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EXECUTIVE SUMMARY
The SUSTRAIL project aims to contribute to the development of the rail freight system, and

to support rail in regaining market share framad transport. The focus of thesearch is on a
combined improvement in both freight vehicles and track, including itk interaction.
The autcomes are expected to include:

1 higher running speeds;
1 reduced track damage
1 higher reliability andncreased performance of the rail freight system as a whole
1 reduced costs and enhanced profitability for its stakeholders.

This deliverable D5.2, sets out an assessment of the impacts of the SUSTRAIL
improvements under the following of headifigdhese form a part of the Business Case

1 freight user benefitsi fromt h e

freight

customer 6s

pers

improvements should improve the competitive position of rail freight versus other
modesi we use aggregate models of freight demand to estimate the potential impact

of the SUSTRAIL improvements on mode sthaand provide insights into the benefits

to those end useiisthese benefits flow from the benefits to Infrastructure Managers
(IMs) and Freight Operators (FOCs) investigated in D5.1 and further in this

deliverable

= =4

environmental benefitsi we focus on C@) air pollution and noisenpacts;
potential passenger benefit$ since running freight trains at higher speed should free

some paths for additional passenger services, on busy-mseekhes.

Other elements of the Business Case are presented elsewtiereét of deliverables D571
in particular, the Life Cycle Cost (LCC) and performance (RAMS) analysis is reported in

D5.1; the access charge analysis is presented in D5.3; implementation is addressed in D5.4
and D5.7; and the overdlusiness Casgyrhesis is presented in deliverable D5.6

The main scenarios being compared are the following (Table B®d3e are applied to three
Case Studies that were described in the interim Business Case (D5.5): one in ithiadJK
FelixstowePeterborougiNuneatm corridor; one in Bulgari& from the Greek and Turkish
borders in the east to the Serbian border in the west; and one iniSpairMediterranean

corridor from Valencia to Tarragona.

Scenario
BASELINE SUSTRAILO SUSTRAIL1 SUSTRAIL2
Vehicles Benchmak SUSTRAIL SUSTRAIL SUSTRAIL
vehicles vehicles vehicles
Track Benchmark Benchmark SUSTRAILtrack | SUSTRAILtrack
(on curves radius| (on curves radius
0-1200m) 0-1200m)
Max Speed (freight) Benchmark Benchmark Benchmark 140kph
(120kph) (120kph) (120kph)

A substantial task wat scaleup the LCC and RAMS results, and tlogher evidence on
which the analysis is based, to the Case Study corridor. levéhe LCC analysis (D5.1),

Table ES.1: Business Case scenarios

which isa common input to all case studies, most of the track cost items are based on the

curves of radius-2200m (Table 3.1), which make oply a small proportion of the total (e.g.
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7.1% of the UK case study route by lengtbdsing data on track maintenancedamnewal

costs for the route as a whole (Table ES.2 gives the UK costs), the LCC and RAMS results
were scaledup. In parallel with this, the wagon LCC costs arising from D5.1 were checked

and found to be consistent with other models. These wagon LCCreps¢sent less than

10% of the freight o psoritaasiimpgtantto pnqvidenan everéll c o st
representation of freight operatorso6 cost s,

Item VTISM- based costs, Network Railaggregate data
£millions (GB) per route km, £millions

Maintenance 7.06 6.09

Renewals 12.09 11.21

Total 19.15 17.31

Table ES2: Track costs for the whole route FelixstowePeterborough-Nuneaton, £ at 2015 prices

Bringing these elemerd together, the impacts of the SUSTRAIL vehicle and track on the
Infrastructure ManageitM) and the Freight Operators were estimai&blesES.3 and ES.4

give the results for the UK Case Studhe SUSTRAIL vehicle and track together were
found to havelte greatest overall impact on costs: overall a 10% saving to the IM and 2.4%
saving to the freight operators.

Track LCC data % changes: Track cost % changes at route level:
SUSTRAILO SUSTRAIL1 SUSTRAIL2 SUSTRAILO SUSTRAIL1 SUSTRAIL2
(vehicle only) (140kph) (vehicle only) (140kph)
Track Maintenance and Renewal Costs -1.6% -10.1% -7.5%
Maintenance -0.8% -2.4% -1.8%
Corrective maintenance -80% -80% -50% -0.6% -0.6% -0.3%
Preventive maintenance -6% -45% -37% -0.2% -1.8% -1.5%
Renewals i -0.8% 7.7% -5.6%
General renewals -10% -86% -60% -0.8% -7.8% -5.7%
Investments/innovations 0% 2% 2% 0.0% 0.05% 0.05%

Table ES.3: Impacts of SUSTRAILO,1&2 on track costs

Baseline SUSTRAILO SUSTRAIL1 SUSTRAIL2

Impacts on Freight Operators %change (vehicle only) (140kph)
Freight Operators' costs Base -1.8% -2.4% -0.5%
Vehicle maintenance costs Base -61% -61% -58%
Vehicle ownership costs Base 46% 46% 46%
Freight operators' fuel costs Base No change No change 3.7%
Other operating costs Base No change Nochange No change
Track Access Charges (variable) - SUSTRAIL vehicles Base -10.4% -17.4% -15.2%
Track Access Charges (variable) - other vehicles 0.0% -6.9% -4.8%
Freight service charges (money) Base -1.8% -2.4% -0.5%

Table ES4: Impacts of SUSTRA L0, 1&2 on freight operatorsé cost

For the purposes of this deliverallethe calculation of end user benefitstable ES.4
assumes that thesavings to the IM are passed on to the freight operator through track access
charges, and the gaits the freight operator are passed on to end users, giving the maximum
achievable demand shift and end user benefit. Track access charges faced by the SUSTRAIL
trackfriendly vehicle will be reduced more than other vehicles, which still benefit from the
SUSTRAIL track improvements. In the final deliverable, we will report on other tests where
the IM and freight operator retain a share of the cost savings for investment or other purposes.

[Deliverable D5.2] [PUT 1]
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Similar to the LCC datat was necessary to scale the RAMS&tausing other data sources
because the RAMS analysis does not include all sources of delay to freightlbelunding

both primary and secondary delays, we found that 23.8% is the proportion of freight delays
that are caused by vehicle issues and relevant isaokes. We used industry data on delay
minutes per 100 train km as a base, and vatiednumber of delay minutes to reflect the
predictions oftie RAMSmodel in each scenario

Note that the impact on vehicle ownership costs in Table Efbioes two segrate inputs:
vehicle ownership costs are impacted by fleet availability (from RAMS: 95% to 99%) as well
as capial costper wagon net of disposaalue (+48% in SUSTRAIL1&2). It @uld be
impacted by journey time as well, if significant reschedulmas allowed, however we
assume that effect does not materialise.

Operatorso fuel costs remain constamdss i n
reduction inthe vehicle body is fully offset by mass increase in running gear (Dnl)
SUSTRAIL2,operationsat maximum speed 140kph vs 120kph increase fuel consumption by
3.7% for diesel trains (based on RENFE qatavided directly to Task 5)2

Summarising the impacts on End users, we obtain the following (Table BSe)ourney
time impact assumption is tleameas inthe Interim Business Cag¢b5.5). In the UK case,
approximately 15% reduction in journey time estimatedwhilst operating at masmum
freight speedwe assume half this maximum potential gain is achieved in practice = h5%.
the Bulgarian cse, the speed increase is greater as the initial operating speeds are lower.

Baseline SUSTRAILO SUSTRAIL1 SUSTRAIL2

(vehicle only) (140kph)
Impacts on End Users %change
Reliability (delay minutes) Base -8% -14% -9%
Journeytime Base No change  No change -7.5%
Freight service charges (money) Base -1.8% -2.4% -0.5%

Table ES5: Impacts of SUSTRAILO,1&2 on End Users(UK)

The main categories of environmental benefits measured and taken into aiccakhist
analyss are:

A CO, impacts;

A noise impacts;
A various regional and local air pollutants such as NOx, SO2 and particulates
(PMy5).

Emissions models tend to be country specific, since the vehiclerfeatorkconditions, and

the pattern of residential developmenbward rail linesand roadvaries widely. Each Case

Study has made its own assessment, and use of the Handbook on the External Costs of
Transport (RicardEA, 2014) provides a basis for harmonisation of impacts and values
(Table ES.6shows the values on atmonised EU basis, applied to UK conditipriBhe
SUSTRAIL emission reductions affect both rail and road: rail because the SUSTRAIL
vehicles are quieter; and both modes due to mode shift as rail becomes more competitive.

[Deliverable D5.2] [PUT 1]
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2015 2030

Marginal externatost of CQ, U/ tonne 83.71 105.21
Marginal external costof NQ U/ t onne 10,895 14,515
Marginal externalcostof SO 0/ t onne 15,229 20,289
Marginal external costof PM U/ t onne 69,405 92,465
Marginal external cost of noise U/ 000 t

- Rail, rural, day 75.05 99.99

- Rail, rural, night 126.86 169.02

- Rail, urban, day 1518.73 2023.34

- Rail, urban, night 2567.93 3421.13
Marginal external costof noise U/ 000

- Road (HGV), rural, day 1.90 2.25

- Road (HGV), rural, night 3.42 4.06

- Road (HGV), urban, day 255.24 302.63

- Road (HGV), urban, night 465.11 551.47
Mar ginal wvalue of noi

- 1dBLeq,18r at 57.5dB 23.26 30.99

- 1dBLeq,18hr at 65dB 35.54 47.35

- 1dBLeq,18hr at 72.5dB 46.30 61.68
Discount factoi@4% 1.000 0.555
Discount factoi@3% 1.000 0.642

Table ES.6: Values of SUSTRAIL emissions reductions, 2015 and 2030

We can measure the

benef.

ts

t o

End

User s

and reliability are taken from survey evidence in tbantries concerned, while the money
costs of freight service are naturally in money units: together these constitgentralise
costof freight movement by each modeach Case Study developed its own analysis of the
freight market, in order to predithe change in market shares following the introduction of
the SUSTRAIL improvements, and the benefits to End Users from reduced costs:

1 The UK Case Study usetthe freight model of Great Britairknown asd EFT6
(Fowkes et al, 2006Earlier work with TRANS OOLS, a European wide network
freight model, was unsuccessful as there was no functioning endogenous mode split in
the model. The latest versionEFT4, used here was developed as part of the EPSRC
Green Logistics projed2010)with further enhancementaade during the course of

i ncr eas eoda sharana i |

intermodaltraffic as aresultof the SUSTRAIL improvements.

the SUSTRAIL. The model predicted a.5%

1 The Bulgarian Case Study used a set of customised models for the SUSTRAIL

project, building orprevious forecasts of population afneight demand growth in the
country. The Bulgarian case includes very large untapped markets for intermodal ralil
freight from/to the ports of Varna and Burgas, as well as international transit traffic

bet weene trher Ketog 6

of

t he

EU

i n

Ger many,

and south both inside and outside the BBin the UK Case Studw, logit model was
used to forecaghe rail-road modesplit. The analysis is set out in detail in Appendix
3. The modépredicted a transformational increase of up to 83%h@market served
by rail, as a result of the SUSTRAIL improvements.
1 The Spanish Case Studyade use of data from the ADIF Network Statement and the
Spanish Railway Observatory (OFE) to develop anlyaisa of the SUSTRAIL

improvements in the context of the Mediterranean corridor between Valencia and
Tarragona. This case study also benefitted from collaboration with the infrastructure
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managers and the operators involved in the rail industry in S@aifidentiality of
freight contracts, however, put some limits on data availabBi&ged on the analysis
undertaken, a 13% increase in intermagddldemand wa predicted

The final results in terms of End User benefits and pollution reduction are asddllables
ES.713). The UK results are expressed in £, and may be converted to euros using a rate of
A 0 . 7 5Thegelresults will be put in context of the Business Case as a whole, in D5.6.

Benefits, £/year
Impact Groups | Impacts 2015 2030
End Users Reliability benefits 117,228 206,540
Speed benefits 0 0
Lower freight costs 478,411 842,895
Third parties CO; reductions 20,265 42,655
Noise reduction -2,704 -3,602
Reduced air pollution 1 -592
TableES.7: UK Case Study sumnary resultsi SUSTRAILO, Vehicle only (base speed)
Benefits, £/year
Impact Groups | Impacts 2015 2030
End Users Reliability benefits 213,695 367,849
Speed benefits 0 0
Lower freight costs 714,241 1,229,474
Third parties CO; reductions 98,704 171,298
Noise reduction 9,464 12,609
Reduced air pollution 61,076 99,751
TableES.8: UK Case Study summary result§ SUSTRAIL1, Vehicle+Track (base speed)
Benefits, £/year
Impact Groups | Impacts 2015 2030
End Users Rdiability benefits 106,497 185,617
Speed benefits 445,569 776,590
Lower freight costs 501,098 873,373
Third parties CO; reductions 103,734 191,610
Noise reduction 3,722 4,959
Reduced air pollution 48,046 78,516

Table ES9: UK Case Study summary results§ SUSTRAIL2, Vehicle+Track (enhanced speed)
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[PUT 1]



OSUISTRAIL

Page 12 of 110

Benefits, Ogmillion,
Impact Groups | Impacts 2015 2030
End Users Reliability benefits 89 257
Speed benefits 59 611 172 465
Lower freight costs 70 061 171 880
Third parties CO; reductions 0 81 620
Noise reduction 0 -68 286
Reduced air pollution 0 56 918

Table ES.10; Bulgarian Case Study summary result§ SUSTRAILO Vehicle only (basespeed)

Benefits, G4, year
Impact Groups | Impacts 2015 2030
End Users Reliability benefits 89 373
Speed benefits 86 829 283 354
Lower freight costs 105 092 290 808
Third parties CO; reductions 0 134 400
Noise reduction 0 -112 443
Reduced air pollution 0 93 725

Table ES.11: Bulgarian Case Study summary result§ SUSTRAIL1 VehicletTrack (basespeed)

Benefyedars, U
Impact Groups | Impacts 2015 2030
End Users Reliability benefits 89 415
Speed benefits 101 601 355 525
Lower freight costs 105 092 311 829
Third parties CO; reductions 0 168 032
Noise reduction 0 -140 580
Reduced air pollution 0 168 032

Table ES.12: Bulgarian Case Study summary result§ SUSTRAIL2 Vehicle+Track (higher speed)

The Spanish Case Study results are presented differently, being based onby-case
assessment of each of the SUSTRAIL scers against the background of the ADIF/OFE
data. The key findings for the Mediterranean corridor were:

T Spainds rail freight mar ket i s i n a di-
geography anaonstraints in the rail sector: in particulé, the difference between
UIC and Iberian track gauge can be overcome for passenger traffic by operating with
variablegauge vehicles, whilst for freight traffic the only possibility is to transfer the
load at the border to another train, or to road transfigriunbalanced freight flows

[Deliverable D5.2] [PUT 1]
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are akey issuefor rail freight in Spaindue tothe geographical location of the Iberian
Peninsula relative to the rest of Eurpped (iii) heavy gradients (17m/km) and short
station loopsplace limitations on train length dnfocus attention on payload
enhancements per wagoievertheless the Mediterranean corridoprovides a
valuableconnectionbetweenthe ports of Algeciras, Valencia and Barcelona, and the
European rail network accesseth France Recent investment in theorridor by
SNCF and others reflects the potential for market growth.

1 The SUSTRAIL improvements could produce a 19% reduction in rail freight costs to
End Users, which is substantial and corresponds to the predicted 13% increase in rail
freight demand.

1 A qualitative assessment of the environmebehefitsfinds that the results for the
Mediterranean corridor should be consistent with the SUSTRAIL scenarios elsewhere:
that is, very little direct impact from SUSTRAILO or SUSTRAIL1, and potentially
some incease in C@emissions from the higher fuel consumption in SUSTRAIL2.
Against these should be set the benefits from the mode shift effect, which were
quantified in the UK and Bulgarian cases above.

1 If the SUSTRAIL vehicle could be further developed to rediis tare weight relative
to its laden weighti for example by further lightweighting of the body or bogie
structurei then the payload gained would be of particular value énSpanisiCase
Study given the current train length constraint.

Lastly, researth was conducted to evaluate the potemizh capacity benefitshich could be
unlocked by the increased freight speeds following the implementation of the SUSTRAIL
vehicle and infrastructure enhanceme(@&STRAIL2 scenario, 140kph maximum freight
speed. The work adopts the approach of Johnson and Nash (2008) whoiatkEspipropriate

rail scarcity charges to make freight and passenger operators pay for their use of rail capacity
in line with the opportunity cost of the use of sldtkis part of the@search was conceived as

a singlecountry case study on a congested network, hence data was gathered and analysed for
t he UKG6s West Co a shevaMaof scarce mapaciyising kbin)this case

study was £14er pathtrain km (2015), which whe applied to the UK Case Study above

gives £2.6million per annumf additional benefits in thEUSTRAIL2scenario

In the final Business Case deliverable, D5.6, these results will be combined with the findings
on costs and benefits across the full ranfgeh® Business Case framework, to provide a-cost
benefit analysis and a financial analysis of the SUSTRAIL improvements. The results will
also be synthesised with the findings on technical implementation (D5.4 and 5.7) and the
overall Business Case presamt
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1. INTRODUCTION

1.1 TheSUSTRAIL Business Cas@VP5) and the role of economic benefits

The SUSTRAIL project aims to contribute to the development of the rail freight syesteim,
to supportail in regainng market share frompad transport. The focws theresearch i®n a
combined improvement in both freight vehglend track including tracktrain interaction.
The autcomes are expected to include:

1 higher running speeds;

1 reduced track damape

1 higher reliability andncreased performance of the fadight system as a whole
1 reduced costsma enhancegbrofitability for its stakeholders.

Within SUSTRAIL, the purpose of Work PackaggWP5) is:

1. to make thdusiness Caséor the proposed vehicle and track innovations

2. to make recommendations for whalstem implementatigrncluding phasingn of
novel technologies and strategies for the equitable redistribution of \sy&tiem
savings.

A very substantial part of the Business Case ieitpected improvement idfe-Cycle sts
(LCC) and in Reliability, Availability, Maintainability and Safety (RAMS$)which are
covered separately ureliverable D5.1 (Rantatalo et al, Z)1

This deliverable sets out an assessment of the impacts of the SUSTRAIL improvements under
a different set of headings, namely:

1 freight user benefitsi f r om t he freight customero6s p
improvements should improve the competitive position of rail freight versus other
modesi we use aggregate models of freiglmandio estimate the potential impact

of the SUSTRAIL inprovements on mode share, and provide insights into the benefits

to those end useiisthese benefits flow from the benefits to Infrastructure Managers

(IMs) and Freight Operators (FOCs) investigated in D5.1 and further in this
deliverable;

environmental benefits 1 we focus on C@) air pollution and noisenpacts;

potential passenger benefit$ since running freight trains at higher speed should free

some paths for additional passenger services, on busy-mseekhes.

= =4

These costs and benefits will be brbtigpgether in an overall cebenefit analysis (CBA) as
part of the Business Case Synthesis, which withlegfinal deliverable from WRZ\n Interim
Business Case Synthesis was gipgegviouslyin deliverable D5.5 (Nellthorp et al, 2013).

1.2 Inputsto this analysis

Key inputs to the analysis of user and environmental benefits are as shown in Figure 1.1.
These include:

1 Life Cycle Costs I(CC) and Reliability, Availability, Maintainability and Safety
(RAMS) results fom Task 5.1.

1 Case Study models of rail fréigfrom three countriet the UK, Bulgaria andSpaini
which analyseéhe SUSTRAIL improvements r om t he freight <custo
and estimate the impacts in the market, as well as the environmental benefits.
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1 An Infrastructure Path Capacity model farcongested mixedse linei a UK case
study was chosen, to reflect congested traffic conditions.

Case Study
models
Results Results
Changes in: LEFT (UK) Changes in:
Life Cycle Costs Money costs of freight
LCC and RAMS |::> UPM (ES
modelling = - of track ES) = to end users
- of freight operation VTU (BG) Freight demand
Reliability, Availability, Environmental benefits
Maintainability and Path _
Safety Capacity User benefits
Model (UK)
Task 5.1

Task 5.2

Figure 1.1: Inputs to the analysis

1.3 Scope of this Deliverable

Theoverall approacto the analysis of user and environmentidfitsis outlined in Chapter
2 of this deliverable. fie research conducted for this deliveraldethen reported in the
following Chapters 3/, with conclusionpresentedan Chapter 8

Approach tdJserand Enwonmental Benefits (Chapter 2)

Impacts of tle SUSTRAIL Innovations (Chapter 3)

Freight and Environmental Benefits fine UK Case Study (Chaptéy

Freight and Environmental Benefits for tBalgarian Case Study (Chapr

Freight and Environmental Benefits for tBpanishCase Study (Chaptéj
Infrastructure Path Capacity Benefits (UK Case Stlidypusy mixeduse line)
(Chapter7)

1 Conclusions (Chapte)

E R
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2. APPROACH TO USERAND ENVIRONMENTAL BENEFITS

2.1 Freight user benefits

Theseare the benefits that @we to freight customerthe businesses thatsa theEuropean
freight system to distribute their produadue to the SUSTRAIL improvement3hese
benefits can be groupeohd describeds:

1 cost reductionsf freight service to the end user;

1 quality improvements the freight servicé above all reliallity improvements and
journey time improvements, although other valuable service quality factors could also
be considered (e.g. security);

1 improvements in availability where rail freight service becomes available in the
locations and at the times demadddue to the improvemenisin practice freight
service wil/ usually be available via oth
the main impacts will be any potential benefits in cost or quality terms versus the
existing offer.

For analysis purp@s, cost and quality improvements can be combined gsingralised cost

as measure of the overall disutility of sending freight via a particular mode. Hence equivalent
monetary values are needed for reliability and time, and freight demand models use
genealised cost in forecasting modal shafdereover, an overall measure of the benefits to
freight users is given by the change in generalised icegtich can be broken down into
money savings and quality improvemetashe end users of freighis set otiin D5.5,

bes, =08y - G\ + )

where

g C B the benefit (or gain in consumer surplus) to freight customers;

i signifies a particular market segment, such as Food, Drink and Agriculture, in year
G is generalised cost;

T are freight volumes in tonnesr(tonnekm); and

0 and 1 swesscriptssi gni fy the baseline and the 0
scenario respectively.

Rail freight is much more competitive in some market segnmientg. general containerised
freightT thanin others, hence the analyssshroken down by market segment. Rail freight is
also more competitive on longdistance flows, and this too is buift to the case study
models of the freight market in this deliverable.

Having forecast quantitiek and freight costs, another useful puit for the Business Case is

the change in revenues to the freight sector, which can be set against their predicted cost
changes to assess the financial impagbart of the Synthesis of the Business Case in
forthcoming deliverable D5.6.

2.2 Passenger user tefits

As well as freight user benefits, there may be infrastructure path capacity benefits from freight
trains running closer to line spedteeingup paths for other traffic using the rou@ven the
complexity of valuing pathsa development ofhe existing PRAISE rail forecasting motle
(Nash,Johnson and TyleR006)is used to value the benefits of additiopassengepathsfor
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one case study, based in the :UKis analysis was planned in order to represent impacts
arising on the more congested ndxgassenger/freight networks in the BUs intenced that

the results from this case studill be used to inforna wider discussion dhe likely value of
capacity savings in othg@arts of the European network

The work aims to identify an appropriateail scarcity charge which would make freight and
passenger operators pay for their use of rail capacity in line with the opppxtast of the
use of these pashChapter 6 gives further details.

2.3 Environmental benefits
The main categories of environntahbenefits to be measured and taken into account are:

1 CO;impacts;
1 noise impacts;
1 various regional andtal air pollutants such &0x, SQ and particulatesRM; s).

Emissions models tend to be country specific, since the vehicle fleet, driving cosdaral

the pattern of residential development around rail lines vary widely. Fer tB®aim is to
measure the change in emissions in each year of the appraisal period (see Chapter 9) due to
the SUSTRAIL innovations versus a Baseline scenario. Thislatitmu reflects the fact that

is does not matter where the pollutant is released, the impact (via climate change) is global.
Methodology is well established, and for example the fdd{ght model used (LEFT) is
capable of estimating the G@missions impaaodf many realistic policy optiond~owkes et

al, 2006) By contrast, there is no standard method for quantifgimdy valuingthe impacts of

noise or air pollution across the Eblpweveradvice is available in thelandbook on the
External Costs of TranspofRicardeAEA, 2014) andfrom national methods exisig in a
someEU countries (e.g. DfT, 2014).

2.4 Scenarios

The Business Casgill be based on aompaison ofthe innovative SUSTRAIL vehicle and
track improvements with a bassdi scenariorepresenting thetatus qup using the set of
scenarioshown in Table 2.1.

Scenario
BASELINE SUSTRAILO SUSTRAIL1 SUSTRAIL2
Vehicles Benchmark SUSTRAIL SUSTRAIL SUSTRAIL
vehicles vehicles vehicles
Track Benchmark Benchmark SUSTRAILtrack | SUSTRAIL track
(on curves radius| (on curves radius
0-1200m) 0-1200m)
Max Speed (freight) Benchmark Benchmark Benchmark 140kph
(120kph) (120kph) (120kph)

Table 2.1: Business Case scenarios

The comparison between SUSTRAILO ané Baseline allows us to examine the Business
Case for the SUSTRAIL vehicle, while the comparison between SUSTRAIL1 and
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SUSTRAILO reveats the value added by the SUSTRAIL track. A comparison between
SUSTRAIL2 and SUSTRAIL1 allows us to consider the casehfgherspeed running of
freight (at 140kph instead of 120kph) using the capability of the SUSTRAIL vehicle, versus
running the SUSTRAIL vehicle at conventional spedd last of two of these are probably

the key comparisons, representing the impact effati set of SUSTRAIL innovations. The
remaining comparisons serve to identify the contributions of the track, vehicle and speed
elements separately.

In this Deliverable, the focus is on the User and Environmental Benefits arising from
SUSTRAILO2 versusthe Baselinescenario. This will provide a key input the final
Deliverable (D5.6)wherea full costbenefit analysis and Business Case assessment will be
presented.

The final Deliverable will alsase sensitivity testing to consider the implicationg ahore
ambitious SUSTRAIL vehicleéSome of the technology options that were explored early in the
project, were specifically ruled out from the SUSTRAIL vehidlef marked down for a
hypot heti cal Oltf wag agreed sbetween WP8/Mthatitl weudd be not be
feasible to assess the futuristic vehiagkeng LCC and RAMS (and thus the benefits could

also not be assessed). This is because the input data for the LCC/RAMS model is simply not
available (too early in the R&D cycle)nstead, we willundertakemore broaebrush
sensitivity tests in the final Business Césaain an impression of what the futuristic vehicle
could achieve.

2.5Time period

The assessment period for user and environmental benefits should be long enough to reflect
the life of the assets created (or improved). Hence D5.5 used a 30 year assessment period
from 2015 reflecting the long life of freight vehicles and track improviedthis Deliverable

we focusparticularlyon results for:

1 20157 the current year, for which modeljmesults have been produced;
1 20307 a future, modelled year, midway through the assessment period, far enough
ahead to allow takap of the SUSTRAILnnovations to become widespread.

2.6 Geographical scope

The UK case study isased on theoute from Felixstwe to Nuneaton, via Peterborough and
Leicester, one of the UKDO& 257%km)jTleerBulganah €asemo d a |
Study is based othe international route from the Greek and Turkish borders at Svilengrad to

the Serbian border at Kalotiné868km). The Spanish Case Study is based on the
Mediterranean Corridor between Valencia and Tarrag@iakfr). In the Conclusions, we
considerthe comparabilityand transferabilitypf these case studies

It is important to note that the existence of modeld data, and therefore the potential to
carry out analysis varies significantly between the case studies. The approach taken focuses
on making the most of the available material in each case.
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Routes
1. UK Felixstowe (port) - Nuneaton
2. Bulgaria Kalotina- Svilengrad
3. Spain Mediterranean Corridor
1.
2
3/ e

Figure 2.1: Case Study locations

2.7 Track access charge assumptions

The results of the Business Case assessment will vary according to the assumptions made
about Track Access Charges, and how these change in response to the SUSTRAIL
innovations.The guiding principle for the Business Caseawhole is thafreight users
shouldbenefit from whole system cost reductipnailst Infrastructure Manage($Ms) and

freight operatorsshould also gainn order to incentivise the adoption tfack friendly
vehiclesand improved tracKn this Deliveable, it is assumefr the purposes afalculation,

that savings to thtM* and the freight operators on each route are fully passed through to end
users, via reductions in track access chargeshemngrices of freight service to end users. This
allowsusto capture the maximum value that could be obtained by the end users, who are the
final freight customerslt also reflects the competitive market structure of rail freight where
within rail market competition and competition with road freight meansngriis strongly
reflective of costs (no excess profith).the full Business Case Deliverable (D5.6), we will
develop this furthershowing howthe industrycanretain a share of these benefitr use in
investment or for other purposes.

2.8Inputs

The pincipal inputs to the User and Environmental Benefits estimation were shown in
Section 1.2. Task 5.1 has provided:

T Change in | Més mai nt e nl200m eurvesiordy); r e ne wa | Co
1 Except corrective maintenance, a relatively small item, which haspregided for

the whole route but for the track foroelated failure mode only;
1 Change in freight operat@wagonrelated costs of ownership anintenance;

! As discusseé in Deliverable D5.3, the saving to IMs from reduced wear and tear costs resulting from the use of
track friendly vehicles should be passed through to operators (and thus freight users) vis proportionate reductions
in access charges. For IM cost savingsuiting from infrastructure improvements only the variable cost element
should be passed through since this is element alone reflects the cost saving to the IM from the incremental
train.
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1 Availability and mission success measures for wagons operating on a simulated route,
that was bsed on Swedish data but was designed to represent the UK Route (1.)
above.

The Task 8L simulations were for the Baseline and SUSTRAILO/1/2 scenarios. Some
additional assumptions have been made in order to make the outputs realistic. Work has been
done inTask 5.2 to aggregate the results to the UK Route level and to benchmark their
magnitude against other UK data.

The Case Study models have provided other essential inputs, including:

T Change in freight operatordos fuel cost s;
T Change i n fr eergperatingcpsesyr at or 6s ot h
1 Environmental emissions (CO2, local air pollutants and noise).

The availability and mission success measures have been converted into a change in
reliability, measured in freight train delay per train.km

We have received dvice on suiéble assumptions about noise emissions from WP3&4
partners and havechecled the plausibility ofkey assumptions ogost savings and journey
time savingsith partnerdNetwork Rail, ADIF and other operators in the consortium
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3. IMPACTS OF THE SUSTRAIL INNOVATIONS

3.1 Aggregation from inputs to the Case Stwdyridor

A significant step in producing the Case Studies was to translate the LCC and RAMS results,
and the variousther evidenceon which the analysis is basew the Case Study corridor
level. This isillustratedin this sectiorusing the UK case studyhe details of the Bulgarian

and Spanish case studies are discussed in Chapters 5 and 6 respectively.

3.1.1The LCC data
In the LCC analysis (SUSTRAIL D5.1yvhich is a common input to all case studiemstof

the track cositems are based on the curvelsradius 01200m(Table 3.1), which make up
7.1% of theUK case study routiey length (Table3.2).

Track Renewal Costg Curves only (radius-2200m) on route UK1

Track Maintenance | Curves only (radius{1200m) on route UK1
Costs(preventive)

Track Maintenance | Failure mode related tevheel impact on the entirénke (route
Costs(corrective) UK1)

Track Investment Curves only (radius-2200m) on route UK1
Costs

Table 3.1: Track LCC scope

Curvature Route length, %

0-1200m 7.1%
1201-1600m 6.6%
1601-2400m 8.8%
>2400m 77.5%
TOTAL 100.0%

Table 3.2: Route length by curvature (UK: FelixstoweNuneaton) Source: SUSRAIL D1.2, Figure 2.9

The corrective maintenance coatgfor the whole route but for the trad&rce related failure
mode only.Exclusions areturnout failure, overhead cable failure, signal failure, subgrade
problems ad other track related failuresurning totheé w a d-6Gdmode| thisis focused

on ownership and maintenance costs of freight vehieled does not cover theperating
costs of freight trains

Whilst these varioudimitations helped to reduce the data requirements for the LCC
modelling task, they also mean that in order to generalise the resultapahdto other
context s, it i's necessary to gather some ad
costs, which was done in Task 5.2
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3.1.2Track costs

For the track costs, additiahinput was provided by Network Rawhich allowed the costs

in Table 2.1 to be scaled up to cover other types of track. This was based on the frequency of
various maintenance/renewal activities for different track types. It produced multipliers of
4.73for maintenance and 12.23 for renewals on the UK Case Study route 813ble

% of track maintenance:

Combined weight

19 4 6 71  inrenewals
Route % by curvature:  Renewals Inspection  Grinding Tamping Rest (incl Normalised
weighting weighting weighting weighting defect repairs)
0-1200m 7.1% 5 1.5 3 1 1 0.355 1
1201-1600 6.6% 5 1 3 1 1 0.33 0.93
1601-2400 8.8% 2.5 1 3 1 1 0.22 0.62
>2400m 77.5% 1 1 1 1 1 0.775 2.18
SUM 100.0% 4.73
Combined weight in maintenance
Inspection Grinding Tamping Rest (incl Normalised
weighting weighting weighting defect repairs)
2.0235 0.852 0.4686 5.041 1
1.254 0.792 0.396 4.686 0.850079307
1.672 1.056 0.528 6.248 1.133439076
14.725 3.1 4.65 55.025 9.242585062

12.23

Table 3.3: Multipliers on LCC preventive maintenance and renewal costs (UK: Felixstow@&luneaton)

In order to check that therder of magnitude of the track maintenance and renewals costs
derived from the LCC model was correct following this adjustment, the rewsdlts
comparedvith the track maintenance and renewal cpststrack kmfrom theVTISM model

for the UK Case Studsoute(SUSTRAIL D2.5, Table 3)1 and also witiNetworkRa i IGB s
averagecoss (Network Rail, 2013)While the lattetwo matched wellthe LCGderived costs

were significantly lower, and it was decidedsiale the former to fit thiatter: maintenance

costs were scaledp by a factor of 5.6, whilst renewals and investment were scaiday a

factor of 9.5. As far as we can tell, these differences in scale arise from differences between
the network simulated in the LCC analysis and the UK Case Study nketivo important

cavea is that the factors in TableBapply to the Baseline costs of the Case Stadye
however the LCC model was designed to focus only on the cost changes between the Baseline
and the SUSTRAIL scenarios, and therefore any cost esasigpuld be factoragp only by

the 5.6 or 9.5 factors abave

Item VTISM- based costs Network Rail aggregate dat
E£millions (GB) per route km, £milliong

Maintenance 7.06 6.09

Renewals 12.09 11.21

Total 19.15 17.31

Table 3.4: Track costs for the whole route FelixstowePeterborough-Nuneaton, £ at 2015 prices
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313Frei ght operatorso6 costs

For freight operatorsé6é cost s, a comparison
produced inSUSTRAIL Task 5.1 andhe costmodel byMDS-Transmodal(2012) for the

similar FelixstoweManchester route, updated to 201%heTlatter washelpful in giving a

compl ete picture of freight operatorso costs
costs covered by the LCC modél.was found that for wagon ownership and maintenance

costs, the models were not too far apart (£33 vs £41 per operating hour for a 24 wagon train).
Furthermore, on a daily or annual comparison, the wagon ownership and maintenance costs
were comparable, with delta 0f16% on a daily basis, or +6% on an annual basis

It is important to be open about the differences in assumptions as well, in particular:

1 the MDST model assumed operation for 275 days/year, 24 hours/day, but at a lower
speed (50kph) and over aster route (425km one way)
1 whilst the SUSTRAIL model assumed operation for 16 hours/day, apparently 365

days per year less the 5% 'unavailable' dayanaverag®4kph over a 750km route
(one way)

Given these differences, the comparability of wagemership and maintenance results is
reassuring.

A key feature of the MDST model is that it covers all cost items for the Freight Opé@itator.
reveals that wagon ownership and maintenance costs equal between 6.6% (MDST) and 8.3%
(extrapolating from theSUSTRAIL simulation) of the Freight Operator's total costs of
operation.This in turns implies that the large % changes in ownership and maintenance costs
arising from the SUSTRAIL model must be scatkmvn considerably to give % changes in
freightoperato® t ot al costs (Table 2.5).

Cost share in

Freight Operators' costs Baseline Scenario:
Vehicle maintenance costs 3.6%
Vehicle ownership costs 3.0%
Freight operators' fuel costs 41.5%
Other operating costs 42.4%
Track Access Charges (variable) 9.4%
100.0%

Table35: Fr ei ght operatorsd cost shares (UK roc

3.1.4The RAMS data

Similar to the LCC dataj iis necessary to scale the RAMI&tausing other data sources
because the RAMS awals does not include all sources of delay to freight tranwduding

both primary and secondary delays, we find that 23.8% is the proportion of freight delays that

are caused by vehicle issues and relevant track issues. We use ORR (2015) data on delay
m nutes per 100 train km, and allow 23.8% of
from the RAMS analysid-ull details of the method are given in Appendix B
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3.2 Summary otheimpacts of the SUSTRAIL innovations

The aboveeydata and assumptionsymbined with further evidence and assumptions set out

in the Ol mpactsd s pr aland s hoe quantify(tseenspacta pfpteen d i x
SUSTRAIL vehicle and track. These are the fimind impacts, before any demand response
feeds back into the sigsn

3.2.1Track costs

The track maintenance and renewal cost impacts are shown in Table 2.6.

Track LCC data % changes: Track cost % changes at route level:
SUSTRAILO SUSTRAILL SUSTRAIL2 SUSTRAILO SUSTRAIL1 SUSTRAIL2
(vehicle only) (140kph) (vehicle only) (140kph)
Impacts on IMs (Network Rail)
Track Maintenance and Renewal Costs -1.6% -10.1% -7.5%
Maintenance -0.8% -2.4% -1.8%
Corrective maintenance -80% -80% -50% -0.6% -0.6% -0.3%
Preventive maintenance -6% -45% -37% -0.2% -1.8% -1.5%
Renewals r -0.8% 7.7% -5.6%
General renewals -10% -86% -60% -0.8% -7.8% -5.7%
Investments/innovations 0% 2% 2% 0.0% 0.05% 0.05%
Note: assuming 4% discount rate Note: assuming 4% discount rate

Note: LCC model (D5.1) showed 0% impact Note: SUSTRAILO savings are added to

on renewals. This was considered un- SUSTRAIL1&2 to reflect the impact of the missing

realistic and together with the IM (Network renewals cost saving for the IM.

Rail) it was decided to set this to 9.8% in

order to yield the same £ cost saving for Implies track improvements provide:

renwals as for maintenance. -8.5% -5.9%
é of the SUSTRA

Table 3.6: Impacts of SUSTRAILO,1&2 on track costs

3.2.2 Track access charges

The impact on track access charges diffexsveen intermodal (SUSTRAltelevant) freight

and other freight (Tabl8.7), because other freight benefits from the reduction in track costs
due to the SUSTRAIL track, but not from the trddlendly vehicle The Table assumes that
cost savings are passthrough to End Users.
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Infrastructure innovations (included in SUSTRAIL1&2):
Track cost % changes at route level:

SUSTRAILO SUSTRAIL1 SUSTRAIL2
Impacts on IMs (Network Rail) (vehicle only) (140kph)
Track Maintenance and Renewal (M&R) Costs n/a -10.1% -7.5%
(needed for Track Access Charges to intermodal traffic)
Track M&R Costs excluding impact of SUSTRAIL vehicle on track costs n/a -8.5% -5.9%

(needed for Track Access Charges to non-intermodal traffic)
Note: from sheet Track costassumptions'; assuming 4% discount ra

Vehicle innovations (included in SUSTRAILO0,1&2):
Track cost £/year changes at route level:
SUSTRAILO SUSTRAIL1 SUSTRAIL2
(vehicle only) (140kph)

Impacts on IMs (Network Rail)

Track Maintenance and Renewal Costs -304207
Note: from sheet Track costassumptions'; assuming 4% discount ra

Track Access Charges (variable)

SUSTRAILO SUSTRAIL1 SUSTRAIL2
(140kph)
% of variable cost base examined in the cost model 81%
% change in variable Track Access Charges -10.4% -17.4% -15.2%
% change in variable Track Access Charges from Infrastructure Improvements -6.9% -4.8%
% change in variable Track Access Charges from Vehicle Improvements -10.4% -10.4% -10.4%

Table 3.7: Impacts of SUSTRAILO,1&2 on Track Access Charges

3.2.3Freight operators

Following these impacts through the supply chain to rail freight operators, we obtain the
following set of impacts in each scenario (Tabig).

Baseline SUSTRAILO SUSTRAIL1 SUSTRAIL2

Impacts on Freight Operators %change (vehicle only) (140kph)
Freight Operators' costs Base -1.8% -2.4% -0.5%
Vehicle maintenance costs Base -61% -61% -58%
Vehicle ownership costs Base 46% 46% 46%
Freight operators' fuel costs Base No change  No change 3.7%
Other operating costs Base No change Nochange No change
Track Access Charges (variable) - SUSTRAIL vehicles Base -10.4% -17.4% -15.2%
Track Access Charges (variable) - other vehicles 0.0% -6.9% -4.8%
Freight service charges (money) Base -1.8% -2.4% -0.5%

Table38: | mpacts of SUSTRAI LO, 1&2 on freight operato

Note that the impact on vehicle ownership costslaines two separate inputs: veaic
ownership costs are impacted by fleet availability (from RAMS: 95% to 99%) as well as
captal costper wagon net of disposealue (+48% in SUSTRAIL1&2). Itauld be impacted
by journey time as well, if significant rescheduligsallowed however we ssume that
effect does not materialise.

Operatorsd6 fuel costs remain constant in SUS
assumptions: mass reductiontirevehicle body is fully offset by mass increase in running

gear (D5.1)andoperations at maximum spe&dOkph vs 120kph increase fuel consumption

by 3.7% for diesel trains (based on RENFE gatvided directly to Task 5)2

The Other operating costwclude: loco costs; train crew costs; overheads; and returns paid on
capital. No change is expectiedthese itemsdue to SUSTRAIL innovations.
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3.2.4End users and third parties

Finally, we have a set of impacts on the End users and Third parties who are the main focus of
this deliverable. The reliability impact is based on the RAMS data and supporting
assumption$83.1.4 above). The journey time impact assumption is the aanm¢he Interim
Business Cas@5.5). Approximately 15% reduction in journey tingeestimatedvhilst

operating at marmum freight speedwe assume half this maximum potential gain is achdeve

in practice = 7.5%k-reight service charges to End users are assumed to vary so as to fully

pass on the savings made by Freight operators (whether from their own costs or Track access
charges). This assumption will relaxed in D5.6, allowing Freight @Qmeréo retain a benefit

for themselves, over and above the cost savings which counteract the additional capital cost of
the SUSTRAIL vehicles.

Baseline SUSTRAILO SUSTRAIL1 SUSTRAIL2

(vehicle only) (140kph)

Impacts on End Users %change

Reliability (delay minutes) Base -8% -14% -9%

Journeytime Base No change No change -7.5%

Freight service charges (money) Base -1.8% -2.4% -0.5%
Externalities

CO2 %change Base No change  No change 3.7%

Local air %change Base No change  No change 3.7%

Noise decibels Base -12dB -12dB -11dB

Table 3.9: Impacts of SUSTRAIL0,1&2 on End Users and 3rd partes

The environmental impacts are based on:

1 CO;emissions and local air pollution increased in proportion to the change in fuel
consumption (SUSTRAIL2 only) in addition there will be some mode shift effects
that are evaluated in the results below;

1 Noiseemissions reduced by 12dB in the SUSTRAIL0O&1 scenarios, and 11dB in the
SUSTRAIL2 scenario with highespeed running (on the advice of WP3).
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4. FREIGHT AND ENVIRONMENTAL BENEFITS FOR THE UK
CASE STUDY

4.1 Introduction

The objective of this work is to demoregie the direct impacts of SUSTRAIL vehicle and
track improvements on the freight market using the LEFT strategic freight demand
forecasting model.

4.2 LEFT model

4.2.10verview

The LEeds Freight Transport model (LEFT) was developed in the course of the ITelcs proje
(Lalwani et al, 2004) and the Rail Research UK (RRUK) (Fowkes et al., 200§)amme.

Very few other functioning freight models are available. Those that are attempt to predict
geographic flows of freight, hoping to match mean flows observed moviadase year, an
extremely difficuldt task which gives insuff
traffic. Earlier work with TRANSTOOLS, a European wide network freight model, was
unsuccessful as there was no functioning endogenous mode dpi¢ model. LEFT runs

very quickly yet incorporates virtually all current knowledge regarding the effects of (policy
and other) changes on the quantum of freight traffic, split by mode and commodity groups.
The latest version of LEFT4 used here was dewslogs part of the EPSRC funded Green
Logistics project with further enhancements made during the course of the current project

4.2.2LEFT model architecture

The starting point in the LEFT model is to use GB road and rail freight data to construct
matrices for feight tonnes. Disaggregation of these data within LEFT4 is by the following
dimensions:

i) The base data is split over the 7 commodity groups consistent with the categories provided

i n the Department for Transport ost(CSRGT)I i nui n
data (DfT, annual):

Food, Drink and Agricultural Products

Coal, Coke and related items

Petroleum and Petroleum Products

Metals and Ores

Aggregates and Construction

Chemicals and Fertilisers

Others.

For the purposes of our agsis in SUSTRAIL, we will focus on Food, Drink and
Agricultural Products and Others only, as these are the commodity categories which feature
containerised goods and as such are the only commodities affected by theedrophicle
improvements, althougHlaraffic recieves benefits from the improved track.

EMMoo®>

i) The base data by commodity is split over 9 (road) distance bands, again consistent with
those used by the CSRGT data. For a movement involving rail as the trunk haul, the rail
distance is taken axjual to the road door to door distance. When road collection and delivery
is involved, the total distance for such a rail based movement is that much greater.
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iii) The base total market is split for each commodity and distance band according to whether
traffic is favourable for rail operations, referred to as tfaendly (TF), or trainunfriendly

(TU). For Bulks, TF traffic is that traffic we deem suitable for trainload movement from
origin to destination. For Nehulks (Food etc, and Miscellaneous), ff&ific is that to which

we have assigned the need for collection and delivery (at most) at one end.

There are therefore 2*7*9 = 126 cells. Financial costs (expressed in £ per tonne) of road and
rail movements for each vehicle type in each cell are atim of distance, speeds, driver
costs, fuel costs, loading and backload factors, vehicle (or train) capacity and vehicle type,
guided by freight industry cost data and described in detail in Fowkes et al (2006). For rail
there are additional componentsoost associated with access charges, any marshalling and
lifting costs and any associated road collection or delivery legs.

The modelling is based on generalisedts (GC) which, in addition to the financial cost of

road and rail transport, include ethmonetised nofinancial attributes such as time and
delay costs as well as a mode specific constant. This latter is a penalty (expressed as a
percentage of the road costs) for using rail as opposed to road, implemented by adding to rall
cost. The valuesf time and delays are used based on interviews reported in Fowkes et al
(2004) to yield commodity specific valuations of delay time per tonne and shovabie4.1

below. These figures were applied to each commodity specifievaf delay time taken

from these interviews to yield average commaodity specific delay costs.

Table 4.1: Values of time and reliability

Value of reliability (p/min/tonne) Value of time (p/min/tonne)

Food, Drink, Ag 1.3 2.5
Coal & Coke 0.5 0.9
Petroleum 1.0 1.3
Ores & Metals 0.4 0.8
Construction 0.6 0.8
Chemicals 1.0 1.3
Others 1.3 25

To illustrate the sophistication of the cost calculations an example ajetieralised cost
components for raikishown inTable 4.2 below
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Table 4.2: Generalised Cost Breakdown for Rail Vehicles (Other, 25km)

Distance band 1:0-25km

Split no. 1 2 3 4 5
Split proportion 0.6 0.2 0 0.1 0.1
Loco type Al Al Al GC GC
loco weight 126 126 126 126 126
Wagon type FEA FLA IFA2 IPA2 WA
COSTS PER TONNE (£)
loco access cost per tonne 0.01 0.01 0.01 0.01 0.01
Wagon access per tonne 0.14 0.04 0.09 0.03 0.07
Fixed traction cost per tonne 1.54 1.22 1.57 1.71 0.88
Variable traction cost per tonne 0.03 0.02 0.03 0.03 0.02
Wagon cost per tonne 3.40 1.91 2.86 0.37 1.40
RAIL COST PER TONNE (FULL LOAD) 5.15 3.23 4.59 2.18 2.40
loco access cost per tonne 0.01 0.01 0.01 0.01 0.01
Wagon access per tonne 0.02 0.01 0.02 0.02 0.01
Fixed traction cost per tonne 1.54 1.22 1.57 1.71 0.88
Variable traction cost per tonne 0.03 0.02 0.03 0.03 0.02
Wagon cost per tonne 3.40 1.91 2.86 0.37 1.40
RAIL COST PER TONNE (EMPTY 5.03 3.20 4.52 2.17 2.34
LOAD)
ROAD TRANSIT COST 7.31 7.31 7.31 0.00 0.00
LIFTING COST 1.25 1.43 1.25 0.00 0.00
TOTAL FINANCIAL COST 15.02 12.80 14.32 2.75 3.01
rail journey time cost per tonne 3.70 3.70 3.70 1.20 3.70
rail delay cost per tonne 1.00 1.00 1.00 1.00 1.00
road journey time cost per tonne 0.14 0.14 0.14 0.00 0.00
road delay cost per tonne 0.50 0.50 0.50 0.00 0.00
Final additive rail penalty 1.11 1.11 1.11 0.54 0.60
TOTAL GENERALISED COST 21.5 19.2 20.8 5.5 8.3

LEFT generates outputs in the form of:
1 Mode shaes, tonnes annnekm by commodity/distance band
1 Vehicle kms by vehicle type which are linked to an emissions model to generate
changes in Cg SO; NOx; CO; PMy . These can be converted into monetary values
using appropriate external cost unit valuasio

In each of the 126 cells, mode split is determined by a multinomial logit (MNL) choice based
on generalised costs from up to road and 5 railyehicle types. The problem that the
MNL model has with similarity between alternatives is accountadbfo the use of a
similarity table'. This table also allows us to direct traffic towards particular vehicle types
(e.g. smaller vehiclef®r shorter distance traffic).

Due to the risk of aggregation bias we applied the mode split separately witBepasdlised
costperturbed in turn byl0%,-5%, 0, +5%, +10%.

4.3 Data

4.3.1Road Tonnes andronne-kms
Base data on road tonnes and tkms disaggregated by commodity and distance band were

kindly made available to us by the UK Department for Transport (DfT). Howavescent
years a discrepancy has arisen between two sets of DIT official fiiguré8 freight vehicle
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kilometres, one from manual and automated counting (National Road Traffic Survey, reported

in DfT (2007)) and one from the questionnaire based ContinBungey of Road Goods
Transport (CSRGT), reported in DfT (annuale have chosen to take a figure somewhere

in-between. This process involves scaling one source of DfT data, which gives the distance
band and commodity grouping breakdown, to another soafrdfT data, which directly
observes the lorries moving. We also make specific allowance for the failure of the first
source to include foreign registered vehicles, and for miscoding of other large vehicles (eg.

Buses) as trucks in the second source.
4.3.2Rail Tonnes andTonne-kms

Detailed official countyfo-c ounty r ai | data for

base year was kindly supplied to us by MDS Transmodal. Fhmse are derived by

multiplying tonnes by the migoint of the distance band.

GB r ai

Table4.3 shows how thidase rail traffic for 2006 is distributed across distance bands

Table 4.3: Distribution of 2006 base Rail Tonnekms by distance band
Distance band mid-point (km)

Tkms  Commodites 12,5 375 75 125 175 250 350 450 550 Total
(Mn) Food, Drink, Ag 0o 1 6 25 26 65 35 62 69 289
Others 0O 0 132 66 218 603 990 1,613 3,079 6,702

Forecasting for future years

Road and rail time series data aggregated by comynadere used for econometric
forecasting of future traffic, as described in Shen et al (2009hat study, six econometric

6t or

time series models were applied to modelling and forecasting the road plus rail freight

demand in GB, based on annual time sedegs for the period 1972006. The models each

used a set of dummies and the Index of Industrial Production (2003=100) for each commodity
groupk (a proxy for the economic activity in that sector) as explanatory variables. Based on

its relative forecastingiccuracy over the longer time horizon the partial adjustment (PA)

model formulation was chosen as the basis for the forecasts used here (with an assumed GDP
growth rate of 0% following recent experience). The PA model brings the dynamic partial
adjustmentprocess into the traditional regression model through the inclusion of a lagged

dependent term.
Our purpose is to create a fAdo

effect of various scenarios with the sorts of traffic levels th@eebed (split into our 126

cells for both modes) he results of these forecasts are shown in
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Table4.4 below.
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Table4d4:Future and base year 6do nothingd forecasts.

Road (Bn Kms) Rail (Bn Tkmg Rail % Shar

2006 2015 2030| 2006 2015 2030 2006 2015 2030

Food , Drink, Ag 56.4 72.4 1089| 03 04 06 05 05 05
Coal & Coke 1.5 1.5 1.7 86 9.0 98 85.2 855 852
Petroleum 6.5 6.7 7.2 15 1.6 1.7 191 189 191
Ores & Metals 7.6 7.2 6.5 23 21 19 23.0 228 23.0
Construction 34.2 39.4 49.9 2.7 3.2 4.2 7.3 7.5 7.8
Chemicals 8.6 8.7 8.8 03 03 03 38 37 38
Others 73.1 100.9 172.1| 6.2 9.0 16.0 79 82 85

4.4 Calibration

Once we have a model that produces initial outpuesmaist adjust its parameters to replicate

the 126 mode split figures in the base data by choosing model parameters that are plausible,
behave well and satisfy various te3the aim is to reproduce these probabilities to at least 3
decimal places, ie. ounodel will (almost) exactly reproduce the observed base shares of road
and rail in the 126 cells.

Additionally, we have data for vehieldlometres for each of our lorry types. We only have
data at the national level, ie. summed over all commodities atahde bands etc. There is
therefore limited scope in using this data at the detailed calibration stage, but we can bear in
mind how the outturn is looking relative to the observed velkibbenetres data, and adjust
accordingly until the model gives aneapiately close estimate.

Calibration proceeds by:

(i) altering the lambda parametex Jvhich governs the sensitivity of demand to differences in
GC between different vehicle types;

(ii) altering the % of traffic deemed dédsuita

Gii) altering the similarity matrix that rel
of all other vehicle types;

(iv) altering thegeneralised codigures for the rail wagon types, which we know to be poorly
estimated due to specitivity ase and lumpiness of traffic flows.

During the detailed calibration process, attention is also paid to the modelled Composite Cost
of the pair of lowest (Generalised) cost Road and Rail alternatives, expressed as a ratio to the
lowest of these two. Ouriterion is that the Composite Cost to lowest cost ratio should lie in
the range (0.950, 0.999). In particular, this constrains the lambdapatameterused inthe

Vehicle type split Model.
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4.5 Freight transport elasticities

Freight generalised cost diagties are fundamental to the LEFT4 model, determining the
new market size as geralised costhanges. By elasticities we here mean demand elasticities
with respect to some element of cost.

In the development of LEFT4, the procedure for deriving eifistt was as follows.
Elasticities both for Tonnes and for Torkilometres with respect to generalised cost are
imported separately for each of the 7 commodity groups, split bftrai-friendly) and TU
(train-unfriendly) (see section 4.2.2 for defirotis, i.e. 28 elasticity values in all). These
values were chosen from a consideration of the literature, which reports many elasticities,
mostly now catalogued by the Bureau of Transport Economics (BTE).

The LEFT4 model without market size effects (i.&hvthat routine switched out) is then run
with 10% changes igeneralised cosh order to derive modsplit only GC elasticities and
crosselasticities. We were then guided by the method of Taplin (Taplin, 1982; Taplin, 1997,
Taplin, Hensher, and Smith999), which explored relativities between the various elasticities
and part elasticities that are consistent with economic theory.

We have been particularly influenced by the work of Beuthe et al (2001), cross checking
against other sources as indicatedlier.

Lastly, after entering our estimates into the model, we tested simple policies designed to
reveal the effective elasticities being applied, and felt the changes to be slightly too large
compared to the literatur€onsequently the entered elasyidigures were scaled down by a

factor of 0.88. This took account of the findings of Li, Hensher and Rose (2011), in which
they estimated a meta model on Revealed Preference data that gave an average price elasticity
of approximately-0.66.

The resultat ownGC elasticities for rail are shown irable4.5 below.

Table 4.5: Rail Generalised Cost Elasticities

Tonnes Tkms
Food , Drink, Ag 115 10.1
Others 3.4 2.6

At first glance these appear high but are driven by the fact that these commodities have low
rail market share so are inherently more sensitive for rail.

4.6 Scenario assumptions

Scenarios are implemented in LEFT through changes in generalised cost components such as
sped, reliability and track access charges. The model adjusts mode share accordingly and
uses known tonne aridnnekm elasticities to change market size as described below.

The procedure is as follows. First, we remove from the Road matrices those Tatree th
deemed to be required to carry out the collection and delivery (C&D) functions of the Rail
matrices. The degree of C&D activity is exactly specified by our TF/TU definitions, for Bulks
and Nonbulks separately (based on our own judgement and Hdesmiation to hand). We
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then use the market size elasticities applied to base data (by mode, commodity and distance
band) for both Tonnes and Tonrkiéometres. The next step is to sum figures by mode, and
reassign the resulting totals over distance bands ¢0 obtain the forecast Torkibometres

figures from the forecast Tonnes figures (effectively using the implicit average length of haul
to determine the new spread over distance bands). We then split this traffic by vehicle type.
The final step is to ampute the new road C&D trips associated with the forecast ralil
movements, and add them back in.

Table 4.6 shows the commodity related vehicle types which are affected by our
improvements.

Table 4.6: Rail Wagon types used in the modelling

Commodity TOPS Load Load Description Affected by

Group Wagon Share Share innovations?
Type % % (Y/N)
Code (TF) (TU)

Food, Drink, Ag FEA 20 20 Twin flat wagon. Y

Food, Drink, Ag IWA 70 70 Hopper Wagon N

Food, Drink, Ag OTA 10 10 Timber Wagon N

Chemicals FEA 10 10 Intermodal flat wagon Y

Others FEA 60 40 Intermodal flat wagon. Y

Others FLA 20 15 Lowliner' Bogie container wagon Y

Others IFA2 0 0 Intermodal flat wagon. Y

Others IPA2 10 5 Car Transporter Wagon N

Others IWA 10 40 Hopper Wagon N

As can be seen from the table, o286 of Rail related Food, Drink and Agriculture base
traffic are affected by these innovations (although there will be some switching to tlois wag
type in the scenario), so the effect on this commodity group is very constrained.

All of these cost changes are indicative at this stage. All these five items are easily adjustable
via LEFT, so this allows our initial runs to begpecified.

4.7 Emissiors modellingand valuation

In Great Britain past atmospheric emissions and greenhouse gases are reported annually by
the National Environmental Technology Centre (NETCEN), the operating division of AEA
Technology, in its National Atmospheric Emissions Ireen (NAEI) on behalf of the
Department for Environment, Food and Rural Affairs (DEFRA). NETCEN provides the
official emission estimates for the public sector in the UK.

The following is a list showing the air pollutants and greenhouse gasgslled and/alued
here

1 Carbon dioxide (Cg
1 Nitrogen oxides (NG
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1 Particulates (PW)
1 Sulphur dioxide (S¢)

4.7.1Road emissions

Emissions can be estimated with a distalpased approach by multiplying vehicle travel data
(vehicle kilometres) with emission factors relgt to travel distance (e.g. grammes/km).
Alternatively, the fuebased approach combines the fuel consumption as an expression of the
vehicle activity with emission factors expressed as mass per unit of fuel used. Both
approaches take into consideratioarigus types and sizes of vehicles in the UK fleet,
grouped by the vehicle categories of European emission standards which were in force by the
year 2006.

Emissions of CQ are calculated from the carbon content per tonne of fuel, andisSO
estimated fronthe sulphur content in the fuel. The calculation of,@G@d SQ from fuel
consumed was carried out by multiplying the fuel consumption per distance unit by the total
travel distance and the appropriate fuel specific emission faEtdf. detail of these
cdculations is provided idohnson, Fowkes, Whiteing aMhurer (2008)

4.7.2Rail emissions

Emissions from the rail transport industry are a combination of both direct and indirect
emissions. Direct emissions are primarily produced as a chemicpltobdyct of tle
combustion of fuel oil (gas oil). Other sources include emissions from stationary sources.

I ndirect emissions are associated with the
traction. In this application only direct emissions from movinggfre were taken into
account. Electric traction accounts for only a small proportion of GB rail freight movements.

As with road freight transport GQand SQ for rail were calculated on the basis of fuel
consumption. Whilst general theory says that th&neot a direct relationship between fuel
consumption and emissions of N@nd PMg in order to apply the distandmsed approach it
would be necessary to have more detailed information about the fleet. Therefore it was also
decided to also use fubhsedemission factors for the calculation of Nénd PMgfrom rail

freight transport, obtained from AEA Technology (1999, Table A38).

Table4.7 summarises the variables which are suggested for calculating rail emissions in our
framework.

Table 4.7: Input and output variables for estimating GB rail freight emissions

Input variables Train-km for base year

Fuel consumption (in kg/km)

Total fuel consumption for GB rail freight (in millon tonnes)

Emission factors for freight train in tonnes/kilo-tonne (t/kt) of diesel fuel

SOQ: 2.8
COy: 314
NOy: 17.5
PMlo:
0.22
Output variables Emissions for SO,, CO,, NOx and PMy, in kt

4.7.3Valuation of SUSTRAIL emissions reductions
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The SUSTRAIL emission reductions affect both rail and road: rail bec#useSUSTRAIL
vehicles are quieter; and both modes tb mode shift as rail becomes more competitive.

2015 2030

Marginal external cost of CQu/tonne 83.71 105.21
Marginal external costof NQ U/ t onne 10,895 14,515
Marginal externalcostof SQ 0/ t onne 15,229 20,289
Marginal external costof PM U/ t onne 69,405 92,465
Marginal external cost of noise/0@0 train km

- Rail, rural, day 75.05 99.99

- Ral, rural, night 126.86 169.02

- Rail, urban, day 1518.73 2023.34

- Rail, urban, night 2567.93 3421.13
Marginal external costof noise U/ 000

- Road (HGV), rural, day 1.90 2.25

- Road (HGV), rural, night 3.42 4.06

- Road (HGV), urban, day 255.24 302.63

- Road (HGV), urban, night 465.11 551.47
Mar ginal value of noi

- 1dBLeq,18hmat 57.5dB 23.26 30.99

- 1dBLeq,18hr at 65dB 35.54 47.35

- 1dBLeq,18hr at 72.5dB 46.30 61.68
Discount factor@4% 1.000 0.555
Discount factor@3% 1.000 0.642

Table 4.8: Valuesof SUSTRAIL emissions reductions, 2015 and 2030

4.8 Results

The UK Case Study results for user and environmental benefits are summarisedsid Bable
4.11

Benefits£lyear
Impact Groups | Impacts 2015 2030
End Users Reliability benefits 117,228 206,540
Speed benefits 0 0
Lower freight costs 478,411 842,895
Third parties CQO;, reductions 20,265 42,655
Noise reduction -2,704 -3,602
Reduced air pollution 1 -592

Table 4.9: UK Case Study sunmary resultsi SUSTRAILO, Vehicle only (base speéd
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Benefits, £/year

Impact Groups | Impacts 2015 2030

End Users Reliability benefits 213,695 367,849
Speed benefits 0 0
Lower freight costs 714,241 1,229,474

Third parties CQO;, reductions 98,704 171,298
Noise reduction 9,464 12,609
Reduced air pollution 61,076 99,751

Table 4.10: UK Case Study summary resultd SUSTRAIL 1, Vehicle+Track (base speed)

Benefits, £/year

Impact Groups | Impacts 2015 2030
End Users Reliability benefits 106,497 185,617
Speed benefits 445,569 776,590
Lower freight costs 501,098 873,373
Third parties CQO;, reductions 103,734 191,610
Noise reduction 3,722 4,959
Reduced air pollution 48,046 78,516

Table 4.11: UK Case Study summary results SUSTRAIL 2, Vehicle+Track (enhanced speed)
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5. FREIGHT AND ENVIRONMENTAL BENEFITS FOR THE
BULGARIAN CASE STUDY

5.1 Introduction

This case study is focused a@ontainer trafficbeing movedby rail along thecorridor.
Kalotina- Sofia- Plovdiv - Svilengrad.At present much of this traffic is moved by road to
and from the ports of Varna and Burgas, hesverail and terminal infrastructure
improvements are planned. This chapter forecasts future container demdrite potential
mode share for railising a binomial logit model. It then applies the cost (LCC) and
performance (reliability and speed) datani SUSTRAIL WP5 to provide a cebenefit
analysis of scenaridlSUSTRAILO1&2.

A full description of the Bulgarian case study is provided ppéndk 3. This covers material
relevant to this deliverable (user and environmental benefits summarized batoalydthe
full cost benefit analysis for the case study. Tlitetawill be discussed in deliverable D5.6 in
the context of the results from the other case studies.

5.2 Bulgarian freight model

Bulgaria is forecast to have growing GDP per capita and a deglpopulation over the
period 20152044.Using a model of containerisation by Ueda et al (2008tainer traffic
through the Bulgarian ports is forecast to grow strongly (Table 5.1).

2015‘ 2025 2030 2035 2040 2044

Elasticity coefficient 2,33 2 1,5 0,5 0,5 0,5

Real GDP growth, forecast 0,85% 2,16% 2,39% 2,47% 2,49% 2,50%
Increase of the number of containers, forecast 1,99% 4,31% 3,59% 1,23% 1,25% 1,25%
TEU, forecast through ports 180 186 260115 322494 376919| 400911 421 293

Table 5.1Forecast of ontainers handled by the seaports of Bulgaria

The inland origin/destination of the freight is allocated using a gravity madesked on
generalized costRazmov et al, 203, see Appendix C)To determine the market shares of
road and rail transport thiellowing logit model is applied

expt HG) where:

4) Ph'=-
A exp( bGE™)
m=1

qu}“ - percentage of containers (market share) for the planning region i, which are
served by port j by road (m = 1) and rail (m = 2) transport;

costs of transporting a toe with a container from or to the planning region i from or
to port j by transport mode m;

Gr" - generalized costs, which are calculated with transportation between the
planning region i and port j with transport mode m

Having appliedhe model, the respective market shares of road and raivet by ports and
planning rgions are obtaine(Table 5.2)
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road rail Market share
From the port Total Total .
to Northwestern region ger::((a)rsat!zed ger::%rsatzed road ral
Burgas 43,67 59,07 95,10% 4,90%
Varna 38,73 54,45| 95,38% 4,62%
Constanta 51,77 85,37 99,85% 0,15%
Ambarli 79,07 98,92| 97,86% 2,14%
Thessaloniki 45,07 69,96 99,18% 0,82%
Piraeus 104,68 122,95 97,12% 2,88%
Durres 114,98 152,77 99,93% 0,07%
Rijeka 103,39 166,72 100,00% 0,00%
Bar 114,64 144,96] 99,71% 0,29%
road rail Market share
From the port Total_ Tota_l .
to North Central region generalized generalized road rail
costs costs
Burgas 20,25 38,72| 97,23% 2,77%
Varna 21,22 38,32] 96,43% 3,57%
Constanta 35,46 66,21 99,73% 0,27%
Ambarli 54,35 83,73 99,65% 0,35%
Thessaloniki 56,78 87,98| 99,76% 0,24%
Piraeus 118,26 144,48, 99,36% 0,64%
Durres 133,57 172,51 99,94% 0,06%
Rijeka 127,98 186,46 100,00% 0,00%
Bar 133,38 164,71 99,76% 0,24%
road rail Market share
From the port Total Total
to Northeastern region generalized generalized road rail
costs costs
Burgas 13,18 32,01 97,41% 2,59%
Varna 9,26 24,21 94,68% 5,32%
Constanta 22,12 69,68| 99,99% 0,01%
Ambarli 55,10 91,11) 99,90% 0,10%
Thessaloniki 67,37 95,79 99,58% 0,42%
Piraeus 128,76 154,51 99,30% 0,70%
Durres 145,02 184,85 99,95% 0,05%
Rijeka 148,01 198,80, 99,99% 0,01%
Bar 145,31 177,04 99,78% 0,22%
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Southwestern (Sofia)

road rail Market share
From the port Total_ Tota_l :
to Southwestern region generalized generalized road rail
costs costs
Burgas 34,73 49,73| 94,73% 5,27%
Varna 46,71 64,61 96,92% 3,08%
Constanta 57,04 89,57| 99,81% 0,19%
Ambarli 66,76 87,23] 98,10% 1,90%
Thessaloniki 34,48 62,70, 99,57% 0,43%
Piraeus 91,91 113,84 98,56% 1,44%
Durres 82,89 140,56| 100,00% 0,00%
Rijeka 101,00 154,51| 100,00% 0,00%
Bar 83,19 132,76/ 99,99% 0,01%
road rail Market share
From the port Total Total
to South Central region generalized generalized road rail
costs costs
Burgas 22,97 39,98 96,37% 3,63%
Varna 34,79 54,65 97,86% 2,14%
Constanta 49,23 86,00/ 99,92% 0,08%
Ambarli 46,90 71,65 99,16% 0,84%
Thessaloniki 40,37 74,94| 99,87% 0,13%
Piraeus 104,44 128,85 99,10% 0,90%
Durres 102,60 157,95/ 100,00% 0,00%
Rijeka 117,39 171,90, 100,00% 0,00%
Bar 103,05 150,14 99,99% 0,01%
road rail Market share
Total Total
o SEL?::E égie?:ﬂ)rrtegion generalized generalized road rail
costs costs
Burgas 10,64 24,47) 93,48% 6,52%
Varna 22,51 37,67 94,88% 5,12%
Constanta 35,50 79,88| 99,98% 0,02%
Ambarli 42,77 77,88 99,88% 0,12%
Thessaloniki 53,47 87,77 99,87% 0,13%
Piraeus 113,89 144,11 99,70% 0,30%
Durres 125,76 171,06 99,98% 0,02%
Rijeka 133,48 185,01) 100,00% 0,00%
Bar 126,05 163,25 99,92% 0,08%

Table 5.2 Market shares of road and rail transport from and to planning regions and to and from ports
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The table shows that the most important for rail transport are the Bulgarian ports. It does not
make sense to transport containers by rail from Durres ports, Rijelaand

5.3 Data

Data on he number of containers transported per ygaroad througtBulgaria for the period
20092013 was sourced fromNSI and Eurostaf{Table 5.3) and was used in forecasting
further aheadTable 5.4)

Transit transport dataprimary and alculated 2009 ‘ 2010 ‘ 2011 2012 2013

tonnes per year (tractors + trucks over 25 tonnes) 10411 200 12 540 70(¢ 14 153 700 18 531 60( 22 453 60(
% truck tractors and trucks of over 25 tonnes of total shipm 98,15%, 98,42% 96,79%) 97,44%) 98,44%
all types oftrucks 10 607 60( 12 742 500 14 623 007 19 018 70q 22 810 10¢
exports (tonnes) 4003400 4134100 5179500 5132000 6428500
imports (tonnes) 2229300 2662900 3778600 3771700 4182600
total (tonnes) 6232700 6797000 8958100 8903700 10611 10C
transit (tonnes) 4374900 5945500 5664900 10115004 12 199 00C
transit trucks of over 25 tonnes and truck tractors ‘ 214 695‘ 292 567‘ 274 155‘ 492 797’ 600 417
import and export containers 375832 301486 369132 411701 374290
tonnedransported in containers 4284490 3436946 4208 101 4693394 4 266 905
% container import and export 68,74% 50,57% 46,98% 52,71%) 40,21%
transit- containers ‘ 147 586‘ 147 938‘ 128 785‘ 259 767| 241 438

Table 5.3Data on transit container transportati on by road

Table 5.4presents the forecasts for transit containers per year for the whole country by
transport mode.

2015 2020 2030 2040 2044 ‘
Total number of containersi land transport
220879 224929 242632 265968 276211

Containersi road transport
187 667] 191108 206149 225977 234680

Containersi rail transport
33211 33820 36482 39991 41531

Table 5.4Forecast of container transit transport by years
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5.4 Scenario assumptions

Traffic forecastsare carried outor the three types of innovati in railway infrastructure and
settingin operationthe new rolling stock: SUSTRAIL 0, SUSTRAIL 1 and SUSTRAIL 2.
The construction projects provided to beplementéed and projectsongoingat the moment
in the rail sectiorare taken into account.

5.4.10ption SUSTRAIL O

With developing forecast®r option SUSTRAIL 0, it is assumed that

1. The railway sction is under rehabilitatiothe railway infrastructure isbeing
improved withouteavingthe existing route).

2. The cesign speedsf traffic in therail section are restoredh& design spesdire
understoodasspeeds thatave beerset in implementation of the last renewal projects
in the rail section.

3. Thenew typeof wagonsis being set in operation.

4. The new typeof wagons will be used for containé&ansportatiorbecauset is
where the potentialof effective useis greatest and this type of servicesght be
eligible for railay undertakings

5. A new organization ofraffic by introducing specialized container trains with
constant composition (btk trains)is under implementation

6. Block trains willconsistonly of wagons of the new type.

7. The traffic of block trains is commensuke with the speed of passenger trains,
which is reflected in the schedule of trains.

The forecasts of rail trafti havetaken into accounthe dependencies: speedgeneralized
costs- traffic - rolling stock.

5.4.20ption SUSTRAIL 1

With developing forecast®r option SUSTRAIL 1, it is assumed that

1. Therail sectionis undermodernization (innovatianare being imgmentedt with
innovatiors carried out in railway infrastructure, it is possible to go beyond the route
existingnow).

2. Thedesign speds of 120 km/h are implementixd passenger trains ad 100 km

/h for freight trains.

3. Automaticlevel crossing deicesare under implementation

4. ERTMS Level Is being set in operation

5. New type wagonare being set in operation

6. The new typeof wagons will be used for container transportation, bec#uise
where the potential of effective useis greatest ad this type of servicemight be
eligible for railay undertakings

7. A new organization ofraffic by introducing specialized container trains with
constant composition (block trains)ll be established

8. Block trains willconsistonly of wagons oftte new type.

9. Thetraffic of block trains is commensuske with the speeslof passenger trains.
Speeds areonsideredvith the opportunities provided by railway infrastructure after
innovatiors, which is reflected in the schedule of traifibe $eed Imit of container
trains in this case is 120 Kim which is the speed limit of passenger trarasic.
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The forecasts of rail traffiihavetaken into accounthe dependencies: speedgeneralized
costs- traffic - rolling stock.

5.4.30ption SUSTRAIL 2

With developing forecasts opticBUSTRAIL 2, it is assumed that

1. Therail sectionis undermodernization (innovatianare being implementgdwith
innovatiors carried out in railway infrastructure, it is possible to go beyond the route
existingnow).

2. Thedesign speds of 160 km/h are implementixd passenger trains aid 120 km

/n for freight trains.

3. Automaticlevel crossing deviceare under implementation or crossing with other
road or rail infrastructure is carried out on two levels

4. ERTMS LeveR is being set in operation

5. New type wagonare being set in operation

6. The new typeof wagons will be used for container transportation, becéusse
where the potential of effective useis greatest and this type of servicesght be
eligible for rmilway undertakings

7. A new organization ofraffic by introducing specialized container trains with
constant composition (block trains)ll be established

8. Block trains willconsistonly of wagons of the new type.

9. The traffic of block trains is ommensurhle with the speed opassenger trains.
Speeds areonsideredvith the opportunities provided by railway infrastructure after
innovatiors and the capabilities of the new type of wagahsch is reflected in the
schedule of trainsThe gpeed limitof container trains in this case1d0 km/h, which

is also the speed limit with running of the new type of wagons

The forecasts of rail trafficdavetaken into accounthe dependencies: speedgeneralized
costs- traffic - rolling stock.

5.5 Benefits forend users

5.5.1Benefits of increased reliability of shipments

The lenefitsrelated toincreased reliability of shipmentse connectedvith reduced
train delays. They depend on the traffic forecasts defined in train kilometers for the different
options.The man parameterswhich serve as hass to determinethe benefits of increased
reliability of shipments due tsetting thenew rolling stockn operationand rail infrastructure
improvementsare shown in Table.5.
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Baseline Delay minutes, per 100 tr&im 15,80 minutes
Speed SUSTRAIL 0, Delay minutes, per 100 train kn 14,56 minutes
Reliability, time saved, hour per train km 0,000207 hour/train km
neto tons per train 228,00 ton km/train
Unit price for freight delay 0,17 a/to

Unit price for freight delay 10,39| U / h peutrain km

Table 5.5 Basic mrameters used to determine thdoenefits of increased reliability of shipments (reduced
time of trains delay)

Due to the fact that the transport service is improvingims of reduced delay tirae
with determining theespectivebenefits the rule of hai§ used in the followingvay:

thﬁggfi::ty’ij :%(Tkn?reliability,ij + TKMeliabity. i )(Doreliability,ij - Dlre“abiwij ).Cre”abimy where

Benefi . . . . ) ) . )
Sraniiy - benefits of time savings for shippers and companies using rail and moving

from i toj thanks to reduced train delays in EUR;

Tk eiiaviiyi and TKMeiabiiy,i - forecastsof train kilometerswith "no project" option
and Wwith project”option determined forailway station i, j;

D eliabiiy,j and Dl,e“abimy,ij - delay of goods by freight traimvgith "no project” option and
"with project"optionrespectively in hourpertrain kilometer;

Creiiapiiey -~ ValUE Of one hour delay per train kileter inEUR.

5.5.2Benefits of time savings

The sources of theffect of investment and technological solutionstiore saving by
scenariosobtained fromshortening thetravel are connectedith the increag of speeds
(design, technical anth the sectioh for rail traffic and the improved capacity of railway
sectims.

Determination of speed and travel time in railway transport

The peeds of passenger and freight trains are based on a stuidg dfTrain Traffic
Schedule)for 2013 The speeds aredeterminedfor options: Baseline, SUSTRAIL O;
SUSTRAIL 1 and SUSTRAIL 2Under option SUSTRAIL Qthe improvements in ralil
infrastructure led to recoveryof design speexisetin construction of lines. th options
SUSTRAIL 1the speedgprovidedfor freight trainsareof 120 andwith options SUSTRAIL 2
the providedspeeds fofreight trainsare140 kmh. The echnical speed of trains is obtained

asthe design speedy(,) for therespectiveoptions is adjusted by eoefficientof technical
speed ¢ ). The eonomic analysis requisehe sedbn speedf freight trains. It is defined as
the technical speed is adjusted hyoafficientof sectionspeed b, ;. ):

Vi s s Vy 1 91513-
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For respectiveoptionsit is considered thahere are improvements in rail infrastructure
as well as thatthe rail freight traffic with new rolling stocks performed bytrains with
constant composition (block trains). Thistaken into account witldetermination of the

coefficient ofsection speed.

For Baselineoption the section speesl deternmed on the basisef the TTSactingfor

2013
Table 5.6 Speeds of trains
Coefficient | Coefficient
Design | of technical| of section| Section
Variant speed speed speed speed
Baseline Determined by TTS fo2013 38,28
SUSTRAIL O 95 0,9 0,652 55,75
SUSTRAIL 1 120 0,9 0,652 70,42
SUSTRAIL 2 140 0,9 0,652 82,16
Value of time

The value osavedtime is determined for each opti@onsideredn regard toBaseline

option.

The valus of sawd time are defined per unit prices for Bulgaria listed in
"Requirements foCBA in the transport sector in Bulgaria" (JASPERS, 2afierminedo
2007. The valuedor Bulgaria are adjusted based on elasticity of df. GDP growth. The

value obtained /Mhor 201

5 i s

u

0.9

per t

Theunit costspointed ouffor 2015 are adjusteeveryyear with GDP growth multiplied

by the elasticity coefficient of 0.7.

The benefits of time savings are determined by the rule of halfinvéye fdlowing

way:
Benefit — o 1 o, 1
R/oT, frrail j _%(Q frrail j + Q frrail )(T frrail jj = T frrail ij )'qfrrail,ij Chrrail »
Benefit
R/OT, frrail |ij
and moving from i to j;
0
T frrail ,ij

project” and 'with project"respectively;

O - AVErage weight of a freight train in tonnes;

C i

HJIsts:

- benefits from time savings for shippers and companssg rail transport

d T'wai i - traveltime for goodstransported byreight trainswith options'no

C...; - valueof one tongoodstransportedby a freighttrain for therespective year

Time saved, hour per ton km (SUSTRAIL 0) 0,008184 hour/ton km.
Time saved, hour per ton km (SUSTRAIL 1) 0,011924 hour/ton km
Time saved, hour per ton km (SUSTRAIL 2) 0,013952 hour/ton km
Unit price for freight 078/ 4/ ton per
Table 5.7 Basic parameters used with calculation of benefits of time savings
[PUT 1]
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Table 5.8 presers the benefits of increased reliability ttinsportation(reduced train
delays) and benefitsf time savings fothe end users (increasegpeedspy options and time
sections.Therailway line operation aftethe improvementf rail infrastructure andetting
the new vehiclesin operationstars from 2018 Until then it is assumed that thebsorb
investments and traffis adjusedto thenew service.

Value of unit prices VoT 2015 2018\ 2020 2025 AR 2040

Unit price for freight 0,78 0,81 0,83 0,87 0,96 1,01 1,03
Unit price for freight delay 10,39 10,84 11,19 11,71 12,87 13,51 13,85
Benefits of time saved |SUSTRAIL 0

Baseline, tkm 9 396 167 10 469 037 11 429 933 14 835 89€ 21 767 76§ 23 673 829 25 321 21§
SUSTRAIL 0, tkm 9 396 167 13 958 147 15 676 507 21 736 47€¢ 32 681 86( 35 589 026 38 103 243
Benefits (speed) 59 611 80 841 92619 130754 213867 244404 268 221
Baseline, trairkm 41 211 45 917 50 131 65 070 95473 103833 111058
SUSTRAIL 0, train km 41 211 61 220 68 757 95335 143341 156092 167 119
Benefits (Reliability) 89 120 138 195 318 364 399
Total benefits 59 700,05 80961,14 92 757,41 130 948,43 214 185,44 244 76788 | 268 620,12
Benefits of time saved |SUSTRAI 1

Baseline, tkm 9 396 167 10 469 037 11 429 933 14 835 896 21 767 76§ 23 673 829 25 321 21§
SUSTRAIL 1, tkm 9 396 167 16 233 655 18 439 409 26 207 14§ 39 733 573 43 287 887 46 362 506
Benefits (speed) 86829 128721 148660 213736 351861 402244 441 564
Baseline, train km 41 211 71 200 80875 114944 174270 189859 203 344
SUSTRAIL 1, train km 41 211 71 200 80 875 114 944 174 270 189 859 203 344
Benefits (Reliability) 89 160 188 279 465 532 584
Total benefits 86 917,95 128 880,9€ 148 847,17 214 015,06 352 325,36 402 775,53 442 147,55
Benefits of time saved |SUSTRAI 2

Baseline, tkm 9 396 167 10 469 037 11 429 933 14 835 894 21 767 76§ 23 673 829 25 321 21§
SUSTRAIL 2, tkm 9 396 167 17 692 189 20 207 44 | 29 059 68§ 44 224 103 48 190 384 51 621 757
Benefits (speed) 101601 158846 184247 267479 441782 505134 554591
Baseline, train km 41 211 77 597 88629 127455 193965 211361 226411
SUSTRAIL 2, train km 41 211 77 597 88 629 127 455 193 965 211361 226 411
Benefits (Reliability) 89 174 206 309 517 592 650
Tot al benef 101 689,59 159 020,74 184 452,17 267 788,9( 442 299,26 505 726,36 555 241,63

Table 5.8 Benefits of increased reliability of transportation and benefits of time saved

5.6 Emissions modelling and valuation

5.6.1Benefits of air pollution cost savings

All air pollution costs are caused by major air pollutar@®©, NG, SO, PM, 5.

The costs arising from air pollution include: health costs; property damage, loss of crops
and lossesaused by damage to ecosystems (biosphere, soil, water).

The most important category is the cost of health care. Thertferproximity and
density ofpopulation exposed to pollutiaf transport is a key factor in air pollution.

The most important categois the cost of health care. Therefore, a key factor in air
pollution is the proximity and density of the population exposed to pollution from transport.
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The level of expenditure in road transport depends on the standard emission of vehicles
as determing by the year of production. Furthermore, the level of exhaust emissions from
vehicles depends on speed, fuel type and geographic location of the road.

The benefits ofeducedair pollution have been determined basedwmdal shift from
trucks to rail with implementation of the relevant options for railway infrastructure
improvement of and setting the new wagons in operation.

The values of air pollutionostsare definedn unit values given in thelandbook on External
Costs of Transport, Report for the Bpean Commission: DG MOVERicardecAEA/R/
ED57769, | ssue Number 1, 8th January 20114
for heavy goods vehicles, EU average for trucks and Table 21: Marginal air pollution costs
(2010) for rail transport, EU average for rail transport)l @are reduced t8015 They are
adjustedor each year with GDP growth multiplied by a coefficient of elasticity of 0.7.

(T

The wnit values of air pollution costsare presented in Tab&9 and their forecasts are
presented in Tabl&.10

Vehicle Urban Suburban Interurban Motorway
(act/ (act/ \ (dct/ (uct/
HGV (>32 tons) 12,21 9,48 6,94 5,72
i Urban Suburban Interurban Motorway
Rail transport z
) . (uct/
electric locomotive
0,08
Table 5.9 Unit value of air pollution coststo 2015
Value of unit prices 2015 2018 2020 2025 2035 2040 2044
HGV (dct/ vkm)| 694358 7,24423 7,47937| 7,82594 8,59774 9,02736] 9,25701
Freight electric locomotive 0,08000 0,08346 0,08617, 0,09017 0,09906 0,10401 0,10665

Table 5.10Forecasts of unit value of air pollutioncostsby time sectims

The benefits of reduced costs for air polluting emissions shall be determined as follows:

Benefit
+ Rairpolfrrail,ij ) Where

Benefit
irpol, fr,ij

Benefit _

irpol _? (

Benefit  _ o 1 .
Rdirpol frij — (Vkm frijj = Vkm ff"J)-CairpoLfr,ij )

Benefit
&irpol, frrail ,ij

Ri-" - total benefits of reduced costs for air pdtigtemissionswith implementation
of the option of railway infrastructure improvemeand setting the new rolling stockin

operation;

0 1
= (T freaitii = T trvait i )- Coirpol frai Where

R, - benefits from reduced costs for air polluting emissions caused by trucks
moving from i to j;
R a ;- benefits from reduced costs for air polluting emissions causeteight

trains running from i to j;

Vkmofr,ij , Vkmlfr,ij - freight venhicle kilometers with options "no project" and "with project"”
implemented in seion (i, j);
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0
T i

project”"implementedn section (i, j);

Tkmlfr,ij - Tonnekilometersperformedby rail options"no project" and "with

Caipotr,j - Unit value ofair pollutioncostsfrom freight road transporh euro cents per
kilometer truck
C.imo. i - UNit value ofair pollution coss from railwaysin euro cents per ton kilometer.

Table 5.11presented the total valu®y time sections and options of benefits of cost

savingsof air pollution.

Value of unit prices 2015 2018 2020 2025 2035 2040 2044
HGV (udct/ vkm|694358 7,24423 7,47937 7,82594 8,59774 9,02736 9,25701
Freight electric locomot® | 0,08000 0,08346 0,08617, 0,09017, 0,09906 0,10401] 0,10665
SUOUSTRAI 0

Benefits of Air pollution 2015 2018 2020 2025 2035 2040 2044
Vehicle km diverted 0| 306062| 372507, 605314 957377 1045193 1121 23(C
Tonkm diverted 0]348911( 4 246 575 6900 58(0 10 914 093 11 915 197 12 782 026
Total benefits 0 19260, 24 202 41 150 71501 81961 90 160
SUOUSTRAI 1

Benefitsof Air pollution 2015 2018 2020 2025 2035 2040 2044
Vehkm diverted 0| 505668 614866 997478 1575948 1720531 1845727
Tkm diverted 057646187 009475 11 371 257 17 965 805 19 614 059 21 041 28§
Total benefits 0 31820] 39948 67809 117699 134918 148 418
SUOUSTRAI 2

Benefitsof Air pollution 2015 2018 2020 2025 2035 2040 2044
Vehkm diverted 0| 633610 769959 1247701 1969854 2150575 2 307 064
Tkm diverted 0|7 2231528 77752914 223 797 22 456 33€ 24 516 553 26 300 534
Total benefits 0 39871 50024 84819 147118 168641 185515

Table 5.11Benefits of reduced air pollutioncostshy options and time sections

5.6.2Benefits of reducing the climate change costs

The costs related tdimate change are very complex in view of the fact that they are
long-term, global and difficultd predict damage.

The impact of transport odlimate changes due primarily to the greenhouse gases:
carbon dioxidgCQ,),, nitrous oxide {,O) and methane (&,).

The costs of climate change are defined by the unit values pointed outHaritibook
on External Costs of Transport, Report for the European Commission: DG MOVE, Ricardo
AEA/R/ ED57769, Issue Number 1" &anuary 2014 Table 36: Marginal climate change
costs for road transport (buses and HGVSs), EU average (prices of @d@&re reduced to
2015. They are adjusted every year with GDP growth multiplied by the elasticity coefficient
of 0.7.

The benefits of cost savings for climate change have been determinecbbasedal
shift from trucks torail with implementation ofespectiveoptions for ailway infrastructure
improvementandsetting thenew wagonsn operation

The fact thatraffic is not urban is considered.

The wit values ofcosts of climate changerea presented in Table 5.1&hd their
forecastsare presented in Table 5.13
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Vehicle Interurban Motorway
(Gc/ vk (Gc/ \
HGV 8,65 7,18

Table 5.12: The unit values ofclimate changecoststo 2015

The Table 6.16 below shows the forecastedit values ofcoss of climate change for
trucks.

Value of unit prices 2015 2018 2020 2025 2035 2040 2044

HGV (dct/ vkm) 8,6492 9,0237] 9,3166] 9,7483| 10,7097 11,2449 11,5309

Table 5.13 Forecast for wnit values of climate changeosts by time sections

The benefits of reduced costs for climate change is defined as follows:
RS(ZT,T = (Vkmocl.ch.,ij - Vkmlcl.ch..ij )Cacnjj Where

Benefit

.ch ;i - total benefits of reduced costs of climate change with implementation of options
for railway infrastructure improvement and setting the new rolling stock in operation;

Vkmocl.ch.,ij, Vkmlcl.ch.,ij - freight vehické kilometers with "no project” option and "with
project” option implemented in section (i, j);

Vkmocl.ch.,ij , Vkmlcl.ch.,ij - freight vehicle kilometers generated by road freight transport with
"no project” option and "with project” optian section (i, j);

Cacnjj - Unit costof climate change due to freight road transport in euro cents per
freight vehiclekilometer.

- Freight car kilometers generated by road freight transport "no project” option and
"project” made in sewn (i, j);

The impact of rail transport is low and therefdrns notconsidered

Table5.14 presented the total value of benefits of cost savings for climate clhgnge
time sections and options

SUSTRAIL 0

Benefits 2015 2018 2020 2025 2035 2040 2044
Veh-km diverted 0| 306 062 372507 605314 957 377 1045193 1 121 230
Total benefits 0| 27618 34705 59008 102532 117530 129 288
SUSTRAIL 1

Benefits 2015 2018 2020 2025 2035 2040 2044
Veh-km diverted 0| 505 668 614 8660 997478 1575948 1720531 1845727
Total benefits 0| 45630 57285 97237 168779 193471 212 829
SUSTRAIL 2

Benefits 2015 2018 2020 2025 2035 2040 2044
Veh-km diverted 0| 633610 769959 1247701 1969854 2150575 2307064
Total benefits 0| 57175 71734 121630 210965 24183 266 026
Table 5.14: Benefit from reduced costs of climate change by options and time sections
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5.6.3Benefits of reducing the cost of noise

Noise can be defined & unwanted sound or sounds of different duration, intensity
and other characteristics caugimental harm to peoplé&enerally,two types of negative
effects of noise in transpacan bedistinguisted

- Cost related toirritability, usually leadng to economic and social costsich as
limitation of breals, discomfort and inconvenience aitdis based on the preferences of
people.

Value of Healthcare transport noise can lead to physical damage to human lsealth
as appearanaef deafness (at noise levels above 85 decibels) and to stress, palpitations, high
blood pressure, hormonal changes,rpgeep. The negative effects of noise on human health
leads to various types of expenses such as medical costsmeasured in lost productivity
and higher mortality.

There are three key factors that determine the celstied tanoise:

- Time during the day and night at night irritability is much stronger than during the
day.

- Population density close to the source of noise.
- Existing noise levels depending on thume type and speed of traffic.

For mad and rail infrastructure noise dependsvehicle speed, type (share of trucks
and freight trains) and their condition.

The costs of noise are defined by unit values pointed out ikldnelbook on External
Costs of Transport, Report for the European Commission: DG MOVE, RigdtddR/
ED57769, Isse Number 1, 8 January 2014 (Table 28: lllustrative marginal noise costs for
the EU*, 0 pnel are reduced to 20k5nThare adjustedor everyyear with
GDP growth multiplied byhe elasticitycoefficient of 0.7.

The wit values ofcoss of noisefor trucks are presented in TalBels The coss$ of
noise depend othe period (day or night), the type of traffic (dense or unsaturated) and
condifons (urban, suburban or ruralfhe wit values ofcostsof noise are determinebly
assumingthat trdfic is unsaturated, daily traffic is 75%, nightaffic is 25% and
transportation is implementeal rural conditions.

Time of day | Traffic type Urban Suburban

Day De.nse 81,0 4,5

HGV Thin 196,6 12,7
Night De.nse 147,8 8,3

Thin 358,2 23,1

. | pay De.nse 484,8 23,9
Freight train Thin 1169,6 46,3
Night 1977,6 78,3

Mar ginal costs for noise in U0 p

Table 5.15: Unit values of costs for noise to 2010

The benefits of cost savings for noise are determined on thedfasisdal shift fom
trucks torail. The Table5.16 below shows thedorecast of unitvalues ofcostsof noisewith
shipmentdy trucks and by rail.
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Unit price 2015 2018 2020 2025 2035 2040 2044
HGV day 1,54 1,61 1,66 1,74 191 2,00 2,05
HGV night 2,77 2,89 2,99 3,13 344 3,61 3,70
Freight train day 60,85 63,49 65,55 68,59 75,35 79,12 81,13
Freight train night 102,86 107,32 110,80 115,94 127,37 133,73 137,14

Table 5.16: Forecasts for unit values oftosts of noise by time sectiorfer freight road and rail transport

The averagealue ofcost of noisearereceivedwith distribution of taffici day to night
68% to 32% taken from General Transport Master Plan of Bulgaria, General Report 2
"Analysis of the existing transport system and the shortcomings that mustrfoerogé for
passenger transport.

The benefits of reduced costs for noise emissions are determined as follows:

Benefit _ ;2 Benefit Benefit .
oise ak. (Rwisefr,ijk + oiserail ijk )’
]
Benefit _ 0 . 1 .
R/OA frijk — (\/km frijk = Vkm fr.ijk )Cnoisefr,k’

Benefit  _ o 1
R/oAraiI.ijk = Nkm frrail ijk = Vkm frrail ijk )Cnoisefrrail,k where

Benefit

oea - total benefits of reduced costs for noise &smns with implementation of
options for rail infrastructure improvements and setting the new rolling stock in operation;

Benefi . . . . . .
Rusiair i - benefits of reduced costs for noise emissions caused by trucks moving from i

to j for traffic type k (traffc during the day and traffic at night);

Reere - benefits from reduced costs for noise emissions caused by freight trains

oiserail ,ijk

moving from i to j for traffic type k (traffic during the day and traffic at night);

Vkmofr,ijk, Vkmlfr,ijk - freight vehicle kilometers with variants "no project" option and
"with project”;

Vkmorail,ijk, Vkmlrail,ijk - reduced to kilometers transported by rail with variants "no project”
option and "with project”;

Conoisefl’,k,clnoisefl’,k,Conoiserail,k and Clnoiserail,k' costs of noise in euro cents per 1,000

vehicle kilometers respectively for traffic during the day and traffic at night for road and ralil
transport with options "no projecéihd "withproject”.

And - cost of noise cents per 1000 km respectively car traffic realized during the day
and realized traffic at night for road and rail transport for "no project” option "project”.

Table5.17presented the total value by time sectiond eptions of benefits from noise
cost savings.
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SAUSTRAIL O

Years 2015 2018 2020 2025 2035 2040 2044
HGV (1000 vehkkm) diverted 0 306 373 605 957 1045 1121
Incremental costs noise 0] -23106| -29 035 -49 368 -85 781 -98 330/-108 166
SUSTRAIL 1
HGV (1000 vehkm) diverted 0 506 615 997 1576 1721 1846
Incremental costs noise 0| -38 175 -47 926| -81 352/ -141 206 -161 864 -178 059
SUSTRAIL 2
HGV (1000 vehkm) diverted 0 634 770 1248 1970 2151 2 307
Incremental costs noise 0| -47 834 -60 015/-101 7®|-176 500 -202 322 -222 565

Table 5.17: Benefits from reduced costs for noise by options and time sections

In this casethere areno benefits and costs of noise due to the fact that rail transport is
noiger than freight road transpoifNote: in the UKcase study, it was feasible to value a noise
reduction for rail freight see §4.7).

5.7 Results

The Bulgarian Case Study results for user and environmental benefits are summarised in
Tables 5.18-20. This is an extract from the overall Business Case CBsuRespreadsheet
found on the Extranet (CBA framework v6.xIs).

Benefits, Oagmillion,

Impact Groups | Impacts 2015 2030
End Users Reliability benefits 89 257

Speed benefits 59 611 172 465

Lower freight costs 70 061 171 880
Third parties CO; reductions 0 81 620

Noise reduction 0 -68 286

Reduced air pollution | O 56 918

Accident reduction 0 4 785

Table 5.18 Bulgarian Case Study summary result§ SUSTRAILO Vehicle only (basespeed)

Benefits, Oamillion,
Impact Groups | Impacts 2015 2030
End Users Reliability benefits 89 373
Speed bnefits 86 829 283 354
Lower freight costs 105 092 290 808
Third parties CO; reductions 0 134 400
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Noise reduction -112 443
Reduced air pollution 93 725
Accident reduction 7 879

Table 5.19: Bulgarian Case Study summary reglts i SUSTRAIL 1 Vehicle+Track (basespeed)

Benefits, Oagmillion,
Impact Groups | Impacts 2015 2030
End Users Reliability benefits 89 415
Speed benefits 101 601 355 525
Lower freight costs 105 092 311 829
Third parties CO; reductions 0 168 032
Noise reduction 0 -140 580
Reduced air poliion | 0 168 032
Accident reduction 0 9 850

Table 5.20 Bulgarian Case Study summary result§ SUSTRAIL2 Vehicle+Track (higher speed)
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6. FREIGHT AND ENVIRONMENTAL BENEFITS FOR THE
SPANISH CASE STUDY

6.1 Introduction

Spain has a natural strategic locatifor its geography, where the ports of Algeciras and
Valencia have a special position in the transoceanic traffic and in the flow between the
countries of the Mediterranean area towardstral/northern Europe artle Atlantic area.

The Spanish port acity, according to the Ministry of Public Works and AEFP (Private
Railway Companies Association), has increased, and, if we only consider the transport of
containers, Spanish ports in 2011 moved 13.3 Million TEUs, of which 6.31 million TEUs
were transferretb ground transport (only 10% to rail transport).

6.1 Spanish freight model

The Spanish situation in rail freight presents a significant loss of market share. Thus,
according to sources of the Ministry of Public Works, and to year 2008 data, in Spain 1474
billion of metric tonnes are moved in the country, of which only 31 million of metric tonnes
are transported by railways. According to Eurostat, in 2010 the Spanish railway market share
was 4,2% of the total metric tonnes, when the European Union averagkly@&o, and that

of neighbouring countries was between 12 to 22%.

However, this situation must also consider the existence of natural flows in the Spanish
transport that have not historically been linked with railway and port infrastructures. Spain is
a country where the main difficulty of rail freight ikat the inbound and outbound flows are
unbalancedqunequal), creating ineffiency through empty stock movement® this must be
added a technical and administrative difficulty in the border crossemyed from the
difference in gauge (UIC 1435 mm and 1668 mm Hremauge). There are bilateral
agreements between the operators in both sidaweoborder, solved in a cleavay in
passenger traffic: there are standards and policies already in usejsapassible to operate

with variable gauge rolling stock. For the freight traffic the only possibility is to transfer the
load at the border to another train, or to road transpmte the shift to standard UIC gauge

is a very slow process.

Since or of the requirements of this document is the cost analysis, it is important to
emphasize that the available data represent the Spanish situation under some hypothesis done
by researchers, since it is impossible to know the private agreements and caatganythe

freight transport. Nevertheless, the available data are sufficiently revealing as to highlight a
relevant cost analysis according to the requirements, and to its integration into the LEFT
model used in SUSTRAIL.

Finally, the Spanish infrastriuwe development (both railway and port) is an advantage for
the European railway corridors for freight traffic. So, for the SUSTRAIL project, the
Mediterranean corridor was chosen for a set of key questions:
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1 It is a corridor that supports mixed traffic gs@ngers/goods on a line with Iberian
gauge designed for high performance and allowing the passenger traffic up to 200
km/h.

1 The Mediterranean corridor gives the connection with the ports of Algeciras, Valencia
and Barcelona, and the transition with France

1 The national action plan is oriented to the modification of the facilities to support
mixed traffic (passengers and freight) in a track with three rails for traffic circulation
in UIC and Iberian gauge.

The Mediterranean Corridor represents a stratiéggcin the Spanish netwaorkt actually is

the centre of attraction for the development of new business. In April 2013, SNCF invested in
the corridor with a participation of 25% in the Spanish private company COMSA Rail
Transport, while Renfe and DB Slkem Rail AG signed an agreement with the aim of
enhancing the market share of the freight transport.

6.1.1Data Sources

The data analysis is performed using the available data published by the Spanish Railway
Observatory (OFE, Observatorio del Ferrocarril epaBg), in which it is presented the state

of the activities and developments in the Spanish railways. Actually the most recent data
correspond to the year 2011 statistics.

The Spanish Railway Observatory, which produces reports since 2007, collects @iidscom
accurate and impartial information on a set of indicators that reflect the situation of the
railway sector. It integrates all areas related to railway and infrastructure, passenger and
freight traffic. It also includes economic and sustainabilitiadat

The work done by the R&D department of the Spanish Railway Foundation try to
homogenize the national and international statistical information, and provides information on
the current demand and trends. Thus, the indicators compiled by the OFE aye easil
interpretable, not redundant and comparable with international indicators in use.

The information is collected in collaboration with the infrastructure managers and the
operators involved in the railroad: ADIF, RENFE, Feve, Euskotren, Ferrocarrils de la
Generalitat Catalunya, Ferrocarrils de la Generalitat Valenciana, Coto Minero Cantabrico,
Activa Rail, Transfesa, Comsa Rail Transport, Logitren, Acciona Rail and Traccién Rail.
Other sources that have been used are National Ports, INE (National Sthistiicse),
Ministerio de Fomento (Ministry of Development), BBVA Foundation and UIC.

Regarding the freight sector the report considers:

1 Evolution of rail infrastructure dedicated to freight traffic: length of lines, usage, fees
and costs.

1 Methodology fordetermining operating costs associated with the transport of goods by
rail.

1 Simulation of costs for "train type" of goods representing the commonly circulating in
Spain, and volume load and traction mode.

1 Opening the market for rail freight transport: wetk, operators in the General
Interest Railway Network (RFIG), railway companies and authorized applicants.

1 Transport of goods by rail: Main indicators, tonnes carried and 4kiloreeters
produced, prices, incomes, supply, use, transport by type of gtadfsc flows,
international traffic, railport traffic.
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1 Economic and sustainability data: turnover, investment, infrastructures, employment,
market share, consumption and emissions.

6.1.2Summary of Spanish Freight Services

The national data is obtained frahe Freight Report by Spanish Railway Observatory (OFE)
and ADIF Network Statement. There are some relevant aspects to freights: in the total domain
of the network there are 332 circulations per day and 72,168&m per day, which
represents the 6,6%ma 13,8% overall respectively; the average of train trip per day is 217
Km and the yearly tonnes supported by Km are 7,564,000 ( 4,2% of the market total volume)

Price in rail feight is free and fixed in pritacontracts between customers and operators.

For the case of CONTREN RENFE MERCANCIAS freight transport is public and there is
fixed fares for the intermodal flat transport. CONTREN RENFE fare differentiates:

A Empty containers (206, 306, 4006, 456,
A Load containers transportati¢imansport exclusively):

206 (<20,5 Tm ), 306 (<30 Tm ), 4
A Origin and destination costs. Rate for each UTI dispatched from/to terminal:

ADIF fare + Additional costs for dispatch and operation in private
terminals and ports.

Percentage increase fdog dangerous good transportation.
Additional cost arising from custom dispatch according to international fare.

T o T

Discount fare for volume
A Containers rental fares
In the above terms, baseline costs are sensible in the following terms

Multiproduct(including bulk) 10.92 3.63
Siderurgical 13.64 2.56
Automotive 23.26 4.94
Intermodal 13.93 2.6

Average 11.99 2.75
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206 0.26
206 0.33 )

3006 0.29
800 088 406 0.32
4006 0.39 )

5006 0.37
506 0.46

Table 6.1: Baseline costs

6.1.3Cost structure of Spanish freight services

Data considered for cost analysis represtmssinput structure:

A Network data: distances, capacity, stations, itinerary and traffic considerations,
restrictions about track of the stations, power supPI€L or diesel access,
access charges, user charges, operational charges,

A Operator data: rdtig stock, operational costs, investment, maintenance, cost
cycle life),

A CO2 emissions.

All data are coherent with ADIF network statement (www.adif.es) and OFE report (the
Spanish Railway Observatory seeww.observatorioferrocarril.es/where grvice cost
considers all the factors that play in the train circulation. These can be split in Infrastructure
costs and Rolling stock costs

Infrastructure costs includes all the access charges that should ke feathe railway
infrastructure manager (ADIF or TP Ferro) for e of the lines and for theaccess and
use of additional servicesn ADIF terminals, National Ports and private terminals:

A Fixed costs:costs that are charged independently of numbg&abfs operated.
For example the fixed part of the access charge to the Railway Network.

A Variable costs:all the costs in function of the distances travelled by the trains.
Rolling stock costdancludes all the costs due to the availability of wagons arwhiotives:

A Fixed costs Costs independent of the activity of the trains: wagon and
locomotive depreciation and financing, driver costs, assurances and taxes

A Variable costs costs dependent on fuel consumption, driver subsistence
allowances, maintenance argpairs.

Infrastructure costs, under OFE Hypothesis, can be represented by following terms
A Only ADIF terminals
A Access charges based on ADIF statement:
A Mode A: Access tariff. Depending on the level of traffic. Fixed Cost
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A

A Mode B: Tariff for capacity resee. Variable cost

A Mode C: Operating tariff. Variable Cost
Variable cost due to the use of the infrastructure

A Access to terminals

A Dispatch from terminals

A Operation in terminals

Rolling stock costsunder OFE hypothesis, are represented by the followmg:te

A

To o To To o T Io

Maximum train length: 450 m

Annual journey of the locomotives (electric or diesel): 100.000 km.
Annual hours of operation of the locomotives: 1811.

Annual journey of a wagon: 40.000 km.

Annual usage of a wagon: 727 hours.

Smooth profile: Leori valladdid line.

Mountainous profile: Gijofi Ledn line.

The railway operator is the owner of the rolling stocks and the wagons:
Financing 100% of the acquisition;

Financing time: 10 years.

Interest (TAE): 3.50%.

Euribor 1 year: 1.495%.

A Diferential: 2%.

T o To I

WhereasGeneral costs are considered in this sense:

A
A
A

Management costs based on the 2011 ADIF Network Declaration.
Other cost for the traction: 3% on the investment in the locomotive.

Other fixed costs for the rolling stocks: 3% on the investment in the rolling
stacks.

Cost structure for Locomotives

A
A
A

Fuel based on annual journey and average consumption.
Electrical energy costs based on ADIF statement document.

Cost of a locomotive: fixed euros +euro/kW+euros per tonn of the locomotive
(en million euros):

A Price Diesk 1+0004*(power)+0.0833*(mass);

A Price Electric: 1.666+0.0002083*(power)+0.012962*(mass);
Amortization of the locomotive: 25 years.
Residual value of the locomotive: 10%.

The maintenance costs of the locomotive are proportional touttohasecost:
4 % far electric and 7% for diesper annum
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Cost Structure for wagons

A Cost of a wagon: fixed euros +euro/axle of the wagon+euro per tonn of tare (in
million euros): Price: 0.021+0.01*(axle)+0.016*(tare);

A Amortization of the wagon: 25 years.

A Residual value ote wagon: 0%.

A The maintenance cost for the wagons is proportional to the acquisition cost:
3% per annum

Personnel costs

A Social insurance for each employed is 29,90% of the salary.

A The driver has an average age of 30 years in the company.

A Additional persa n e |

A Working personnel year: 240 days.

Output data:
A costs

i n

u/ t on

and

expenses

cu/ ton

(food

and

Km per

l odgi ng

commod i

A Weight of critical variables: the trip (distance of the itinerary), tare of the, trai
traction (electrified line vs. Qil), train length, infrastructure manager charges and
elasticity about the commaodity.

Following table represents the output data to consider representative e Spaket.

Flectric Diesel
Smooth profile Mountainous Smooth profile Mountainous
profile profile

Siderurgical 1.93 2.54 2.33 2.84
products
Construction 2.36 2.99 2.92 3.40
and minery
Petrochemical 1.93 2.50 2.35 2.90
Agriculture 2.64 3.24 3.20 3.75
Automotive 11.03 10.99 13.35 13.31
Manufactured 2.70 3.27 3.40 3.73
Intermodal 3.17 3.40 3.76 3.82

Table 6.2: Spanish case study output data

The dispersion in CO2 emission is even higher than the dispersion in costs considering the
different scenarios and kind of goods. The values vary between 5.47 gCO2/(net ton.km) and
161.97 gCQ@(net ton.km)
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Electric Diesel
Smooth profile Mountainous Smooth profile Mountainous
profile profile

Siderurgical 5.47 16.79 13.88 43.71
products
Construction 6.84 17.98 17.62 49.64
and minery
Petrochemical 5.57 16.43 14.23 43.47
Agriculture 7.41 20.06 18.98 53.(b
Automotive 30.98 55.37 84.90 161.96
Manufactured 7.21 19.83 19.60 54.81
Intermodal 7.48 15.44 20.15 42.92

Table 6.3: Emissions in gCO2/(net ton.km). Source OFE.

6.2 Scenario Data

In this part of the docuent it is described relevant data from freight market in Spain getting
from ADIF network statement and applying the methodology of the OFE (Spanish Rail
Observatory).

The general overview of the Spanish mark

In the total domain of the network: 332 arculations per day, i.e. 6.6% overall

72 166 kmitrain per day, i.e. 13.8% overall
Average of train trip per day: 217 Km
Yearly tonnes supported by Km: 7.564.000 (4,2% of the market total volume)

From this overview and using the available data of Bpamsources, next paragraphs
described the analysis of the selected scenario for SUSTRAIL in terms of more usable for
improvements on freight operation.

6.2.1Infrastructure scenario

Length: 365km.
Location: 'Mediterranean Corridor’
Electrified 3000V DC wrerhead line.
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Track path: Mostly double track (some single).

Track type: mostly ballasted track; rails a mix of UIC54 and UICG60; sleepers
mostly concrete.

Track quality: good 83%; medium 12.2%; poor 4.8% (of 200m sections).
Speeds: line speed typidey 100-160/220km/h; 75km/h for freight.

Traffic: mixed freight and passenger; approx. 18 freight trains/day,
maximum 6 at any location. Operational restriction for freight
passenger crossings

Track gauge: 1668mm; merging to mixed track 1435/1668 mrani French
Border to Suth East

Min. curve radius: 354m.
Maximum gradient: 1.4%.
Average train length: 420m.
Axle load limitations: 25t.

Figure 6.1: Mediterranean corridor location

Under these generalconditiofgtparticular tracks used in the SUSTRAIL analysis are:

1 Spaini Valencia to Sagunt@€argas

0-1200m radius curves are approximately 27.3% of the total 29km route or 7.91km.
This track is doubled.

1 Spaini SagunteCargas to Vila Real

0-1200m radius curves arapproximately 31% of the total 33km route or 10.23km.
This track is doubled.

1 Spaini Vila Real to Tarragona
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0-1200m radius curves are approximately 7.8% of the total 209.8km route or 7.79km.
152.8km of this track is doubled and 57km is single track.

6.2.2Infrastructure cost inputs to be considered in the SUSTRAIL Spanish case

Derived from analysis of different documents relative to economics from infrastructure
manager public documentation (budget of the Spanish Governemnt for 2015, account report
from ADIF and ADIF network statement document) it is possible to get an approximate figure
for general maintenace and investment in the scenario line according to the following inputs:

the conven

mai ntenance of
the convenct.i

budget for
budget for renewals of

From this general data, we can apply following results to the scenario of case of study:

1 Data from the line scenario:
Track length:277 km (single track 57 km; double track: 220 km)

Radius curve of 1200 m represents a tortal length of 25.93 Km equivalent to 11,7% of
the complete length

1 Operational conditions:

Maximum speed in the line: 200 km/h
Freight medium speed in the liapproaches to 80 km/h
Restrictions when passenger trains are crossing to freight trains

1 The figures extracted from available data of 2015 relevat to ADIF are transpossed to
the scenario in the following terms:

1 33.34 keur/ km in terms of maintenance
M 10.17 keur/km in terms of renewals.

6.2.3Rolling stock and Rail services

Transport sevices oriented to seven commodity groups:

1. Siderurgical products

2. Construction and mining
3. Petrochemical

4. Agriculture

5. Automotive

6. Manufacture
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7. Intermodal

The hypothesis of empty wag is considered and there are two time weight of infrastructure
use: peak or valley.

6.2.3.1 Waggons available to circulate in the case of study

The wagons used for each group are:

1. Renfe JJ92- Steel Reel Carrier(Siderurgical products)
Max load (t): 64.7
Average tare (t): 25.3
Max speed (km/h): 120
Length between buffers (m): 12.04

2. Renfe TT4- Coal Hopper (Minery)
Max load (t): 53
Average tare (t): 27.0
Max speed (km/h): 100
Length between buffers (m): 18

3. Renfe RR92- Fuel Tanker (Petrochemical)
Max load (}: 65.5
Average tare (t): 24.5
Max speed (km/h): 120
Length between buffers (m): 16.74

4. Renfe TT5 - Cereal Hopper (Cereals)
Max load (t): 56
Average tare (t): 24.0
Max speed (km/h): 100
Length between buffers (m): 14.16

5. Renfe MAS5 - Double-deck car carier (Automotive)
Max load (t): 21.5
Average tare (t): 27.7
Max speed (km/h): 100
Length between buffers (m): 27

6. Renfe JJ4 - Sliding doors (Manufactured)
Max load (t): 61
Average tare (t): 29.0
Max speed (km/h): 120
Length between buffers (m): 21.7

7. Renfe MMC3E -F|l at wagon 6060
Max load (t): 70.3
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Average tare (t): 19.7
Max speed (km/h): 100
Length between buffers (m): 19.74

6.2.3.2 Locomotives in use in the case of study

The electric loco used for the electrical consumption analysis is Renfevhb3e technical
data is:

Constructor: Bombardier
Model: TRAXX2E F140DC
Renfe codification: Serie 253
Power (kW): 5400

Weight (t): 87

Load per axle (t): 21.8

Max speed (km/h): 140
Gauge: Iberian (1668 mm)

= —a-_a-a_-8_-9_-9a_-2

The diesel loco used for the diesel consumptnalysis is Renfe 335, whose technical data
is:

Constructor: Vossloh

Model: Euro 4000

Renfe codification: Serie 335

Power (kW): 3178

Weight (t): 123.7Load per axle (t): 20.5
Max speed (km/h): 120

Gauge: Iberian (1668 mm)

R ]

6.2.4Freight Operation

The opeational path connection from corridor to major logistic infrastructures: Madrid,
Zaragoza, Bilbao. Next table shows the connections from the infrastructure scenario in order
to understand the train routes.

[Option 1 Joption 2 pion3 _ optin4 _ [Opion 5 [Option 6 [opion7 _ |Option 8
Peparture Vaencia  [valencia hadrid Madid  [Madid  |Madid  [Madnd Faragoza
[Emal Famgza [faagoa Valenca  |vaenca wéz;agnza Bilban Bilba Filbao
istance (km) o g5 0 B, 201 G B
Fleciication BV NO NO OV WV NO BV I
Profie 5 w I 5 5 v v 5

5: smooth, M: mountainons

Table 6.4: Rail connections between major centres

And the geographical routes could be drawthe next picture:
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essssssm— Diesel

Figure 6.2: Mediterranean corridor plus routes to the west and north
Under this frame, the implemented moedetracts results in the following terms:

1. Interaction with total network (3607 Km in 8 possible links)
2. Large routes (1000 Km in sections of 100Km)

Considering these opportunities of transport, and taking in account that the infrastructure is
used for pasnger and freight trains, first step is the harmonization of the data to understand
the possibilities of the infrastructure scenario. For this reason the suitable data of freight trains
can be followed in next table where there are considered all impaables relevant to the
scenario line and its connectivity to the total network.

UIELIE UG \|_/“egr)t: High Medium Low VeryLow | Notin
Impact variable | > 1500 800 /1500, 300/800 | 100/300 <100 service | +oa
Average trains

0 1025 409 174 45 0| 1653
Kms of network 0 90 665 311 673 51 1790
% Km used 0,00% 5,03% 37,15% 17,379 37,60% 2,85% 100%
sections 0 11 38 22 37 12 120
Kind of train Trains/week by Operator Services TOTAL
Large Distance 0 205 137 66 12 0 420
Regional 0 94 55 44 18 0 212
Commuters 0 645 150 49 5 0 848
Freights 0 76 62 13 9 0 160
Other services 0 5 5 2 1 0 13

Table 6.5: Scenario Operation: SUSTRAIL BASE. Variables versus density traffic sections
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Using thesalata, the assumptions about uses of infrastructure are easily followed in the next
figures where there are described the use in terms of traffic flow and services of the trains.

Kms of network

m Very High mHigh = Medium mLow mvery Low mNotin service

3% 0%

Figure 6.3: Description of infrastructure in terms of the traffic flow

Track uses by Rail Services

100%
80%
60%
40%
20%

0%

Very High High Medium very Low Not in
service

m Large Distance m Regional m Commuters m Freights m Other services

Figure 6.4: Use of the infrastructure by train services

From the available data, it is possible to have a global representation of uses of the line in the
next figure:
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Km used

m Large Distanca Regionalm Commutersa Freightsm Other Servives Total

Total 1,790
Other Servives 1,521
Freights
Commuters
Regional 1,384

Large Distance 1,038

Figure 6.5: Daily routes of trains

And, under these conditions, the data of km train/week are determined in the following table

Type of train KM Train/week
Large Distance 135839 30,8%
Regional 87339 19,8%
Commuters 152029 34,4%
Freights 61467 13,9%
Other Servives 4669 1,1%

Table 6.6: Train km/week by type

Where an overall assumption can be drawn in the figaxee:

Km train/ wek

m Large Distancem Regional m Commuters m Freights m Other Servives

1%

Figure 6.6: Train service assumptions
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6.2.5Cost andysis of the base scenario

Representative use of selected track in the Mediterranean Corridor is applicable only under
normal operation concept in coherence with market options. So, in order to consider the main
freight support, we represent the operatigreth connection from corriddo major logistic
infrastructures like Madrid, Zaragoza, Bilbao.

Figure 6.7: Route linkages

This assumption aims to take in account a more realistic domain of the Spanish network,
where me of the critical aspects comes from the geographical constraints that supposes a
strong value over mechanical and dynamic behavior of the train translated into shorter trains.

Data considered for cost analysis represents this input structure:

A Network data: distances, capacity, stations, itinerary and traffic considerations,
restrictions about track of the stations, power supPIi€L or diesel access,
access charges, user charges, operational charges,

A Operator data: rolling stock, operational costsestment, maintenance, cost
cycle life),

A CO2 emissions.

All data are coherent with ADIF network statement (www.adif.es) and OFE report (the
Spanish Railway Observatory saeww.observatorioferrocatres) where ervice cost
considers all the factors that play in the train circulation as describen in 4.3.5.
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Following table represents the cost structure by infrastructure and rolling stock in euros per
ton transported and cent of euro per ton amohieter Being commodity type identified as
follows:

1. Siderurgical (metal) products

2. Construction and mining

3. Petrochemical

4. Agriculture

5. Automotive

6. Manufacture

7. Intermodal

COST it Crt € tkm ADIF cnteftkm  |Rollig Stock ci€ftkm

Comodity type
1 139 KW 04 2
2 085 229 03 204}
3 8.19 191 0.26 172
4 915 212 024 192
5 173 399 051 364
q§ 90 211 028 191
T B.Eéll 191 0.34 164

Table 6.7: Cost per tonne and tonnekm

35 B
o~ 3
E
= 28 B Cnt &/ t-km
¥ B ADF crigh-km
= O Rollig Stock cntSit-km
§ 18

1

05

i]

1 2 3 4 5 6 7

type of commodity

Figure 6.8: Cost per tonnekm

In this cost result are included the hypothesis of an average percentage ofvaggty
considered (max 20% of train length) and time weight of infrastructure use (peak or valley).
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The aplication over the scenario is folled in the next stage, where we consider only
intermodal commodity due to the fact of SUSTRAIL wagon is developed towards this
service.

So, we have 8 options to use the scenario lirshag/n in Table 6.4.
The cost struaire for intermodal transpoid described as follows:

OPTIONS

Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 Option 7 Option 8
[Locomotive type Electric Diesel Diesel Electric Electric Diesel Electric Electric
Timetable 1 1 1 1 1 1 1 1
[Load Type 7 7 7 7 7 7 7 7
[Transported Load (t) 686 735 784 588 588 980 686 686
Track Characteristic
Maximum Train Length (m) 500 400 400 500 500 420 480 450
Max number of wagons 24 19 19 24 24 20 23 21
% empty wagon 30 30 30| 30| 30| 30! 30! 30
Track use
N° needed wagons 14 15 16 12 12 20 14 14
N° of possible wagons (track) 24 19 19 24 24 20 23 21
N° of possible wagons (traction) 14 15 16 12 12 20 14 14
train length 295,26 315 334,74 255,78 255,78 413,7 295,26 295,26
CO2 emissions (kg/t-km) 0,01239022| 0,01802564| 0,017616821| 0,01098848| 0,010402983 0,014282963| 0,01128383| 0,01075399
COST (u/lt)
COST (cnt G/ t. km)
Total Cost (U0)
ADIF Cost (u) 799,859479 868,653047 1008,96627  760,96856  735,5263404 1165,042402 862,775053 809,919972
Rol Il ing Stock Cost 43467488 472589087 5513,914586 3552,08458 2865,055872 7127,767031 4648,74462 2813,08649
ADIF specific Cost (01815831 0,33479912) 0,322543051 0,26628893 0,319105902 0,242121951 0,21498967 0,33351451
Rol |l ing Stock Spec.illb8892420 582146841 1, 162670255 m)1,24299592  1,242995918 1,481309911 1,15839242 1,15839242
Opciones 1 2 3| 4| 5| 6| 7|
|Good to transport Siderurgical |Coal Hydrocarbon |Cerea| |Cars |Manufactured |Intermoda| |
|Slot time Valley Peak

Table 6.8: Coststructure for intermodal transport

Where transport cost in cents of euro pentskm over the results for infrastructure costs and
opeaator costs are drawn as follows per different routes options:
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transport costs: total, ,
infrastructure manager

2.5

cm€IMnTn
o
|
|
]

—

0,5

1 2 3 4 5 6 7 8

travel options

Figure 6.9: Composition of transport costs

6.3 Emissions modelling

According to the study developed by the OFE, the model for calculating the energy
consumption i9ased on the energy balance of the train:

Energy entering the train = Energy leaving the train + Losses

The entering energyk,,, is the sum of:

Energy required for overcoming the aerodynamic drag in straight and in curve.

Energyconsumed by the auxiliary services.

Energy loss due to the traction performance and in auxiliary services.

Energy dissipately braking.
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In the case of electric trains with regenerative braking, the energy generated while braking,
whether used to supplygeipment or returned to the catenary or to the power network, must
be subtracted.

Having calculated the net energy consumption, the traction energy consurgptign, at

the entrance of the substation is obtained multiplying the reegerby the coefficienC,;
representing the losses in the railway network and depending on the electrification voltage.

For diesel traction the coefficie®,; is 1.
E[raction = En C")rail (l)

The energy consumption at the substati€@h,, .., IS obtained multiplying the traction

energy consumption by the coefficiefit,,, .« representing the losses in the public network
for transmission and distribution of the energy:

Esubstation = Etraction Onetwor (2)

The CQ emissions are calculated at the substation level (or at the entrance of the vehicle if
the traction is Diesel) multiplying the energy kwh, or the consumed litres, by the emitted

CO; grams for kWh or for litresC,ssion:

ECO2 = Esubstation Oemissic

Data of emissions, comparing baseline model with SustRail:

Diesel

Baseline SustRail
gCOy/(net ton.km) 20.15 20.89

Table 6.9: CO, emissions data

The emison of CG is 3.7% higher in the SustRail casd@th higher speed operation of
freight trains (SUSTRAIL2)

6.4 Scenario assumptions

The described scenario are relevant to give some results of different variables of cost structure
and operation procedures piays to understand the SUSTRAresults in Spanish Scenario.

T I'nfluence of the timetable suppose an incr
when IM access charges are considered

1 For all commodities all access and infrastructure charges are relevast range of 200
Km. Following figures are relevant when intermodal transport is under electric traction.
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Traction Type 1[n° of possible wagons (traction) 14
Timetable 1|Maximum train length allowed 450
Load Type 7|n° of possible wagons (track) 21
Tonnage Loaded 686|empty wagon 30
Trackuse

Number of needed wagons 14

Gross tonnage 1048,8

Train length 295,26

Average CO2 Emissions (g/Tn.km) 20,59099415

Table 6.10: Train composition and emissions data

Specific Cost = f(distance) Tlal Cost=idistange)
9000
8000 -
7000

@l ek
o N

e COST (cnt €/tkm)

€
= 8 = 8000 ——Total ADIF Cost
E & 5000 |
Wl s ADIF Cost (cnt %
= €/tkm) 3 4000 - s T0tal Rolling
s, © 3000 - Stock Cost
® Rolling Stock Cost
S 2 (cnt €km) 2000 -
1000
0 - e — | 0 ‘
0 500 1000 1500 0 10000 20000
distance (km) distance (km)

Figure 6.10: Cost functions

1 Impact of tare of the wgon is important to be considered under SUSTRAIL results in
the following terms where TIME SCHEDULE (valley or peak is considered) and
TYPE of locomotive are considered:

1 Taepercentage _______|

i locomotive Electrical
_ timetable peak
-5% -2,50% 0% 2,50% 5%
COST (cnt €/t.km) 1,294997449 1,29750855 1,300019655 1,30253076 1,305041861

Adif Charges (cnt €/t.km) 0,141509927 0,14156858 0,141627235 0,14168589 0,141744543

Rail operator costs(cnt€/t.km) 1,153487522 1,15593997 1,15839242 1,16084487 1,163297318

Emissions (g/Tn.km) 16,61590323 16,7284981 16,84109291 16,9536878 17,06628259
.l Tarepercentage |
P locomotive Electrical
_ timetable valley

-5% -2,50% 0% 2,50% 5%
1,33435605 1,33686715 1,339378256 1,34188936 1,344400462

Adif Charges (cnt €/t.km) 0,180868528 0,18092718 0,180985836 0,18104449 0,181103144
Rail operator costs(cnt€/t.km) 1,153487522 1,15593997 1,15839242 1,16084487 1,163297318
Emissions (g/Tn.km) 16,61590323 16,7284981 16,84109291 16,9536878 17,06628259

Table 6.11: Impact of the tare of the wagoni electric locomotive
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