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Executive Summary 
 

D 6.6 is the second part of the realisation of NeTIRail-INFRA task 6.4 “Presentation of the 
cost benefit analysis (WP1), and societal analysis (WP5) using the Web application”. This task 
is meant to illustrate the results of the economic analysis done in WP1 and of the societal 
analysis done in WP5 using the GIS tool developed in WP6. This way the results of the 
economic and societal analyses should be made accessible to the GIS tool users, so that the 
web application can offer support for informed decision making regarding transport 
innovations.  

 

This aim is pursued in two steps:  

1) D6.5 shows how the information resulting from WP1 and WP5 can be used for the 

illustration in the GIS tool. Specifically, it presents the functionalities that have been added 

to the GIS tool for the illustration of the economic and social analyses, the methodology to 

use the data for illustration in the web tool and one example of data scenarios from WP1 

and WP5 that can be played in the GIS tool.  

2) D6.6 refines the methodology presented in D6.5 and demonstrates how the economic 

analysis and the societal analysis can be visualized in the web tool. 

This deliverable develops the second step. It defines how impact assessments can be 

generalized and displayed, and what further information is required to do so. In addition, 

options for making the web application more user-friendly are explored.  

The Grant Agreement describes this deliverable as the cost-benefit and societal analysis 

illustrated by case study line data. Within this deliverable the methodology is presented for 

the necessary calculation of cost-benefit and societal analysis, which can be implemented in 

the web based tool and within the deliverable these analyses are illustrated for the case 

study lines. However, the cost-benefit and societal analysis are not presented in the web 

based tool itself. UIC is continuing to support the development of this tool beyond the end 

of the NeTIRail-INFRA project at their own cost, as part of this development they are 

finalising any outstanding features, including being able to run custom formulae and display 

the results on the GIS web application. UIC consider that the final version of this tool will be 

of great importance to UIC and their members. 
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Abbreviations and acronyms 
 

Abbreviation / Acronym Description 

AC Alternating current electrification 

C Cost 

CBA Cost-benefit analysis 

CRUD Create, Read, Update and Delete 

CSV Comma Separated Values (file format) 

D Deliverable 

DC Direct Current (electrification) 

EL Electrification 

GeoJSON Geographical Java Script Object Notation 

GIS Geographical Information System 

MGt Millions of gross tonnes [of trains] 

OECD Organisation for Economic Co-operation 
and Development 

OP Operational Point 

PDF Portable Document Format 

PPP Purchasing Power Parity 

Q  Quality 

REST Representational state transfer 

RINF Register of Infrastructure (Database) 

S State 

S&C Switches and crossings  

SIA Social impact assessment 

SOL Section of Line 

T  Task 

Tp Passenger Train 

Tf Freight Train  

TW Trolley wire 

WP Work Package 
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1 Introduction 
The innovations developed in the technical WPs of NeTIRail-INFRA have been evaluated 

from both an economical and a societal point of view in the WPs 1 and 5 respectively.  

Deliverable 5.3 “Balancing societal effects and cost-benefit of different infrastructure 

decisions” combined the results of the economic and societal assessments.  

The present deliverable aims to demonstrate how these results can be made accessible 

using the GIS Web Tool developed in WP6. The purpose of the Web Application is to inform 

the user about impact of innovations when applied to the identified categories of lines.  

2 Fine tuning of the methodology presented in D6.5 
for the incorporation of the CBA and SIA results 
into the GIS tool 

The GIS tool must be able to generalize CBA outcomes that have been derived “by hand” for 
each case study line. The aim is to provide reasonable orders of magnitude using “standard” 
(public) data. Of course, the cost estimation functions can be trimmed by the end user to 
deliver any desired and achievable level of precision, once given the proper input values. 

The implications are the following: 

1. Costs: 
a. It is not currently possible to store, in the underlying database, the life history 

of track components. The database structure was not prepared for the 
storage of such information that is not commonly available, as it would 
require a complete product breakdown structure. Consequently, 

b. Costs are expressed as yearly averaged costs, rather than costs discounted 
over a certain time period. 

c. Benefits, when resulting from differential costs, are expressed as a yearly 
average benefit, realized from the time of introduction of the innovation. 

2. Societal benefits: 
a. It is not possible to generalize the results of impact assessments evaluated 

through questionnaires. 
b. However, the GIS application user would be able to score the individual 

impacts according to his/her own experience, for each individual line or group 
of lines, and the synthetic score would then be fed back by the application. 

c. The score is then best displayed by a colour code applied to the selected and 
displayed line sections, or at least a numeric output displayed as any other 
line parameter. 

All costs and benefits above would apply to individual line sections, or to collections of line 
sections, arbitrarily chosen be the user. 



D6.6 – Cost-benefit and societal 
analysis report illustrated by case 
study line data 

 
 

NeTIRail-INFRA 
H2020-MG-2015-2015 GA-636237 

2018/07/19 
 

NeTIRail-INFRA PUBLIC Page 7 

 

In the following, we transpose the CBA cost rationale into requirements for the GIS tool, and 
make recommendations concerning variables to be introduced into the underlying database. 

3 Demonstration on selected case-study lines 

3.1 Selected scenarios 

This section presents the results of the CBA and SIA conducted on selected innovations and 
in the context of selected NeTIRail-INFRA case-study lines. The choice of the combinations 
innovations-lines (scenarios) is justified by three criteria:  

- first, it focuses on innovations for which both the CBA and the SIA rely on good-
quality data;  

- second, it aims at analysing innovations coming from different NeTIRail-INFRA WPs, 
as far as this is compatible with the first criterion;  

- third, it aims to be as representative as possible of the geographical distribution of 
the NeTIRail-INFRA case-study lines and therefore picks up one line per each of the 
three NeTIRail-INFRA countries (Romania, Slovenia and Turkey) of the case-study 
lines.  

3.1.1 Scenario 1: Lean techniques for S&C evaluated in the context of the Sincan-Ankara-

Kayaş route (Turkey) 

3.1.1.1 Innovation description 

The aim of this innovation is to apply lean techniques for installing new, or repairing and 
replacing existing switches and crossings. The concept of lean techniques derives from the 
automotive manufacturing field, the intention being to apply cost-efficient techniques in 
every dimension of the production process. In its railway application, it mainly refers to the 
reduction of track possession time for implementing maintenance and investment activities 
and to optimize the related effort. Three alternative ways for renewal are considered, each of 
which has the potential to be optimized with lean techniques:  

 Off-site assembly and transport to the site of a new switch;  

 trackside assembly; and  

 on-track assembly. 

S&C cause a high share of failures on the track, due to their technical characteristics, 

particularly the presence of movable components. Currently, maintenance of these parts is 

performed on-site when no train traffic takes place. Improving the maintenance and 

replacement of switches and crossings through lean and automotive techniques will be 

particularly meaningful on busy lines, since the amount of time in which the track will not be 

available for train traffic will be reduced. Since the CBA analysis is based on observations 

carried out on Turkish lines, we will conduct the SIA analysis on the Turkish busy line Sincan-

Ankara-Kayaş. 
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3.1.1.2 Line description: Sincan-Ankara-Kayaş route (Turkey) 

The Sincan-Ankara-Kayaş route is an electrified, busy passenger line. It connects the two 

suburban areas of Turkey’s capital Ankara Sincan and Kayaş. It is 37 km long and has 27 

stations. It is the second most important line for passenger transportation among the 

Turkish state railway lines (See NeTIRail-INFRA D1.1, “Report on selection of case studies”). 

Travel times are approximately 30 minutes from Sincan to central Ankara and approximately 

20 minutes from Kayaş to central Ankara. Trains departures in both directions are scheduled 

with a frequency of 9 to 16 minutes throughout the day from about 5:30 in the morning 

until midnight, 7 days per week. The line is temporarily closed due to a modernization 

project that will increase the number of available tracks in order to separate the traffic of 

suburban, high speed and conventional trains.1 Passengers are currently travelling by bus or 

minibus as alternatives to rail transport.  The route is important for commuter traffic, 

especially for the low-income sector.  

 

Figure 1 Map of the Sincan-Ankara-Kayaş route  

 

                                                      

1 For more details on the planned innovation see the website of Turkish Railways at: 
https://railturkey.org/2016/06/21/baskentray-project/ 

http://openstreetmap.org/copyright http://openstreetmap.org

Copyright OpenStreetMap und Mitwirkende, unter einer offenen Lizenz

OpenStreetMap https://www.openstreetmap.org/directions?engine=osrm_car&route=39.9630,32.5890;39.9140,...

1 von 1 29.03.16 09:58
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3.1.1.3 Societal effects 

Lean techniques for S&C are expected to have a medium positive impact on punctuality. This 

is due to the increased track availability: by decreasing the time for which it is necessary to 

close the track for maintenance activities, delays will be reduced.  

The table below assigns values to these expected impact levels and calculates the scores for 

the accessibility indicators “quality of travel” and “travel times” according to the 

methodology presented in D5.3.  
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 Elements Score „impact“ Value assigned 
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 Crowding None 0 

Comfort None 0 

Safety None 0 

IN
D
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A

TO
R

  

TR
A

V
EL

 T
IM

ES
 Punctuality Medium 1,5 

Frequency of trains None 0 

Scheduled journey times None 0 

 

Table 3.1 – Expected effects of the innovation in T2.3 “Applying lean techniques for S&C”: score „impact“  

 

According to our methodology, the values assigned to each element’s impact shall now be 

multiplied by the score “perceptions”. This is calculated for each element separately and is 

derived from the results of the NeTIRail-INFRA survey presented in D5.2. 

The results of the NeTIRail-INFRA survey on the route Sincan-Ankara-Kayaş presented in 

D5.2 show that levels of perceived importance and passengers’ satisfaction differ of more 

than 20% (precisely: 29%) for crowding. This aspect seems to be a real concern for 

passengers, since also 39% of them explicitly expressed dissatisfaction with this element, 

stating that they are little or not satisfied with crowding. The only other element for which 

passengers’ perceptions regarding importance and satisfaction differ is safety: here the 

discrepancy is 18%. Levels of explicitly stated dissatisfaction are not as high as for crowding 

(11%), the discrepancy between importance and satisfaction being also due to the very high 

value that passengers assign to safety on this line, with 100% of respondents stating that 

safety is a (very) important travel element. This result is not specific for the Sincan-Kayas 

route. Similar outranging levels of importance attributed by passengers to safety were 

recorded also on the other Turkish NeTIRail-INFRA case-study line, the Divriği – Malatya 

route. Also surveys carried out outside of the NeTIRail-INFRA project confirm that safety is 

considered a very important factor of railway traffic in Turkey.2 Finally, some passengers 

                                                      

2 Celikkol-Kocak, Tümay, Dalkic, Gülçin, Tuydes-Yaman, Hediye, High-Speed Rail (HSR) Users 
and Travel Characteristics in Turkey, in: Procedia Engineering, 187, 2017, 212–221. Some 
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added comments to express the wish to have trains running after midnight as well. Even if 

there is no travel element specifically tackling this point, this element can be taken into 

account when refining the assessment in the final qualitative overall review of the scores.  

According to our methodology, if levels of perceived importance and passengers’ 

satisfaction differ of more than 20%, then the value assigned to the score “perceptions” for 

this element is 2. If the discrepancy between assigned importance and satisfaction levels is 

included between 10 and 20% then the value assigned to the score “perceptions” is 1,5. For 

all other elements the score “perceptions” is 1.  

The table below shows the values assigned to each element for the line Sincan-Ankara-
Kayaş. 

 

 Elements Perceptions: discrepancy between 
importance and satisfaction 

Value assigned 

IN
D

IC
A

TO
R

 

Q
U

A
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TY
 O

F 
TR

A
V

EL
 Crowding ≥ 20% 2 

Comfort 0 ≤ x ≤ 10% 1 

Safety 10% < x < 20%  1,5 

IN
D

IC
A

TO
R

  

TR
A

V
EL

 T
IM

ES
 

Punctuality 0 ≤ x ≤ 10% 1 

Frequency of 
trains 

0 ≤ x ≤ 10% 1 

Scheduled 
journey times 

0 ≤ x ≤ 10% 1 

 

Table 3.2 – Expected effects of innovations: score „perceptions“ for the line Sincan -Ankara-Kayaş. 

 

The score of each element is given by the multiplication of the scores “impact” and 

perceptions, so for each element we have the following values:  

 

                                                      

authors explain these survey results with the high traffic (not railway-specific) accident 
fatalities in Turkey. S. Ebd., 218. 
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 Elements Score 
„impact“ 

Score 
„perceptions“ 

Final element’s score 

(multiplication of the score 
„impact“ by the score 

„perceptions“) 

IN
D
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A
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R

 

Q
U

A
LI
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F 
TR

A
V

EL
 Crowding 0 2 0 

Comfort 0 1 0 

Safety 0 1,5 0 

IN
D

IC
A

TO
R

  

TR
A

V
EL

 T
IM

ES
 

Punctuality 1,5 1 1,5 

Frequency of 
trains 

0 1 0 

Scheduled 
journey times 

0 1 0 

 

Table 3.3 – Expected effects of the innovation in T2.3 “Applying lean techniques for S&C” on accessibility: 

final elements’ scores for the line Sincan -Ankara-Kayaş.  

 

We can now calculate the scores for each indicator (given by the average of the scores of its 

elements) and for the innovation as a whole (given by the sum of the scores of its 

indicators).  
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 Elements Final element’s 
score 

 

Final indicator’s score 

(average of the 
elements’ scores) 

Final innovation’s 
score 

(sum of the 
indicators’ scores) 

IN
D

IC
A

TO
R

 

Q
U

A
LI

TY
 O

F 
TR

A
V

EL
 Crowding 0 

0 

0,5 

Comfort 0 

Safety 0 

IN
D

IC
A

TO
R

  

TR
A

V
EL

 T
IM

ES
 

Punctuality 1,5 

0,5 

Frequency of 
trains 

0 

Scheduled 
journey times 

0 

 

Table 3.4 – Expected effects of the innovation in T2.3 “Applying lean techniques for S&C” on  passengers’ 

accessibility: final indicators’ scores for the line Sincan -Ankara-Kayaş.  

 

The impact of the innovation T2.3 “Applying lean techniques for S&C” considering the 

expected effects on travel elements and passengers’ perceptions is thus 0,5. This score can 

enable to compare the effects that different innovations can have on the same line, thus for 

instance providing a basis for deciding which innovation should become priority (because it 

has more significant social benefits than another one) from a societal point of view.  

However, to be able to understand how the innovation’s impact varies according to the 

characteristics of the line, also the railway use characteristics on that particular line should 

be taken into account. This would allow for cautious comparisons among different lines and 

also for tentative generalisations about the impact that a given innovation would have on 

lines with similar characteristics (for instance: secondary underutilised lines, or suburban 

commuter lines).  
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The score “route” reflects use characteristics of a given line and is the sum of different 

scores:  

- the score “purpose” (𝑆𝑝𝑢): the value assigned to it is 1 if the percentage of people 

using the train to reach their employment or education places, or to travel to 

hospitals and doctors is lower than 50%; 1,5 if this percentage is between 50% and 

75%; and 2 if it is higher than 75%. 

- The score “regular users” (𝑆𝑟𝑢): if the share of regular users is higher than 50 % the 

value assigned to this score is 0,25, otherwise it is 0.  

- The score “only train” (𝑆𝑜𝑡): if the percentage of passengers using only train to reach 

their destination is higher than 50 % the value assigned to this score is 0,25, 

otherwise it is 0.  

- The score “no alternatives” (𝑆𝑛𝑎): if the share of passengers who would move house 

or give up work if they could not travel by train any more is higher than 5% the value 

assigned to this score is 0,25, otherwise it is 0. 

For the route Sincan-Ankara-Kayaş the NeTIRail-INFRA survey (see the NeTIRail-INFRA D5.2) 
showed the results summarized in the table below, which also calculates the scores for each 
of the aspects of the score “route”, as well as this final score.   

 

Aspects Survey results Value assigned Final  score “route” 

(sum of the aspects’ scores) 

Purpose > 75% 2 

2,75 
Regular users > 50% 0,25 

Only train > 50% 0,25 

No alternatives > 5% 0,25 

 

Table 3.5 – calculation of the score “route” for the Sincan -Ankara-Kayaş line  

 

The route Sincan-Ankara-Kayaş scores highest for all the aspects of railway use, its final 

score is 2,75. This means that innovations on this line and on lines similar to this one for 

they use characteristics are expected to have a very considerable social impact as far as 

passengers’ accessibility is concerned. 

The final accessibility score of the innovation “Applying lean techniques for S&C” is given by 

the multiplication of the final innovation’s score (0,5, see above) by the score “route” of the 

line Sincan-Ankara-Kayaş (2,75) and is thus 1,38.  
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Table 1 of Annex 1 of Deliverable D5.3 summarizes the sub-scores and the final score for this 

innovation. 

Summarizing, the innovation designed in T2.3 “Applying lean techniques for S&C” is 
expected to have a significant impact when realised on busy lines, because it reduces the 
closing times of the track due to maintenance activities.  By improving punctuality, it is 
expected to have a considerable positive impact on lines in which this travel aspect is seen 
as an issue by passengers.  

3.1.1.4 Results of the CBA 

Lean techniques for S&C constitute an organizational improvement at no monetary cost that 

can bring substantial efficiency gains and cost savings to the railway. The CBA in D1.4 

provided an economic assessment of two suggested design and process changes (i.e. lean 

techniques), which we have referred to as Do-Something scenarios 1 and 2. Furthermore, 

we escalated the estimated benefits at the network level to give an indication of the full 

potential of lean techniques for S&C for the whole railway. 

In summary, we have seen how a no-cost improvement can bring substantial cost savings 

through a more effective employment of workers and use of tracks. This does not mean that 

workers are to be made redundant; on the contrary, the benefit lies in the possibility to the 

railway to reallocate these workers to do other tasks during the year and hence become 

much more productive.  

The total NPV at the network level for a period of 30-year can range from a conservative 

€2.4 million to €5.8 million depending on the assumptions made. These benefits are highly 

related to labour costs, and therefore are expected to be larger the higher the wages are. 

For instance, the €2.4 million figure corresponds to the DS scenario 1, where lean 

techniques allow the installation of two switches instead of one in the same shift. The 

assumption therefore is that this is possible for 375 switches, which would now require 

187.5 shifts instead. The remaining 375 yearly switches continue to be installed using 

current practice. If, additionally, the switches were assembled on site using the same labour 

force during the installation shift, then the estimated benefits could reach the €2.9 million 

over 30 years. Secondly, if it was feasible to implement these sets of lean techniques on all 

750 switches, the total benefits in the 30-year period would range from €4.8 million to €5.8 

million. 

Additionally, there is an added benefit of track availability to the IM since the reduction in 

shifts means that the track can be available for other uses. We have not been able to obtain 

a realistic monetary value for track availability in Turkey, and hence it is more sensible to 

present this benefit in terms of shifts (where each shift is assumed to last 9 hours). 
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3.1.1.5 Conclusion combining societal effects and CBA 

Applying lean techniques to S&C allows for a more efficient use of resources at no monetary 

costs. In addition to the economic benefits accruing directly to the IM, this innovation can 

bring additional benefits to users, especially by increasing punctuality. 

3.1.1.6 Cost & benefit simulation in the GIS tool 

Concerning the costs (and cost savings, which is the direct benefit of the innovation), the 
bespoke CBA, under D1.4, can be generalized as follows. The basic principle is to rest the 
cost calculations on individual characteristics of the line section(s), and add missing 
characteristics. 

 

 

3.1.2 Innovation 4.1: On-track monitoring of turnouts S&C sections in the context of the 

Bartolomeu-Zărneşti line (Romania) 

3.1.2.1 Innovation description 

The purpose of this innovation is to obtain more regular and precise information about rail 

defects around the turnouts S&C sections, which are particularly susceptible to defects since 

these have an accelerated wearing process and short time between renewals. This will be 

done by using specific monitoring devices. These devices are complementary to those from 

tasks 4.2 and 4.3 (see 4.2 and 4.3 for more details).  

While this vibration monitoring system first and foremost targets S&C segments, it is also 

useful for plain lines. This is then an additional benefit of a functioning system that is not 

part of the subsequent evaluation. 

Sincan-Kayas parameter name in 

database

value unit remarks reference

line length (derived) 37,0       km project data

nb of tracks SOL_track_nb 3,5         (none)

track length (derived) 129,5     

number of stations (none) 27,0       (none)

nb of S&C (none) 286,0     (none)

density of S&C introduced 7,73       S&C per km of line value from project data

traffic density introduced 21,90     MGt per track (estimated)

Unit costs scenario: reference

switch replacement unit cost introduced 5600 € / switch DM (D1.4, section 4.2.1) DM = do minimum

introduced 4000 € / switch DS1 (D1.4, section 4.2.2) DS = do something

introduced 3960 € / switch DS2 (D1.4, section 4.2.2)

Other parameters

switch life span (expr. in 

tons)

introduced 260 MGt median value, from source:

replacement rate for one 

switch on Sincan-Kayas

(derived) 11,9       years

number of replacements per 

year

(derived) 24,1       per year

Cost saving for Simcan-Kayas

Lean / DS1 vs. DM 38 544  €/year

Lean / DS2 vs. DM 39 508  €/year

https://www.witpress.com/Secure/elibrary/papers/CR

08/CR08074FU1.pdf
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The system developed in T4.1 monitors the vibration of the rails at punctual level. When the 

shape and amplitude of the vibrations are changed this provides an indication of 

deteriorating performance. As vibrations become increasingly severe, this will eventually 

trigger maintenance activities. The ultimate purpose is that the monitoring devices will help 

triggering the intervention at an earlier point of time that under the do-minimum strategy, 

i.e. a switch from a reactive to a less costly preventive action. 

3.1.2.2 Case-study line description: Bartolomeu-Zărneşti line (Romania) 

The Bartolomeu-Zărneşti route is situated in the Transylvanian region, among the Southern 

Carpathians. The line connects Bartolomeu, a suburban area of the city Braşov, with the 

small town Zărneşti. Several small towns and stations are situated along the route (see map 

below – small grey squares indicate train stations).  

 

 
Figure 2: Map of the line Bartolomeu- Zărneşti  

 

The Bartolomeu-Zărneşti railway has a length of 23.9 Km and was inaugurated on June 6th, 

1891. It is a non-electrified, low-density secondary line, used mostly for passenger traffic 

(see NeTIRail-INFRA D 1.1). The Bartolomeu-Zărneşti includes 3 stations and 5 stops and is 

covered in about 35 minutes. Interesting from this line are the informal stops near to 

http://openstreetmap.org/copyright http://openstreetmap.org

Copyright OpenStreetMap und Mitwirkende, unter einer offenen Lizenz
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factories in the surroundings of a station (see the figure below). This includes an extra 

flexibility to passengers, yet might delay the trip for others travelling to further destinations.  

Figure 8 below shows the variation in speed in proximity of stations and informal stops, 

based on field measurements done during the NeTIRail-INFRA project.3  

 

Figure 3: Speed profile of multiple runs of the passenger train. Boxes mark plac es where the train stops. 

In one station is observed that the train consistently stop before and after the station.  

 

Trains leave with intervals between 1 hour and a half and 2 hour and a half approximately, 
with one exception in the morning from Zărneşti to Bartolomeu, with two trains departing 
between 6:00 AM and 7:00 AM. Passenger trains run from Monday to Sunday. 

 

In the past, the line was important for both economy (due to the high concentration of 

factories in the area) and tourism. Today, this line is considered to have a great 

development potential for both freight and passenger transport. 

3.1.2.3 Societal effects 

The devices for on-track monitoring of turnouts S&C sections are expected to have a high 

positive impact on safety and a medium positive impact on punctuality.  

The monitoring system will allow switching from a maintenance strategy based either on 

standard, pre-programmed activities or reactive intervention to on-demand, preventive 

maintenance. By detecting defects at an early stage, the monitoring system is expected to 

improve the safety of the line. Currently, when transiting on a track section with wear 

problems, trains have to reduce speed for safety reasons. If defects are detected and 

                                                      

3 For more details see NeTIRail-INFRA D 4.4: "Track and ride quality monitoring technology 
based on train-borne measurements in standard vehicles".  
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corrected when they have not become severe yet, trains will not have to decrease speed, 

thus improving punctuality.  

The table below assigns values to these expected impact levels and calculates the scores for 

the accessibility indicators “quality of travel” and “travel times” according to the 

methodology presented in D5.3.  

 

 Elements Score „impact“ Value assigned 
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 Crowding None 0 

Comfort None 0 

Safety High 2 
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 Punctuality Medium 1,5 

Frequency of trains None 0 

Scheduled journey times None 0 

 

Table 3.6 – Expected effects of the innovation in T4.1 “On -track monitoring of turnouts S&C sections” on 
accessibility: score „impact“  

 

According to our methodology, the values assigned to each element’s impact shall now be 

multiplied by the score “perceptions”. This is calculated for each element separately and is 

derived from the results of the NeTIRail-INFRA survey presented in D5.2. 

According to the results of the NeTIRail-INFRA survey on route Bartolomeu-Zărneşti 

presented in D5.2, for no elements levels of perceived importance and passengers’ 

satisfaction differ of more than 20%. In two cases, namely for punctuality and safety, the 

discrepancy between assigned importance and satisfaction levels is included between 10 

and 20% (respectively 17% and 12% for punctuality and safety). For these two elements the 

value assigned to the score “perceptions” is 1,5, for all other elements it is 1. This is 

interesting, since these two elements are also the only ones on which this innovation is 

expected to have an impact. 

 The table below recapitulates the values assigned to each element.  
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 Elements Perceptions: discrepancy between 
importance and satisfaction 

Value assigned 
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 Crowding 0 ≤ x ≤ 10% 1 

Comfort 0 ≤ x ≤ 10% 1 

Safety 10% < x < 20%  1,5 
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Punctuality 10% < x < 20%  1,5 

Frequency of 
trains 

0 ≤ x ≤ 10% 1 

Scheduled 
journey times 

0 ≤ x ≤ 10% 1 

 

Table 3.7 – Score „perceptions“ for the route Bartolomeu -Zărneşti  

The score of each element is given by the multiplication of the scores “impact” and 

perceptions, so for each element we have the following values:  

 Elements Score 
„impact“ 

Score 
„perceptions“ 

Final element’s score 

(multiplication of the score 
„impact“ by the score 

„perceptions“) 
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 Crowding 0 1 0 

Comfort 0 1 0 

Safety 2 1,5 3 
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Punctuality 1,5 1,5 2,25 

Frequency of 
trains 

0 1 0 

Scheduled 
journey times 

0 1 0 

 

Table 3.8 – Expected effects of the innovation in T4.1 “On -track monitoring of turnouts S&C sections” on 
accessibility on the route Bartolomeu-Zărneşti: final elements’ scores  
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We can now calculate the scores for each indicator (given by the average of the scores of its 

elements) and for the innovation as a whole (given by the sum of the scores of its 

indicators).  

 Elements Final element’s 
score 

 

Final indicator’s score 

(average of the 
elements’ scores) 

Final innovation’s 
score 

(sum of the 
indicators’ scores) 
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 Crowding 0 

1 

1,75 

Comfort 0 

Safety 3 
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Punctuality 2,25 

0,75 

Frequency of 
trains 

0 

Scheduled 
journey times 

0 

 

Table 3.9 – Expected effects of the innovation in T4.1 “On -track monitoring of turnouts S&C sections” on 
accessibility route Bartolomeu-Zărneşti: final indicators’ scores  

 

The impact of the innovation “On-track monitoring of turnouts S&C sections” considering 

the expected effects on travel elements and passengers’ perceptions is thus 1,75. This score 

can enable to compare the effects that different innovations can have on the same line, thus 

for instance providing a basis for deciding which innovation should become priority (because 

it has more significant social benefits than another one) from a societal point of view.  

However, as we have seen, to be able to understand how the innovation’s impact varies 

according to the characteristics of the line, also the railway use characteristics on that 

particular line should be taken into account. This would allow for cautious comparisons 

among different lines and also for tentative generalisations about the impact that a given 

innovation would have on lines with similar characteristics (for instance: secondary 

underutilised lines, or suburban commuter lines).  
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For the route Bartolomeu-Zărneşti the NeTIRail-INFRA survey (see the NeTIRail-INFRA D5.2) 
showed the results summarized in the table below, which also calculates the scores for each 
of the aspects of the score “route”, as well as this final score.  

Aspects Survey results Value assigned Final  score “route” 

(sum of the aspects’ scores) 

Purpose > 75% 2 

2,75 
Regular users > 50% 0,25 

Only train > 50% 0,25 

No alternatives > 5% 0,25 

Table 3.10 – calculation of the score “route” for the Bartolomeu-Zărneşti line  

The route Bartolomeu-Zărneşti scores highest for all the aspects of railway use, its final 

score is 2,75. This means that innovations on this line and on lines similar to this one for 

they use characteristics are expected to have a considerable social impact.  

The final accessibility score of the innovation “On-track monitoring of turnouts S&C 

sections” is given by the multiplication of the final innovation’s score (1,75, see above) by 

the score “route” of the line Bartolomeu-Zărneşti (2,75) and is thus 4,81.  

Table 6 of annex 1 of Deliverable D5.3 summarizes the sub-scores and the final score for this 

innovation. 

Summarizing, the innovation designed in Task 4.1 “On-track monitoring of turnouts S&C 

sections” is expected to have a more significant impact when realised on secondary lines in 

which passengers place high value on safety, comfort and punctuality, but at the same time 

are little satisfied with the status quo situation regarding these elements.  

3.1.2.4 Results of CBA  

The turnouts and S&C monitoring devices are rather specific and therefore have a reduced 

scope for increasing preventative work. Their costs depend on the number of devices needed 

per route, and hence on the track characteristics. For the case study analysed, we observed 

that it can be an affordable way of obtaining information that can save costs even in the short 

term by allowing the IM to improve their maintenance strategy without any high initial 

investment cost. The average annual cost of using this technology was approximately €7,500, 

for a line that had 10 switches, 11 bridges and 3 curves with small radius. Their usefulness to 

the IM would likely depend on the amount of failures related to those specific parts of the 

track and the possibility to save expensive corrective work there. 

3.1.2.5 Conclusion combining societal effects and CBA 

The devices for the on-track monitoring of turnouts S&C sections are relatively cheap 

equipment from which one can expect cost savings in terms of maintenance activity and 
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positive societal effects such as improving safety and punctuality. Like all WP4 innovations, 

these devices are particularly important for secondary lines and for those lines without 

modern rolling stocks where passengers consider safety and punctuality important, but are at 

the same time less satisfied with these travel elements. 

3.1.2.6 Cost & benefits simulation in the GIS tool 

The generalization of the cost calculation can be performed using the usual methods: 
replacing equipment investment and maintenance by average yearly costs, resting on line 
parameters available, or to be added, in the database. The overview of variables and values 
is as follows: 

Bartolomeu-Zarnesti 

parameter 
name in 
database value unit 

 nb of SoL                   1     

 line length (derived)            23,9    km 

 nb of tracks SOL_track_nb                  1    (none) 

 track length (derived)            23,9    km 

 number of stations (none)  (none) 

 nb of S&C (none)            10,0    (none) 

 density of S&C introduced            0,42    
S&C per km of 
line 

 traffic density introduced            1,30    MGt4 per track 

 nb of bridges introduced                11    (none) 

 nb curves small radius introduced                  3    (none) 

Unit equipment costs (flattened yearly average)   

 per switch               155    €/yr 

 per bridge               210    €/yr 

 per small radius curve               210    €/yr 

Communication costs (yearly)    

 per switch               120    €/yr 

 per bridge               240    €/yr 

 per small radius curve               240    €/yr 

Total costs per unit    

 per switch introduced              275    €/yr 

 per bridge introduced              450    €/yr 

 per small radius curve introduced              450    €/yr 

Other costs    

 Server introduced          3 000    €/yr 

     

Total averaged yearly expenses         12 050    €/year 

 

                                                      

4 Millions of gross tonnes 
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Concerning benefits, deliverable D1.4, section 6.4.2, provides an attempt to balance the 
costs above by benefits resulting from avoided minutes of delay, and the values of time 
applicable to delays. This approach is sensible, since it was possible to show that the 
monetarized benefits of avoided delays lay in the same order of magnitude as the 
innovation costs. 

The minimum set of data would be: 

 Passenger train delay minutes observed (derived from local statistics), in the area 
corresponding to line sections; user input; 

 Estimated % of delay minutes reduction; user estimate; 

 Estimated average passenger train load; user estimate (usually from passenger.km or 
train.km) ; 

 Value of time (VoT) for passenger categories: business, commuter, “other”; 

 Multiplying factor applicable to VoT for various circumstances, including traffic 
disruption. 

The VoT values and factors have been subject to various studies, such as mentioned in D1.4, 
including studies financed by the EC, with widely publicized results. It is therefore 
reasonable to include VoT into the database parameters. However such parameters should 
be, ideally, attached to networks or regions (or application users), rather than to individual 
line sections. 

3.1.3 Scenario 3: Optimal lubrication techniques evaluated in the context of the Pivka - Ilirska 

Bistrica line (Slovenia) 

3.1.3.1 Innovation description 

Task 2.5 “Optimal lubrication techniques” aims to identify the best lubrication techniques 

for different density of operations, with a focus on low-density lines.5  

Optimal lubrication is expected to reduce rail and wheel wear and thus contribute to 

reducing costs and increasing passengers’ comfort. Moreover, lubrication reduces noise and 

energy consumption and can increase the regular journey speed, thus reducing the 

scheduled journey time. A low positive impact on safety is also possible: by reducing wear 

also damages to rail and wheel can be prevented. Positive effects for the environment, 

although not in the scope of the SIA conducted here, are also possible: mechanical instead 

of manual lubrication can reduce the risks of soil contamination and choosing 

environmental-friendly lubricants will reduce pollution.  

Since the CBA for this innovation has been conducted drawing on data from Slovenia and 

because the focus of the research in NeTIRail-INFRA for this innovation is on low-density 

                                                      

5 S. NeTIRail-INFRA Deliverable 2.7 “Lubrication Systems and Data Available, with Estimates 
of Costs and Benefits”, Executive Summary.  
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lines, the SIA will be conducted with reference to the Slovenian low-density line Pivka - 

Ilirska Bistrica. 

3.1.3.2 Line description: Pivka - Ilirska Bistrica (Slovenia) 

The route Pivka - Ilirska Bistrica is an electrified, secondary line with mixed traffic of freight 

and passenger trains (NeTIRail-INFRA D1.1 and D2.2). It is 24.5 km long and connects the 

two small towns of Pivka and Ilirska Bistrica. The line has three stops and the distance is 

covered in approximately 16 minutes. Pivka lies at the intersection with another route 

connecting with Ljubljana, so that passengers travelling to/from Ljubljana can change in 

Pivka. There are no passenger connections during weekends on this route except for a few 

trains on Sunday afternoon, two trains in one direction and two trains in the other. 

For freight traffic, there are six trains per day on this line, two gathering trains (one pair in 

both directions) and four trains to/from the Port of Rijeka (two pairs in both directions). 

 

 

Figure 4: Map of the Pivka - Ilirska Bistrica route 

 

Pivka lies on a track that connects Trieste with Ljubljana (the Slovenian line ending at the 

border, where other lines connecting with Trieste depart) and in Pivka departs a segment of 

the line connecting to the Croatian port of Rijeka. The route is the shortest track connecting 

http://openstreetmap.org/copyright http://openstreetmap.org
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the port of Rijeka to central Europe and is thus of great economic importance, especially for 

freight transport. However, due to technical conditions (limited axle load category), the line 

is currently underutilised. 

3.1.3.3 Societal effects 

Applying optimal lubrication techniques is expected to have a high positive impact on 

passengers’ comfort and a low positive impact on journey time.  

Ride comfort will improve because lubrication reduces the friction between rail and wheel, 

so that vibrations decrease. By reducing the friction, lubrication also allows to increase the 

journey speed, thus potentially reducing journey times. Moreover, travel time can also be 

reduced by the decrease of fuel consumption, if the line is not electrified. However, this last 

effect does not apply on our case-study line, which is electrified.  

The expected impact levels and related scores for the accessibility indicators “quality of 

travel” and “travel times” are presented in the table below.  

 

 Elements Score „impact“ Value assigned 
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Comfort High 2 

Safety Low 1 
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Punctuality None 0 

Frequency of trains None 0 

Scheduled journey times Low 

(Medium for non-
electrified lines) 

1 

(1,5) 

 

Table 3.11 – Expected effects of the innovation in T 2.5 “Optimal lubrication techniques”: score „impact“  

 

For each element, the score “impact” shall be multiplied by the score “perceptions”, based 

on the results of the NeTIRail-INFRA survey conducted on the Pivka - Ilirska Bistrica line. 

Respondents to our survey highlighted need for improvement of several travel elements. 

The discrepancy between assigned importance and dissatisfaction is highest for the 

elements travel times and frequency (45% and 39 % respectively). Also safety and 

punctuality are highly valued by passengers of this line, yet levels of dissatisfaction are lower 
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(29% and 22% respectively). Among the other travel elements, only for comfort the 

discrepancy between importance and satisfaction is relevant for our purposes, being 13%.   

 
The table below presents the calculation of the score “perceptions” for each travel element 
on the line Pivka - Ilirska Bistrica. 

 

 Elements Perceptions: discrepancy between 
importance and satisfaction 

Value assigned 
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 Crowding ≤ 0% 1 

Comfort 10% < x < 20%  1,5 

Safety ≥ 20% 2 
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Punctuality ≥ 20% 2 

Frequency of 
trains 

≥ 20% 2 

Scheduled 
journey times 

≥ 20% 2 

 

Table 3.12 – Score „perceptions“ for the line  Pivka - Ilirska Bistrica. 
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The score of each element is given by the multiplication of the scores “impact” and 

perceptions”, so for each element we have the following values:  

 

 Elements Score 
„impact“ 

Score 
„perceptions“ 

Final element’s score 

(multiplication of the score 
„impact“ by the score 

„perceptions“) 

IN
D

IC
A

TO
R

 

Q
U

A
LI

TY
 O

F 
TR

A
V

EL
 Crowding 0 1 0 

Comfort 2 1,5 3 

Safety 1 2 2 
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Punctuality 0 2 0 

Frequency of 
trains 

0 2 0 

Scheduled 
journey times 

1 2 2 

 

Table 3.13 – Expected effects of the innovation in T2.5 “Optimal lubrication techniques” on accessibility 
for the line Pivka - Ilirska Bistrica: finale elements’ scores  
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We can now calculate the scores for each indicator and for the innovation as a whole.  

 

 Elements Final element’s 
score 

 

Final indicator’s score 

(average of the 
elements’ scores) 

Final innovation’s 
score 

(sum of the 
indicators’ scores) 
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 Crowding 0 

1,67 

2,34 

Comfort 3 

Safety 2 
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Punctuality 0 

0,67 

Frequency of 
trains 

0 

Scheduled 
journey times 

2 

 

Table 3.14 – Expected effects of the innovation in T2.5 “Optimal lubrication techniques” on passengers ’ 
accessibility for the line Pivka - Ilirska Bistrica: final indicators’ scores  

 

The impact of the innovation T2.5 “Optimal lubrication techniques” considering the 

expected effects on travel elements and passengers’ perceptions is thus 2,34.  

In order to better understand the impact of the innovation for the selected case study line, 

we can multiply this score by the score “route”, which, according to our methodology, is the 

sum of the scores “purpose”, “regular users”, “only train” and “no alternatives”.  

The table below summarises the results of the NeTIRail-INFRA surveys (See D 5.2) on the line 

Pivka - Ilirska Bistrica and calculates the scores for each of the aspects of the score “route”, 

as well as the final score.   
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Aspects Survey results Value assigned Final  score “route” 

(sum of the aspects’ scores) 

Purpose 50% < x < 75% 1,5 

1,75 
Regular users < 50% 0 

Only train > 50% 0,25 

No alternatives < 5% 0 

 

Table 3.15 – calculation of the score “route” for the Pivka - Ilirska Bistrica line 

 

The Slovenian line Pivka - Ilirska Bistrica is a line with a high share of passengers using it for 

recreational or tourism purposes. This is the reason why the score “route” is not so high as 

for other lines used by a high share of pupils, students and commuters, since we established 

that the accessibility to destinations important for education, work or health care shall have 

a higher value than accessibility to recreational activities, although we consider such 

activities to be important as well (See NeTIRail Deliverable 5.1).  

The final accessibility score of the innovation T2.5 “Optimal lubrication techniques” is given 

by the multiplication of the final innovation’s score (2,34, see above) by the score “route” of 

the line Pivka - Ilirska Bistrica (1,75) and is thus 4,09.  

Table 3 of annex 1 of Deliverable D5.3 summarizes the sub-scores and the final score for this 

innovation. 

3.1.3.4 Results of CBA  

The economic analysis of lubrication techniques shows that this technology can offer 

substantial benefits to all agents in the rail industry (IMs, operators and users), at a relatively 

low-cost. As part of the NeTIRail project, an on-board lubrication system has been tested in 

Slovenia. While many different lubrication systems exist, their understanding in economic 

terms is limited. An Australian study reported in Reddy et al. (2007) is a good example of 

how robust economic analysis can help to shade light on the benefits of lubrication systems, 

but the evidence is overall scarce.  

In the CBA conducted and reported in D1.4, we demonstrate for a case study in Slovenia 

that the tested on-board lubrication system can generate significant cost savings in the 

maintenance of both wheels and rail. Life extension of both wheels and rail further 

contributes to more cost savings. The quantification and monetization of these effects 

(which are only part of the benefits) account to a Net Present Value of approximately 

€208,000 over a 30-year period for one freight line of 48 km of extension. Additionally, rail 
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users could benefit from a network with less failure-caused delays and accidents. Since no 

monetization of the user benefits was possible, the societal analysis of D5.3 will help to 

illustrate the extent to which they may be relevant for a typical secondary line in Slovenia. 

Overall, our analysis suggests that the on-board lubrication system is high value for money. 

3.1.3.5 Conclusion combining societal effects and CBA 

The economic analysis conducted in NeTIRail-INFRA focussed on an on-board lubrication 

system, which proved to provide significant savings with relatively low investments. From a 

societal perspective, better lubrication techniques mean benefits for passengers, especially 

concerning travel comfort, but also small improvements in terms of safety and journey 

times.  

3.1.3.6 Cost simulation in the GIS tool 

The case for this particular line was not evaluated in D1.4, but can be derived from the 
evaluation performed under section 4.4.3. Costs and benefits related to one electric freight 
locomotive to be equipped with wheel flange lubrication are not considered, since the range 
of the locomotive vastly exceeds any of the line sections considered. Forecast effect of the 
innovation is the marginal effect of lubrication on grinding (reduction), fuel consumption 
(reduction), and rail lifetime. 

Since effects on life cycles were not considered so far for generalization, rail lifetime 
extension will not be considered here too, for the sake of consistency. Thus the benefits will 
be lower estimated. 

The parameters and value for this particular innovation are easily derived from D1.1 and 
D1.4: 

 

  

Pivka - Ilirska Bistrica

parameter name in 

database value unit remarks

line length (derived) 24,5          line km

nb of tracks SOL_track_nb 1,0             (none)

track length (derived) 24,5          track km

traffic density introduced 1,46          MGt per track value derived from D1.1

passenger trains per day 15,6          value derived from D1.1

freight trains per day 4,0             value derived from D1.1

Unit costs scenario:

Track grinding costs introduced 1 500        €/km.yr DM

Train fuel costs introduced 1,4             €/train.km DM

Other parameters

cost reduction: grinding introduced 5% DS

cost reduction: fuel consumptionintroduced 10% DS
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3.2 Tentative general-purpose cost function for the Web application 

Cost (and benefit) functions can be freely input by the user of the Web application. 

In order to illustrate, as far as possible, the above calculations, the following function has 
been proposed. The general form is the one proposed in deliverable 6.5, section 3.8.3, albeit 
somewhat simplified: the innovation-related terms have been treated like other dummy 
parameters (without interaction factors βk,n*Qk). 

The traffic vector (see D6.5, section 3.4) has only one element, which is the total train mass 
(in gross tons). The beta coefficient was set to 0.625, following (1). 

3.2.1 Quantitative cost parameters 

The selected quantitative cost parameters are: 

Item Unit Beta 
coefficient 

Parameter 
value 
(default) 

Comments 

Line length km 0 1 Line length is not used. 
Usage only foreseen in 
quadratic terms. 

Track length km 1 1 Costs are proportional to 
track length 

Train load Gross 
tons / 
day 

0,625 30 000 No distinction is made 
between train classes 

Switch density 
PLUS ONE 

Track.km-

1 

0,520 2 (1+1) The offset by one (km-1) is 
meant to avoid Log(zero 
value)6 

Passenger 
trains per day 

(count)   Not used; kept in reserve. 

Freight trains 
per day 

(count)   

 

                                                      

6 This is a crude, but widespread, way of avoiding mathematical difficulties. Of course, the 
proper method would be to transform the “Switch & crossing density” variable x in such way 
that the transformed variable would be normally distributed, a transform that a simple 
Log(x+1) function is not expected to yield. Not knowing the statistical distribution of switch 
density, we prefer to keep the simple method. 
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3.2.2 Qualitative cost parameters 

Reminder: the functional form does not take the Log of qualitative parameters. They are 
simply “all or nothing” multiplying factors, with value 0 or 1. 

The voltage-related terms are also derived from (1), escalating the 2000 values to 2018 
conditions. 

Item Unit Beta 
coefficient 

Parameter 
value 
(default) 

Comments 

Single 
track 

N/A 0,182 1 if single 
track, else 0 

Single track maintenance is typically 
20% more expensive (per track.km) 
than the same length of tracks in a 
double track setup. 

25kV N/A                                    
0,257  

1 if 25kV, 
else 0 

 

15kV N/A                                    
0,293  

similar  

3kV N/A                                    
0,312  

similar  

1.5kV N/A                                    
0,531  

similar  

Other 
power 
supply 

 
                                   
0,531  

similar 
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3.2.3 Innovation-related terms 

Savings are based on the corresponding CBAs, when available and quantified in relation with 
infrastructure features (see D1.4). 

Item Unit Beta 
coefficient 

Parameter value 
(default) 

Comments 

Lean 1 - -0.0046 1 if Lean method 
1 is applied, 
otherwise 0 

 

Lean 2 - 
-0.0047 

1 if Lean method 
2 is applied, 
otherwise 0 

 

Track 
lubrication 

- 
-0.0076 

Track grinding 
savings only. 

Train fuel consumption not 
considered; would require a 
“traffic” layer 
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4 Conclusion 
Since the GIS tool is flexible as regards both the line parameters and the functional form, it is 
possible to accommodate about any calculation regarding maintenance costing by selecting 
sections of lines, adding the necessary parameters (and their values) and formulas (and their 
coefficients). The above shows a few significant examples. 

From the case studies, it appears that the GIS tool could, in the future, be enriched with 
functionality avoiding to avoid repeated work. 

 The most obvious is the easy selection of lines or sub-networks. RINF puts at the 
disposal of the user countries, infrastructure managers and lines, which are three 
sensible ways to group sections of lines. 

 Parameters not depending on SoL, such as average fuel costs or average grinding 
costs, had better become “global variables”, or (better) global functions. For 
instance, train fuel costs could become a (generic) function taking its arguments from 
relevant line sections parameters, such as maximum speed 

A more significant upgrade would be the taking into account of life cycles. Such ambition 
would imply a product breakdown structure to be defined and implemented for each line 
section, and would turn the web application into an “asset management tool”. This would 
be a massive change in the purpose and necessary means. 
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