O&M COST (fixed) 4,771,818                        1495 214 4.34 0.0149

D3. OVERHEADS

68. Administrative overhead cost           30.0%  of O&M Cost 5,812,456                        1821 260 5.28 0.0181

69. Insurance 5.0% 230,072                           72 10 0.21 0.0007

SUB-TOTAL, OVERHEADS 6,042,527                        1893 270 5.49 0.0189

D4. CAPITAL COSTS

70. Infrastructure capital

70a. Permanent way 17,435,332                       5462 780 15.85 0.0544

70b. Buildings 611,842                           192 27 0.56 0.0019

70c. Total infrastructure capital 18,047,175                      5654 808 16.41 0.0563

71. Mainline locomotive capital -                                  0 0 0.00 0.0000

72. Carriage capital 1,861,800                        583 83 1.69 0.0058

73. SUB-TOTAL, CAPITAL COST 19,908,975                      6237 891 18.10 0.0621

74.  GRAND TOTAL - FULLY ALLOCATED COST 45,326,354                 14200 2029 41.21 0.1415

Short Run Marginal Cost (O&M costs+Admin. Overheads) 14,603,035                 4575 654 13.28 0.0456

Long Run Marginal Cost (Short Run Marginal Cost + loco & wagon capital) 16,464,835                 5,158 737 14.97 0.0514

Fully Allocated Cost (Long Run Marginal Cost + infrastructure capital) 45,326,354                 14,200 2,029 41.21 0.1415
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Long run marginal cost includes all of the SRMC components identified above, with the 
addition of the annualized capital costs of locomotives, wagons and dedicated infrastructure, since 
these costs could be expected to vary only in the long term (in excess of a year). Such costs are 
nevertheless attributable to the costed traffic as they represent the purchase of resources specifically 
to support that traffic. 
 

The fully distributed or fully allocated cost reflects the addition to LRMC of an allowance 
for full recovery of the capital cost of existing infrastructure, as well as fixed O&M costs and 
administrative overheads. . To allow the model to calculate the overhead charge as a proportion of 
fixed and variable O&M costs, you should input the relevant overhead rate as a percentage against 
item 68. Guidance on the choice of an appropriate overhead rate should be obtained from the railway 
system Finance Department.  

 
 
9.4.1 Cost sensitivity 
 
You may now wish to assess the sensitivity of these cost results to variations in some of the 

physical parameter inputs. This you may do by changing the relevant data, splitting the screen just 
below the row in which you have made the changes, scrolling down to the last rôw in the worksheet 
and then selecting Calc at the bottom right-hand side of the screen. The input changes you have 
made will now be reflected in changed cost results. 
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9.5 Cost Results - Economic 
 
The financial costs shown in the excerpt from Section D of the worksheet were converted to economic 
costs through the application of shadow pricing factors (SPF’s) which remove taxes and government 
charges and adjust costs for distortions from market based factor prices. The resulting economic cost 
results are shown in the excerpt from Section E of the worksheet (below). 
 

 
 
 
 
 
 
 

RAILWAY PASSENGER TRAFFIC COSTING SUB-MODEL

COSTING SUBJECT: Line:            1

Service: Fast Passenger Train Service, 
Station "A" to "Station "E"

COSTING PREPARED BY: P.J.Hodgkinson
DATE: 29-Dec-13

E. COST  RESULTS - ECONOMIC
For route per year Per train Per car trip Per passenger Per pax-km

E1. O&M COSTS (Variable) trip trip

75. Train crews 3,480,374                1090 156 3.16 0.0109

76. Fuel/energy consumption 3,992,591                1251 179 3.63 0.0125

77. Locomotive maintenance -                          0 0 0.00 0.0000

78. Carriage maintenance 4,604,777                1443 206 4.19 0.0144

79. Variable track maintenance 206,992                   65 9 0.19 0.0006

80. SUB-TOTAL, O&M COST (variable) 12,284,734              3849 550 11.17 0.0383

E2. O&M COSTS (Fixed)

81. Fixed cost of infrastructure maintenance 2,073,264                650 93 1.88 0.0065

82. Station operating cost 1,220,067                382 55 1.11 0.0038

83. Level crossing barrier guard cost -                          0 0 0.00 0.0000

84. SUB-TOTAL, O&M COST (fixed) 3,293,331               1032 147 2.99 0.0103

E3. CAPITAL COSTS

85. Infrastructure capital

85a. Permanent way 14,917,931              4674 668 13.56 0.0466

85b. Buildings 1,260,000                395 56 1.15 0.0039

85c. Total infrastructure capital 16,177,931              5068 724 14.71 0.0505

86. Mainline locomotive capital -                          0 0 0.00 0.0000

87. Carriage capital 1,832,800               574 82 1.67 0.0057

88. SUB-TOTAL, CAPITAL COST 18,010,731              5642 806 16.37 0.0562

89.  GRAND TOTAL - FULLY ALLOCATED COST 33,588,796         10523 1503 30.54 0.1048
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