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

decisions” presents the results of Task 5.3, namely the integration of the societal 

perspective with the cost-benefit analysis (CBA).  

In line with the description of work, this deliverable estimates the overall costs and the 

expected economic benefits as well as the benefits in terms of accessibility for passengers 

that the innovations developed in the technical work packages of NeTIRail-INFRA are 

expected to cause. The economic analysis relies on the results presented in WP1 

Deliverables (see particularly D 1.4 “Cost and User Benefit Report”), while the social impact 

analysis, focussing in particular on accessibility for passengers, is developed in this 

Deliverable and then combined with the economic analysis.  

The most important achievement of this Deliverable, in our view, is to have set a 

methodology to assess the impact of a given railway innovation on passengers’ accessibility, 

to have combined its results with the economic analysis and to have demonstrated a 

possible application to concrete case studies. The methodology can be adapted to different 

settings: for instance, although we have used it here for assessing ex-ante the expected 

impact of a given innovation, the presented methodology is suitable also for ex-post 

evaluations of transport innovations.  

After a brief introduction in Section 1, Section 2 recalls the methodology presented in the 

NeTIRail-INFRA D 5.2 “Perception of different service options: User study and data analysis” 

and makes it more concrete by adapting it to the NeTIRail-INFRA case-studies.  

Section 3 analyses the planned innovations and provides for each of them separately:  

- a brief description of the innovation; 

- a brief description of the line for which the expected innovations’ impact will be calculated;  

- the assessment of the innovation’s expected impact on passengers’ accessibility;  

- a summary of the CBA presented in D 1.4;  

- a conclusion discussing the social impact and the economic costs and benefits of that 

innovation and combining the two.  

The assessment is carried out in specific settings, i.e. selected NeTIRail-INFRA case-study 

lines. This is because the assessment takes into account not only the technical 

characteristics of the innovations, but also passengers’ perceptions of different travel 

aspects and the specific characteristics of the line, as they have been investigated through 

the NeTIRail-INFRA users survey. The social impact assessment (SIA) is thus context-specific. 

However, we also advance some tentative generalisations about the innovations’ societal 

potential.  

Section 4 concludes recapitulating the results of the SIA and the CBA for each innovation 

and discussing some of the most significant findings. It also suggests a comparative 
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classification of the SIA scores and provides examples of how the conducted societal and 

economical analyses can provide orientation for infrastructure decisions.  

Section 5 presents the work ahead, consisting in extending the combined societal and 

economical analysis to further innovations/lines combinations and in the presentation of 

the results of the CBA and the SIA into the GIS web tool developed in work package 6.  

By developing a methodology for both CBA and SIA and combining the two perspectives, 

this Deliverable achieves the goal of Task 5.3 as stated in the description of work (see p. 39 

of Annex 1 to the NeTIRail-INFRA Grant Agreement), namely, to build “a scientific base to 

balance societal effects and cost-benefit of different infrastructure decisions”. Regarding the 

CBA, there has been a shift in focus from travel demand to infrastructure and operational 

costs. This is due to the fact that over the course of the project we observed that, although 

innovations will still affect demand, the key effects are on costs, and some of the demand 

effects are indirect or contingent on IM/operators decisions.  
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Abbreviations and acronyms 
 

Abbreviation / Acronym Description 

CBA Cost-benefit analysis 

D Deliverable 

IM  Infrastructure manager 

LCC Life cycle costs 
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NPV Net present value 

Ot Only train users 

OLE Overhead line 

PM Preventive maintenance 

CM Corrective maintenance 

Pu Purpose 

PVB Present value of benefits 

PVC Present value of costs 

Ru Regular users 

SIA Social impact assessment 

S&C Switches and crossings  

T  Task 
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1. Introduction 
There is increasing awareness in transport studies research that conventional CBA should be 

integrated with considerations regarding equity and the distribution of costs and benefits 

when planning or evaluating transport projects.1 This Deliverable provides a contribution to 

this task by setting out a methodology for the integration of the societal perspective with 

CBA and applying it to the NeTIRail–INFRA cases study.  

In line with the results of previous research in WP 5 (see particularly D 5.1), this Deliverable 

focuses on a restricted notion of social impact, namely accessibility for passengers. 

Accessibility in this sense means the opportunity for passengers to reach destinations 

important for education, employment or health care. Other societal effects, like the 

environmental impact or benefits for residents are not included in the scope of the SIA 

conducted here. However, if a specific innovation is expected to have a considerable impact 

on such aspects, these are mentioned.2  

The methodology presented here is based on research done in the NeTIRail-INFRA D 5.2 

“Perception of different service options: User study and data analysis”. It is refined and 

made more concrete by adapting it to the NeTIRail-INFRA case-studies.  

In particular, for each analysed innovation we provide:  

- a brief description of the innovation; 

- a brief description of the line for which the expected innovations’ impact will be calculated;  

- the assessment of the innovation’s expected impact on passengers’ accessibility;  

                                                      
1 For an introduction to the debate as well as examples of equity-sensitive approaches to 
transport policies evaluation see Van Wee, Bert, Roeser, Sabine, Ethical Theories and the 
Cost–Benefit Analysis-Based Ex Ante Evaluation of Transport Policies and Plans, in: 
Transport Reviews, 33/6, 2013, 743–760; Di Ciommo, Floridea, Shiftan, Yoram, Transport 
equity analysis, in: Transport Reviews, 37/2, 2017, 139–151; Hyard, Alexandra, Cost-benefit 
analysis according to Sen: An application in the evaluation of transport infrastructures in 
France, in: Transportation Research Part A, 46, 2012, 707–719; Martens, Karel, Ciommo, 
Floridea Di, Travel time savings, accessibility gains and equity effects in cost–benefit 
analysis, in: Transport Reviews, 37/2, 2017, 152–169; Mladenović, Miloš N., Transport 
justice: designing fair transportation systems, in: Transport Reviews, 37/2, 2017, 245–246; 
Nahmias-Biran, Bat-hen, Martens, Karel, Shiftan, Yoram, Integrating equity in transportation 
project assessment: a philosophical exploration and its practical implications, in: Transport 
Reviews, 37/2, 2017, 192–210; Pereira, Rafael H. M., Schwanen, Tim, Banister, David, 
Distributive justice and equity in transportation, in: Transport Reviews, 37/2, 2017, 170–
191. 
2 As we will see, for instance, better lubrication techniques have a positive impact on the 
environment, or the reduction of track corrugation reduces noises caused by the transit of 
the train, thus improving the quality of life of people who live along the track. 
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- a summary of the CBA presented in the NeTIRail-INFRA Deliverable D1.4;  

- a conclusion discussing the social impact and the economic costs and benefits of that 

innovation and combining the two.  

The assessment is carried out in specific settings, i.e. selected NeTIRail-INFRA case-study 

lines. This is because the assessment takes into account not only the technical 

characteristics of the innovations, but also passengers’ perceptions of different travel 

aspects and the specific characteristics of the line, as they have been investigated through 

the NeTIRail-INFRA users survey. In other words, the assessment not only takes into account 

whether an innovation improves a given aspect (for instance, punctuality), but also if this 

aspect is considered by passengers to need improvements and if the line has a particular 

social significance because, for instance, is crucial for accessing employment or education. 

Thus, the social impact of a given innovation which is expected to improve, say, punctuality, 

will be bigger on a line on which passengers consider punctuality to be an issue than on a 

line on which passengers are already satisfied with punctuality. Similarly, the social impact 

of a given innovation will be higher on a commuters line than on a line used mostly for 

leisure. The SIA is thus context-specific. However, we also advance some tentative 

generalisations about the societal potential of the innovations per se.  

The SIA, as we have seen, is based on empirical data collected during the survey as far as the 

parts regarding passengers’ perceptions and railway use characteristics of the considered 

line are concerned. However, we have no data to rely on in order to estimate the technical 

impact of each innovation on travel aspects regarding travels times, quality of travel etc. 

This is due to the fact that we are conducting an ex-ante evaluation and therefore cannot 

use data about the actual effects caused by the innovation. Therefore, we have to rely on 

estimations carried out in the NeTIRail-INFRA technical work packages number 2-4 in 

collaboration with WP 1 and WP 5, which establish whether a given innovation will have an 

impact on a given travel elements (for instance punctuality), and if yes whether this will be 

low, medium or high. These estimations are done to the best of our knowledge, however, 

they remain hypothetical. In order to enable the reader to follow the reasons that brought 

us to a given conclusion regarding the expected impact, for each innovation we provide 

explanation about how we think that the innovation can improve the selected aspects. In 

this way, the reader can check the plausibility of the information herself. Similarly, the 

choice regarding the weights assigned to each change is supported by arguments (reported 

in D5.2, Section 9, when introducing the methodology), but remains nevertheless one 

among many possible solutions.  

Beyond these clarifications, what counts for us is to have set a methodology to assess the 

impact of a given railway innovation on passengers’ accessibility and to have demonstrated 

a possible application to concrete case studies. The methodology can be adapted to 

different settings and the limitations highlighted above can be overcome in other 

applications. For instance, the presented methodology is suitable also for ex-post 

evaluations of transport innovations. In evaluations ex-post, if data are available about the 

situation before introducing the innovation and data can be collected after the innovation 
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has been introduced, it is possible to substitute the hypothetical estimation with empirical 

data.  

A final remark about the innovations’ assessment regards the conclusions combining the 

economic and societal analysis. In our view, the combination of the two aspects can only be 

done in a qualitative way, explaining the strengths and weaknesses of each innovation from 

the two perspectives. We find such qualitative combination more fruitful than a quantitative 

one consisting in a sort of score combining the economic and the societal perspective. In the 

concluding section of this deliverable, we provide examples of how such a qualitative 

combination can provide guidance in transport decisions.  

2. Methodology  

2.1 Quantification methodology for assessing the soci etal 
impact 

The quantification methodology for assessing the socially relevant impact of the planned 

innovations has been developed and described in the NeTIRail-INFRA Deliverable 5.2 

“Perception of different service options: User study and data analysis”, Section 9.  Here it 

will be recalled, with a focus on its adaptation for the assessment of the impact of the 

NeTIRail-INFRA innovations in the selected case-study lines.  

2.1.1 Indicators and elements of passengers’ accessibility  

The SIA in the NeTIRail-INFRA WP5 focuses on changes in (aspects of) accessibility for 

passengers.3 However, the developed methodology is generalizable and can be therefore 

applied also to further stakes and stakeholders.  

D5.2 identified four main indicators for accessibility: ticket fares, quality of travel, travel 

times and distribution of destinations.  

The indicator “ticket fares” refers to elements such as price of conventional tickets, 

availability of reduced fares for special categories of travellers (i.e. children, students, 

retired, low-income passengers and people with reduced mobility), availability of 

cumulative or season tickets. The indicator “quality of travel” includes elements such as 

crowding, comfort and safety. Travel times as indicators for accessibility include scheduled 

journey time, frequency and punctuality. The indicator “distribution of destinations” 

includes elements such as the number of destinations and the interconnections among 

different lines (interchanges).  

The table below illustrates the break-down of accessibility into indicators and elements. 

                                                      
3 On accessibility see Geurs, Karst Teunis, van Wee, Bert, Accessibility evaluation of land-use 
and transport strategies: review and research directions, in: Journal of Transport 
Geography, 12, 2004, 127–140. 
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Table 2.1 Value-tree for passengers' accessibility. Orange: indicators; blue: elements. 

 
According to the preliminary assessment of the planned innovations, none of the NeTIRail-

INFRA innovations will have a direct impact on the indicators “ticket fares” and 

“destinations”. Effects on ticket prices and destinations as a result of the innovations’ 

implementation are possible, but they are less directly connected to the innovations than 

effects on travel times and comfort. In other words, if effects on ticket prices and 

destinations will occur or not depends more on the choices of railway operators and 

infrastructure managers than for the other indicators of accessibility. For instance, scenarios 

are thinkable in which railway operators or infrastructure mangers decide to compensate 

the costs for realising the innovations by increasing ticket fares or by closing some stations. 

By contrast, it is also possible that railway operators and infrastructure managers decide to 

use the savings due to the innovations (through for instance reduced maintenance costs) for 

reducing ticket fares or invest in the opening of new destinations. Since these different 

outcomes depend more than the others on choices by the operators and managers and can 

strongly vary in different scenarios, they will not be considered in the assessment conducted 

here. However, if this methodology is applied to assess the effects of a given innovation ex-

post, meaning that such choices have already been taken, than it is possible to consider such 

effects as well. 

The table below illustrates the reduced scope of the assessment of changes in accessibility 
as it will be performed in this deliverable.  
 

 

ACCESSIBILITY

TICKET FARES

ticket price

availability of 
reduced tickets

avalability of 
cumulative or 
season tickets

QUALITY OF TRAVEL

crowding

comfort

safety

TRAVEL TIMES

punctuality

frequency of 
trains

scheduled 
journey time

DISTRIBUTION OF

DESTINATIONS

number of 
destinations

interchanges
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Table 2.2 Indicators and elements of passengers' accessibility relevant for the ex-ante SIA of the NeTIRail-
INFRA innovations. Orange: indicators; blue: elements. 

 

2.1.2 Quantification methodology 

To quantify the expected impact of a given innovation on accessibility a score will be 

calculated, which is given by the sum of the scores of the indicators quality of travel 

(𝑆𝑞𝑡)  and travel times (𝑆𝑡𝑡).  

𝑆𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦 = 𝑆𝑞𝑡  +  𝑆𝑡𝑡 

 
Each indicator’s score consists in the average of the scores of its elements: for instance, the 

score “travel times” is given by the average of the scores “punctuality” (𝑆𝑝), “frequency of 

trains” (𝑆𝑓𝑡)  and “scheduled journey time” (𝑆𝑠𝑗𝑡):  

𝑆𝑡𝑡 =
𝑆𝑝  +  𝑆𝑓𝑡 + 𝑆𝑠𝑗𝑡

3
 

 
For each of the elements (i.e., punctuality) the score assigned is the result of the 

multiplication of the scores “impact” (𝑆𝑖𝑚) and “perceptions” (“𝑆𝑝𝑒”).   

𝑆𝑝 = (𝑆𝑖𝑚)(𝑆𝑝𝑒) 

 
In addition to the scores “impact” and “perceptions”, D 5.2 included into the calculation of 

the elements’ scores also the score “special demographic” (“𝑆𝑠𝑑”). This score is meant to 

take into account situations in which a specially protected or disadvantaged group of people 

is negatively affected by an innovation (i.e. pupils affected by the closure of a station near to 

their school). So “special demographic” is a score meant to reflect into the calculation that 

the distribution of disadvantages can be uneven and affect some groups more significantly 

than others. As we have seen in D5.2, which groups of people are meant as “special 

ACCESSIBILITY

ASSESSMENT FOR THE

NETIRAIL-INFRA INNOVATIONS

QUALITY OF TRAVEL

crowding

comfort

safety

TRAVEL TIMES

punctuality

frequency of trains

scheduled journey time
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demographic” is context-dependent. For these reasons, we will not assign predefined 

parameters for the calculation of this score; rather, we will consider case-by-case, whenever 

negative effect occurs, if there is any affected group of people that can be considered to be 

unevenly affected by the changes.  

Finally, the impact of the same innovation on different lines may bring about a different 

social impact, depending on the characteristics of the line. For instance, if an innovation 

improves punctuality on a line mostly used by commuters, this innovation will have a bigger 

social impact than the same improvement on a route used principally for leisure. This will be 

incorporated into the quantification through the score “route” (“𝑆𝑟”), which will multiply 

the final score of a stake to give the score of the stake of a particular line (𝑆𝐴−𝑙𝑖𝑛𝑒): 

𝑆𝐴−𝑙𝑖𝑛𝑒 = (𝑆𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦)(𝑆𝑟) 

 
The score of accessibility’s impact without taking into account the characteristics of the lines 

allows a comparison of the impact of different innovations if applied to the same line, the 

final score of accessibility for a given line allows 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).  

In the following sections the meaning of each score will be illustrated in more details. 

Moreover, values will be assigned for the calculation of each score. These values, as we will 

see, are based on estimates done by the innovation developers in dialogue with the other 

NeTIRail-INFRA participants responsible for the economic and social impact. As such, they 

are hypothetical but informed assessments. A more precise assessment was impossible, 

given the ex-ante character of our evaluation and the lack of empirical data on changes in 

accessibility as consequences of similar innovations in similar contexts.  

2.1.3 Score “impact” 

This score aims to differentiate between changes which have a positive, negative or no 

impact on a given element and also to differentiate among several magnitudes of impact.  

As anticipated, the project partners responsible for developing the innovations were asked 

to estimate the possible impact of their innovations on the elements of accessibility. They 

had to choose between three negative values (low/medium/high), the value “no impact” 

and three positive values(low/medium/high).  

For elements on which there is no impact the quantification can end at this stage, since the 

overall score for this element will be in any case 0. In the NeTIRail-INFRA innovations’ 

assessment, this is reflected by the fact that we will carry out no assessment for the 

indicators “ticket fares” and “destinations”, since none of the planned innovations will have 

a direct impact on the elements included in these indicators. 

The table below summarises the scores that we assign to quantify the great of changes on a 

given element expected for a particular innovation.  
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Great of expected impact Value assigned 
No impact 0 

Low   1 

Medium  1,5 

High   2 

 
Table 2.3 – Values assigned to the expected levels of impact for the NeTIRail -INFRA innovations 

If the expected impact is positive, the value assigned remains positive, if the expected 

impact is negative, the value assigned  is turned into a negative number. For instance, a 

medium positive impact corresponds to the value 1,5, a medium negative impact to the 

value – 1,5.  

In ex-post evaluations, or in evaluations for which data from comparable cases are available, 

it is possible to assign the scores on the basis of the available data.  For instance, as far as 

frequency of trains is concerned, it could be established that one more/less train per day is a 

“low” impact, 2 or 3 more/less trains per day represent a “medium” impact and so on. 

Alternatively, changes can be measured in percentages:  for instance, 0 to 10% more/less 

trains per day on a particular line are a “low impact”, 10 to 30% are a “middle” impact and 

so on.  

2.1.4 Score “perceptions” 

This score is meant to take into account passengers’ perceptions (as they are expressed in 

the NeTIRail-INFRA surveys) into the quantification of the expected social impact of the 

innovations.  

It considers the discrepancies between levels of satisfaction and levels of perceived 

importance. Assigned values range from 1 to 2: the score 1 means that there is no (great) 

discrepancy between the perceived importance of an innovation and the levels of 

passengers’ satisfaction, while 2 means that there is a discrepancy between the perceived 

importance and the level of satisfaction of the considered element. It is possible to assign 

intermediate scores. The idea behind this sub-score is that there is a greater impact 

potential if an innovation produces changes on an element which is considered important 

by passengers but with which, at the same time, they are little satisfied. For instance, if on a 

given line passengers consider both punctuality and frequency of trains to be important 

elements and are already satisfied with punctuality but not with frequency, then 

innovations improving frequency have a bigger impact potential than innovations improving 

punctuality. 

For the application to the NeTIRail-INFRA case-studies, we will consider that the discrepancy 

between importance and satisfaction is “significant” if the difference between the 

percentage of passengers seeing an element as (very) important and the percentage of 

passengers being (very) satisfied with the same element is equal to or bigger than 20%. For 

these cases, the value assigned to the score “perceptions” is 2. If the difference between the 

percentage of passengers seeing an element as (very) important and the percentage of 
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passengers being (very) satisfied with the same element is comprised between 10% and 

20 %, then the value assigned to the score “perceptions” is 1,5. In all other cases the score 

perceptions will be 1.  

The table below summarises the values assigned for the score “perceptions”.  

 
Discrepancy between importance and satisfaction 
as perceived by passengers 

Value 
assigned 

0 ≤ x ≤ 10%   1 

10% < x < 20%  1,5 

x ≥ 20%   2 

 
Table 2.4 – Values assigned for the score “perceptions” of the NeTIRail-INFRA innovations 

The score “perceptions” enables to weigh the level of impact of an innovation according to 

the subjective perception of the passengers using that line. By contrast, the score “route” 

presented in the next section enables to weigh the innovations’ impact according to the 

“objective” characteristics of the lines referring to railway use.  

 

2.1.5 Score “route” 

This score is assigned for each route and aims to differentiate among the Impact that each 

innovation can have based on the societal meaning of a given route.  

The social meaning, in the present context, can be understood as accessibility to education, 

employment or health care. It combines the following 4 aspects:  

- the percentage of passengers who, according to our survey, use the train to reach 

the workplace, school or university or health care destinations. We call this aspect 

“purpose” (“pu”);  

- the percentage of regular users among employed respondents: aspect “regular 

users” (“ru”);  

- the percentage of passengers who rely only on train to reach the destination of the 

trip during which the survey took place: aspect “only train” (ot);  

- the percentage of respondents who stated that they would move house or 

completely give up work if they could not travel to their destination by train 

anymore: aspect “no alternatives” (na).  

For each aspect, a score will be assigned. The score route (𝑆𝑟) will be the sum of the scores 

of its aspects:  

𝑆𝑟  =  𝑆𝑝𝑢 + 𝑆𝑟𝑢 + 𝑆𝑜𝑡 + 𝑆𝑛𝑎 

 
For the score purpose (𝑆𝑝), a value between 1 and 2 can be assigned. 1 means that the 

percentage of people using the train to reach their employment or education places, or to 

travel to hospitals and doctors is relatively low (for instance, lower than 50%), 1,5 that this 
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percentage is medium (for instance between 50% and 75%) and 2 that it is high (for 

instance, higher than 75%).  

The score “regular users” (𝑆𝑟𝑢) can be defined as a yes/no variable and as an answer to the 

question whether the share of regular users (among employed people) is “significant”. If the 

answer is “yes”, the score “regular users” will be 0,25, if the answer is no it will be 0.  

Similarly, also the scores “only train” (𝑆𝑜𝑡) and “no alternatives” (𝑆𝑛𝑎) can be defined as 

yes/no variables. They would then be answers to the questions whether the percentage of 

passengers using only train to reach their destination is “significant”, or whether the share 

of passengers who would move house or give up work if they could not travel by train any 

more is “significant”. In both cases, If the answer to the respective question is “yes”, the 

scores 𝑆𝑜𝑡and 𝑆𝑛𝑎 will be 0,25 each, if the answer is no they will be 0.  

Obviously, in all the latter three cases it should be decided what “significant” means. For the 

score “regular users” we consider this to be the case if the percentage of regular users is ≥ 

50%. For the score 𝑆𝑜𝑡, similarly, “significant” means here that the percentage of people 

using only train to reach the destination of the travel during which they were asked is ≥ 

50%. Concerning the score “no alternatives” (𝑆𝑛𝑎), we consider “significant” a share of 

respondents of  5% or higher stating that they would move house or give up work.  

As for the whole methodology, the critical thresholds can be set differently for different 

contexts, depending on the granularity with which one wants to differentiate between 

different scenarios and on the significance that one wishes to give to differences between 

several options.  

 

2.1.6 Refining the quantification 

The application of the methodology presented above generates scores that, in the end, are 

meant to quantify the impact that a given innovation will have on passengers’ accessibility 

to employment, education and health care on a given line.  

Since these scores, however, are the results of several simplifications (s. section 9 of D5.2), 

they should be understood as indications and not as final results that should drive decision-

making. Before transforming these scores in guidelines for decision-makers, a specific 

evaluation for each case should be carried on. This will consist in a review of the whole 

situation which aims to identify possible elements that escaped the quantification but that 

are nevertheless relevant for the SIA.  

After having carried out also this final evaluation, the final results of the assessment can be 

summarised in quantitative evaluations such as “excellent” or “good” or through colour 

codes. We provide an example of such overall qualitative assessment in Section 4 below.  

2.2 Quantification methodology for the CBA 

The overall methodology used to assess the economic impact of the railway innovations is 
summarised in this section. Since the application of the methodology varies slightly for each 
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innovation, due to their different nature and also data limitations, the application of the 
methodology can vary by context. Adaptations of the method are presented under each 
block of analysis in the respective sections of deliverable D1.4. In general, the more 
comprehensive description of the methodology is found in D1.4. 
 

2.3 The Cost-Benefit Analysis (CBA) framework 

The NeTIRail-INFRA project offers a series of innovations for the railway infrastructure. The 
innovations are expected to have impacts (in terms of changes in costs and benefits) on 
society, but particularly on different groups: infrastructure managers (IMs), train operators 
(freight and passenger) and railway end users. The CBA analysis takes the perspective of the 
overall society since it aims at accounting for every possible impact. For this reason, we can 
refer to this also as Social CBA. At the same time, we are also interested in the recipients of 
each cost and benefit. Therefore, our CBA analysis also reports who is the recipient of each 
cost and benefit, where each impact is associated to a specific agent in the economy.   
 
The CBA will be developed for each of the case studies separately. This means that what the 

CBA will measure is the net benefit of each innovation for a given railways line/s. In general, 

the relevant impacts for the innovations can be summarised into three categories: 

investment costs, life cycle cost savings and end-user benefits. These three categories will 

determine the output of the CBA for each innovation: 

 
Table 2.5. Main cost and benefit categories  

Costs Benefits 
 Investment 

costs 
 Life cycle cost 

reductions 

 End-user benefits 

 

 
The outcome of a CBA would be positive if benefits outweigh the costs (figure 2) 

 
Figure 1. CBA: contrasting costs and benefits  

Costs Benefits
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To develop the CBA, the starting point is the definition of the baseline scenario, also called 

the Do-Minimum scenario. The baseline should represent the most likely situation of the 

railway line if the innovations are not applied (i.e. the current context). Secondly, a Do-

Something scenario should be defined precisely, e.g. as the situation of the railway line if 

one particular innovation is applied. Note that there is a scope to consider several different 

Do-Something scenarios. The following graph summarises the key steps in the development 

of the CBA assessment. 

 
Figure 2. Key steps in CBA 

 
For all case studies and all scenarios, the same set of underlying parameters are selected to 

underpin the analysis, including time horizon, discount rate, indirect tax correction factor 

and inflation adjustment. All details are provided in D1.4. 

The expected outcomes of the CBA analysis can be presented, in a generic manner, in the 

following table. The table has been tailored to an overarching view of all innovations 

analysed. As we shall see in each of the detailed analyses, the final output table varies 

considerably from case to case to adapt to the particularities of each case study. 

Match 
innovations 
with Case 

Study Lines

Define 
Scenarios

•Do-Minimun = "as is; i.e. no 
innovation"

•Do-Something = "with the 
innovation"

Identify 
potential costs 

and benefits 
from the 

innovation

•E.g. Investment costs

•Maintenance costs

•Renewal costs

•Delay reductions

Quantify and 
Value all costs 
and benefits, 

where feasible

Contrast all 
costs and 
benefits

•CBA outcomes
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Figure 3. Generic CBA output table for NeTIRail innovations  

In some instances, some impacts cannot be monetised or estimated with sufficient 

confidence. If those impacts are central to the appraisal of the innovation, it will not be 

possible to obtain a realistic and credible estimate of the overall NPV. In those cases, the 

‘switching values’ approach will be used (see DfT Value for Money Framework, 2017). The 

‘switching values’ approach evaluates what change in the Present Value of Benefits (or 

Present Value of Costs) is necessary to achieve a predetermined level of NPV (for example, 

NPV equal to zero). The analysis will be complemented with a judgement of how likely this 

change in PVB (or PVC) is to be realised. 

3. Analysis of societal effects and cost-benefit 
In this part, we will conduct the SIA of the NeTIRail-INFRA innovations, recall the main 

findings of the CBA and combine the two in a concluding section.  

Regarding the SIA, it is important to stress that while applying the methodology we will only 

consider the direct impact of the technical innovations, adopting simple scenarios 

(with/without innovation) and without elaborating on aspects such as which choices the 

railway operators and/or infrastructure managers will do in practice while implementing the 

innovations regarding, for instance, ticket fares (increasing/diminishing them) and 

destinations (opening or closing of stations). However, in evaluations ex-post, or in more 

sophisticated ex-ante evaluations, in which different implementation scenarios are 

considered, also these more indirect effects can be included into the evaluation. 

Other specifications are needed regarding the combination of the SIA and CBA results.  

From the CBA methodology description, it can be seen that user benefits such as delay or 
safety improvements are an intrinsic part of the economic analysis. Often, the user benefits 

Costs (by stakeholder)

    Infrastructure Manager

       Capital investment costs

       Maintenance costs

       Other costs

Total Costs 

Benefits (by stakeholder) Sensitivity scenario 1 Sensitivity scenario 2 Sensitivity scenario 1 Sensitivity scenario 2

    Infrastructure Manager

       Life cycle cost (LCC) savings (M&R)

       Increased track availability

Total benefits for IM

   Rail users

       Delay reductions

       Safety risk reductions

       Comfort improvement

Total benefits for rail users

Total benefits 

Social CBA outputs

    Net Present Value (NPV)

Time horizon=10 years      ;     @3% discount Time horizon=10 years      ;     @3% discount

Costs and Benefits output table

Innovation 1 Innovation 2
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are mentioned both as part of the economic CBA and the societal analysis. However, each 
analysis is looking at the same impact from a different perspective, and applying a different 
methodology. In particular, the CBA analysis aims (even if this is not always possible) to 
express the benefits in monetary terms, while the SIA carries out a non-monetary 
quantification of the expected societal effects. On the one hand, this is particularly useful in 
the context of this project, where the user benefits are not easily quantifiable in a way that 
can be incorporated into the CBA but, on the other hand, plenty of evidence exists from the 
societal analysis. On the other hand, we shall be careful not to claim the same benefits twice 
when looking at societal effects. Therefore, using the two methodologies to look at the 
societal effects proves very useful as long as the combined analysis and interpretation is 
done with care. This is also the reason why we opted for a narrative instead of quantitative 
combination of the two perspectives.  
 

3.1 WP2 Innovations 

The innovations of WP2 aim at improving the existing tracks. Some innovations focus on 

parts of the track that are particularly prone to cause problems, such as S&C and transition 

zones, other suggest techniques to avoid corrugation and optimise lubrication that affect 

the whole track. The main aim of the WP2 innovations is reducing maintenance (and in 

some cases installation) costs. However, as we will see, they can also have positive effects 

on users, such as improving travel times.  

3.1.1 Innovation 2.3: Lean techniques for S&C 

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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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.4 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 4 Map of the Sincan-Ankara-Kayaş route  

 

                                                      
4 For more details on the planned innovation see the website of Turkish Railways at: 
https://railturkey.org/2016/06/21/baskentray-project/ 
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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 above in Section 2.1.  

 

 Elements Score „impact“ Value assigned 

IN
D

IC
A

TO
R

 
Q

U
A

LI
TY

 O
F 

TR
A

V
EL

 

Crowding None 0 

Comfort None 0 

Safety None 0 
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 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 
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considered a very important factor of railway traffic in Turkey.5 Finally, some passengers 

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 (see Section 2.1.4 above), 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 
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 Crowding ≥ 20% 2 

Comfort 0 ≤ x ≤ 10% 1 

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

 

 

 

 

 

 

                                                      
5 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 
authors explain these survey results with the high traffic (not railway-specific) accident 
fatalities in Turkey. S. Ebd., 218. 
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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 2 0 

Comfort 0 1 0 

Safety 0 1,5 0 
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 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).  

 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 

0 

0,5 

Comfort 0 

Safety 0 
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 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.  
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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).  

As we have seen above (see Section 2.1.5), 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. 
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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.  

Table 1 of Annex 1 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.  

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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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.   

3.1.2 Innovation 2.4 Tailoring track to avoid corrugation 

Innovation description 

This task aims at providing a theoretical understanding of what causes short pitch 

corrugation and suggesting changes in the rail track to reduce the problem, namely by 

looking at different clips and pads. Identification of corrugation drivers opens the possibility 

to design the fastening system as well as tracks and sleepers in ways that reduce the need 

for maintenance. 

This innovation can be in principle applied to all NeTIRail-INFRA case-study lines. However, 

because tests during the project were effectuated on Turkish railways, we will carry out the 

SIA on one of the Turkish passenger lines within the NeTIRail-INFRA lines. As we will see, 

reducing corrugation can consistently reduce the noise caused by the passage of the train. 

This, in turn, will improve the quality of life of people living along the route, which makes 

this innovation particularly important for densely populated areas. Although this effect is 

not included in the SIA conducted here, since it does not affect passengers’ accessibility, it is 

nevertheless relevant for selecting the scenario in which the SIA can be conducted. Indeed, 

we will focus on the Sincan-Ankara-Kayaş route which, being a suburban line, passes across 

high-density populations zones.  

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

See Section 3.1.1 above. 

Societal effects 

The innovations planned in T 2.4 “Tailoring track to avoid corrugation” are expected to have 

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

The expected impact on safety is linked to the fact that track corrugation will be avoided, or 

that its appearance will be delayed, so that there will be less defects due to corrugation. 

Usually, maintenance activity to repair corrugation-related defects takes place when the 

track is not used for traffic. Since these track-closure times will not be used any more (or 

less used) for repairing defects due to corrugation, they can be used for other maintenance 

activities, thus in turn having a positive impact on train punctuality. In addition to that, 

avoiding corrugation will reduce noise produced by the passage of the train, thus improving 

the comfort of the people living along the route. This positive effect will not be taken into 

account in the SIA conducted here, since this focuses on passengers’ accessibility, but it is 

worth at least mentioning it. 

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 above in Section 2.1.  
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 Elements Score „impact“ Value assigned 
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Crowding None 0 

Comfort None 0 

Safety Medium 1,5 
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 Punctuality Low 1 

Frequency of trains None 0 

Scheduled journey times None 0 

 
Table 3.6 – Expected effects of the innovation in T2.4 “Tailoring track to avoid corrugation” : 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 table below recalls the values assigned to each element for the line Sincan-Ankara-
Kayaş, as they have been calculated in Section 3.1.1 above.  
 
 

 Elements Perceptions: discrepancy between 
importance and satisfaction 

Value assigned 
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 Crowding ≥ 20% 2 

Comfort 0 ≤ x ≤ 10% 1 

Safety 10% < x < 20%  1,5 
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 Punctuality 0 ≤ x ≤ 10% 1 

Frequency of 
trains 

0 ≤ x ≤ 10% 1 

Scheduled 
journey times 

0 ≤ x ≤ 10% 1 

 
Table 3.7 – Score „perceptions“  for the line Sincan-Ankara-Kayaş for each travel element. 
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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“) 
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Crowding 0 2 0 

Comfort 0 1 0 

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

Frequency of 
trains 

0 1 0 

Scheduled 
journey times 

0 1 0 

 
Table 3.8 – Expected effects of the innovation in 2.4 “Tailoring track to avoid corrugation”  on accessibility 
on the line Sincan-Ankara-Kayaş: final elements’ scores  

 

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 

0,75 

1,08 

Comfort 0 

Safety 2,25 
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 Punctuality 1 

0,33 

Frequency of 
trains 

0 

Scheduled 
journey times 

0 
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Table 3.9 – Expected effects of the innovation in T2.4 “Tailoring track to avoid corrugation”  on passengers’ 
accessibility for the line Sincan-Ankara-Kayaş: final indicators’ scores  

 

The impact of the innovation T2.4 “Tailoring track to avoid corrugation” considering the 
expected effects on travel elements and passengers’ perceptions is thus 1,33. Taking into 
account the specific railway use characteristics of the Sincan-Ankara-Kayaş route, which, as 
we have seen has a score of 2,75 (See Section 3.1.1 above), we have a final score of 2,97.  
 

Table 2 of Annex 1 summarizes the sub-scores and the final score for this innovation. 

In general, although this is not reflected in the SIA carried out here, this innovation is 
particularly meaningful in high densely populated areas, since it can significantly improve 
the quality of life of residents by reducing noise at the transit of trains. Moreover, it can 
improve passengers’ accessibility especially on lines where passengers’ perspectives indicate 
that there is a need for improvement of safety and punctuality.  

Results of CBA  

The logic of the CBA analysis conducted in D1.4 is as follows: The IM is about to renew 
tracks on ‘x’ km of the rail network. The question in focus of the present discussion concerns 
the choice of fastening system: If one system (one type of clip) generates lower 
maintenance costs over the life-cycle of the new tracks, this is one important determinant 
of the choice between different technical solutions. This has been studied looking at overall 
costs from the Swedish network in relation to several different types of clips. 
 
In our case-study we compare the use of clip C7 (namely the E-clip, pandrol) with the use of 
C4 clips (Fast clip, pandrol). The economic analysis in D1.4 has established that the use of 
clip C7 rather than C4 clips annually would reduce maintenance costs by € 12,3006. At a 
discount rate of 3.5 per cent and over 25 years this corresponds to € 0.2 million. Table 9 of 
D1.4 established that the average track section is 70 211 m long, meaning that the annual 
saving would be (12,300/70, 211=) € 0.175 or – over 25 years – € 2,8 per meter.  
The renewal cost is € 600 per meter on average. While the actual difference between 
renewal costs for clip C7 rather than C4 is not known, the savings puts a cap on the extra 
cost for the switch to be worth the investment; the difference could not be larger than € 
2,8 , corresponding to 0.5 per cent. While this seems to be very small, it obviously refers to 
the cost for just a minor component of the average cost for track renewal, i.e. the part of 
the cost that refers to the fastening system. 
Overall, all other things equal, it seems that a deep economic understanding of costs and 
consequences of different types of clips can help the IMs to make more informed decisions 
and achieve cost savings over the life of the track just by selecting the clip C7 over clip C4. 
 

Conclusion combining societal effects and CBA 

Reducing track corrugation can have a positive societal impact, especially improving safety 
on the track, but also reducing the noise generated by the passage of the train. The 

                                                      
6 The original analysis was conducted in the Swedish official currency SEK. To convert figures 
into euros, the exchange rate assumed is 10SEK=1€. 
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economical analysis has shown how the choice of track clips, one possible intervention that 
can contribute to reduce corrugation, can be conducted in an informed way in order to save 
on costs.  
 
 

3.1.3 Innovation 2.5 Optimal lubrication techniques 

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.7  

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 

lines, the SIA will be conducted with reference to the Slovenian low-density line Pivka - 

Ilirska Bistrica. 

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). 

 

                                                      
7 S. NeTIRail-INFRA Deliverable 2.7 “Lubrication Systems and Data Available, with Estimates 
of Costs and Benefits”, Executive Summary.  
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Figure 5: 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 

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. 

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.  
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 Elements Score „impact“ Value assigned 
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Crowding None 0 

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 3.10 – 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 (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 3.11 – 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“) 
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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 3.12 – Expected effects of the innovation in T2.5 “Optimal lubrication techniques” on accessibility 
for the line Pivka - Ilirska Bistrica: finale elements’ scores  

 

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 3.13 – 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.  
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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.   

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 3.14 – 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 summarizes the sub-scores and the final score for this innovation. 

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 

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 
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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. 

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.  

3.1.4 Innovation 2.6 New design for transition zones 

Innovation description 

Transition zones are those parts of the track where there is discontinuity of the track 

supports, like the points where the track reaches bridges and tunnels. Transition zones are 

subject to displacement, which makes frequent maintenance interventions necessary. The 

NeTIRail-INFRA Task 2.6 aims to change the design features of transition zones, especially to 

use a few more (heavier) sleepers per transition zone, which should contribute to reduce 

displacement.8  

In principle, this innovation can be applied to all kinds of railway lines and has not been 

developed with reference to a specific NeTIRail-INFRA case-study line. However, it can be 

particularly useful to realise on lines having a high number of transition zones. Among the 

NeTIRail-INFRA case-study lines, the Ljubljana-Kamnik route has a high number of transition 

zones, including 37 cross-levels, 3 bridges, 1 tunnel, 6 underpasses and 5 disconnections of 

track. Therefore we will apply the methodology for assessing the social impact of the 

innovation of T 2.6 “New design for transition zones” to the Ljubljana-Kamnik line. 

Line description: Ljubljana-Kamnik line (Slovenia) 

The Ljubljana-Kamnik line is a non-electrified, busy passenger line. It is situated in Northern 

Slovenia and was opened to traffic in 1891. It has a length of 26,3 km and includes 5 stations 

and 10 stops. The distance is covered in approximately 40 minutes. Approximately, trains 

transit with 1-hour intervals, with some exceptions during peak times with departures every 

half an hour. There are no train connections for passengers on this route during weekends. 

The line is also used for a small amount of freight traffic, with two gathering trains per day 

on this line. 

The route connects the capital of Slovenia, Ljubljana, with the town of Kamnik. Today, it is 

one of the most important commuter lines of the Slovenian rail network (see NeTIRail-INFRA 

D1.1).  

                                                      
8 For more detailed information see NeTIRail-INFRA D 2.10, “Cost effective transition zone 
design tailored to line type and traffic”. 
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Figure 6: Map of the Ljubljana-Kamnik route  

Societal effects 

Developing a new design for transition zones is principally meant to reduce the 

maintenance costs. Additionally, it is expected to have a high positive impact on safety and a 

medium positive impact on punctuality.  These additional benefits would arise if transition 

zone failures are sudden, as in those cases irregularities are not detected so early so that 

preventive maintenance can be implemented, triggering train delays or even derailments. 

The improvements in terms of safety are therefore due to improving the quality of the 

transition zone, which are very vulnerable parts of the track. In addition to that, reparation 

and maintenance activities of traditional transition zones are more time consuming than it is 

expected to be the case for the new techniques.  

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

travel” and “travel times” are presented in the table below.  
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 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 3.15 – Expected effects of the innovation in T 2.6 “new design for transition zones”: score „impact“  

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

in this case shall be based on the results of the NeTIRail-INFRA survey conducted on the line 

Ljubljana-Kamnik. On this line, passengers expressed dissatisfaction regarding all aspects 

related to travel time: punctuality, scheduled journey time and frequency of trains. For all 

these elements, the discrepancy between assigned importance and passengers’ satisfaction 

is ≥ 20%(21%, 39% and 34% respectively), so that they all correspond to a score 

“perceptions” equal to 2. Also crowding seems to be an issue on this line, with a difference 

between importance and satisfaction, as seen by passengers, of 24%. The discrepancy 

decreases but remains significant as far as comfort is concerned (18%). By contrast, safety 

does not seem to be an issue, most of passengers considering it important but also being 

satisfied with the status quo.  

The table below presents the calculation of the score “perceptions” for each element on the 
line Ljubljana-Kamnik. 
 

 Elements Perceptions: discrepancy between 
importance and satisfaction 

Value assigned 
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Crowding ≥ 20% 2 

Comfort 10% < x < 20%  1,5 

Safety  < 10% 1 
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 Punctuality ≥ 20% 2 

Frequency of 
trains 

≥ 20% 2 

Scheduled 
journey times 

≥ 20% 2 

 
Table 3.16 – Scores „perceptions“ for the l ine Ljubljana-Kamnik. 
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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“) 
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Crowding 0 2 0 

Comfort 0 1,5 0 

Safety 2 1 2 
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 Punctuality 1,5 2 3 

Frequency of 
trains 

0 2 0 

Scheduled 
journey times 

0 2 0 

 
Table 3.17 – Expected effects of the innovation in T2.6 “new design for transition zones” on accessibility  
calculated for the line Ljubljana-Kamnik: final elements’ scores.  

 

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 

0,67 

1,67 

Comfort 0 

Safety 2 
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 Punctuality 3 

1 

Frequency of 
trains 

0 

Scheduled 
journey times 

0 

 
Table 3.18 – Expected effects of the innovation in in T2.6 “new design for transition zones” on 
accessibility calculated for the line Ljubljana-Kamnik: final indicators’ scores  
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The impact of the innovation “New design for transition zones”, considering the expected 

effects on travel elements and passengers’ perceptions is thus 1,67.  

In order to better contextualise the impact of the innovation for the selected case study 

line, we can multiply this score by the score “route”.  

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

line Ljubljana-Kamnik and calculates the sub-scores as well as the final score.   

Aspects Survey results Value assigned Final  score “route” 
(sum of the aspects’ scores) 

Purpose > 75% 2 

2,25 
Regular users > 50%  0,25 

Only train < 50% 0 

No alternatives < 5% 0 

 
Table 3.19 – calculation of the score “route” for the Ljubljana-Kamnik line 

 
The Slovenian line Ljubljana-Kamnik is a line with a high share of passengers using it for 

going to school, university and work. However, according to our survey, passengers also use 

alternative means of transport (especially bus) to reach these destinations. For these 

reasons, the score “route” for this line is relatively high, since the line is use to access 

destinations important for education and work, but not as high as if passengers had not 

alternatives to reach their destinations. This also means that, in principle, improving the 

service could encourage passengers to shift from road traffic to rail.  

The final accessibility score of the innovation T2.6 “new design for transition zones” is given 

by the multiplication of the final innovation’s score (1,67, see above) by the score “route” of 

the line Ljubljana-Kamnik (2,25) and is thus 3,76.  

Table 4 of annex 1 summarizes the sub-scores and the final score for this innovation. 

In general, the innovation planned in T2.6 can improve the service of lines in which safety 

and punctuality are seen as an issue by passengers. The more transition zones the line has, 

the more distinguishable the improvements will be.   

Results of CBA  

The CBA of heavier sleepers for transition zones revealed that a substantial amount of cost 

can be saved by the use of heavier sleepers. If heavier sleepers are only marginally more 

expensive, this efficiency gain comes almost at no cost. However, it is not known with 

precision how much more expensive heavier sleepers can be.  

According to the economic analysis of D1.4, the maximum cost saving of eliminating the 

extra cost for maintenance of structures – bridges or tunnels – is € 3,420 for each end, i.e. 

per structure. It has also been feasible to derive a cost saving for structures where transition 

zones have been strengthened. Since the number of observations of the latter is small the 

estimate is uncertain, but to be conservative the saving in costs is assumed to be € 3,000 per 

zone. 
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Assuming that the installation will be in place during 25 years before it must be replaced 
again (and that this is the same for both transition zone designs), the annual saving can be 
translated to a present value of € 49,400 at a discount rate of 3.5 per cent. If the transition 
zone could be upgraded at this cost or less, it would be worth the investment. 
Additionally, to the extent that transition zone failures are sudden, i.e. irregularities are not 

detected so early so that preventive maintenance can be implemented, it may trigger train 

delays or even derailments. At the present stage, information about the frequency of this 

source of train delays is not available and can therefore not be incorporated in the 

quantitative economic assessment. 

Conclusion combining societal effects and CBA 

From a societal perspective, the innovation planned in T2.6 can improve the service of lines 

in which safety and punctuality are seen as an issue by passengers. From an economic 

perspective, our analysis showed that the use of heavier sleepers for transition zones can 

produce substantial cost savings. However, it is not known how much expensive heavier 

sleepers can be compared with traditional ones, but we have shown which installation costs 

threshold shall not be exceeded in order for the innovation to be economically meaningful.  

3.2 WP 3 Innovation 

The technologies developed in WP3 focus on improvements of the overhead line power 

supply, both concerning maintenance and installation costs. Three kinds of innovations are 

developed:  

• A trolley wire model, consisting in a simplified overhead line system having one wire 

only instead of the usual two; 

• Optimised wire tension; 

• On-board monitoring of the overhead line, including several technologies. 

For the assessment of the societal impact, we will focus on the trolley wire model. This 

innovation presents some advantages in comparison to the other two, namely:  

• it was possible to conduct a CBA, differently than for the second innovation (optimised 

wire tension), for which no CBA was possible due to the lack of data (See D 1.4);  

• It consists in one clearly defined technique, instead of several ones like in the case of the 

on-board monitoring systems;  

• The impact on users can be more directly estimated than regarding the monitoring 

technologies, which per se just provide information to the operators who can use them 

in different ways.  

3.2.1 Innovation in T 3.4 Trolley wire model for overhead lines 

Innovation description 

The trolley wire model is proposed as a simplified overhead line system to be installed on 

low density lines to reduce life cycle costs. Compared to the usual wire model for railways, 

i.e. the catenary wire model, the trolley wire model involves much less complicated 

structure while following the similar general geometry. Instead of relying on the 

combination of catenary wire and contact wire to supply the power, the trolley wire model 
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requires only the contact wire. The catenary wire and droppers are omitted in the new 

model. However, the new model needs more masts to support the standalone contact wire: 

on average the usage of masts would double in the trolley wire model. Additionally, the 

trolley wire model can only reach lower speeds (max. 80 km/h)9 than the catenary wire 

model, hence potentially leading to longer travel times in the route.  

Among the NeTIRail-INFRA case-study lines, we have three potential candidates as settings 

for the SIA: the Bartolomeu-Zărneşti line in Romania (implying that the line would be 

electrified), the Pivka – Ilirska Bistrica line in Slovenia and the Divriği- Malatya route in 

Turkey (the last two already electrified, implying that the current electrification system 

would be replaced by the new one). On the Romanian line, the current maximal speed is 

80km/h, in the Slovenian 50-75 km/h, while on the Turkish line the current maximal speed is 

120 km/h (See D1.1). This means that on the Divriği- Malatya route the current maximal 

speed is higher than the one permitted by the innovation. This introduces the possibility to 

have a negative impact on travel aspects, which can make the discussion of this case 

particularly interesting, when questions regarding a potential trade-off between social and 

economic aspects, or between different societal effects arise. For this reason, we choose 

here the Divriği- Malatya line as a setting for the innovation. However, in the upcoming 

NeTIRail-INFRA tasks, as a preparation for D6.5 and 6.6, also the SIA for the Bartolomeu-

Zărneşti line in Romania and the Pivka – Ilirska Bistrica line in Slovenia will be carried out, so 

that an estimation of the effects also on these lines will be available.  

Line description: Divriği- Malatya (Turkey) 

The route Divriği- Malatya is a secondary, rural line, used both for passenger and freight 

traffic. It is electrified and 207,4 km long (NeTIRail-INFRA D1.1). It connects the small town 

of Sivas (Divriği being a district of Sivas) in Central Anatolia with the city of Malatya in 

Eastern Anatolia. There are no direct connections between Divriği and Malatya, passengers 

have to change train in Çetinkaya. There are 12 stations along the route, which is covered in 

4 hours and a half approximately. There is one train running daily in both directions.   

Most of the region around the track is a low-density population area.  

 

                                                      
9 This is the maximal speed value according to current research results in NeTIRail-INFRA. 
However, it can be increased if further research shows that a higher maximum speed is 
possible.  
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Figure 7: Map of the line Divriği- Malatya 

Societal effects 

The main aim of this innovation is to reduce the installation costs and maintenance activities 

for the overhead line. By reducing the number of interventions and therefore the number of 

time in which the line has to be closed for maintenance, this innovation will have a low 

positive impact on punctuality. However, as we have seen, the introduction of the new, 

simplified trolley wire system will reduce the maximum speed allowed on the track from 

120 to 80 km/h, which we consider to consist in a considerable negative impact on travel 

times.  

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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 Crowding None 0 

Comfort None 0 

Safety None 0 
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 Punctuality Low 1 

Frequency of trains None 0 

Scheduled journey time High negative -2 

 
Table 3.20 – Expected effects of the innovation in T3.4 “Trolley wire model for overhead lines” 
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The fact that the innovation is expected to have a negative impact on scheduled journey 

time raises the question whether we shall weight the negative score in consideration of 

possible effects on particularly protected or unevenly affected groups of people (score 

“special demographic”, see section 2 above). However, to the best of our knowledge this 

does not seem to be the case for the Divriği- Malatya line.  

In order to calculate the score for each element, the score “impact” shall be multiplied by 

the score “perceptions”, which in this case shall be based on the results of the NeTIRail-

INFRA survey conducted on the Turkish line Divriği- Malatya. On this line, passengers 

expressed dissatisfaction regarding several aspects. The one with which passengers are less 

satisfied is travel times: the discrepancy between importance and satisfaction is in this case 

43%. Also for punctuality, frequency and comfort levels dissatisfaction are relatively high, 

the discrepancy between importance and satisfaction for these aspects ranging between 

30% and 24%. Regarding safety, the discrepancy is 19% and finally regarding crowding it is 

10%.  

The table below presents the calculation of the score “perceptions” for each element on the 
line Divriği- Malatya. 
 
 

 Elements Perceptions: discrepancy between 
importance and satisfaction 

Value assigned 
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Crowding 10% < x < 20%  1,5 

Comfort ≥ 20% 2 

Safety 10% < x < 20%   1,5 
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 Punctuality ≥ 20% 2 

Frequency of 
trains 

≥ 20% 2 

Scheduled 
journey times 

≥ 20% 2 

 
Table 3.21 – Scores „perceptions“ for the line Divriği- Malatya. 

 

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:  

 

 

 

 



D5.3 – Balancing societal effects and cost-benefit 
of different infrastructure decision 

 
 

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

2018/03/01 

 

NeTIRail-INFRA PUBLIC Page 46 
 

 Elements Score 
„impact“ 

Score 
„perceptions“ 

Final element’s score 
(multiplication of the score 

„impact“ by the score „perceptions“) 
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Crowding 0 1,5 0 

Comfort 0 2 0 

Safety 0 1,5 0 
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 Punctuality 1 2 2 

Frequency of 
trains 

0 2 0 

Scheduled 
journey times 

-2 2 -4 

 
Table 3.22 – Expected effects of the innovation in T3.4 “Trolley wire model for overhead lines” on 
accessibility calculated for the line Divriği- Malatya: final elements’ scores.  

 

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 

0 

-0,67 

Comfort 0 

Safety 0 
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 Punctuality 2 

-0,67 

Frequency of 
trains 

0 

Scheduled 
journey times 

-4 

 
Table 3.23 – Expected effects of the innovation in T3.4 “Trolley wire model for overhead lines” on 
accessibility calculated for the line Divriği - Malatya: final indicators’ scores  

 
The impact of the innovation “Trolley wire model for overhead lines”, considering the 

expected effects on travel elements and passengers’ perceptions is thus -0,67. This is due to 

the fact that the potential limited positive impact on punctuality and frequency of trains is 

nullified by the considerable negative impact on scheduled journey times, which is also the 

element for which passengers’ dissatisfaction with the current situation is highest.  
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The score “route” for the line Divriği- Malatya is, like for all other lines, 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 Divriği- Malatya and calculates the scores for each of the aspects of the score “route”, 

as well as the final score.   

Aspects Survey results Value assigned Final  score “route” 
(sum of the aspects’ scores) 

Purpose < 50% 1 

1 
Regular users < 50% 0 

Only train < 50% 0 

No alternatives < 5% 0 

 
Table 3.24 – calculation of the score “route” for the Divriği- Malatya line 

 
The Turkish line Divriği- Malatya is a line with a relatively low share of passengers using it for 

going to school, university and work. Also the share of regular users and of users who only 

rely on train to reach their destinations is relatively low, so that the score “route” for this 

line is relatively low.  

The final accessibility score for the innovation developed in T 3.4 “Trolley wire model for 

overhead lines” calculated for the line Divriği- Malatya is thus -0,67. 

Table 5 of Annex 1 summarizes the sub-scores and the final score for this innovation. 

Results of CBA  

It must be noted that a negative effect on travel time does not mean this innovation is not 
positive from a social or economic perspective. In fact, that would only be the case in 
scenarios where the status quo has already speeds that are higher than 80km/h. And in 
those cases, even from an economical perspective, the innovation will probably not be 
deemed recommendable due to the importance of travel time savings in transport project 
evaluation (e.g. Mackie et al. 2003). The innovation is most useful for cases of new 
electrification plans and where a maximum speed of 80km/h does not cause a significant 
problem. For example, the analysis performed as part of D1.4 showed that installation costs 
can be much cheaper than other electrification models, allowing for a wide margin of added 
maintenance costs before the innovation becomes not economically sound. 
 
The trolley wire model is an electrification system which is cheaper than the typical 

overhead lines system, at least with respect to initial investment costs. Our analysis shows 

to what extent maintenance costs (unknown) would allow a positive economic impact. In 

the CBA case study, which referred to a scenario in which the Romanian line Bartolomeu-

Zarnesti would be electrified using the trolley wire model, the critical maintenance cost of 

the trolley wire model is €702,200/annum, which leads to a NPV of zero. This means that if 

the maintenance cost is greater than this critical value, the trolley wire model leads to a 

greater LCC and that the traditional catenary wire model is cheaper. However, as long as the 

maintenance cost of the new model is not too large, the trolley wire model is an economical 
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option. The critical value is about 598.81% of the comparable maintenance cost of the 

catenary wire model, or 5.76% of the capital cost of trolley wire model. 

Our result shows that reduction in electrification cost could be realised by adopting 

simplified overhead lines model on less used lines. However, trade offs are needed between 

the lower initial investment costs and maintenance cost of the OLE system whole life cost 

on the one hand and longer journey times due to reduced speed on the other hand.  

Conclusion combining societal effects and CBA 

As showed by our analysis, the main advantage of the trolley wire model consists in the 
reduced installation costs if compared to the traditional catenary model.  
However, globally seen from an economic perspective, they are worth installing only if the 
maintenance costs, which are currently unknown, remain under the critical threshold of 
about 598.81% of the comparable maintenance cost of the catenary wire model, or 5.76% 
of the capital cost of trolley wire model. From a societal point of view, the installation of 
trolley wire model seems to be meaningful on line where reduced speed limit (according to 
current research 80 km/h) is not a problem, otherwise it would imply a worsening of the 
service in terms of journey times which can at best only in part be balanced against benefits 
in terms of punctuality.    
 

3.3 WP 4 Innovations 

3.3.1 Overview  

The innovations of WP4 aim at enhancing the monitoring capabilities of the railway, 

ultimately to save on life cycle costs. Tasks 4.1 to 4.3 focus on track side registration of 

vibration of switches and plain line, the facilitation of early defect detection and ride quality. 

These tasks of WP4 generate the following innovations: 

• 4.1 On-track monitoring 

• 4.2 Axle box acceleration (ABA), on-train monitoring 

• 4.3 Smartphones, on-train monitoring 

The strategy for the evaluation of Tasks 4.1, 4.2 and 4.3 is based on development of the 

current approach for monitoring the quality of train services. The contemporary means for 

quality monitoring makes use of measurement trains that pass over main lines a couple of 

times per year to register track quality in several dimensions. This means for quality 

measurement is, however, costly, meaning that it is rarely used on lines with little traffic. 

Except for this mechanised approach, quality is checked manually by members of the 

maintenance crew as well as by locomotive drivers that detect irregularities. It is important 

for the interventions considered in this WP to recognise that it is typically not feasible for 

staff to detect irregularities until they are severe, even posing a risk for train closure at 

detection and – the worst outcome – derailment. In general, the better the information 

available to the Infrastructure Manager (IM), the higher the options of increasing preventive 

maintenance and reducing corrective maintenance, with all the associated consequences in 

terms of costs, reliability, availability and safety. 
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New rolling stock on high-standard railway lines seem to be equipped with equipment that 

monitor the movements of the rolling stock as default installations.  It is possible that this 

information could also be used for track quality measurement. However, since modern 

rolling stock is rarely used on secondary lines, it is not relevant for many of the lines in focus 

of the NeTIRail research. 

For the analysis of WP 4 innovations’ costs and benefits, as well as their social impact, we 

refer as case-study to the route Bartolomeu-Zărneşti. This choice is justified by the fact that 

the Bartolomeu-Zărneşti route is a secondary line, thus perfectly fitting the ideal application 

line for these innovations, and that the innovations’ development has been done in close 

coordination with the operators of this line and with on-site tests. However, the core of the 

evaluation results, as we will see, can be generalised to lines with similar characteristics.  

3.3.2 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 8: 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 
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(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 

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.10  

 

Figure 9: Speed profile of multiple runs of the passenger train. Boxes mark places 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. 

 

3.3.3 Innovation 4.1: On-track monitoring of turnouts S&C sections 

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).  

                                                      
10 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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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. 

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. 

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 

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 above in Section 2.1.  

 

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

 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 3.26 – 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:  
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 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 3.27 – 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  

 

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 

IN
D

IC
A

TO
R

  

TR
A

V
EL

 T
IM

ES
 Punctuality 2,25 

0,75 

Frequency of 
trains 

0 

Scheduled 
journey times 

0 

 
Table 3.28 – 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 
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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).  

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 3.29 – 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 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.  

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 
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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. 

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 

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.  

 

3.3.4 Innovation 4.2: Axle box acceleration (ABA) for regional lines, on-train monitoring 

Innovation description  

Task 4.2 considers the use of a on-train monitoring equipment referred to as ABA. This 

equipment will provide detailed information about the health condition of the rail by 

registration of vibrations in different dimensions. This means that it is possible to collect 

continuously the relevant information to detect local rail defects before they have become 

too severe, much in the same way as the on-track devices in task 4.1. Summarising, the 

innovation provides a second way of obtaining rail health condition information. 

Figure 10 below shows the locations that were detected as being at risk of failure using the 

on train-monitoring system developed in Task 4.2 during on-field research of the NeTIRail-

INFRA project.  

 

  

Figure 10: Detected locations based on risk level. Locations that are candidate for a field inspection are 

marked in red. Other moderate and low risk locations are marked in the map with orange and yellow 

colours. 

Societal effects 

ABA is expected to have a high positive impact on safety and a medium positive impact on 

punctuality.  

The expected high positive impact on safety is due to the fact that the ABA system for in 

train-monitoring will help to detect rail defects earlier than it is currently the case. So 
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maintenance can be performed at an earlier stage, before the defects become too severe. 

This can also contribute to prevent accidents, especially derailments. Detecting defects at an 

earlier stage will reduce the number of problems on the track and thus improve punctuality, 

since trains will not have to reduce speed while transiting on worn track sections. 

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 above in Section 2.1.  

 

 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 3.30 – Expected effects of the innovation in T4.2 “ABA, on-train monitoring”  on accessibility: score 
„impact“  

 

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

multiplied by the score “perceptions”.  

As we have seen in Section 3.3.3, according to the results of the NeTIRail-INFRA survey on 

route Bartolomeu-Zărneşti, 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). Like for the innovation in 

task 4.1, these two elements are the same on which an impact is expects, so that the 

innovation seems to match very well passengers perceptions regarding the need for 

improvement.  

 For a recapitulation of values assigned to each element for the score “perceptions” on the 
route Bartolomeu-Zărneşti see Table 3.30 above.  
 

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:  
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 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 3.31 – Expected effects of the innovation in T4.2 “ABA, on -train monitoring” on accessibility: final  
elements’ scores  

 

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 3.32 – Expected effects of the innovation in T4.2 “ABA, on-train monitoring” on accessibility  
calculated for route Bartolomeu-Zărneşti: final indicators’ scores  

 
The impact of the innovation “ABA, on-train monitoring” considering the expected effects 

on travel elements and passengers’ perceptions is thus 1,75.  
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As we have seen, the final innovation’s score shall now be put in context by taking into 

account the characteristics of the case-study line selected for the evaluation of this 

innovation, namely the Bartolomeu-Zărneşti line. The route Bartolomeu-Zărneşti scores 

highest for all the aspects of railway use, its final score is 2,75.  

The final accessibility score of the innovation “ABA, on-train monitoring” 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 7 of annex 1 summarizes the sub-scores and the final for this innovation. 

Summarizing, the innovation designed in Task 4.2 “ABA, on-train monitoring” is expected to 

have a more significant impact when realised on secondary lines in which passengers place 

high value on punctuality and safety, but at the same time are little satisfied with the status-

quo situation regarding these elements.  

Results of CBA  

The ABA system can be seen as a relatively expensive one-off investment but with clear 

returns in the long term, by enabling the IM to reduce costs via a new PM-CM balance with 

a higher PM share. Additionally, by reducing failures (currently up to 109 yearly failures in 

the analysed Bartolomeu-Zarnesti line might be prevented), it can also: i) reduce train 

delays and all associated costs to passengers and IM (e.g. extra hours and revenue loss from 

reduced demand in the long term), ii) increase safety.  

In short, this advanced new monitoring technology is capable of generating cheap and 

frequent information about the health of the rail tracks. This information can be very 

valuable for the railway IM, as it can facilitate a better and cheaper track maintenance 

strategy. Our estimates suggest that, for a given line, the ABA system will be worth the 

investment if it can generate cost savings and benefits valued at least at €16,600 per year, 

which is the average annual cost of having the ABA system on one train during 10 years. 

Therefore, the greater the scope for saving corrective maintenance costs and for avoiding 

failures, the larger the economic impact of this technology.  

Conclusion combining societal effects and CBA 

Like all WP 4 innovations, the ABA system is particularly useful on secondary lines, where 

modern rolling stock is rarely used.  

From a societal point of view, due to its positive effects on safety and punctuality, this 

innovation seems to be particularly meaningful on routes used by passengers who put high 

value on these aspects. This is likely to be the case for commuters and other passengers 

who regularly use the train to reach work or educational destinations.  

From an economic perspective, the ABA system (task 4.2) can be seen as a relatively 

expensive one-off investment but with clear returns in the long term, by enabling the IM to 

reduce costs via a new PM-CM balance with a higher PM share. Additionally, by reducing 

failures (currently up to 109 yearly failures in this line might be prevented), it can also: i) 
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reduce train delays and all associated costs to passengers and IM (e.g. extra hours and 

revenue loss from reduced demand in the long term), ii) increase safety.  

3.3.5 Innovation 4.3: Smartphones, on-train monitoring 

Innovation description  

In the same way as for task 4.1 and 4.2, the purpose of this innovation is to obtain regular 

and precise information about rail vibration, lateral acceleration, roll velocity. However, in 

this case measurements are done from the passengers’ perspective.   

The use of ABA (cf. task 4.2) is more accurate than smartphones in detecting defects. At the 

same time, it is more costly and difficult to install. It may also take longer time to interpret 

data than if a smartphone is used. It should, however, be noted that the second part of task 

4.4 proposes a solution to reduce or eliminate this difference. 

Societal effects 

Smartphone sensors for online monitoring are expected to have a high positive impact on 

passengers’ comfort and a medium positive impact on safety.  

Because measurements are done from the passengers’ perspective (i.e., on train), 

smartphone devices can provide accurate information about the level of vibrations 

experienced by passengers. This information can be used to improve travel performances 

(not necessarily related to track defects, see Figure 1 of the NeTIRail-INFRA Deliverable 1.4) 

where discomfort is highest, thus improving passengers’ ride experience.  However, it 

should be emphasises here that smartphones as such do not improve the quality of service; 

rather, this will only be the case if the IM use the information provided by this technology to 

improve the infrastructure.  

The collected information can also be used to detect and repair track defects. However, in 

this respect smartphones provide less accurate information than the monitoring devices of T 

4.1 and 4.2. Therefore, the expected positive impact on safety is medium, instead of high 

like for the two other WP4 innovations presented above. By helping with detecting defects 

before they become too serious, this innovation can also lead to better plan maintenance, 

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 above in Section 2.1.  
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 Elements Score „impact“ Value assigned 
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Crowding None 0 

Comfort High 2 

Safety Medium 1,5 
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 Punctuality Low 1 

Frequency of trains None 0 

Scheduled journey times None 0 

 
Table 3.33 – Expected effects of the innovation in T4.3 “Smartphones for on-train monitoring” 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 the calculation of the 

score “perception on this line see Table 3.30 above. 

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:  
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 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 2 1 2 

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

Frequency of 
trains 

0 1 0 

Scheduled 
journey times 

0 1 0 

 
Table 3.34 – Expected effects of the innovation in T4.3 “Smartphones for on-train monitoring”  on 
accessibility for the line Bartolomeu-Zărneşti: finale elements’ scores  

 

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 

1,42 

1,92 

Comfort 2 

Safety 2,25 
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 Punctuality 1,5 

0,5 

Frequency of trains 0 

Scheduled journey 
times 

0 

 
Table 3.35 – Expected effects of the innovation in T4.3 “Smartphones for on-train monitoring”  on 
accessibility on the route Bartolomeu-Zărneşti: final indicators’ scores  

 
The impact of the innovation “Smartphones for on-train monitoring” for the route 

Bartolomeu-Zărneşti and considering the expected effects on travel elements and 

passengers’ perceptions is thus 1,92.  
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Taking into account also the railway use characteristics of the route Bartolomeu-Zărneşti, 

i.e. it score “route” (2,75), we can calculate the final accessibility score of the innovation 

“Smartphones for on-train monitoring” on this line, which is given by the multiplication of 

the final innovation’s score (1,92, see above) by the score “route” of the line Bartolomeu-

Zărneşti and is thus 5,28.  

Table 8 of annex 1 summarizes the sub-scores and the final for this innovation. 

Results of CBA  

On-train monitoring smartphones are less powerful than the ABA system in their ability to 

detect failures, and therefore have a reduced scope for increasing preventative work. 

However, their negligible costs make them a very affordable way of obtaining information 

that can certainly save costs even in the short term. The average yearly cost of this 

innovation is only €3,000, and it does not require any high upfront investment. Additionally, 

the information can similarly enable the IM to implement improvements into the comfort 

experienced by passengers on trains. 

Conclusion combining societal effects and CBA 

Like all WP4 innovations, these devices are particularly important for secondary lines and/or 

lines without modern rolling stocks. Differently than for the other two innovations planned 

in WP 4, however, smartphones for on-train monitoring are expected to have the highest 

societal impact on those lines where passengers put high value on comfort (besides 

punctuality and safety) and are at the same time less satisfied with these travel elements.  

The smartphone solution, being relatively cheap, is a cost-efficient way to detect passenger 

comfort issues and to identify some but not all infrastructure defects. Depending on the 

situation on each line and on the purpose of the data analysis that the rail administration 

wants to perform, there is a choice to make between smartphones and ABA-monitoring. 

4. Conclusions 
In this section, we recapitulate the results of the societal impact and cost-benefit analysis 

that we presented in detail in the previous sections. We aim thus to give an overview of the 

evaluation of the NeTIRail-INFRA innovations on selected lines, while in the upcoming tasks 

we will extend the evaluation to other innovation/line combinations. Hence, it is important 

to stress that the table does not rank innovations against each other in any generic way but 

instead provides line-specific assessment of the social and economic value of each 

innovation for that particular line. In other words, for any given innovation, its SIA score 

may well be very different if the line chosen as case study is a different one. 

Table 4.1 below displays a summary of the societal and economic evaluations for each 

innovation.  
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Innovation Line for the SIA SIA 
score 

CBA summary Additional, non 
quantified 
observations/benefits 

2.3: Lean 
techniques for 
S&C 

Sincan-Ankara-
Kayaş 

1,38 No monetary costs, 
substantial economic 
benefits 

Possibility to reduce 
closing times at 
night? 

2.4 Tailoring 
track to avoid 
corrugation 

Sincan-Ankara-
Kayaş 

2,97 Reduced 
maintenance costs, 
installation costs not 
known 

Reducing noise for 
residents 

2.5 Optimal 
lubrication 
techniques 

Pivka - Ilirska 
Bistrica 

4,09 Significant savings 
with relatively low 
investments 

Environmental 
benefits (reduced 
pollution) 

2.6 New design 
for transition 
zones 

Ljubljana-
Kamnik line  

3,76 Reduced 
maintenance costs, 
installation costs not 
known 

Potential for 
encouraging bus 
users to shift to rail 

3.4 Trolley wire 
model for 
overhead lines 

Divriği- Malatya -0,67 Reduced installation 
costs, maintenance 
costs not known 

 

4.1: On-track 
monitoring of 
turnouts S&C 
sections 

Bartolomeu-
Zărneşti 

4,81 Affordable 
investments provide 
valuable information 
to reduce costs 

 

4.2: Axle box 
acceleration 
(ABA) 

Bartolomeu-
Zărneşti 

4,81 Relative expensive 
one-off investment 
with clear long-term 
benefits 

 

4.3: 
Smartphones, 
on-train 
monitoring 

Bartolomeu-
Zărneşti 

5,28 Negligible 
investments provide 
valuable information 
to reduce costs 

 

 
Table 4.1 – Summary of SIA and CBA for each innovation 

 

Regarding the societal evaluation, broadly categorising, we have three levels of scores:11  

                                                      
11 It is important to stress that the range of possible scores is much broader than that, 

ranging from a minimum of -22 to a maximum of 22. However, it is very unlikely to reach 

these scores in practice, since they imply that a given innovation has a high impact (either 

positive or negative) on all travel aspects, that passengers in the current situation are 

dissatisfied with all travel aspects and that the route has a high societal significance in term 

of accessibility.  
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 a low segment (red background colour, scores < 2) containing the innovations in T2.3 “lean 

techniques for S&C” evaluated on the Sincan-Ankara-Kayaş route and T 3.4 “trolley wire 

model for overhead lines” evaluated on the Divriği- Malatya line;  

 a medium segment (yellow background colour, scores between 2 and 5) containing most of 

the innovations: T 2.4 “tailoring track to avoid corrugation” evaluated on the Sincan-Ankara-

Kayaş line; T 2.5 “optimal lubrication techniques” on the Pivka - Ilirska Bistrica line; T 2.6 

“new design for transition zones” evaluated on the Ljubljana-Kamnik line, T 4.1 “on-track 

monitoring of turnouts S&C sections” and T 4.2 “Axle box acceleration”, both tested on the 

Bartolomeu-Zărneşti line;  

 a higher segment (green background colour, scores ≥ 5), consisting of  T 4.3 “smartphones, 

on-train monitoring” tested on the Bartolomeu-Zărneşti line. 

As we have seen, the scores for the societal impact are the results of three components:  

 a subscore “impact”, which refers to the effects that each innovation is expected to have on 

travel aspects such as crowding, comfort, safety, punctuality, frequency of trains and 

scheduled journey times. This score is based on estimations done by the NeTIRail-INFRA 

consortium on the base of literature and personal observations and is innovation-specific.   

 a subscore “perceptions”, which refers to the importance assigned by passengers to each of 

the travel elements mentioned above and their level of satisfaction with the current 

situation. This score is based on the results of the NeTIRail-INFRA survey on the case study 

lines and is line-specific. 

 A subscore “route”, which takes into account passengers’ use characteristics on that line and 

should mirror the social significance of that route as far as accessibility to education, work 

and health care is concerned. This score is based on the results of the NeTIRail-INFRA survey 

on the case study lines and is line-specific. 

The final score of an innovation on a given line is influenced by all these factors, so that the 

reasons why an innovation on a line scores low, medium or high on a given line can be very 

different. We focus below on the bottom and top segments to illustrate which factors have 

influenced the final assessment.  

In the low sector we have the innovation “trolley wire model for overhead lines” on the 

Divriği- Malatya line, which scores – 0,67. This result is due to the fact that this innovation 

would bring about a worsening of the aspect “travel times”, since the maximal speed 

allowed on the line, by introducing this innovation, would decrease from 120 to 80 km/h. 

This would worsen an aspect (travel times) which, according to our survey, is already seen 

as an issue by passengers on that line: indeed this is the travel aspect with which levels of 

dissatisfaction are highest. This negative impact would only partially be compensated by an 

improvement of punctuality, so that in the end we have a negative SIA score. In this context, 

it may well be that IMs decide that the investments associated with this innovation are not 

worth the expected benefits. However, this innovation can be beneficial from both a 

societal and economic perspective when applied to lines where a limited maximal speed of 

80 km/h does not constitute a problem. This is potentially the case for the Bartolomeu-

Zărneşti line used as a case-study in D 4.1 to conduct the cost-benefit analysis. In the 
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upcoming work in WP 6 (See section 5 below) we will conduct a comprehensive SIA for this 

case-study line as well.  

The other innovation scoring low, the T 2.3 innovation “lean techniques for S&C” on the 

Sincan-Ankara-Kayaş route, has a different background. The low score is due to the fact that 

the planned innovation has a medium positive impact only on punctuality and no impact on 

any other travel elements. Punctuality does not seem to be an issue on this line, since our 

survey showed that they are already quite satisfied with the current situation. However, due 

to the fact that the economic analysis showed that this innovation has no monetary costs 

and substantial economic benefits in terms of efficiency for the IM, an IM can establish that 

it is worth implementing it, even if the expected societal impact is positive but limited. 

The innovation which scores highest among our sample is the T 4.3 innovation 

“Smartphones, on-train monitoring” applied to the Bartolomeu-Zărneşti line. This line has a 

high societal significance for accessibility, being a line used by a high share of passengers 

travelling for employment, educational or health care purposes and who rely on train as 

only means of transport to reach their destinations. On the other hand, passengers on this 

line are already quite satisfied with the travel aspects in the scope of our survey, but, among 

them, the aspects “punctuality” and “safety” are the ones for which the discrepancy 

between importance and satisfaction, as seen by passengers, is highest. The innovation 

“smartphones, on-train monitoring” is expected to have an impact exactly on these two 

elements, in addition to travel comfort, so that the final score for this innovation on this line 

is relatively high. From an economic perspective, this innovation requires negligible upfront 

investments, so that it can be seen by IMs and railway operators as a meaningful way to 

collect relevant information for improving the service.  

 To conclude, this section has shown how the results of the SIA and the CBA can be 

combined in order to provide orientation for railway transport decisions. It has also shown 

that the SIA scores provide useful guidelines to get a quick overview of the expected societal 

impact of each innovation on a given line, but also that they need a qualitative 

interpretation in order to provide a base for decision making.  

5. Work ahead  
In this Deliverable, we have conducted the SIA for each of the NeTirail-INFRA innovations in 

on an exemplary line, selected among the NeTIRail-INFRA case-studies because it presents 

characteristics that make the assessment particularly interesting. We have then combined 

the results of the SIA with the CBA for each innovation and, in the last section, we provided 

an example of how these can be used as guidelines for transport decision.  

The next steps consist in expanding the combined economic and societal analysis to other 

combinations innovation/line and presenting their results in the GIS web tool developed in 

WP6. The GIS web tool will illustrate the expected impact of the different innovation on 

each NeTIRail-INFRA case-study line. To that purpose, for each line we will conduct the SIA 

of all innovations that can be meaningful on that line and prepare the data that we will feed 
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into the GIS application. This will allow to prioritise different innovation options for the 

same line as well as identifying the most suitable kinds of lines for implementing a given 

innovations, thus providing further support for transport policy decisions.  

These results will then be presented in the Deliverables 6.5 “Case-study line data scenarios 
playable in the web application” and D 6.6 “Cost-benefit and societal analysis report 
illustrated by case-study line data”.  
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Annex 1: SIA tables  
The following tables reproduce the detailed calculation for the SIA of the NeTIRail-INFRA innovations on selected case-study lines.   
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TABLE 1: SIA for Task 2.3 “Lean techniques for S&C” applied to the line Sincan-Ankara-Kayaş (Turkey) 

Score “accessibility”  
 Elements Impact Score 

“impact” 
(innovation-

specific) 

Perceptions: 
discrepancy 

between 
importance and 

satisfaction 

Score 
“perceptions” 
(line-specific) 

Final element’s 
score 

(multiplication 
of the score 
„impact“ by 

the score 
„perceptions“) 

Final 
indicator’s 

score 
(average of 

the 
elements’ 

scores) 

Final innovation’s score 
“accessibility” 

(sum of the indicators’ scores) 

IN
D

IC
A

TO
R

 

Q
U

A
LI

TY
 O

F 
TR

A
V

EL
 Crowding None 0 ≥ 20% 2 0 

0 

0,5 

Comfort None 0 0 ≤ x ≤ 10% 1 0 

Safety None 0 10% < x < 20%  1,5 0 

IN
D

IC
A

TO
R

  

TR
A

V
EL

 T
IM

ES
 Punctuality Medium 1,5 0 ≤ x ≤ 10% 1 1,5 

0,5 

Frequency of 
trains 

None 0 0 ≤ x ≤ 10% 1 0 

Scheduled 
journey 
times 

None 0 0 ≤ x ≤ 10% 1 0 

 
Score “route”  

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 

 
Final score: 
0,5 x 2,75= 

1,38 
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TABLE 2: SIA for Task 2.4 “Tailoring track to avoid corrugation” applied to the line Sincan-Ankara-Kayaş (Turkey) 

Score “accessibility” 
 Elements Impact Score 

“impact” 
(innovation-

specific) 

Perceptions: 
discrepancy 

between 
importance and 

satisfaction 

Score 
“perceptions” 
(line-specific) 

Final element’s 
score 

(multiplication 
of the score 
„impact“ by 

the score 
„perceptions“) 

Final 
indicator’s 

score 
(average of 

the 
elements’ 

scores) 

Final innovation’s score 
“accessibility” 

(sum of the indicators’ scores) 

IN
D

IC
A

TO
R

 

Q
U

A
LI

TY
 O

F 
TR

A
V

EL
 Crowding None 0 ≥ 20% 2 0 

0,75 

1,08 

Comfort None 0 0 ≤ x ≤ 10% 1 0 

Safety Medium 1,5 10% < x < 20%  1,5 2,25 

IN
D

IC
A

TO
R

  

TR
A

V
EL

 T
IM

ES
 Punctuality Low 1 0 ≤ x ≤ 10% 1 1 

0,33 

Frequency of 
trains 

None 0 0 ≤ x ≤ 10% 1 0 

Scheduled 
journey 
times 

None 0 0 ≤ x ≤ 10% 1 0 

 
Score “route”  

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 

 
Final score: 
1,33 x 2,75= 

2,97 
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TABLE 3: SIA for Task 2.5 “Optimal lubrication techniques” applied to the line Pivka - Ilirska Bistrica (Slovenia) 

Score “accessibility” 
 Elements Impact Score 

“impact” 
(innovation-

specific) 

Perceptions: 
discrepancy 

between 
importance and 

satisfaction 

Score 
“perceptions” 
(line-specific) 

Final element’s 
score 

(multiplication 
of the score 
„impact“ by 

the score 
„perceptions“) 

Final 
indicator’s 

score 
(average of 

the 
elements’ 

scores) 

Final innovation’s score 
“accessibility” 

(sum of the indicators’ scores) 

IN
D

IC
A

TO
R

 

Q
U

A
LI

TY
 O

F 
TR

A
V

EL
 

Crowding None 0 ≤ 0% 1 0 

1,67 

2,34 

Comfort High 2 10% < x < 20%  1,5 3 

Safety Low 1 ≥ 20% 2 2 

IN
D

IC
A

TO
R

  

TR
A

V
EL

 T
IM

ES
 

Punctuality None 0 ≥ 20% 2 0 

0,67 

Frequency 
of trains 

None 0 ≥ 20% 2 0 

Scheduled 
journey 
times 

Low 
(Medium 
for non-

electrified 
lines) 

1 
(1,5) 

≥ 20% 2 2 

Score “route”  
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 

 
Final score: 
2,34 x 1,75= 

4,09 
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TABLE 4: SIA for Task 2.6 “New design for transition zones” applied to the line Ljubljana-Kamnik (Slovenia) 

Score “accessibility” 
 Elements Impact Score 

“impact” 
(innovation-

specific) 

Perceptions: 
discrepancy 

between 
importance and 

satisfaction 

Score 
“perceptions” 
(line-specific) 

Final element’s 
score 

(multiplication 
of the score 
„impact“ by 

the score 
„perceptions“) 

Final 
indicator’s 

score 
(average of 

the 
elements’ 

scores) 

Final innovation’s score 
“accessibility” 

(sum of the indicators’ scores) 

IN
D

IC
A

TO
R

 

Q
U

A
LI

TY
 O

F 
TR

A
V

EL
 

Crowding None 0 ≥ 20% 2 0 

0,67 

1,67 

Comfort None 0 10% < x < 20%  1,5 0 

Safety High 2  < 10% 1 2 

IN
D

IC
A

TO
R

  

TR
A

V
EL

 T
IM

ES
 Punctuality Medium 1,5 ≥ 20% 2 3 

1 

Frequency of 
trains 

None 0 ≥ 20% 2 0 

Scheduled 
journey 
times 

None 0 ≥ 20% 2 0 

 
Score “route”  

Aspects Survey results Value assigned Final  score “route” 
(sum of the aspects’ scores) 

Purpose > 75% 2 

2,25 
Regular users > 50%  0,25 

Only train < 50% 0 

No alternatives < 5% 0 

 
Final score: 
1,67 x 2,25= 

3,76 
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TABLE 5: SIA for Task 3.4 “Trolley wire model for overhead lines” applied to the line Divriği- Malatya (Turkey) 

Score “accessibility” 
 Elements Impact Score 

“impact” 
(innovation-

specific) 

Perceptions: 
discrepancy 

between 
importance and 

satisfaction 

Score 
“perceptions” 
(line-specific) 

Final element’s 
score 

(multiplication 
of the score 
„impact“ by 

the score 
„perceptions“) 

Final 
indicator’s 

score 
(average of 

the 
elements’ 

scores) 

Final innovation’s score 
“accessibility” 

(sum of the indicators’ scores) 

IN
D

IC
A

TO
R

 

Q
U

A
LI

TY
 O

F 
TR

A
V

EL
 

Crowding None 0 10% < x < 20%  1,5 0 

0 

-0,67 

Comfort None 0 ≥ 20% 2 0 

Safety None 0 10% < x < 20%   1,5 0 

IN
D

IC
A

TO
R

  

TR
A

V
EL

 T
IM

ES
 Punctuality Low 1 ≥ 20% 2 2 

-0,67 

Frequency of 
trains 

None 0 ≥ 20% 2 0 

Scheduled 
journey 
times 

High 
negative 

-2 ≥ 20% 2 -4 

 
Score “route”  

Aspects Survey results Value assigned Final  score “route” 
(sum of the aspects’ scores) 

Purpose < 50% 1 

1 
Regular users < 50% 0 

Only train < 50% 0 

No alternatives < 5% 0 

 
Final score: 
-0,67 x 1=  

-0,67 
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TABLE 6: SIA for Task 4.1: “On-track monitoring of turnouts S&C sections” applied to the line Bartolomeu-Zărneşti line (Romania) 

Score “accessibility” 
 Elements Impact Score 

“impact” 
(innovation-

specific) 

Perceptions: 
discrepancy 

between 
importance and 

satisfaction 

Score 
“perceptions” 
(line-specific) 

Final element’s 
score 

(multiplication 
of the score 
„impact“ by 

the score 
„perceptions“) 

Final 
indicator’s 

score 
(average of 

the 
elements’ 

scores) 

Final innovation’s score 
“accessibility” 

(sum of the indicators’ scores) 

IN
D

IC
A

TO
R

 

Q
U

A
LI

TY
 O

F 
TR

A
V

EL
 

Crowding None 0 0 ≤ x ≤ 10% 1 0 

1 

1,75 

Comfort None 0 0 ≤ x ≤ 10% 1 0 

Safety High 2 10% < x < 20%  1,5 3 

IN
D

IC
A

TO
R

  

TR
A

V
EL

 T
IM

ES
 Punctuality Medium 1,5 10% < x < 20%  1,5 2,25 

0,75 

Frequency of 
trains 

None 0 0 ≤ x ≤ 10% 1 0 

Scheduled 
journey 
times 

None 0 0 ≤ x ≤ 10% 1 0 

Score “route”  
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 7: SIA for Task 4.2 “ABA, on-train monitoring” applied to the Bartolomeu-Zărneşti line (Romania) 

 
Final score: 
1,75 x 2,75= 

4,81 
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Score “accessibility” 
 Elements Impact Score 

“impact” 
(innovation-

specific) 

Perceptions: 
discrepancy 

between 
importance and 

satisfaction 

Score 
“perceptions” 
(line-specific) 

Final element’s 
score 

(multiplication 
of the score 
„impact“ by 

the score 
„perceptions“) 

Final 
indicator’s 

score 
(average of 

the 
elements’ 

scores) 

Final innovation’s score 
“accessibility” 

(sum of the indicators’ scores) 

IN
D

IC
A

TO
R

 

Q
U

A
LI

TY
 O

F 
TR

A
V

EL
 

Crowding None 0 0 ≤ x ≤ 10% 1 0 

1 

1,75 

Comfort None 0 0 ≤ x ≤ 10% 1 0 

Safety High 2 10% < x < 20%  1,5 3 

IN
D

IC
A

TO
R

  

TR
A

V
EL

 T
IM

ES
 Punctuality Medium 1,5 10% < x < 20%  1,5 2,25 

0,75 

Frequency of 
trains 

None 0 0 ≤ x ≤ 10% 1 0 

Scheduled 
journey 
times 

None 0 0 ≤ x ≤ 10% 1 0 

 
Score “route” 

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 

 
Final score: 
1,75 x 2,75= 

4,81 
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TABLE 8: SIA for Task 4.3: “Smartphones, on-train monitoring” applied to the Bartolomeu-Zărneşti line (Romania) 

Score “accessibility” 
 Elements Impact Score 

“impact” 
(innovation-

specific) 

Perceptions: 
discrepancy 

between 
importance and 

satisfaction 

Score 
“perceptions” 
(line-specific) 

Final element’s 
score 

(multiplication 
of the score 
„impact“ by 

the score 
„perceptions“) 

Final 
indicator’s 

score 
(average of 

the 
elements’ 

scores) 

Final innovation’s score 
“accessibility” 

(sum of the indicators’ scores) 

IN
D

IC
A

TO
R

 

Q
U

A
LI

TY
 O

F 
TR

A
V

EL
 

Crowding None 0 0 ≤ x ≤ 10% 1 0 

1,42 

1,92 

Comfort High 2 0 ≤ x ≤ 10% 1 2 

Safety Medium 1,5 10% < x < 20%  1,5 2,25 

IN
D

IC
A

TO
R

  

TR
A

V
EL

 T
IM

ES
 Punctuality Low 1 10% < x < 20%  1,5 1,5 

0,5 

Frequency of 
trains 

None 0 0 ≤ x ≤ 10% 1 0 

Scheduled 
journey 
times 

None 0 0 ≤ x ≤ 10% 1 0 

 
Score “route”  

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 

 
Final score: 
1,92 x 2,75= 

5,28 
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