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0. Introduction

0.1. Operational Plan for Rail Baltica

The Rail Baltica project aims at the provision of a new standard gauge railway corridor connecting the three Baltic
States Estonia, Latvia and Lithuania directly to the Central European railway network and providing a new quality of
transport for the region. The new railway will be designed as an electrified (25 kV AC) double track line with a design

speed of up to 249 km/h. The proposed railway line will be part of the North Sea - Baltic corridor of the European

TEN-T core network.

Legend
Rail Baltica Line  «nm——"
FinEstlink - e
Other railway line =

Core Node Area

Other Node Area

Figure 1: Map of study area and location of Rail Baltica within TEN-T core network

The total investment cost for Rail Baltica project is currently estimated at 5.8 billion Euros. In addition, the potential
and feasibility of a future extension of the railway to Helsinki, the so called FinEst link is being investigated as a sep-

arate project.

RB Rail AS was established by the Republics of Estonia, Latvia and Lithuania to coordinate the development and

construction of the proposed new standard gauge railway.
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As part of on-going planning and construction preparation activities, RB Rail AS, the Client, hired the association
consisting of ETC Transport Consultants GmbH (Berlin, DE), COWI AS (Lyngby, DK) and IFB - Institut fiir Bahntechnik

(Berlin, DE) for the development of the Rail Baltica Operational Plan Concept of the railway.

The Operational Plan concept is a comprehensive set of documents describing the future structure of train traffic
and operational processes on the railway line, outlining capacity of the railway, establishing operational require-
ments with regard to the infrastructure and rolling stock and outlining the related effort for maintenance of the
infrastructure and rolling stock. The respective contract between the Client and the Contractor was signed on Feb-
ruary 22", 2018 (Contract No A1.1.2.).

The project and the setup of the Operational Plan of the railway are co-financed by the European Union’s Connect-
ing Europe Facility (CEF), Action 2014-EU-TMC-0560-M, financing agreement No INEA/CEF/TRAN/M2014/1045990.

0.2. Scope and methodology of the Operational Plan concept

The aim of the study is the provision of the overall Operational Plan concept for the Rail Baltica corridor on a short,
medium and long term perspective (from 2026 to 2056). The Operational Plan concept is the proposed organisation
for the transport offer, which will be realised on the Rail Baltica standard gauge railway. Transport offer in this con-
text is to be understood as the provision of sufficient capacity and capability of the infrastructure to handle the
future transport demand most efficiently and providing an infrastructure and organisation which is attractive to

railway undertakings and their customers thus revealing the full potential of rail transport.
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0.2.1. General Planning Principles

By integrating a market-oriented offer (timetable) into the long-term planning process an optimal infrastructure

planning and realisation is possible:

Traditional approach Integrated approach
i Demand (market B Demand (market
development) development)
v v
Long- _ Railway infrastructure Time'table (narket
term L oriented offer)
\l/ ong- . \l/
term
Rolling Stock Railway infrastructure |<-
— i
v s
Timetable (infrastructure- Rolling Stock !
oriented offer, —
term Short-
Operation of railway Operation of railway
- term
Figure 2: Integrated approach of timetable and infrastructure planning

Within the integrated approach of operational and infrastructure planning an iterative optimisation process is cru-
cial. The starting point for this process within this study has been the Preliminary Design for Rail Baltica. The initial
time table on this infrastructure helps to determine infrastructure bottlenecks with insufficient capacity. In the next
iteration an improved infrastructure will be implemented into the timetable model. At the end of the study and
optimised infrastructure with improved capacity and operational flexibility should be the basis for the further infra-

structure design.

This Operation Plan is not the final planning document on future operation and time tabling on Rail Baltica but the
initial basis for improving infrastructure design and the integration of Rail Baltica in the overall spatial structure of
the region. Hence in the following planning and design phases of Rail Baltica the Operational Plan has to be further

developed considering i.e. updated infrastructure design and the decision on regional traffic on Rail Baltica.
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Integrated infrastructure optimisation means...

Market
Offer
Optimisatio
-....gaining informationon
the relationship of the
elements.and their ahility
to meet the market
dgmands Rolling Stock Infrastructure
Figure 3: Integrated approach of timetable and infrastructure planning — optimisation process

0.2.2. Main Components of the Operational Plan

In order to reach that goal of integrated planning the Operational Plan concept does include three main compo-

nents:

= The future transportation demand is depicted in the traffic study. Therefore all traffic flows which shall em-
ploy Rail Baltica have been considered, namely freight transport, which is mainly cross-border-traffic as well

as long-distance and regional passenger transport.

=  The Operational Plan defines the service pattern for train operation of Rail Baltica and will establish the op-
erational requirements on the infrastructure and the related traffic organisation and management, incl. in-

terfaces with 1520 mm gauge.

=  The maintenance plan depicts how the infrastructure and rolling stock are to be maintained and what re-
sources will be needed to maintain the infrastructure and what facilities will be required to maintain the

rolling stock. Furthermore the related costs will be depicted.
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The components of the Operational Plan concept and the related results for each of the three components are de-

picted in Figure 4 below.

Operational Plan Concept

Traffic Study Operational Plan Maintenance Plan

Freight Transport Rolling Stock Fleet Rolling Stock
Demand Train Consists Maintenance strategy

Passenger Transport Draft Timetable Infrastructure
Demand Maintenance Strategy

Track Layout / Maintenance Vehicles

Freight Services Station facilities . I
g Maintenance Facilities

Assessment of line and
Regional passenger station capacity
services

Maintenance
Organisation

Traffic Management /
Long-distance Signalling Staffing Plan
passenger services

Staffing Plan Operational and
Investment

Operational Costs Costs
(Infrastructure operation)

| Viable and feasible best-practise solution as input for engineering design |

Figure 4: Expected outcome of the study — components of the Operational Plan concept

26

Preparation of the Operational Plan of the railway



: : Gauff 77
@‘ff(ﬁallBaltlca ‘ Mobility COWI 7=

Final Study Report

1. Transportation Demand and
Transport Services (WP 1)

1.1. Scope and methodology

The scope of this task is to carry out a detailed analysis of the existing traffic studies, consolidating and supplement-
ing them in order to propose an overview of the passenger and freight flows for each time horizon. The consolidat-

ed traffic flows form the basis for the definition of the train programme on the new railway line.

The scope includes the screening of existing studies of passenger traffic and freight traffic respectively. The latest
study from 2017 named "Rail Baltica Global Project Cost-Benefit Analysis (CBA)" is considered the best basis for this
Operational Plan. The FinEst study 2018 supplements the Global Study addressing a railway tunnel between Finland
and Estonia and a potential extension of Rail Baltica to Finland after 2050. Other studies are screened as summarised

below.

The main challenge for the consolidation is that regional passenger traffic which could create additional socio-
economic benefit in the catchment area of Rail Baltica has not been considered in the existing studies accordingly.
In the CBA for passenger traffic only 7 long-distance stops have been analysed in the three Baltic countries (Tallinn,
Parnu, Riga, Riga Airport RIX, Panevézys, Kaunas and Vilnius). Smaller locations along the alignment including mid-
size cities as e.g. Rapla in Estonia (~8,000 inhabitants within a 5 km radius), Bauska in Latvia (~8,000 inhabitants) or
Marijampolé in Lithuania (~45,000 inhabitants) have not been considered. In the consolidation additional regional

stations as proposed by the Technical Working Group have been assessed.

The transport demand includes information received from the Client and the Technical Working Group members.
This information refers in differing detail to the section from Tallinn to the Lithuanian-Polish border as well as the
Kaunas — Vilnius link and FinEst tunnel from Tallinn to Helsinki. By contrast no reliable information has been re-
ceived so far for the Polish section from the Lithuanian-Polish border to Warsaw. Initial meetings with the Polish
stakeholders (mainly the infrastructure manager PKP PLK S.A.) have been held. However, required information on
the infrastructure, passenger demand, planned train services and travel times have not been received. Hence the
Polish section has not been assessed in addition to the CBA within the Traffic Studies (WP 1) but assumption will be

made as part of the Operational Plan (WP 4).
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1.2. Long distance passenger transport
1.2.1.  Screening of existing studies (WP1.1)

1.2.1.1. Rail Baltica Global Project Cost-Benefit Analyses

The documents
=  Rail Baltica Global Project Cost-Benefit Analysis, Executive summary, 24 April 2017 (Document 4.1)
=  Rail Baltica Global Project Cost-Benefit Analysis, Final Report, 30 April 2017 (Document 4.2)

include passenger forecasts, description of methodology and assumptions how passenger forecasts for future pas-

senger traffic has been prepared by EY.

The Rail Baltica Global Project Cost-Benefit Analysis (the CBA) as prepared by EY and as documented in the two
reports mention above is considered to be the main source for preparation of the Operational Plan for Rail Baltica.

The passenger forecasts and assumptions in the CBA are summarised below.

The passenger numbers between Tallinn, Parnu, Riga, Riga Airport, Panevézys, Kaunas, Vilnius and Poland as fore-

casted in the base case in the CBA are shown in Figure 5.

Tallinn
m&‘ Parmd
RB, 1000 passengers, Base case (Source: Document 4.2, page 116, table 36)
Trips on railway sections
Tallinn- Parnu- Riga- RIX- Panevezys|Kaunas-  |Kaunas-
Parnu Riga RIX Panevezys|Kaunas Vilnius Poland
2026 407 337 756 373 648 845 341
2035 1089 899 2085 961 1655 2151 867
2045 1178 973 2347 1009 1722 2232 D1
o ) 2055 1263 1045 2628 1056 1787 2308 230
RIX Riga
@l * Panevezys
@i ’ Kaunas
/ @l  Vilnius
Kaunas - PL/LT border
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Figure 5: Passenger forecasts from CBA 2017 for the base case (1,000 passengers/year, two-way)1
The forecasting approach applied by EY is a growth factor approach including the following steps:

= Step 1: Existing transport movement in 2015 between relevant origins and destinations by all existing

modes (car, bus, train, air etc.) collected from statistical databases e.g. Eurostat.
= Step 2: Forecast on basis of general expectation and historic trends (GVA forecasts and elasticities).

= Step 3: Forecast and redistribution (mode and route choice) on basis of estimated generalised future travel

costs with Rail Baltica and with other mode of transport (car, bus, other trains, air etc.).

= Step 4: Reducing forecast in the first years of operation as passengers are assumed to adapt to the new

possibility to use Rail Baltica gradually over a 5-year period.

The existing (2015) daily passenger traffic including all modes (car, bus, train etc.) except air traffic are illustrated in
Figure 6. The figure does not include air traffic, because air traffic cannot be assigned and illustrated meaningful on
sections as road and railway traffic. However, the CBA does consider existing air traffic and competitiveness with Rail
Baltica in the forecast model?. The question if air traffic was considered in a realistic way in the CBA was raised in the
Technical Workshop in Vilnius 2nd - 3rd of May 2018. For an in-depth assessment see the analysis of the latest air
statistics and an assessment if air traffic is handled in a realistic way in the CBA on page 38 in Chapter 1.2.2 with the

consolidated passenger forecast.

' Source: Executive summary, page 6, figure 2 and CBA Cost-Benefit Analysis, page 116 table 36
2See more details in Cost-Benefit Analysis , page 38, page 39 and table 12
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AHelsinki
n

Existing (2015) daily passenger
traffic including all modes (car,
bus, train etc.) except air traffic

Berlin3aaz- 4 Warsaw2605°

Figure 6: Estimate of daily passenger movements in 2015 between relevant nodes for Rail Baltica (passen-

gers/day in both directions together)3

Regarding Step 3 - mode and route choice -this is dependent in the forecast model of travel time and travel cost in
a reference scenario corresponding to the existing situation and in a project scenario with Rail Baltica. Assumed
travel times between nodes are illustrated in Figure 7. The reader should be aware that air travel time includes
check in, security, waiting and boarding time (but not travel time to and from the airports which are located rather
close to the city centres in the analysed examples); this time is assumed to add 1 hour to the flight time per direc-

tion.

In terms of travel time Rail Baltica has an advantage over cars and buses between Rail Baltica nodes as shown in
Figure 7. For example the travel time Vilnius — Kaunas is 00:36 with Rail Baltica compared to 01:39 by car or Riga -
Tallinn 01:55 with Rail Baltica compared to 04:05*by car. Travel times in the figure are between Rail Baltica nodes
corresponding to capitals and areas with high generation and attraction of passenger transport. However, many
trips have an origin or destination elsewhere making the car more competitive depending on the origin and final

destination. Rail Baltica has an advance over the car for many combinations of door to door origin and destination

3 Source: Cost-Benefit Analysis, page 37, figure 17
4 Source: CBA Final Report page 42 figure 21
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for long-distance trips but the car could still have an advance over Rail Baltica and other public transport for many

combinations of door to door origin and destinations if shorter regional trips prevail.

The competitiveness of Rail Baltica will depend to a great extent on the final location of the stations and their con-
nection to the urban and regional residences, work places, educational institutions and other attractions. This re-

lates e.g. significantly to the location of Panevézys stations and its connection to the 1520 mm railway network.

Travel time by Rail Baltica and air is estimated to be similar for the shorter trips between Vilnius and Riga and be-

tween Riga and Tallinn. However, traveling longer distances by air do provide time savings compared to Rail Balti-
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Figure 7: Schematic map of passenger travel time (existing - left, Rail Baltica only - right)6

Step 3 - mode and route choice - depends on generalised travel costs from door to door including travel time and
direct monetary out of pocket travel costs. Assumed direct costs are e.g. Rail Baltica ticket price at

10.4 €/100 km and out of the pocket costs for private car at 22 €/100 km.

°For more details refer to Cost-Benefit Analysis, page 38, page 39 and table 12
6 Source: Cost-Benefit Analysis, page 42, figure 21
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Traffic forecasts addressing major changes in train service and addressing scenarios until 2055 in the CBA are esti-

mates based on a number of assumptions:
= how attractive passengers will find the Rail Baltica service,
= how other public transport service will change in the future,
= how private transport will change and how socioeconomic parameters will change until 2055.

The CBA includes a base case as summarised above and as assumed to be the central estimate. The CBA include also
a low case with 20% less passenger traffic and a high case with 20% more passenger traffic (Source: Executive sum-

mary, page 8, figure 5 and text next to figure 5).

Based on the passengers forecast for the base case the following train offer has been assumed in the CBA:

*.

Kaunas - PL/LT border

Figure 8: Schematic map of assumed passenger trains/day and direction (* shuttle to and from the airport)7

The question is if the forecasts made are realistic. The answer is that the method is state of the art, and the input
data available seems realistic. Alas it was not possible to check the details in-depth, because not all important data
was made available, required if a detailed quality assurance would have to be conducted. Unavailable data are e.g.
origin-destination (OD) tables with number of passenger trips and travel cost elements in the reference and Rail

Baltica scenarios.

7 Source: Executive summary, page 10, figure 8
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Comparison with the present car traffic does indicate that the forecasts conducted by EY are not out of scale. The
forecasted long-distance railway passenger traffic in the main sections of Rail Baltica in 2026 is estimated to be be-
tween 11% and 17% of the present total road, railway and air passenger traffic which seems not to be unrealistic.

For further details see table in Figure 9.

Passenger service

- |Parnu- _ IRiga- RIX- [Pangyezys|Kaunas. IKanas- |
Lall m Parny____[Riga RIX Panevazyslkaunas _ [Vineis __[Polen |
?411| 2152
fi 45 LT
Ha a7 F
Hi F 47
357 - EL]

Kaunas - PL/LT

Figure 9: Comparison of present long-distance passenger traffic and Global Project forecasts®

Demand forecasting is not a straight forward process. Uncertainties are considered in the Global Project with a low
and high demand forecast case with 20% less and 20% more traffic than the base case. Some of the uncertainties

are raised and addressed below.

The proposed location of Panevézys RB station is not optimal from a passenger's point of view. The station is locat-
ed approximately 10 km from the centre and from the existing railway station. It is not clear if this was assumed in

the Global Project and this might reduce passenger traffic compared to estimate in the Global Project CBA.

Passenger traffic by air was discussed at the Technical Workshop in Vilnius 2" - 3 of May 2018, as the question was

raised if the potential diversion of air traffic to Rail Baltica has been considered or underestimated in the CBA.

8 Source: Consultant calculation on basis of Cost-Benefit Analysis , page 116, table 36 and Cost-Benefit Analysis, page 37 figure 17
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New information regarding air traffic has therefore been collected from EuroStat as shown in Table 1. Be aware the
figures in Table 1 are two-way traffic; because of that OD combinations between Baltic Airports in the two directions
should not be added. Figures not available (e.g. to and from Kaunas) is because of no regular traffic between the OD

combinations.

Even if air traffic is not mentioned in Figure 6, it is mentioned elsewhere in the Global Project CBA and air passenger
traffic is considered in the Global Project passenger forecast model’. The registered air traffic in 2016 as shown in
Table 1 is in the same order of magnitude as the 2014 figures in the CBA'. Data of air traffic with regard to the com-
petitiveness between air and Rail Baltica as well as the way it is incorporated in the CBA demand model is realistic

and well justified. In conclusion the CBA seem to consider the diversion from air to Rail Baltica in a realistic way.

Table 1: 2-way average daily air passengers in 2016 (Source: Eurostat, passengers carried, all airlines)

° See details in Cost-Benefit Analysis, page 38, page 39 and table 12
10 See Cost-Benefit Analysis, table 12
Flights Kaunas — Warszawa started in 2017, currently 6 flights weekly per direction.
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1.2.1.2. FinEst link final report 2018

The FinEst link is a railway tunnel option connecting Helsinki and Tallinn with a 1435 mm gauge railway for direct
passenger and freight train services via Rail Baltica connecting to the European Railway Network. The figure below
gives an overview of the proposed alignment of the tunnel option and railway link (Source: FinEst link final report

2018). All forecast results are taken directly from the above mentioned FinEst link final report.

E‘ The distance Helsinki-Tallinn is approximately 100 km.
. ® Helsinki-Vantaa ArBort | 1p,u6/ time is assumed to be reduced from the present

two hours (fastest connection) to 30 minutes with train

i
4 Pasila service via the potential tunnel.
o 4 Helsinki

Passenger growth the past 10 years has been
+4%/year between Tallinn and Helsinki Assumed growth
2016-2030 in the 0+ scenario without a tunnel is
+2%/year. Assumed growth 2030-2050 in 0+ scenario is

+1% /year.

Passenger forecast 2050 in the scenario with the tunnel is
estimated to be 23 million in total between Helsinki and
Tallinn of which 12.5 million using the tunnel and 10.5

million on using the ferry services.

The 12.5 million railway passengers forecasted for the
tunnel is approximately 10 times as high as the forecast

for passengers on Rail Baltica on the section between

Tallinn and Parnu.
Tallinn, Olemiste -
Figure 10:  FinEst link map

Three passenger trains per hour and direction were assumed in the study per working day in the morning and af-

ternoon peak periods. No night passenger traffic was foreseen.

The report does not indicate to what extend the passengers have Tallinn as their final destination and to what ex-

tend passengers are supposed to continue further south with Rail Baltica.
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1.2.1.3. Other earlier Rail Baltic passenger studies

Other earlier Rail Baltic studies have been screened including:
=  AECOM 2015 focusing on optional alignments between Vilnius and Kaunas;
=  AECOM 2012 feasibility study addressing optional alignments of the main line;
= COWI 2007 pre-feasibility study.

The above mentioned earlier studies have all a broader perspective as the Rail Baltic Global Project CBA. The above
mentioned studies address e.g. alignment options not considered realistic anymore. The earlier studies have been
important as a basis for the many choices and decisions made before the Rail Baltic Global Project Analysis and
assumptions made in the Rail Baltic Global Project. The Rail Baltic Global Project CBA is therefore considered as the

best basis for the Operational Plan including earlier decisions and based on newer data than the earlier studies.

1.2.1.4. Conclusion of passenger traffic studies

The EY CBA method is state of the art, and the input data available seems realistic. The approach from methodology
to the results is not documented in detail. Results are not out of scale considering the potential for change of mode

from mainly car traffic.

The CBA and the other passenger traffic studies as available and as screened did not consider regional traffic as it is
part of this Operational Plan study. The CBA addresses only the 7 international stations as shown on Figure 5 above.
The present Rail Baltica ambition is to serve 37 regional stations in addition to the 7 international long-distance
stations as listed in Table 13, Table 14 and Table 15 below. The CBA and the other passenger studies do not specifi-

cally address regional stations and regional passenger traffic.

The CBA does not mention and specific address 1435 regional passenger traffic as part of the Rail Baltica Global
project. The CBA does mention extended projects and wider projects including potential regional passenger station
not taken into account in CBA calculations of cost as well as benefits. Introducing regional and local railway service
in between high speed service might or might not add to net benefit. The primary aim of Rail Baltica is — according
to the CBA - to serve international connections. The CBA does not include recommendations if and how to inte-

grate regional and local passenger traffic at the Rail Baltic 1435 railways.

The CBA does not mention and specific address how to integrate regional and local 1520 railway service into Rail
Baltic service. If regional passenger service are introduced at the 1435 Rail Baltic project as assumed in this Opera-
tional Plan there is an intrusive need to plan how the 1520 service are integrated the best way. The recommenda-
tion is to initiate, detailed studies on regional passenger transport including the planned service pattern and the

transport offer on feeding and competing 1520 railway lines and other public passenger transport.
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The recommendation is therefore to initiate detailed studies of regional railway traffic demand and operational
plans in Estonia, Latvia and Lithuania in cooperation with the Railway Authorities and Transport Ministries in each of
the 3 countries to address the potential regional passenger traffic along Rail Baltica including trans-border traffic.
These should consider as well how to integrate the regional traffic with the existing and future 1520 mm gauge

railway transport offer.
It is recommended to include the following subtasks in each of the 3 detailed studies:

= Currently there is neither comprehensive and comparable traffic model nor OD matrix on a national and
regional level in Baltic countries. All transport authorities plan in their own way, in most cases without em-
bedding other transport modes and possible modal shifts. Thus, first, there is a need for ambitious data

gathering to establish OD relations, mode choice criteria, etc.;

= |tis necessary to identify and screen existing passenger statistic as available with relevant authorities in Es-
tonia, Latvia and Lithuania on 1520 mm railway lines, for other public transport modes and passenger car

traffic along the Rail Baltica corridor and integrate them into the traffic model;

= |tis necessary to identify and screen existing development plans for passenger transport and for land-use

as available with relevant authorities in each of the 3 countries and integrate them into the traffic model;

= |t is necessary to consolidate and supplement existing plans as needed to reconsider location of regional
railway stations and potential regional passengers along Rail Baltica and relevant future 1520 mm railway

lines as input to the on-going optimisation of the Rail Baltica project.

Within this work package of the Operational Plan the initial elements of these studies have been analysed in order
to determine the potential for regional passenger transportation and the consequent train service pattern on Rail
Baltica. However additional assessment should be conducted in order to determine the economic feasibility and the

spatial integration of the regional stops in detail.

Chapter 1.3 on regional passenger transportation is based on the available information on the proposed locations
of the stations and according socio-economic data as well as best practice from similar projects in Europe. In this
regard, the trip generation for the 37 regional stations and the consequent traffic flows has been assessed in order
to prepare a realistic service pattern of regional trains as required to prepare the Operational Plan and the technical

feasibility of the proposed regional stops.
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1.2.2. Consolidated demand forecast for long distance traffic (WP1.3)

The consolidated demand forecast is based on the CBA and includes an assessment of the future demand along the
entire Rail Baltica alignment before and after the opening of the FinEst tunnel. In addition, the annual demand has
been broken down into daily figures as they determine the future train service pattern. The following figure shows
the Rail Baltic alignment and location of long distance stations as well as the consolidated forecast based on the Rail

Baltic Global Study without FinEst tunnel.

i

1000 passenger trips (Source: Consultants estimate based on the CBA)
Tallinn- Parmu- Riga- RIX- |Panevezys|Kaunas- |Kaunas-
Parnu Riga RIX Panevezys|Kaunas Vilnius Poland
2026 407 337 756 373 548 845 341
2036 1098 906 2111 966 1662 2159 870
2046 1187 980 2375 1014 1729 2240 Q04
v- 2056 1272 1052 2656 1061 1794 2316 933
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Figure 11:  Rail Baltica passenger demand p.a. for long distance passenger trains without FinEst tunnel

The forecasts for 2026, 2035, 2045 and 2055 are based on socio-economic data, as e.g. GVA and GDP for the relevant
urban nodes and country pairs within Rail Baltica catchment area as described in general in the CBA reports. Param-
eters are established on basis of comprehensive survey of historic and present transport and transport cost with all
relevant modes in all of Europe. The approach takes advantage of the experience from similar projects and forecast
models as e.g. TRANS-TOOLS. A similar approach has been used by WTO.

The consolidated demand forecast above is based on interpolations and minor extrapolations to cope with the time
periods 2036, 2046 and 2056 as required in the Operational Plan. The relevant question is if assumptions and results

are in line with Rail Baltica requirements and following a realistic approach.
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The locations of main stations as documented as the basis for the Operational Plan and assumed to be served with
long-distance passenger train service correspond with the Global Project except for the optional extension to Hel-

sinki and Finland.

The annual long distance passenger traffic has been consolidated to daily traffic in Table 2 below to justify the pro-
posed train service in the Operational Plan (WP 4). Long distance passenger traffic is assumed to be considerable in
weekends and holiday periods as well as on working days. Shorter regional passenger traffic — especially next to
major conurbations - is usually higher on working days than on non-working days because of relative more home-
work trips than compared to long distance traffic. The daily long distance traffic in Table 2 is simply estimated as

yearly traffic divided by 365 resulting in annual average daily traffic.

The average working day traffic is assumed to be in the same range, as weekend traffic and holiday traffic are as-
sumed to be considerable. The extreme maximum of daily long distance passenger traffic is likely to be next to a

holiday.

Table 2: Long-distance passenger trips per day (AADT Annual Average Daily Traffic, both directions) without

FinEst tunnel

The FinEst tunnel is to be considered in the Operational Plan as required by the ToR, but no decision has been made
yet if and how to finance the project. The project is considered in the Operational Plan for 2056, but it is uncertain if

the tunnel option will be realised as foreseen today.

Passenger demand of long-distance passenger traffic are assumed to vary from 7%-10% of AADT per hour in the
morning peak from 7:00 to 9:00 and in the afternoon peak from 15:00 to 18:00. Passenger demand in the rest of the
daytime and the early evening is typically in the range of 4-7% of AADT. Passenger demand in the late evening and
night time is typically in the range of 0-2% per hour. Peaks could be higher — up to 15% in critical direction - if re-

gional and local traffic dominated of commuter traffic next to major cities with considerable directional split.
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Figure 12:

Rail Baltica passenger demand p.a. for long distance passenger trains with FinEst tunnel

Figure 12 gives the passenger forecast in the FinEst tunnel as well as an indicative forecast how the tunnel poten-

tially could increase passenger demand on Rail Baltica. The influence of the tunnel on the overall demand is signifi-

cant with 74% - 142% of additional traffic on the relevant sections.

Table 3 shows the resulting long-distance passenger trips with daily two-way passenger traffic in the scenario

where the FinEst tunnel is assumed to open in 2050.

0 1,115 923 2,071 1,022 1,775 2,315 934
0 3,008 2483 5,784 2,646 4,553 5,915 2,385
0 3,251 2,685 6,507 2,777 4,736 6,136 2,476
36,300 7,114 6,513 10,907 6,536 8,544 9,974 6,186

Table 3:

Est tunnel
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Comments have been received at the TWG meeting in Tallinn on June 13%, 2018 that a more detailed assessment of

distribution of passengers south of Tallinn would be required. The recommended adjusted assumptions are:
= 90% of the passenger in the tunnel to go to and from the Tallinn region,
= 3% of the passenger in the tunnel to go to and from the Riga region,
= 1% of the passengers in the tunnel to go to and from the Vilnius region,
= 1% of the passengers in the tunnel to go to and from the Kaunas region,
= 5% of the passengers to go further south of Kaunas to and from Poland and further south and west.

The revised forecast means less passenger traffic towards Poland and more passenger traffic towards Vilnius. This

will be considered in the train service pattern as part of Operational Plan (WP 4).

Concerns were expressed in the TWG meeting not to invest too much effort in planning for long-term scenarios as
e.g. the FinEst scenario that might not turn out to be realised. However, 2056 is the time horizon for the Operational
Plan and the required infrastructure includes FinEst tunnel, with opening assumption in 2050. Earlier stages (2026 —
2046) will be developed from the 2056 situation in such a way that the infrastructure can be extended step by step

by step (no sunk costs for previous investments).

General OD tables with passengers between all stations are not available in the CBA. Availability of OD tables would
be helpful to address realism and to consolidate if major changes in the assumptions are being made. OD tables are
not needed to justify recommendation of train service pattern and capacity utilisation on most sections. The only
exception is the triangle next to Kaunas where there are optional routes and a need to consider the split of passen-
gers between the sections Vilnius - Kaunas, Kaunas including stations south of Kaunas and Panevézys including

stations north of Panevézys.

The daily passengers on main sections in the table above have been translated into OD tables below with number
of passengers between origins and destinations addressing the planned triangle next to Kaunas allowing train and
passengers between Vilnius and the northern part of Rail Baltica including Panevézys, Riga etc. to bypass Kaunas.
The OD tables are based on passenger volumes in the CBA and information in the CBA distinguishing between

point to point trips, intra-Baltic trips and extra-Baltic trips'2

The reader should be aware that the format are OD tables and figures in each cell are one direction from-to and that
“Kaunas” includes Kaunas as well as all stations south of Kaunas in Lithuania and Poland where “Panevézys” include

Panevézys as well as all stations north of Panevézys in Latvia, Estonia and Finland in 2056.

12 See CBA, Executive summary, page 9, figure 7
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0 809 349
809 0 539
349 539 0
Table 4: Indicative OD passenger trips per day 2026 in the Kaunas triangle (AADT)

Table 5: Indicative OD passenger trips per day 2036 in the Kaunas triangle (AADT)

Table 6: Indicative OD passenger trips per day 2046 in the Kaunas triangle (AADT)

Table 7: Indicative OD passenger trips per day 2056 in the Kaunas triangle (AADT) including FinEst tunnel

In order to get more information on the origin-destination relations a pragmatic approach has been applied to es-
tablish OD tables corresponding to Table 3 adding assumptions of distributions of southbound traffic from each

station as shown in Table 8.

Table 8: Assumed distribution of southbound traffic from each station

Adding the assumption from in Table 8 to the passenger volumes in Table 3 the results will be as shown in OD ta-

bles below.
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167 15 605 45 53 30 23 939
112 15 605 52 83 62 10 939
28 3 45 52 252 222 30 633
56 5 53 83 252 575 144 1,168
33 3 30 62 222 575 231 1,158
22 2 23 10 30 144 231 462
558 183 939 939 633 1,168 1,158 462 6,039

Table 9: 2026 long-distance passenger trips per day (AADT Annual Average Daily Traffic)

1,504

376 40 40 8 14 8 5 490
451 40 1,713 128 150 86 64 2,632
301 40 1,713 121 194 145 24 2,538
75 8 128 121 643 566 77 1,619
150 14 150 194 643 1,466 366 2,983
90 8 86 145 566 1,466 597 2,958
60 5 64 24 77 366 597 1,193
1,504 490 2,632 2,538 1,619 2,983 2,958 1,193 15917

Table 10: 2036 long-distance passenger trips per day (AADT Annual Average Daily Traffic)

Table 11: 2046 long-distance passenger trips per day (AADT Annual Average Daily Traffic)
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Table 12: 2056 long-distance passenger trips per day (AADT) including FinEst tunnel

The long distance passenger demand (PAX1) is mainly in the daytime including morning and afternoon peaks and
in the evening. Passenger demand of long-distance passenger traffic vary typically from 7%-10% of AADT per hour
in the morning peak from 7:00 to 9:00 and in the afternoon peak from 15:00 to 18:00. Passenger demand in the rest
of the daytime and the early evening is typically in the range of 4-7% of AADT. Passenger demand in the late even-

ing and night time is typically in the range of 0-2% per hour.

The demand for night time long distance (international) express passenger service (PAX2) is limited. Throughout
Europe, the number of night train services has greatly reduced over the past 50 years. After the World War II, the
advent of air travel, high-speed rail services and the rise of private car ownership have collectively phased out night

trains from circulation. As of last year, only 11 EU Member States retain their domestic night train services.

An example of a corridor similar to Rail Baltica is Stockholm — Copenhagen - Hamburg connecting to the Central
European Network in Germany and beyond. There used to be night train service from Stockholm to Hamburg via
Copenhagen, and there used to be night train service from Copenhagen via Hamburg to other major cities in Ger-
many and beyond. Night train service Stockholm — Copenhagen - Hamburg was closed down in 1990. The last night

train from Copenhagen via Hamburg to other destinations in Europa run in 2014.

Recently, European Parliament’s Committee on Transport & Tourism published a report titled “Passenger night
trains in Europe: the end of the line?”, which looks in detail at the financial, economic, social and environmental
viability of night train services'>.The report found that night trains still contribute to the mobility needs of European
citizens, but deemed it “unlikely that the night train sector will grow beyond a small niche”. However there is market

potential — especially in the light of climate change and the need to reduce continental flights.

In some countries a first small renaissance of night trains can be observed; especially Austrian national operator OBB
who e.g. took over in 12/2016 all night trains in Germany cancelled by DB. OBB is now expanding its international
night train network covering in 2018 already Croatia, Germany, Hungary, Italy, Poland, Slovakia, Slovenia and , Swit-

zerland. Further connections are announced after according rolling stock purchase.

In addition the current situation in the Baltic countries differs from travel patterns in other parts of Europe and trav-
elling at night times — also historically —is of much higher importance. For example in the current long distance bus

time tables courses at night times usually account to 10-25% of all offered courses. It is difficult to forecast how

13 Source: www.europarl.europa.eu/RegData/etudes/STUD/2017/601977/IPOL_STU(2017)601977_EN.pdf
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these travel patterns will develop in the future however a higher significance than in other parts of Europe of night

time travelling can be assumed.

The total demand for night time passenger traffic in the 6 hour period from 24:00 to 6:00 is assumed to be in the

range of 5-10% of the daily 24 hour traffic if a train service as in the daytime.

The forecast for the FinEst tunnel does not assume night time express passenger service between Helsinki and Tal-
linn. Slow freight trains are prioritised in the tunnel in the night time not allowing express passenger service. How-
ever, night trains could be operated - probably at lower speed - also during night times, e.g. as an extension of

night train services from Warsaw to Tallinn (comp 4.5.4).
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1.3. Regional Passenger Transport

1.3.1.  Screening and review of existing studies (WP1.1)

The studies and reports made available for the consultant as basis for this Operational Plan study do not address

regional passenger transport. The studies made available and screened include:
= EY CBA 2017 - Rail Baltic Global Project,
= AECOM 2015 focusing on optional alignments between Vilnius and Kaunas,
= AECOM 2012 feasibility study addressing optional alignments of the main line,
= COWI 2007 pre-feasibility study.

The earlier studies from 2007 and 2012 do consider optional alignments of Rail Baltic from Warsaw via Kaunas and
Riga to Tallinn without the section Vilnius — Kaunas. The 2015 study addresses the section Vilnius — Kaunas studying
optional alignments of the standard gauge railway also to some extend touching how to integrate each optional
standard gauge option with the existing railway. None of these studies seem to address regional stations on the

main line or on the section Vilnius — Kaunas.

The latest Rail Baltic Global Project focus on a Rail Baltic project including the section Vilnius — Kaunas, but the study
considers only long distance passenger traffic and freight traffic. The level of detail regarding the railway alignment

and location of passenger stations are as shown on Figure 5 above.

The reports made available including
=  Rail Baltica Global Project Cost-Benefit Analysis, Executive summary, 24 April 2017 (Document 4.1),
=  Rail Baltica Global Project Cost-Benefit Analysis, Final Report, 30 April 2017 (Document 4.2)

as well as appendices do not show and address further details of alignment and do not address other passenger

stations than the long distance passenger stations shown in Figure 5 above.
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1.3.2.  Assessment of potential regional passenger stations (WP1.3)

1.3.2.1. Introduction

None of the earlier studies and the 2017 CBA considers regional passenger service as part of Rail Baltica. Thus, there
is no starting point for consolidating demand forecast for regional services based on these reports. An assessment
of passenger demand for regional passenger services has been prepared as described below based on the infor-
mation received for possible regional stations from the respective Transport ministries of Estonia, Latvia and Lithua-
nia. The aim of this assessment in this first iteration is to check if the regional passenger stations are feasible from an
economic (sufficient number of passengers) and technical (available slots and influence on overall Rail Baltica ca-

pacity) point of view.

Regional stations in and next to Helsinki are not available yet. 3 stations are indicated and shown in "FinEst Helsinki-
Tallinn Transport Link Feasibility Study Final Report". The report state that number of stations in Helsinki will be
studied later (see page 42 in the report).

The analysed stations as received from the Technical Working Group are shown in the following tables for the main
alignment, Riga bypass and the section Vilnius — Kaunas. The tables are generated in the RailSys model and corre-
spond to the track layout in 2018. The long distance passenger stations correspond to the stations considered in the

EY Global Project CBA 2017.

1 Tallinn Long distance
2 Assaku Regional
3 Luige Regional
4 Saku Regional
5 Kurtna Regional
6 Kohila Regional
7 Rapla Regional
8 Jarvakandi Regional
9 Kaisma Regional
10 Tootsi Regional
11 Kilksama Regional
12 Parnu Long distance
13 Surju Regional
14 Haademeste Regional
15 Salacgriva Regional
16 Skulte Regional
17 Vangazi Regional
18 Sauriesi Regional
19 Acone Regional
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20 Slavu tilts (Akropole) Regional
21 Riga Central Long distance
22 Tornakalns Regional
23 Imanta Regional
24 Riga airport (RIX) Long distance
25 Janunmarupe Regional
26 Olaine Regional
27 Kekava Regional
28 lecava Regional
29 Bauska Regional
30 Joniskelis Regional
31 Panevézys Long distance
32 Kedainiai Regional
33 Jonava Regional
34 Palemonas Regional
35 Kaunas main station Long distance
36 Kazly Ruda Regional
37 Marijampolé Regional
38 Sestokai Regional
Table 13: Passenger station at the main line

101 Salaspils Regional
102 Baldone Regional
Table 14: Passenger station at Riga bypass

201 KaiSiadorys Regional

202 Vievis Regional

203 Lentvaris Regional

204 Vilnius Long distance
Table 15: Passenger station on the section Vilnius — Kaunas

Final Study Report

The locations of stations and the alignment of the new Rail Baltica railway were not finally fixed as a starting point

for this Operational Plan study. Options were discussed i.e. at the Technical Workshop in Vilnius 2" - 3" of May

Preparation of the Operational Plan of the railway
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2018. New information has been made available to the consultants also after that meeting, i.e. for the section Kau-

nas - Vilnius and Vilnius - LT/PL border. No information has been received for the Polish sections'.

There is an obvious dilemma if Rail Baltica is to be utilised for regional passenger traffic as well as for long distance
high speed traffic (and freight traffic) looking at the suggested and planned location of stations along the corridor.
For being attractive for regional passenger traffic the stations shall preferably be located in centre of the regional
cities next to residences, next to activities and next to existing public railway and bus service. On the other hand, it
is not attractive with long distance high speed train passing through the centre of the regional cities next to resi-
dences and activities with a speed of up to 249 km/h regarding the required alignment and the resulting noise

emissions.

Rail Baltica alignment and location of stations are optimised to serve long distance high speed trains. In general, the
alignment bypasses regional cities and proposed regional stations are located several km away from residential
areas needed for generating traffic and activities attracting traffic. See examples below on Figure 13, Figure 14 and

Figure 15. All figures include an overview map to the left and more detailed maps to the right.

Station location as shown on the figures are typical looking optimal for long distance and high speed train serving
long distance passenger trips, but not optimal for serving shorter regional passenger trips. The long distances from
the stations to centres of regional cities is not attractive for regional passenger adding access and egress time to the
travel time making it difficult to compete with car traffic and other public transport modes (i.e. regional bus

transport).

' There are several upgrade options analysed in Poland mainly as modernisation of the existing lines. However the location of
several stations could change after modernisation.
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Figure 13:  Location of Saku and Kurtna stations in Estonia

Figure 14:  Location of lecava and Bauska stations in Latvia
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Figure 15:  Location of Kedainiai and Jonava stations in Lithuania

Estimation of passenger demand on each of the regional stations is a complex task depending on future population
and development activities next to the stations, information on planned supporting public transport to get to and
from the stations, information of alternative public transport with 1520 mm gauge network, regional bus services
and information of the optional mode and route to utilise the car. Detailed modelling and estimation of future pas-
senger demand is outside the scope of the Operational Plan. An indicative assessment of potential trip generation

for each of the regional stations has been made as described below.

The potential trip generation is assessed on basis of current population in catchment areas around the regional
stations, multiplying population with assumed trip rates for train passenger trips depending of distance between

residence and station.

51

Preparation of the Operational Plan of the railway



o' Rail Baltica ‘ e vannity COWIL 72>

Train transport becomes less attractive than e.g. the car if a long distance to the train station has to be taken into

account. There are several studies how trip rates for railway passengers decrease depending on distance to stations.

See an example from Sgrlandet region in Norway in Table 16 below'.

The study is based on information of 144,626 train passenger trips and distance from the residence (from origin of
the trip) to the train station. See distances and no. of passenger trips in column 1 and 2. See also the corresponding

total population and trip rate (train trips/population) in column 5 and 6. See the estimated modal split (train

trips/total trips) in the last column (column 8).

Car traffic is the dominating mode hard to compete with when it comes to regional trips. Students are often a sur-

prisingly high share of train passengers and of other public transport passengers.

Final Study Report

26,673 162,294
39,549 27% 45% 373,384 0.1059 0.64 5%
50,064 35% 80% 819,383 0.0611 0.37 3%
18,269 13% 93% 480,534 0.0380 0.23 2%
7,299 5% 98% 256,245 0.0285 0.17 1.4%
2,772 2% 100% 203,032 0.0137 0.08 0.7%
144,626 100% 2,294,872 0.0630 3%
Table 16: Trip rates (train passenger trips/population) as registered in regional train traffic in Norway16

Danish experience shows the same as illustrated in Figure 17. The Danish figures distinguish between the capital

area (green columns) with dense train network and high frequencies and high share of train passengers, and rural

areas (red columns) with low share of train passengers.

15 Sgrlandet is a rural area in Southern Norway with a low population density (comparable to Zemgale in LV)
16 Consultants estimate based on a study of regional train passengers in Serlandet in Norway.
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Figure 16:  Train share depending of distance to train station17

The potential trip generation is assessed for each of the proposed Rail Baltic regional stations multiplying popula-

tion in the catchment area with the trips rates in Table 16.

Other parameters do influence the number of passenger trips, but the simple assessment of potential trip genera-
tion does give an indication of the potential. These simple assessments are at least useful if to rank stations assum-

ing other parameters as e.g. train frequencies are equal.

The unit of trip generation is trips per working day. Trip rates are based on the situation in regional traffic in Norway
and might turn out to be different in Rail Baltica regional traffic depending on e.g. frequencies. Trip rates applied are
based on average train frequencies as in regional traffic in Norway in the range of 20-50 departures a day. The un-
certainty of absolute trip generation figures is higher than the uncertainty on relative trip generation figures. The

level of detail of available data differs for each of the Baltic countries.

Thus it is recommended to initiate detailed studies of regional railway traffic demand and operational plans in Esto-
nia, Latvia and Lithuania in cooperation with the Railway Authorities and Transport Ministries in each of the 3 coun-
tries to address the potential regional passenger traffic along Rail Baltica in more detail. These studies should be
elaborated in close coordination with the overall traffic studies on national and regional level (Comp. 1.2.1.4) and
should have a special focus on the regional development (including new origins and destinations) and the multi-

modal integration of the planned stops.

17 Source: Trafikplan for den statslige jernbane 2017-2032, Trafikstyrelsen, 27. november 2017
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1.3.2.2. Estonia

Detailed information of population distribution in Estonia has been received as seen in Figure 17 and has been uti-
lised for the assessment of trip generation in Estonia as illustrated in Table 17. The potential total train trip genera-
tion is estimated to be up to 400 trips per working day to and from stations in the outskirts of Tallinn down to Rapla
and considerably less to and from stations south of Rapla. It is assumed that the present 1520 mm gauge train ser-
vice will continue in the future on the section Tallinn - Rapla (-Viljandi'®) and reduce demand on the Rail Baltic
standards gauge more or less. The 1520 mm service is assumed to be more attractive for passengers between Tal-
linn and the stations on the section Saku to Rapla due to its closer proximity of the stations to the relevant potential.

Thus the assumed trips via the standard gauge are reduced as shown in the last column assuming 25% of the pas-

sengers travel on the standard gauge and 75% on the 1520 mm gauge railway.

Long-distance station

108 71 3,024 207 207

214 732 1,014 176 176

3 0 4,756 286 71

92 284 686 87 22

4 1,917 1,937 328 82

20 310 3,749 3,472 401 100

0 800 429 107 118 118

7 26 128 332 25 25

3 20 801 298 63 63

3 63 230 851 55 55
Long-distance station

3 26 243 338 628 50 50

4 0 44 214 1,355 52 52

461 2,333 2,575 2,143 1,983 1,848 1,021

Table 17:

Assessment of regional passenger trips pr. working day to/from regional stations in Estonia

The on-going preparation of the Operational Plan does consider all stops in Table 17. Ideas as expressed on the
TWG meeting in Tallinn and later how to improve service on the section Tallinn - Parnu including a better integra-
tion between Rail Baltica and the existing 1520 mm line, e.g. in Rapla are still being discussed and might be consid-

ered later after finalisation of this study.

8 No more 1520 mm train services are expected on the section Rapla - Lelle - Parnu
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Figure 17:  Part of detail population distribution in the Rail Baltic corridor in Estonia
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1.3.2.3. Latvia

Trip generation for stations in Latvia has been assessed as show in Table 18 and Table 19. The level of detail of
population is a starting point for administrative areas as shown to the left on Figure 14. Further break down of pop-
ulation are based on visual assessment of general maps as the one to the right on Figure 14. The uncertainty on the
resulting trip generation is therefore considerable, but the results are valid enough to give an indication of the rela-

tive potential of each of the stations.

Total trip generation is the result of multiplying population with trip rates. Figures in the last column are reduced for
e.g. stations in and next to Riga with other public transport modes providing direct competing services to many
destinations in Riga, mainly 1520 mm railway services but also bus services. The uncertainty of population figures
and trip generation are high, as no detailed information is available of population and alternative public transport in
Riga for 2026 - 2056. Skulte station has a minor trip generation, but Skulte could be attractive for passenger from
the north of Riga interchanging to local public transport to and from other destinations in Riga. Tornakalns and

Imanta are located in dense areas in Riga, for this reason trains to Riga Airport should also serve these stations.

It is recommended to do a more detailed study of potential regional traffic in cooperation with relevant authorities

because of the deficiencies in the available studies. See conclusions in section 1.2.1.4 above.

200 1,000 1,500 234
200 200 1,000 2,000 2,000 254 64
200 3,400 5,000 5,000 0 906 227
500 1,000 3,000 500 0 390 98
500 1,000 3,000 500 0 390 98
1,000 2,000 6,000 1,000 0 780 195
Long-distance station with predominant trip attraction
20,000 20,000 60,000 0 0 9,000 2,250
20,000 20,000 60,000 0 0 9,000 2,250
Long-distance station with predominant trip attraction
500 1,000 5,000 3,500 0 630 158
1,000 1,000 3,000 5,000 10,000 950 238
100 200 1,700 5,000 5,000 490 123
100 400 1,000 6,000 2,500 435 435
100 400 1,000 6,000 2,500 435 435
2,442 1,449 151 1,035 24 5,912 2,310
Table 18: Initial assessment of regional passenger trips to/from regional stations on the main line in Latvia
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Table 19: Assessment of regional passenger trips to/from regional stations on the Riga bypass

1.3.2.4. Lithuania

Trip generation for stations in Lithuania has been assessed as show in Table 20, Table 22 and Table 23. The 5x5 km
grids as shown to the left on Figure 15 are the starting point for the level of detailisation for population data. Further
break down of population are based on visual assessment of general maps as the one to the right on Figure 15. The

uncertainty on the resulting trip generation is therefore considerable, but the results are valid enough to give an

indication of the relative potential of each of the stations.

Table 20:

500 1,500 500 500 196

Long-distance station with predominant trip attraction
200 400 500 800 106 106
200 2,000 12,000 20,000 1,238 1,238
800 0
400 600 10,000 10,000 812 812

Long-distance station with predominant trip attraction
2,000 5,000 1,000 1,000 670 670
3,000 20,000 20,000 1,000 2,680 2,500
400 400 1,000 2,000 232 232
6,900 30,900 49,000 85,300 7,692 7,692

Assessment of regional passenger trips to/from regional stations on the main line in Lithuania

Kaunas International Airport Station is added to the design (to the track layout) as a regional station in a late phase

of the operational plan project. The total number of air passengers to and from Kaunas International Airport was

1.18 million in 2017 according to EusoStat. The 1.18 million correspond to 3,200 in average per day. 25% of the air

passengers corresponding to 800 trips per day are assume to use the railway to and from the airport™.

1% According to the 2" iteration travel times with RE from Kaunas to KUN will be 12 minutes and from Vilnius to KUN 40 minutes.
The potential travel time of non-stop HST between Vilnius and KUN is approx.30 minutes.
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Population figures and resulting trip generation for Marijampolé - the biggest city along the alignment without a
long-distance stop — have been questioned in the TWG meeting in Tallinn on 13 June 2018. The argument was that
the real population in Marijampolé is less than stated in Table 20. Population in Marijampolé has therefore been re-
estimated on basis of 500*500 m and 1*1 km grids (see part of the 500¥500 m grid on Figure 18 and the re-
estimated population and trip generation in Table 21). The result was that the re-estimated population and trip
generation is a bit higher than in the first assessment, but overall in the same range. The re-estimated population

will be used for the Operational Plan (WP 4).
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Figure 18:  Population in central Marijampolé 500*500 meter grids (Source: Statistic Lithuania)
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Table 21: Re-estimated population and trip generation in Marijampolé (Source: Consultants estimate)

Several options regarding the regional stations are still considered on the section Vilnius - Kaunas as illustrated in
Figure 19. Trip generation in Table 22 corresponds to an option with locations of the 3 stations outside the regional

cities on a direct high speed track bypassing the 3 regional cities.

Trip generation in Table 23 correspond to an option with high speed train bypassing the cities and separate region-
al tracks alignments passing the centre of the 3 cities and regional stations in the centre of the 3 regional cities. Due
to the location of the stations closer to the city centres and urban activities in the second option the trip generation

is significantly higher.

In conclusion there is a high potential and market for regional public transport next to Vilnius and Kaunas. The pro-
posed red and blue alignments and station locations does not serve all major regional cities in the area and it is not
possible to serve all major regional cities with a single railway line. It is recommended to do a more detailed study of
potential regional traffic in cooperation with relevant authorities because of the deficiencies in the available studies
also considering the possibilities to maintain the 1520 mm service and other public transport modes. See conclu-

sions in section 1.2.1.4 above.
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Figure 19:  Optional alignments and location of stations on the section Vilnius — Kaunas
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Table 22: Regional passenger trip generation on the section Vilnius — Kaunas (red alignment)

Table 23: Regional passenger trip generation on the section Vilnius — Kaunas (blue alignment)

1.3.3. Consolidated demand forecast for regional passenger traffic
(WP 1.3)

The above assessment of the trip generation of potential regional passenger stations has been translated into an
indicative trip load for the sections of Rail Baltica as seen in the following tables. Regional trips are mainly working
day trips including home to work trips, home to education trips and trips for buying goods for the household. Pri-

mary attraction points are therefore assumed to be Tallinn, Riga, Kaunas and Vilnius.

Trip generation and trip loads are indicative as described above, because the earlier Rail Baltica studies do not ad-
dress regional traffic and do not provide a basis for consolidation. The uncertainties are especially high for local
traffic in and around Riga, Kaunas and Vilnius because of considerable other public transport offers as well as the
overall train offer and pricing on Rail Baltica. Thus, the following tables are starting point for the future determina-
tion of demand for regional passenger trains to be updated in the following Rail Baltica project phase after deter-
mining i.e. the final location and realisation of the stations, train offer at the according stations, integration with

other transport modes, pricing, etc.

The demand forecast for the regional passenger traffic in the following tables correspond to a traffic offer with two
departures per hour in the morning and afternoon peak hours, without traffic offer in the night time and with one

departure per hour in the rest of the day and evening.
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Passenger traffic demand depends of the traffic offer. Elasticities observed around Europe vary in the range be-
tween -1.0 and -3.5. An elasticity of -3.5 means that if the generalised transport cost is reduced by 1% the transport

demand increases by 3.5%.

Generalised transport costs are defined as a function of in-vehicle time, waiting time (frequencies), direct transport
cost (ticked price) etc. Short trips as e.g. local trips in Riga does therefore depend very much of frequency. Longer
regional trips, as e.g. trips between Parnu and Riga depend less of frequency. Optimal and minimum train frequen-
cies do therefore depend of passenger trip lengths. The minimum train frequency to effectively attract passengers
into regional trains is considered to correspond to one train departure every second hour all day along the corridor
including evening hours. A reasonable transport offer outside peak periods is important to offer a reasonable ser-
vice for one day passenger trips where the time of the return trip can be difficult to foresee and where long waiting

time for the return trip often are annoying adding very much perceived travel time and generalised travel costs.

900 2,100 2,250 2,400
750 1,650 1,800 1,800
450 1,200 1,350 1,350
450 1,050 1,050 1,200
450 1,050 1,050 1,050
300 750 900 900
300 600 600 600
150 450 450 450
150 450 450 450
300 600 600 600
300 600 750 750
Table 24: Indicative 2-way daily regional passengers on regional trains section Tallinn - Pamu (AAWDT)
200 500 500 500
200 300 300 300
200 300 300 300
300 800 900 900
500 1,100 1,100 1,100
600 1,500 1,700 1,700
800 1,800 2,000 2,000
900 2,100 2,300 2,300
1,100 2,600 2,700 2,900
Table 25: Indicative 2-way daily regional passengers on regional trains section Pdmu - Riga (AAWDT)
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2,400 5,600 5,900 6,200
1,800 4,200 4,500 4,700
1,100 2,600 2,700 2,900
1,700 4,000 4,200 4,400
1,600 3,800 4,000 4,200
1,100 2,600 2,700 2,900
1,100 2,500 2,600 2,800

900 2,100 2,300 2,400

500 1,300 1,300 1,400

600 1,400 1,500 1,500

Table 26: Indicative 2-way daily regional passengers on regional trains section Riga — Panevézys (AAWDT)

Table 27: Indicative 2-way daily regional passengers on regional trains Riga bypass and a Riga loop (AAWDT)

Table 28: Indicative 2-way daily regional passengers on regional trains section Panevézys — Kaunas — LT/PL bor-
der (AAWDT)

Table 29: Indicative 2-way daily regional passengers on regional trains section Vilnius — Kaunas (AAWDT)

63

Preparation of the Operational Plan of the railway



o' Rail Baltica ‘ e vannity COWIL 72>

Final Study Report

Vilnius International Airport Station is added to the track layout as a regional station. The total number of air pas-
sengers to and from Vilnius International Airport was 3.76 million in 2017 according to EusoStat. The 3.76 million
correspond to 10,000 in average per day. 25% of air passengers corresponding to 2,500 trips per day are assume to

use the railway to and from the airport in 2017 level corresponding to 3,000 in 2026.

The indicative passenger forecasts in Lithuania in Table 28 and Table 29 do assume the existing 1520 mm service
parallel to the proposed new Rail Baltic 1435 mm service will stop if and when the Rail Baltic regional passenger
service starts. In the Design Parameters Workshop on 2" - 3" of May 2018 in Vilnius a continuation of regional pas-
senger services on the 1520 mm line has been discussed but without a clear definition of the future service pattern.

In the sensitivity analyses the following assumptions for the 1520mm services have been made:

= Only limited number of 1520 mm service south of Kaunas
= 16 train pairs (hourly service) between Kaunas and Vilnius on the 1520mm line with stops at all stations

with a travel time of 1:30. Regional trains on the 1435 mm line will stop only KUN airport, Kaisiadorys, Vievis

and Lentvaris with a travel time between Kaunas and Vilnius of less than 1:00.

Table 30: Indicative 2-way daily regional passengers on regional trains section Panevézys — Kaunas — LT/PL bor-

der assuming no 1520 service in the corridor (AAWDT)

Table 31: Indicative 2-way daily regional passengers on the section Vilnius — Kaunas on regional trains assuming

hourly 1520 service in the future serving local stations (AAWDT)
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1.4. Integration with 1520 mm railway network and other modes -
Panevézys example

As described above the actual passenger demand will depend not only of the future spatial structure around the
planned long-distance and regional passenger stations and the realised transport offer on Rail Baltica and its tariffs
but also on the integration with the existing 1520mm railway network and other public and individual transport
modes. In the following elaborations for Panevézys, exemplary solutions with the existing and planning transport

network are demonstrated.

1.4.1.  Currently planned location of Panevézys station

The currently planned Rail Baltica station is located approx. 10 km west of Panevézys centre. At this planned loca-

tion there is no existing transport infrastructure.
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Figure 20:  Location of planned Panevézys Rail Baltica station

New transportation infrastructure with additional investment costs has to be developed for public transportation as
well as car and (e-) bicycle users to connect Rail Baltica station with the city centre and other origins and destina-

tions.

Taking into account the transportation network structure the distance between the planned Rail Baltica station and

the urban centre is about 15 km as shown in the following figures:
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Figure 21:  Location of planned Panevézys Rail Baltica station and road network distance to city centre.

To connect the planned Rail Baltica station with the city centre additional public transportation has to be offered.

This will require additional public sources for the operation of these shuttle services.
The additional travel time between the city centre and the planned Rail Baltica station (incl. transfer time) of approx.
= 20 -30 minutes by bus/car,
= 30-60 minutes by (e-)bike
will make door-to-door travel times unattractive, especially on the relation Vilnius - Panevézys:
=  Rail Baltica: 1:30 - 2:00,
= (Car:1:40.

In order to reduce door-to-door travel times and to make Rail Baltica more competitive a better integration with the
city centre is required. The following examples show possible solutions to be further analysed in the following plan-

ning phases.

A better integration with the city centre should consider the existing 1520mm railway network being an essential
part of possible solutions as it is located not only in the city centre but also only 1.5 km south of the planned Rail

Baltica station:
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Figure 22:  Existing 1520mm railway line Siauliai — Panevézys — Daugavpils in Panevézys area

Taking into consideration the spatial and transportation structure in Panevézys area as well as international bench-
marks (e.g. the additional railway connection to Avignon TGV station in France) there are four major solutions for a

better integration:
A) Additional railway connection (1435 or 1520mm)between Rail Baltica station and Panevézys centre;
B) Tower station on top of the existing 1520mm line;
C) Change Rail Baltica alignment closer to the city centre;

D) Additional 1435mm connection to Panevézys centre.

1.4.1.1. Additional railway connection to Panevézys centre

To reduce door-to-door travel time a railway shuttle could be operated on an additional railway line between the
existing 1520mm railway station in the city centre and the planned Rail Baltica station. The railway infrastructure
could be both realised as 1435 mm or 1520mm where the 1520mm solution would require less additional infra-

structure and thus less investment costs.
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Figure 23:  Additional railway connection to Panevézys centre

The major pros and cons of this solution are shown in the following table:

= Additional railway infrastructure (CAPEX) re-
= Shorter travel times compared to a bus shuttle due to quired (but less road infrastructure)

fast d liable rail huttle and short
asterand more reflable ratlway shuttie and shorter = Additional OPEX for operation of the railway

transfer times in Rail Baltica station shuttle.

(Vilnius — Panevézys approx. 25 min faster). R
= No direct connection to Siauliai - Daugavpils

railway line.

Table 32: Pros and cons of an additional railway connection to Panevézys centre

68

Preparation of the Operational Plan of the railway



o Rail Baltica | e vannity COWIL 72>

Final Study Report

1.4.1.2. Tower station on top of the existing 1520mm line

To reduce door-to-door travel time the planned Rail Baltica station could be moved apporx. 1.5 km to the south on

top of the existing 1520mm railway line Siauliai - Daugavpils where additional platforms in a tower station could
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Figure 24:  Panevézys tower station 1435/1520mm

The major pros and cons of this solution are shown in the following table:

= Shorter travel times compared to a bus shuttle due to
short transfer times in the tower station and short
travel times on the existing 1520mm line to/from the

city centre. (Vilnius - PanevéZzys approx. 30 min faster). | = Additional complex infrastructure for the tower

station (CAPEX) required (but less road infra-
= Direct connection to Siauliai - Daugavpils railway line structure).

(no isolated shuttle required).

= Lessroad infrastructure required.

Table 33: Pros and cons of a tower station on top of the existing 1520mm line
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1.4.1.3. Change Rail Baltica alignment closer to the city centre

Shorter door-to-door travel times could be also realised by shifting Rail Baltica alignment eastwards closer to the
city centre with a 1435mm station either on top of the existing 1520mm railway line Siauliai - Daugavpils or the A9

highway.
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Figure 25:  Rail Baltica alignment closer to the city centre

The major pros and cons of this solution are shown in the following table:

= Shorter travel times compared location outside then
urban fabric. (Vilnius — Panevézys 15 - 30 min faster

depending of rail or road solution).

= New alignment planning required.

= The station could be much better integrated into ur- ) o
= More people affected by noise emission and

ban structure and transportation system. .
construction works.

= Direct connection to Siauliai - Daugavpils railway line

if located on top of the 1520mm railway line.

Table 34: Pros and cons of Rail Baltica alignment closer to the city centre
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1.4.1.4. Additional 1435mm connection to Panevézys centre

Common solutions for new high-speed lines for cities of different sizes is a bypassing alignment and additional
connection to the city centres, as e.g. in Le Mans, Lyon, Paris, Portiers or Tours in France, Toledo or Zaragoza in Spain
or Coburg, Freiburg, Leipzig or Stendal in Germany. For Panevézys such a solution could look like as follows where

sprinter trains bypass the city non—stop and selected high—speed and all regional trains stop in the city centre:
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Figure 26:  Additional 1435mm connection to Panevézys centre

The major pros and cons of this solution are shown in the following table:

= Shortest door-to-door travel times of all solutions

(Vilnius — Panevézys approx. 40 min faster).
=  Partly new alignment planning required.

= Noisolated shuttle required.
"  More people affected by noise emission and

=  Direct connection to Siauliai — Daugavpils railway line, construction works.

gauge-changing possibility at Panevézys station.

Table 35: Pros and cons of additional 1435mm connection to Panevézys centre
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1.5. Freight Transport

oy

1.5.1. Review of existing studies (WP1.2)

1.5.1.1. Global Project Cost-Benefit-Analysis (EY 2017)

The documents

Final Study Report

=  Rail Baltica Global Project Cost-Benefit Analysis, Executive summary, 24 April 2017 (Document 4.1)

=  Rail Baltica Global Project Cost-Benefit Analysis, Final Report, 30 April 2017 (Document 4.2)

include freight forecasts, the description of methodology and assumptions how freight forecasts for future freight

traffic has been prepared by EY. The Rail Baltica Global Project Cost-Benefit Analysis (the CBA) as prepared by EY and

as documented in the two reports mentioned above is considered to be the main source for preparation of the

Operational Plan of Rail Baltica. The freight forecasts and assumptions in the CBA are summarised below.

The freight service volume between Tallinn, Salaspils (Riga), Kaunas, Vilnius and Poland as forecasted in the base

case in the CBA is shown in Figure 27.

Bl

Tallinn

Freight, million ton (Source: Document 4.1, pa

ge 13, table 3)

Tallinn Salaspils |Kaunas Kaunas

Salaspils_|Kaunas __ |Vilnius Poland
2026 5.4 6.1 5.8 13.3
2035 5.8 7.0 6.5 14.9
2045 6.4 7T 7l 16.3
2055 7.0 8.5 7.6 17.6

Riga \ Salaspils

_%ﬁ. \Vilnius

Kaunas - PL/LT border

Figure 27:  Freight forecasts from CBA 2017 for the base case (million tonnes/year, both directions)
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The overall forecasting principles for freight are the same as for the passenger traffic including the 4 steps described
below. The fundamental difference is that the focus is on freight not on passengers, that origins and destinations

differ, that transport modes differ, that costs are different etc. as addressed in more detail below:

= Step 1: Existing transport movement in 2015 between relevant origins and destinations by all existing

modes (truck, train, ship etc.) collected from statistical databases as e.g. Eurostat
= Step 2: Forecast on basis of general expectation and historic trends (GDP forecasts and elasticities)

= Step 3: Forecast and redistribution (mode and route choice) on basis of estimated generalised future

transport costs with Rail Baltica and with other mode of transport (truck, RB train, 1520 mm trains, ship etc.)

= Step 4: Reducing the forecast in the first years of operation as freight operators are assumed to adapt to the
new possibility to use Rail Baltica gradually over a 7-year period (compared to passengers the freight indus-
try is expected to adapt the new possibilities with a two years lag resulting in 7-year in total for the freight
marked adaption period) The existing (2015) freight volumes (step 1) are an important input for the fore-
cast model. The freight flows are not documented in the CBA in the same level of detail as the passenger
flows addressing Rail Baltic main nodes. Freight transports potentially moving to Rail Baltica are long dis-
tance transport more difficult to illustrate as passenger transport. Existing freight transport potentially
moving to Rail Baltica is a mix of truck transport, 1520 mm train transport and short sea shipping feeder

services served by trucks and 1520 mm train transport as illustrated in Figure 28.

Figure 28:  Existing freight flows in the region potentially attracted of Rail Baltica

Regarding Step 3 - mode and route choice - this is depending in the forecast model on the travel time and travel

cost in a reference scenario corresponding to the existing situation and in a project scenario with Rail Baltica.
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Regarding Step 4 - reducing the forecast in the first years - this is often assumed in transport forecasts for major
transport infrastructure projects. The reason is that changes seldom occur from day to day. Change of route for
passenger car traffic and truck traffic might occur more or less immediately when new improved roads and routes
are available. Change of mode for freight traffic from e.g. sea shipping to railway shipping require major changes of
logistic for the freight operator as well as for the customers. Generation of new freight traffic caused by reduced

transport costs requiring relocation of production facilities is likely to evolve slowly and could continue for decades.

Rail Baltica freight forecasts assume fundamental changes in the use of transport mode from ship and truck requir-
ing major changes for the operators as well as the customers that probably will require several years to reach a new
balance in the freight transport market. Other project as e.g. FinEst and Fehmarn Belt connecting Denmark and
Germany require less fundamental changes. FinEst assume a big share of freight on truck shuttle service (70% of the
freight on trucks) that does only require minimal logistic changes for the freight operators and costumers compared
to the existing mode with the use of ferries. The Fehmarn Belt is mainly a change of route for the railway freight

providing a more direct route. The Fehmarn Belt forecasts assume a 4-year "ramp-up" period.

In conclusion it is realistic that the "ramp-up" period of Rail Baltica is longer than for the Fehmarn Belt projects. The

7 year period as assumed in the CBA seems realistic, but uncertainty is considerable.

For freight the complexity is rather high depending on type of freight, volume of each shipment, origin and destina-
tion etc. The complexity is illustrated in the CBA by a number of case studies. Time and price estimates provided in
the EY Global Project CBA documentation are indicative only as they do not represent permanent combination of
the best prices or fastest duration as prices and time are subject to numerous variations. Details of how transport
prices and transport times are weighted and combined in the freight forecast model is not available. See indicative

price per ton and time as provided in the CBA on Figure 29.
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€/km day | €/km day €/km day €/km day €/km day €/km day €/km day
"'\ -' - 097 5d. 0,70 6d. 0,73 6d. 09 6d 091 3d 044 15d.
:." 1,07 1d. 0,72 1d. © 080 1d. 1.08 2d. 094 3d 105 3d 0,82 3d 042 15d.
047 2d & + 050 2d 0,50 2d. 050 3d 033 5d -* 0,18 30d.
140 1d. 17 1d. 48 1d. = 140 1d 20 1d. 107 1d 678 1d.
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** Existing rail has been calculated based fromthe perspeciive of cargo transporiation with Finland.

-
" Denotes thatthe connection with this destination has either been considered as anon-competitive alternative, or direction connections are notpossible
' basedonthe presented assumptions.

Figure 29:  Indicative price and time estimates (Source: CBA Final Report, page 75, figure 44)

Figure 30 illustrates the results from the CBA in number of freight trains per direction and day for the base case

scenario.

*-

Kaunas - PL/LT border

Figure 30:  Schematic map of assumed freight trains/day and direction (base case 2030-2050)
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Traffic forecasts addressing major changes in train service and addressing scenarios until 2055 in the CBA are esti-
mates. It can turn out otherwise than forecasted. The CBA include a base case as summarised above and as assumed
to be the central estimate. The CBA include also a low case with 20% less freight volumes and a high case with 20%

more freight volumes (Source: Executive summary, page 13, table 3).

The question is if the forecasts made are realistic. The answer is that the method is state of the art, and the input
data available seems realistic. Alas it was not possible to check in details in-depth. Important data in between de-
scription of the method and final results is not available in the documents. Other sources illustrate how difficult it is

to forecast future freight flows of Rail Baltica. See also the assessment of other sources below.

1.5.1.2. FinEst link final report 2018

The FinEst link is a railway tunnel option connecting Helsinki and Tallinn with a 1435 mm gauge railway for direct
passenger and freight train services via Rail Baltica connecting to the European Railway Network. For information on

alignment and general information see chapter 1.2.1.2 on screening of existing passenger transport studies.

The FinEst link final report 2018 estimates the future freight traffic between Helsinki and Tallinn in 2050 in the sce-
nario with the tunnel to be 8 million tonnes/year in total of which 4 million tonnes are carried on the railway

through the tunnel and 4 million tonnes are carried on the ferry services.

Railway freight is assumed to be partly by truck shuttle service between Helsinki and Tallinn and partly conventional
freight train service. 70% of the freight is assumed to move by truck shuttle and 30% of freight is assumed to move

by conventional freight trains.

The study estimates the operation of 19 truck shuttle trains per day and direction with a speed of up to 160 km/h to

allow truck shuttle trains to move in between passenger trains in off-peak day time traffic.

Conventional freight trains are estimated to be 3 trains per day and direction with a speed of up to 120 km/h. These

trains are assumed to run at night time not to delay passenger trains.

The report does not indicate to what extend the freight have Tallinn as the final destination and to what extend

freight are supposed to continue further south potentially via Rail Baltica.

1.5.1.3. Other freight studies

Earlier feasibility studies
Other earlier Rail Baltic studies have been screened including:
=  AECOM 2015 focusing on optional alignments between Vilnius and Kaunas

=  AECOM 2012 feasibility study addressing optional alignments of the main line
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= COWI 2007 pre-feasibility study

The above mentioned earlier studies have all a broader perspective as the Rail Baltic Global Project Cost Benefit
Analysis. The above-mentioned studies address e.g. alignment options not considered realistic anymore. The earlier
studies have been important as basis for the many choices and decisions made before the Rail Baltic Global Project
Analysis and assumptions made in the Rail Baltic Global Project. The Rail Baltic Global Cost Benefit Analysis Study is
therefore considered the best basis for the Operational Plan including earlier decisions and based on newer data

than the earlier studies.

1.5.1.4. Specific Terminal studies
Other studies and documents specifically addressing freight traffic having been screened include:

=  Rail Baltic Muuga Multimodal Terminal Study: preview of the results, Meelis Niinepuu, Civetta Estonia, April
10,2018

=  Rail Baltic / Rail Baltica Intermodal Logistics Centre in Latvia - Development of Operational and Technical

solutions, 2016 (Source: Revised final report, Rev. no. 4 27.01.2016)
= Development of Kaunas Public Logistics Centre (PLC) and infrastructure under its influence

The focus of these studies is the logistic processes and infrastructure in the terminals situated in Muuga, Salaspils
and Palemonas (Kaunas PLC) as well as Tallinn and Riga and Kaunas area. Details of logistic processes and the con-
ceptual design of the terminals are addressed here. The Rail Baltica Muuga Multimodal Terminal Study does specifi-
cally address freight forecasts between Tallinn and Parnu stating that they are "more optimistic about the Finnish
share of Rail Baltica" than the EY CBA. The Muuga study estimates 9.2 million tonnes freight in total for 2045 to be
realistic on the Estonian section between Tallinn and Parnu. The 9.2 million tonnes is 42% more freight than esti-
mated in the EY CBA®.

20 Source: Analysis of Muuga MMT technological and spatial needs
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Muuga port - annual Rail Baltica freight volumes
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Figure31:  Muuga port - annual turnover of Rail Baltica freight

The distribution of in- and outbound flows shows that more freight is to be transported in the North-South direction

towards Latvia, Lithuania and further (see Figure 31).

According to the study the share of containerised freight in the overall tonnage handled in Muuga port will increase
from approx. 20% in 2025 to approx. 46% in 2045. Thus, most of the traffic can be expected to be intermodal.
Though the majority of RoRo cargo would arrive or leave the port on the land side by road, the authors of the study
expect the share of rail also to increase in this market segment (0.39 million tonnes in 2025 to 1.48 million tonnes in

2045).

The volume of bulk freight to and from Rail Baltica is expected to be much lower (approx. 160 wagons in total in-
and outbound in 2026 per day which corresponds to an average total traffic volume of approx. 2.3 wagonload train

pairs per day).

The Rail Baltica Intermodal Logistics Centre study from Latvia recommends that the Rail Baltica Intermodal Logistics
Centre for Latvia (RBILC) is to be located in Salaspils. The estimated market share of RBILC is estimated at 1% of the
national freight volume in 2040 including import and export. The expected freight to be handled in the Logistics
Centre is estimated to be 1.6 million tonnes in 2040 corresponding to 5 freight train pairs per day (bulk and inter-

modal together).
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RBILC annual freight turnover
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Figure 32:  RBILC annual freight turnover21

The freight volumes are estimated for a number of different commodity types, and logistics in the terminal as well
as expectation of level of containerised transport are considered in detail. According to the study approx.2/3 of the
freight volume is bulk freight. It was expected that majority of this freight could be containerised, in addition it was

recommended to foresee facilities for bulk handling and loading.

Estonia, Finland
0.3-0.4 mIn t/year
1 intermodal train/day

2;:: g:)er; RBILC Transit CIS
1,3 million t/year “ il “ 0,3 million t/year . .
1 intermodal or mixed train/day)

(road, 1520 mm) million t/year

Lithuania, Poland, Central Europe
0.9 - 1.1 million t/year
(4 intermodal+2 bulk trains/day)

Figure 33:  RBILC main relations and freight distribution (2040, own depiction based on RBILC study)

21 Source: Rail Baltica Intermodal Logistics Centre in Latvia - Development of Operational and Technical Solutions, Identifications,
Final Report AECOM 2016
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It is expected that most of the freight moves to and from origins and destinations in Latvia and on international
relations to Central Europe. While it is expected that most of the goods will have their origin or destination locally in
the Riga area there is a realistic chance that the terminal will serve as interconnecting point with the East-West-
traffic from and to Russia. The RBILC study concludes that containerisation in Eastern Europe is still at a modest lev-
el, but probably to increase to reduce cost. Flexibility is concluded to be important to be able to incorporate the

rapidly emerging technologies and types of intermodal services.

Regarding the study on “Development of Kaunas Public Logistics Centre “, it is expected that Kaunas intermodal
terminal shall be designed to handle approx.107,000 TEU by 2040, which corresponds to approx. 1,2 million tonnes
of annual freight in 2040.

1.5.2. Consolidated demand forecast (WP1.4)

In conclusion the uncertainty about future volumes of freight traffic is considerable as well as how to handle the
freight traffic in the future. The Muuga study foresees considerably more freight than the CBA did. The Latvian study
is in line with the CBA. The FinEst tunnel could change the demand considerably. The recommendation for the Op-

erational Plan is therefore to base the Operational Plan on the CBA forecasts as the central estimate.

Figure 34 shows the overall annual rail freight volumes per line section as the consolidated forecast based on the
Rail Baltica Global Study CBA. The consolidated demand forecast above is simply interpolations and minor extrapo-

lations of the EY CBA base case forecast to cope with the time periods required in the Operational Plan.

The question is if assumptions and results are realistic. Demand forecasting is not a straight forward process. Uncer-
tainties are considered in the Global Project CBA with a low and high demand forecast case with 20% less and 20%
more traffic than the base case. The Muuga study indicates it could be higher but the study focuses on very specific
terminal and not on the overall corridor. The EY CBA includes a number of cases and examples and indicative pa-
rameters. All well documented and realistic, but the comprehensive final forecast model is not documented and
made available to the consultant. Nevertheless, the EY CBA is assumed to be realistic and to be the best basis for the

Operational Plan if FinEst tunnel is not taken into consideration.
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Figure 34:  Rail Baltic 1" iteration demand forecast for freight traffic without realisation of FinEst tunnel (both di-

rections, based on CBA base case)

The FinEst tunnel is to be considered in the Operational Plan as required by the ToR, but no decision has been made
yet if and how to finance the project. The project is considered in the Operational Plan for 2056, but it is uncertain if

the tunnel option will be realised as foreseen today.

The FinEst scenario is tested to address uncertainty regarding future traffic growth and incorporate flexibility in the
Operational Plan. See the forecast of freight transport in the FinEst tunnel on Figure 35 as well as an indicative fore-

cast how the tunnel potentially could increase freight transport on Rail Baltica.

The assumption for the indicative forecast is that 4 million tonnes corresponding to half of the total freight between
Helsinki and Tallinn continue south of Tallinn and Estonia via Rail Baltica to Poland, the Rail Baltica terminals and
into Europe by rail. See consultants estimate how the additional freight are distributed in Figure 35. This would
result to significant growth of demand on the different sections of Rail Baltica (+57% (Tallinn - Salaspils), +35%
(Salaspils — Kaunas), +7% (Kaunas-Vilnius) and +11% (Kaunas — Poland) compared to the base case without realisa-

tion of FinEst link as indicated in Figure 35.
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Figure 35:  Rail Baltic 1st iteration of estimate of freight with realisation of FinEst tunnel (both directions)

The estimate in Figure 35 is on the safe side addressing operational plan and is to be seen as optimistic scenario, not
only because of FinEst link, but also because of other influence factors, e.g. economic boost. The assumption of 8.0
million ton in total between Helsingki and Tallinn of witch 4.0 million ton in the tunnel correspond to the estimates
in the FinEst link final report. The assumption of 4.0 million ton via Rail Baltica between Tallinn and Salaspils corre-

sponds also to estimates in the FinEst final report.

The estimates in Figure 35 are on the safe side, because not all of the above mentioned freight flows are additional.
More or less of theise freight flows can also be expected in the scenarios without the FinEst tunnel served with fer-
ries between Helsinki and Tallinn. More or less freight are counted twice. The question is how much that are count-

ed twice.

The CBA reports does not include any details how ferry service are assumed in the future and no information of how

much freight are estimated to be transferred between Rail Baltica and ferries to and from Finland.

The FinEst final report address a 0 scenario assuming ferry service as today and sketch optional 0+ scenarios. The 0+
scenarios address improvement of current port facilities, new port facilities in Vuosaari and Muuga as well as mod-
ern technologies to optimise freight ferry service between Tallinn and Helsinki. The final report concludes, that in-

vestments in optimisation of ferry service are likely in the without tunnel scenarios, and that the potential transfer of
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freight between ferries and Rail Baltica is 1.8 million ton in 2050. The freight counted twice on the section Tallinn-
Salaspils in Figure 35 could therefor be up to 1.8 million ton between Tallinn and Salaspils and less south of

Salaspils.

The consolidated forecast of daily freight volumes to be transported on the different main sections of Rail Baltica is
shown in Table 36 taking into account the annual volumes without FinEst link for the time horizons 2026 — 2046 and

the annual demand with FinEst link operational for 2056.

The following table with the final consolidated daily freight transport is used as the basis for the Operational Plan
assuming the FinEst tunnel opens in 2050. Conversion from per year to per working day is based on an assumption
of 310 working days a year (taking into account weekly traffic distribution due to reduced loading/unloading activi-

ties at the ports and terminals and at the origins and destinations).
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16 20 19 43
19 23 21 49
21 25 23 53
36 37 26 64

Table 36: Consolidated freight transport forecast, 1,000 tonnes per working day (both directions)

OD tables (balanced and unbalanced) with volumes of freight are not available in the studies as mentioned in ToR

and as screened. OD table would be of advantage to consider consistency in more detail in the future.

OD tables are not needed to justify recommendation of train service pattern and capacity utilisation on most sec-
tions. The only exception is the triangle next to Kaunas where there are optional routes and a need to consider the
split of freight between the section Vilnius — Kaunas, Kaunas including stations south of Kaunas and Panevézys in-

cluding stations north of Panevézys.

The daily freight volume on the main sections in the table above have been translated into OD tables shown below
with estimated freight volume between origins and destinations addressing the planned triangle next to Kaunas
allowing freight trains between Vilnius and the northern part of Rail Baltica including Panevézys, Riga etc. to bypass
Kaunas. The OD tables are based on freight volumes in Table 36 and the additional assumptions that 30% of the
freight to/from Poland is from/to Kaunas and that 77% of the freight to/from Vilnius is from/to direction Kaunas
(including Poland and the rest of Europe). The reader should be aware the format are OD tables and figures in each

cell are one direction to and from Kaunas includes Kaunas as well as all stations south of Kaunas in Lithuania and

Poland. Panevézys include Panevézys as well as all stations north of Panevézys in Latvia, Estonia and Finland in
2056.

Table 37: Indicative OD freight volumes pr. day 2026 in the Kaunas triangle (1,000 tonnes per working day)

Table 38:

Indicative OD freight volumes pr. day 2036 in the Kaunas triangle (1,000 tonnes per working day)
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Table 39: Indicative OD freight volumes pr. day 2046 in the Kaunas triangle (1,000 tonnes per working day)

Table 40: Indicative OD freight volumes pr. day 2056 in the Kaunas triangle (1,000 tonnes per working day)

1.5.3.  Freight services considerations (WP 1.4)

In this section the market potentials, typical loading units and special requirements regarding rolling stock and

terminal facilities will be analysed as basis for working out requirements for the Operational Plan.
According to the ToR the following freight services shall be facilitated by Rail Baltica.
=  FRT1: Freight service for containers (intermodal)
=  FRT2: Freight service for trucks or lorry transport (piggyback)
= FRT3: Freight service for dry bulk materials
=  FRT4: Freight service for liquid bulk materials
= FRT5: Freight service for dangerous goods (chemicals etc.)
= FRT6: Freight service for transport of new passenger cars and trucks transport (automotive rail logistics)
= FRT7: Freight service for transport of passenger cars of passengers travelling by day or night express service
= FRT8: Freight service for temperature controlled goods
= FRT9: Freight service for express mails, post, parcels
=  FRT10: Freight service for dangerous goods (chemicals etc.)

= FRT11: Project Cargo exceptional oversize service
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1.5.3.1. Freight Service for intermodal containers (FRT1)

Current market situation and demand forecasts indicate that most of the Rail Baltica freight will be transported
using containers. This is especially related to the services from and to the northern terminus of Rail Baltica - Muuga
port as well as to the transit services on 1520 mm in East-West-direction from and to the CIS and other Asian coun-
tries. Transhipment of containers will take place in the dedicated terminal facilities at Muuga port, Salaspils terminal,

Kaunas terminal and Vilnius terminal and, if implemented, Parnu freight terminal.

Since loading gauge GC will be applied all types of standard I1SO containers, including high cube containers can be
transported. Given the relative low average payload per container (avg. approx. 10- 14 t/TEU depending on load
mix) intermodal services are likely to utilise a track length of 740 m and will also benefit from maximum train length
of 1,050 m with increase of transport volumes. Utilisation of train length will also depend on the operating condi-

tions in the terminals, especially in Poland and the maximum permitted train length in Poland and central Europe.

To provide a sufficient departure frequency a significant share of train services will run from and to intermodal ter-

minals in Poland, where loads will be consolidated with loads for other services.

To shorten transport times to be competitive, establishment of direct services going further west, e.g. to Southern
and Western Poland or to Germany will be likely. To reach the critical train utilisation it might be necessary to recon-
solidate the loads from/to Estonia / Latvia and Lithuania en route. Best location for this in the Baltic states would be
the Kaunas node (Palemonas yard or Karmelava freight station), which also is a major source and destination and
interconnecting point to the section Kaunas - Vilnius. Best location on the on the Polish side would be Etk railway

node, which will be the access point to the northern route of RFC 8 via tawa to Poznan.

If necessary change of train formation in a separate facility located more closely to the border might also be an op-

tion but would not be as efficient as Kaunas or Etk, where there are more synergies.

Especially for Salaspils, but also for Kaunas, the option of an intermediate stop of through trains might be consid-
ered to provide a flexible usable service with regular departures. Track layout in Salaspils would allow trains to go
directly to the loading track (coasting or bimodal traction). The whole train would then stop until all intermodal
units are loaded or unloaded. Depending on terminal processes exchange of wagons in the reception sidings might

be faster.

With the currently planned track layout for Palemonas exchange of wagon groups in the reception sidings would be
necessary to achieve the same functionality for Kaunas Intermodal Terminal, since the length of the terminal tracks

under crane will only provide for half train size (approx. 450 m).
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1.5.3.2. Freight services for trucks and lorry transport (FRT2)
Accompanied transport of trucks (“Rolling Motorway” services)

Accompanied transport of trucks on railways is carried out as block train shuttle service using dedicated low-floor
wagons which allow transport of trucks as well as horizontal loading and unloading by movement of the trucks
onto the wagons in longitudinal direction. The truck drivers will be carried in dedicated passenger wagons on one

end of the train.

Currently most of the services in Europe are provided in situations where there is a natural barrier (mountain transit,
waterway crossing by rail tunnel) and/or bottleneck on the road side or for selected long distance transport rela-
tions (e.g. Perpignan / Le Boulou — Bettembourg with 985 km road distance). Typical example for the current state of
development in Europe area the services provided on the transalpine corridors. Where the framework conditions

can be summarised as follows:

= Core services for transport of trucks over short distances with frequent departures (e. g. Brenner shuttle

Brenner — Worgl) with frequent departures

= Extended services over medium distances (e.g. 200 - 400 km) as block trains with less frequent departures

(usually 1 or 2 departures per working day)

=  Framework conditions to force the use of rail mode for environmental reasons (subsidies for railway under-
takings, additional restrictions for road transport, e.g. extended night time driving ban, additional road
tolls)

= Minimisation of production costs with limited additional service for truck drivers on the train (e. g. limited

catering, usage of couchettes for night services)

Given the current road utilisation in the Baltic States and the absence of comparable restrictions for road transport a
similar use case for the Baltic States would require a significant policy change in line with the targets formulated in
EU White Paper on Transport to shift30% (by 2030) and 50% (by 2050) of road freights carried on distances above

300 km from road to other more environmentally friendly transport modes (e. g. rail, waterways).

One theoretical scenario would be the takeover of a significant share from Baltic Sea RoPax ferries by introducing
new rolling motorway services by rail. These ferry services are running on long distances like Travemiinde - Liepaja
or Kiel - Klaipeda and are also utilised by a significant share of accompanied trucks. Typical size of a RoPax ferry will
provide a loading length for trucks of 1,500 to 3,000 Im (loading metre), depending on the size of the vessel. This

corresponds to approx. two to five intermodal trains depending on the allowed train length and size of the ship.
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There is a variety of on board services (catering, entertainment, and sleeping compartments) available, which could

be also used by the truck drivers.
Such a modal shift would be dependent on a policy change regarding truck transport:
= Restrictions for truck usage on long-distance road services (toll, extended bans)

= Enforcement of better working conditions for drivers (working regime, wages), also targeting risk of truck

driver shortage in the future?

In such cases it is likely that the industry will adapt to more cooperative service models, which will not require the

presence of the driver on the long distance run.

The situation might change if FinEst link will be implemented providing a unique transport link with no road alter-
native. According to the results of the feasibility study truck and car shuttle services between Helsinki and Tallinn
are foreseen. The feasibility study indicates that truck shuttles have a share of 70% of the total cargo tonnage to be
transported through the tunnel. Loading and unloading of the shuttle trains on the Estonian side will take place in

Tallinn area. According to the study the terminal site shall be situated at Soodevahe south east of Tallinn airport.
Unaccompanied transport of semi-trailers

However, unaccompanied transport of semi-trailers will have a significant share of intermodal freight transport and

shall be facilitated to support modal shift to rail.

In the Muuga freight terminal study the annual number of semi-trailers to be transhipped from and to Rail Baltica is
estimated to grow from approx. 25,000 in 2025 to more than 100,000 in 2045. This corresponds to a share of approx-

imately one third of total intermodal freight. No dedicated forecast is available for other terminals.

Current standard in Central Europe is to use dedicated and codified craneable trailers, which are loaded vertically, e.
g by gantry cranes thus not requiring special dedicated terminal facilities. Currently the most commonly used wag-
ons are standard pocket wagons. The low height of the pocket floor of approx. 0.27 to 0.30 m above rail surface will
ensure that trailers and mega-trailers can be transported without restrictions on Central European line sections.
Currently, the corner height of road vehicles is 4.00 m, with special vehicles even higher). In Finland the allowed

maximum corner height is 4.60 m.

According to current version of Rail Baltica Design Guidelines loading gauge GC shall be applied allowing for a max-
imum height of 4.65 m above rail surface. This is in line with current TSI requirements for freight lines of the highest
category (F1). Application of loading gauge GC implicates that for transport of standard road vehicles pocket wag-

ons need to be used. If standard flat deck wagons should be used the total height of the loading gauge required

22 Example: For Germany it is estimated that around 40% of truck drivers will retire in the next 10-15 years, leading to a driver
shortage of 150.000 drivers. Source: https://www.iru.org/what-we-do/network/driver-portal/problem
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would be higher (0.94 m for standard flat deck wagon + 4.00 m corner height of road vehicles = 4.94 m). Application
of a loading gauge larger than GC is welcomed by TSI regulations, but not mandatory. To use a loading gauge larger
than GC for transport from/to Central and Western Europe an implementation plan for the complete corridors, es-
pecially Rail Freight corridor 8 would be required. Application of such a loading gauge would mean additional in-
vestments in catenary and structures along existing corridors (e. g. in Poland, Germany, and Netherlands). Given the
fact that piggyback wagons are constructed of standard components (bogies, wheel sets etc.) and are widely used it
can be doubted that such investments will become priority soon. Thus, in the foreseeable future (until 2050) the use
of standard flat deck wagons would be limited to services within the Baltic states if a loading gauge larger than GC is
applied. For transport from/to Central Europe and Poland the use of piggyback wagons would still be required for a
long time. For example, in Poland the current standard is loading gauge G2 restricted (smaller than GC to be applied

on Rail Baltica).

Transport of craneable and non-craneable semi-trailers using conventional pocket wagons can be implemented as
mixed train configuration (transport together with other intermodal units in the same train) or as dedicated services
subject to the final decision of the intermodal operators involved. While conventional pocket wagons are also de-
signed to carry standard I1SO containers and without special preconditions for innovative services a dedicated wag-

on fleet for transport of semi-trailers only would be required.

Several solutions for transport and transhipment of non-craneable trailers have been developed in recent years.
Examples are provided in Table 37. Transport of non-craneable trailers would facilitate further modal shift, since
most semi-trailers used in road transport are not designed to be lifted by gantry cranes under normal operating

conditions.

Most of the systems available on the market require dedicated wagons and loading equipment to be installed at the
terminals. Therefore, a corridor approach to ensure utilisation of equipment to be used is an essential precondition

for application of these technologies.
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System Short description Advantages/Disadvantages
Nikrasa Usage of dedicated terminal and Advantages:
vehicle pz_allets (to be p05|t!oned Can be implemented on short no-
under trailer) to allow vertical tran- . - - .
. . tice using existing equipment (wag-
shipment by conventional gantry ; T
ons, terminal facilities)
crane
Disadvantages:
Additional effort for management of
pallets required (e. g. return of emp-
ty platforms)
Additional tare weight of pallets
Modalohr Usage of dedicated wagons with Advantages:

integrated moveable swinging deck
for horizontal transhipment of trail-
ers

Simultaneous loading / unloading of
complete train possible depending
on terminal configuration

Movement of trailers by tractor unit

Transhipment under overhead wire
possible

Fast simultaneous transhipment for
several wagons or complete train
(depending on terminal facilities)

Usage of standard wagon compo-
nents (wheels, bogies)

Disadvantages:

Dedicated terminal facilities
(movement of swinging decks) and
dedicated wagons required

Additional space in terminals re-
quired leading to higher fixed costs

Cargo Beamer

Transport of trailers by special pal-
lets mounted on flat wagons

Usage of dedicated wagons

Simultaneous loading / unloading of
all wagons of a train possible de-
pending on terminal configuration

Loading of trailer on moveable pal-
lets

Vertical Transhipment of load-
ed/unloaded pallets possible (crane,
reach stacker)

Fast transhipment of load-
ed/unloaded pallets by fixed termi-
nal facilities

Advantages:
Better space utilisation in terminals

Usage of standard wagon compo-
nents (wheels, bogies)

Fast simultaneous transhipment for
several wagons or complete train
Transhipment under overhead wire
possible

Disadvantages:

Dedicated equipment (wagon, pal-
let, terminal installations for fast
transhipment)

Additional tare weight of pallets

Table 41: Systems for rail-transport and transhipment of non-crane able trailers (typical examples)

For systems depending on fixed terminal installations (e. g. Modalohr, Cargo Beamer) dedicated loading tracks in

the terminals will be required, if the full potential of the systems should be used and complete trains are to be han-

dled. The different area needs of the systems on the road side must be considered in terminal design. Nikrasa and

Cargo Beamer transhipment facilities could be easier to integrate into conventional terminals.
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Given the high cost for terminal installation systems without the need of dedicated fixed installations will be an
advantage in the beginning. Nikrasa and Cargo Beamer pallets could be handled by conventional gantry cranes,

allowing for smaller amounts of freight (several trailers to half train load) in service start-up phase.

Given the high cost for terminal installation systems without the need of dedicated fixed installations will be an

advantage in the beginning.

To cover the higher equipment cost short turnaround times of trains must be provided. Given the need for dedicat-
ed wagons in most cases, transport in dedicated shuttle trains will be the more likely use case to ensure short wag-
on turnaround times. To ensure return of higher investment stable volumes on dedicated relations will be needed.
Thus these systems mainly qualify for main relations (e. g. from/to Warszawa or from/to a major German hub like

Duisburg).

Another option is to convert-non-craneable trailers to craneable trailers by retrofitting of terminal gripping edges.
The additional tare weight of upgrade solutions available on the market will be only approx. 310 kg per trailer. Addi-

tional investment will correspond to approx. 10% of the cost of a standard semi-trailer.?

Given the high cost for terminal installation, systems without the need of dedicated fixed installations will be an

advantage in the beginning.

Most of the systems available on the market require dedicated wagons and loading equipment to be installed at the
terminals. Therefore, a corridor approach to ensure utilisation of equipment to be used is an essential precondition

for application of these technologies.

1.5.3.3. Freight service for dry bulk materials (FRT3)

Category of dry bulk materials is related to a wide range of products and raw materials. Of special interest for Rail
Baltica are grain, fertilisers, mineral products and building materials. This category is traditionally a domain of rail
transport in the 1520 mm network. Nevertheless, the results of the terminal studies indicate that dry bulk materials

will gain a small but considerable share of the overall freight volumes along Rail Baltica.

Shipment of these kind of cargo is traditionally dependant on local consolidation close to the (natural) production
sites and dedicated loading points for transhipment to rail (e.g. grain conveyor) or from private railway sidings

while implementation of dedicated facilities is usually initiated by local producers or logistics service providers.

Transport of bulk freight to destinations in the Baltic States is dependent on facilities for transhipment to road

which should be situated closely to major O/D sites, e. g. building sites or production sites.

2 In zwei Tagen fit fir die Schiene. Eurotransport. June 16 2016. https://www.eurotransport.de/artikel/umruestung-zum-
kranbaren-auflieger-in-zwei-tagen-fit-fuer-die-schiene-8028984.html
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Studies for intermodal terminals at Muuga and Salaspils (RBILC) indicate demand for dry bulk material to be han-

dled with the following volumes:
= RBILC: up to 300,000 t mineral products/building materials, 2 loaded block trains per day expected
= Muuga: approx. 2 block trains inbound, 4 block trains outbound (1435 mm) in 2035.

Regarding the current state of affairs, the design of the intermodal terminals and sidings in Muuga port shall facili-
tate optional handling of block trains for dry bulk material without interfering with other businesses. This incorpo-

rates either transhipment to/from 1520 mm where applicable or transhipment to road.

Another dry bulk business case is production of ammonium nitrate fertiliser in Lithuania with two plants within 25
km reach of the Rail Baltica corridor in Jonava and Kedainiai. The two plants have an annual fertiliser production of 3
million tonnes per year. Most of the production is exported to European destinations via the port of Klaipeda. If Rail
Baltica shall take over some of the transport volumes, which might be advantageous for Central and Western Euro-
pean destinations on the inner main land, a dedicated transhipment and storage facility for block trains (first mile by

1520 mm or road), a dedicated branch line or a containerised transport chain would be required.

Smaller business cases for handling of bulk freight at additional intermediate stations are limited and will require
more detailed studies, closer to the date of realisation once Rail Baltica is operational. At least for smaller consign-

ments containerisation will also be an option.

For smaller consignments (e. g. chemicals, fertilisers and grain) or for shipments to be transferred between vehicles
or distributed to different consignees so called flexible intermediate bulk containers or big bags could be used.
These are either suitable for transport in open wagons, which would require lifting each bag separately by cranes or
consolidation in standard intermodal containers. The latter possibility allows for integration of bulk cargo in stand-
ard intermodal transport chains (rail-rail, rail-sea, rail-road) via the proposed terminals. Precondition is that the ship-

pers and consignees are able to handle this kind of consignments.

1.5.3.4. Freight service for liquid bulk materials (FRT4)

Transport of mineral oil is a traditional domain of the rail freight transport in the Baltic States. Rail is part of the tradi-
tional export routes to the West via the Estonian and Latvian ports. This business is East-West oriented and will stay
a domain of 1520 mm. Most of the local refineries and tank farms in the Baltic States are currently not planned to be
connected to Rail Baltica. Thus, this business will generally remain on 1520 mm gauge. This situation is confirmed by
the study for the Muuga terminal. In Muuga liquid bulk handling is expected to decline from 6.3 million ton in 2015
to 2.5m tonnes in 2045. From this still considerably transport volume Rail Baltica is estimated to garner only a small

share (might be 1 block train per day), which might be used e. g. for delivering fuel to Riga airport.

A combined transhipment and storage facility for mineral oil has already been implemented adjacent to Sestokai

station. This facility will allow transhipment from 1520 mm to 1435 mm. The majority of Central European mineral
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oil imports from the CIS is transported by pipeline. Thus, the market potential of such facilities will be more regional

oriented e. g. from Lithuanian refineries to Eastern Poland or vice versa.

For other consignments usage of tank containers or piggybacking of semi-trailers will be an option utilising planned
intermodal terminals en route. Smaller consignments could also be integrated into the intermodal transport chain

using intermediate bulk containers, which are consolidated in standard intermodal containers.

1.5.3.5. Freight service for dangerous goods (FRT5)

Rail Baltica as such does not directly serve any chemical production sites. Therefore, the possibilities to use wagon-
load based services are very limited and are mainly applicable for bulk freight to be transported in larger quantities
on the same relation (e. g. fertilisers and related raw material). It can be assumed that the majority of freight will be
transported in containers, e. g. tank containers. Given the dedicated requirements for transport of the different
chemicals this option is also widely applied practise in European chemical industry. Large European manufacturers,
e.g. Bayer and BASF enforce and support the establishment of intermodal facilities near the major production sites
of the respective production sites. This is also to consolidate freight transport for transhipment to Poland and fur-

ther on to Eastern Europe and Russia by rail.
For handling of dangerous goods in general the following conditions must be ensured:
= Dedicated storage areas and fire protection measures to ensure safety

= Terminal design must ensure environmental protection (e.g. drainage facilities)

Furthermore, IT infrastructure must ensure that the staffs of the railway undertaking, terminal manager and railway
infrastructure provider have consistent and up-to-date information regarding location of consignments with dan-

gerous goods (e. g. location of containers in the train).

Dedicated block train services can only be expected for fertilisers and liquid bulk. Incident handling staff (local fire
brigade, train crew, incident managers must be trained to react properly in case of incidents involving dangerous

goods on the railway and related communication to staff and local authorities.

1.5.3.6. Transport of new passenger cars and trucks (FRT6)

Regarding transport of manufactured passenger cars and trucks, typically rail mode is used for rather huge consoli-
dated consignments between an origination point (car manufacturer) and destination point (local distribution hub,
sea port for major export flows). Due to the high value density of transported goods condition of vehicles must be
monitored closely. Special measures for theft and damage protection should be implemented. Currently there is no
car manufacturer in the Baltic States, which would trigger significant transport volumes. Remaining functionality to
be served by rail would transport to local distribution hubs for serving the Baltic States and export to CIS countries

by rail. This functionality could be developed as part of the Rail port functionality of the foreseen intermodal termi-

93

Preparation of the Operational Plan of the railway



: : Gauff 7
@ﬁallBaltlca ‘ 208 Mobility COWI 7=

Final Study Report

nals. The critical mass for rail transport could only be reached, if sufficient storage facilities and value-added services
can be implemented closely to the terminal sites. If the cars shall be transported in dedicated block trains or wagon
groups to the distribution hubs in the Baltic States it is likely that the loads (e. g. cars from different manufacturers)

need to be consolidated in a dedicated hub before entering the Rail Baltica corridor (e. g. in Germany or Poland).
Requirements:

= Consolidation of loads before entering Rail Baltica

=  Ensuring transport security and punctuality

= Sufficient transhipment and unloading sidings at the terminal locations

1.5.3.7. Freight service for transport of passenger cars of passengers
travelling by day or night express service (FRT 7)

Today, main application of transport of road passenger cars by rail is to overcome a natural barrier where no equiva-
lent road service can be provided. In case of Rail Baltica the similar use case would be introducing a dedicated ser-
vice for passenger cars between Helsinki and Tallinn if FinEst link should be implemented. For this kind of services
dedicated wagons need to be developed to allow for tunnel safety and maximum capacity and adequate passenger
comfort. To allow maximum capacity utilisation in the tunnel and to minimise waiting time for both passenger cars
and trucks the service could be implemented as integrated service with truck transport (either by using same wag-
ons or by using dedicated double stack wagons. Typically drivers and passengers remain in their car so that no sep-

arate passenger wagon is provided.

On greenfield solutions like the channel tunnel a special loading gauge and vehicle clearance is implemented. Giv-
en the length of the journey toilets and a minimum service needs to be provided on the train as well as provisions

for quick evacuation in case of emergency.

Transport of cars could also be possible by attaching car transporters to the night trains. This mode of transport is
currently mainly used for leisure purposes. This can be seen as added advantage motivating users to use the night
train which is slower than the plane. Typical relations would be the longest legs of the night train run like Vilnius -
Berlin/Wien or Tallinn — Warszawa. It is questionable if there will be a business case in the future taking into account
on-going changes of mobility patterns (usage of car sharing or rental cars at train origin/destination instead). As
with rolling motorway services, the ferry will be the main competitor. So the main market would be to serve inland

destinations like Warszawa or Vienna.

For loading and unloading special terminal facilities must be provided. The typical use case is the use of double

stack cars for passenger cars, which must be supported by loading and unloading facilities.
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In order to shorten waiting and transfer times for passengers the car terminals need to be located at the same place
or within short distance of the departure platform of the trains. The currently available design will allow car loading
and unloading only from the front of the wagon with fixed installations. To provide for loading and unloading of

wagons at intermediate station the currently used technology needs to be improved.

1.5.3.8. Freight Service for temperature controlled goods (FRT8)

Temperature controlled goods are to be transported in semi-trailers or dedicated containers. During rail transport
no power can be supplied to the reefers. To maintain required climatic condition two solutions are typical for Euro-

pean rail transport:
= Continuous cooling of reefers by mounted diesel generator sets

= Usage of electrical powered cooling units in combination with thermo isolation suitable for up to several

days without powered cooling.

In both cases maintenance of the cooling units must be ensured at the terminal sites. For powering of electrical
cooling units dedicated power connections are to be foreseen on the terminal sites. In case of failure repair and
replacement of intermodal units or semi-trailers has to be organised. Given the total freight volumes it is unlikely
that dedicated train services will be introduced for temperature-controlled goods. In order to ensure short transport

time priority services might be used, if available.

1.5.3.9. Express mails, post, parcels (FRT9)

Transport of express mail, post and priority parcels is usually facilitated on overnight connections between consoli-
dation and distribution hubs. To ensure a short transport time these distribution hubs should be located near the
Rail Baltica rail freight terminals. Since Rail Baltica serves the capitals of all three Baltic States the chances would be

to install the main distribution hubs within short distance to the already planned rail terminals.

Given a freight train avg. speed of approx. 100 km/h (max operating speed = 120 km/h) during night time direct
connections between Vilnius — Riga and Riga - Tallinn are relatively easy to implement. Longer connections Vilni-
us/Kaunas — Tallinn would likely require higher train speeds of more than 120 km/h and a dedicated fleet. The ser-

vice could be developed as an intermodal service.

To ensure an economic train utilisation, the service shall be opened for other goods, preferably priority freight like
temperature-controlled goods. For goods where no overnight connection is required that service can be extended

to a suitable distribution hub in Poland, e. g. in Warszawa area.

One example for remaining postal services successfully operating in Central Europe is the Parcel Intercity (PIC) net-
work of DHL operated by DB Cargo. The PIC network consists of a north-south connection Hamburg — Munich and

an East-West connection Berlin — Rhine/Ruhr area. To ensure a high train utilisation this network is open for other
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transports as well. More than 70% of train capacity is used for other cargo. Initially the service was operated with
maximum speed of up to 160 km/h using dedicated train sets (intermodal wagons equipped with electronically
controlled pneumatic disc brakes but has been cut-down to 120 km/h using traditional equipment due to high

operation costs.

Another example of a fast postal service is the Swedish postal train service. These services use dedicated wagons
either boxcars or flat cars with special intermodal units, which are operated as dedicated postal block trains and
interconnect dedicated postal terminals where the wagons are loaded and unloaded by postal service staff. Accord-
ing to the logistic service provider Postnord approx. 65% of the mail in Sweden is transported by rail. Since end of
2017 the requirement to deliver stamped mail within one business days was replaced by a two day delivery policy.
Required overall service punctuality for postal delivery was raised from 95% to 98.9%. This allows replacing air

transport by other modes, mainly by rail.

Last but not least transport of mail and parcels could be integrated in passenger services. This would require dedi-
cated space in the trains and a dedicated loading area at the platform. Given that, the most likely option would be
to provide small-volume-high-value courier services or mail service. Success of such a solution will also depend on
organisation of pre- and post-haulage on road. Distribution centres for mail and parcels are not located any more

close to the passenger stations, but in logistics centres outside the city centres.

The need for such services needs to be determined by a separate study addressing the market conditions and re-

quirements in more detail.
1.5.3.10. Project Cargo exceptional oversize service (FRT11)

1.5.3.10.1. Infrastructure

Clearance gauge

The clearance gauge determines which distances (measured from the centre of the track or from the top of the rail)

are to be kept clear of installations. The following figure shows these distances for the clearance gauge "GC" used.
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The clearance gauge results in the required track distances for line tracks and station tracks. Surcharges to the

above mentioned distances are required when radiuses of track curves are exceeded, at higher speeds and the ex-

istence of rail cant deficiencies (height difference between the two rails).
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Loading gauge

The loading gauge determines, which distances (measured from the centre of the track or from the top of the rail)
may not be exceed by rail vehicles or their load, so that they may operate within the corresponding clearance gauge
without or with specified restrictions. The following figure shows the respective loading gauge dimensions G1 and

G2, which correspond to the clearance gauge type "GC".

3
)
*
@
400|400 690,],690 A
1000 1000 . 1395 1395 Ol
ol
1575 1575 1575 1579 -
75}
| o 8 . \3
: § o 31I50 2
2150 E : 5
| i |
i G1 | G2
i | | =
— e | L_SOK _ _j— SOK < ¢

Figure37:  Loading gauge G1 and G2

Vehicles conforming to the international G1 profile (see left figure above) can be used freely in Europe (except in the
UK, where an even smaller profile must be respected). The G2 profile is also called the German load gauge (see right
picture above). Vehicles with this relatively large profile (e.g., “Hbbills 311" freight wagons) may not, or only by spe-

cial agreement, operate internationally.
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Excursion: Out-of-gauge load / loading (“LU”) - German operational rules

The following remarks on out-of-gauge load / loading (“LU") refer to the regulations applied by German Rail [DB
AG].

Trains with out-of-gauge load - also referred to as “LU” load - have a measurable half of distance between centres

of tracks of more than 1,575 mm (minus various surcharges) and must be checked by a qualified technician.
Classification:

a) “LU Alfa": only height is exceeded, measures for the adjacent track not necessary, for instance double-deck

coaches in a normal train (see previous graphic “G2")

b) “LU Berta”: small exceeding of width, no actions necessary, but see c); allows the passing of regular “LU”

trains “Alfa” and “Berta” on the adjacent track

o “LU Caesar": exceeding oft width, exclusion of “LU" types “Berta” or “Caesar” on the adjacent track. On that
adjacent track only trains with regular loading gauge would be allowed to run. In order to exclude a colli-

sion with another “LU” train, the operational "offer"? of the train is necessary.

d) “LU Dora": Large exceeding of width blocking of the adjacent track(s) is necessary. Due to the extreme ex-
ceeding, it is necessary to close the affected adjacent track(s) and keep it clear of all vehicles and persons

before these trains can start the journey.

Calculation example for out of gauge load

S corresponds to the average track distance, i.e. measured from the centre of track o track 1 to the centre of track of
track 2. 1,750 mm is the regular half width of a rail vehicle consisting of 1,575 mm, which corresponds to the loading
gauge of the German Rail [DB AG], plus 75 mm as a supplement for the swing of the vehicle in curves, plus another
100 mm as a surcharge for operating irregularities. A standard loading gauge rail vehicle, but also the “LU Alfa” ve-
hicle therefore never has a half width over 1,750 mm. A rail vehicle is called “LU Bravo” vehicle, if it has a half width
between 1,750 mm and S/ 2. The “LU Charlie” group includes all vehicles with a half width from S / 2 to S-1,750 mm.
Anything that exceeds S-1,750 mm is a “LU Delta” vehicle.

The following figure shows an example of the width of vehicles without and with “LU” based on a track distance "S"
of 4.00 m.

24 Operational measure which ensures that the train in the opposite / adjacent track (in case of overtaking) is not a train with an
inadmissible exceeding of loading gauge also.
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Figure 38:  Out of gauge load boundaries for oversized cargo on adjacent tracks - German example

In case of larger or smaller centre of track distances the dimensions change correspondingly. On Rail Baltica the
minimum distance between track centres on the main line is 4.50 m. This larger distance compared to conventional
lines is mainly provided to avoid impact of unwanted aerodynamical effects between two trains passing each other.
To determine the limits for operation of oversized vehicles additional studies need to be carried out to determine

the speed limits between to passing trains for oversized cargo.

However, for cross-border transport to Europe the conditions of existing infrastructure have to be taken into ac-

count.
Axle load / Load per meter

Rail Baltica is designed for axle load of 25 tonnes. In principle these restrictions need to be complied with. For ex-
ceptionally heavy goods special wagons with multiple axles will be used to comply with axle load. If limits are ex-
ceeded transports may allowed as special consignments with imposed speed limits and additional empty wagons
on both sites of the wagon with overweight subject to individual approval and special calculations by the infrastruc-

ture manager.

1.5.3.10.2. Military transport

Load dimensions of combat vehicles

The following table shows the technical data of NATO's combat vehicles, vehicles of the former Warsaw Pact and

combat technology under development (PL 01, Poland).
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Length | Width | Height] Mass "L
Type Designhation| [m] [m] [m] [t] 1’

Battle tank Leopard 2 A4| 9.60] 3.72] 2.80] 56.5 B

Leopard 2 A6| 11.27] 3.75] 3.00] 60.1] B

T-725 9.54] 3.59| 2.28 46.5] B

PT-91 9.53] 3.40] 2.19] 45.5

PL-01 7.00] 3.59] 2.28] 46.5 B
Artillery PzH 2000 11.70] 3.56] 3.46] 55.8] B,H
Armored bridge Biber 11.82] 4.00] 3.55] 453 B, H
layer tank MZ-55 9.88] 3.30] 3.35 36.0| H
Infantry fighting BMP-1 6.73] 2.94] 2.07| 13.0]
vehicle Marder 6.88] 3.38] 3.02] 35.0

Puma 7.60] 3.90] 3.60] 43.0] B,H

1)

B: Exceeding loading gauge in width

H: Exceeding the loading height related to profile G1 and a
height of the car floor of 1.20 m (freight wagon "Samms 489")

Figure 39:  Typical Dimensions of combat vehicles

It is obvious that in particular tanks, artillery and armoured bridge layer tanks exceed the loading dimensions: this
combat technique can only be transported by rail if the corresponding organisational measures are taken in ac-

cordance with point 2.1.1.3.
Layout of loading station for Military transport

The loading of military vehicles requires special facilities and a respectively aligned layout of the track systems. The
layout of the track systems must have in consideration the aspects of secrecy. The track systems should not be im-
mediately visible, if this does not result in unreasonably high costs. The special facilities include in particular loading
ramps. Only by loading ramps, it is possible to quickly load or unload military vehicles on / from rail wagons. The
loading ramps are to be arranged in a manner that the military vehicles can be loaded / unloaded moving forward.
However, necessary changes in railway operation can require unloading military vehicles driving backwards. As long
as it refers to single military vehicles, this is not a big problem. However, to unload vehicles with trailers by driving-
backwards-mode, then the situation is extremely problematic and can lead to accidents very quickly. For such cases,
at least one spare ramp should be provided which allows unloading in the other / forward direction. The track lay-
out must enable the handling / loading of such wagon groups. The following figure gives an example of a respec-

tive station layout.

T
T2

E—T131 T3 T32—
T4

T

R1

T51 T52

61 Te2 T63 —3[ Rz | |
Figure 40:  Sample track Layout for military loading point

m oo
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Legend:
T1/2:  Main lines

T3/4:  Entry / exit tracks of the military loading station
The distance to the main lines should be chosen in a way that a privacy protection barrier in the form of an

earthen wall, a tree strip or a similar installation can be built in between.

T31: Turning track for the locomotive

If a separate shunting locomotive is required, then the respective engine shed can be built on this track.

T32:  Turnout track
Preferably the turnout track should have the length of a train plus the length of the train or shunting  lo-

comotive. The minimum length is half the train length plus the length of the train or shunting locomotive.

T51-63: Loading / unloading tracks
The total length of the tracks T51/T52 or T61 / T62 should be equal to the train length. The length of T52 or
T63 should have such dimension that a wagon group, standing at ramp R2 for loading / unloading, can be

bypassed. The length of T63 should have such dimension that at least one wagon can be parked there.

R1: Main loading / unloading ramp

This ramp has to be designed as a combined end-loading and side-loading ramp. The side-loading ramp in
its horizontal section must be designed in such a way that cargo can be loaded directly from the wagon onto
a truck (different vehicle heights have to be considered).

R2: Spare ramp

The ramp is used to handle / unload military vehicles that have to be unloaded in opposite direction.

1.5.3.10.3. 1520 mm-gauge wagons on standard gauge tracks

If it is envisaged that conventional 1520 mm-gauge vehicles will also be operated on regular gauge tracks (ex-
change of bogies or vehicles with adjustable wheel sets), then there is also the problem of out-of-gauge load since
the dimensions of the 1520 mm loading gauge differ, both in height and in width. Given the width limit of 3.15 m of
the relevant loading gauges GC (used on Rail Baltica) and G2 (standard for target countries in central Europe, e.g.
Poland, Germany, Netherlands) these wagons have to be transported as oversize transport under special operating
conditions. Another interoperability issue are the different braking and coupling systems incorporated (buffers and
screw type coupler for 1435 mm trains, central buffer coupler SA-3 coupler without additional buffers for 1520 mm
trains). Most common practice is to use adapter cars (fitted with screw type couplers on one end, SA-3 couplers on

the other end). This solution requires transport of wagons in a closed group.
Which group of the exceeding of the loading gauge is applicable here depends on the type of wagons actually

transported. With proposed minimum track distance of 4500 mm the conditions will be more favourable on Rail
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Baltica compared to Central Europe. However, for international transport to Central Europe the condition of TSI (e.
g. TSI WAG) and the national infrastructure providers must be met. Due to different brake systems on conventional

wagons special operating conditions apply for operation of 1520 mm wagons on 1435 mm.

Regarding distance between track centres it should be ensured that these wagons can be operated without major

operational obstacles. Therefore the minimum track distance of 4.00 m must not be compromised.

In stations and especially in freight yards and terminals it must be ensured that vehicles with half width of up to 2.00

m can be safely operated without obstruction of movements on adjacent tracks.

If 1520 mm wagons shall be transported as standard loads without additional operational measures the standards
outlined in current TSI INF shall be taken into account. That would mean application of the following infrastructure

parameters:

= Minimum track distance for 1520 mm rail system: 4.10 m also to be applied on freight lines and within

freight terminals.?

= Minimum track distance 4.50 m for lines with speed 200 to 249 km/h as already foreseen in Rail Baltica De-
sign Guidelines. For upgrade to speed higher than 249 km/h in the future a minimum track distance of

4.70 m would be required.?®

= Application of wider and higher clearance gauge S along the complete line.?

1.5.3.10.4. Other oversized cargo

For transport of other oversized cargo the principles outlined above will be applicable. Standard is to agree on every

special transport before.

For handling of special oversized cargo a loading track with sufficient space of the road side allowing for heavy
lifting equipment (mobile cranes) if needed and for operation of heavy and over dimensioned road vehicles with
easy access to main roads shall be provided. In larger terminals loading and unloading should not interfere with

normal operation.

To speed up preparation process for oversized/overweight cargo limits and restrictions shall be pre-defined as part

of operational rules. Related work by infrastructure manager could be supported by an infrastructure database con-

’

% Commission regulation (EU) No 1299/2014 on the technical specifications for interoperability relating to the ‘infrastructure
subsystem of the rail system in the European Union; clause 4.2.3.2, table 5

26 Commission regulation (EU) No 1299/2014 on the technical specifications for interoperability relating to the ‘infrastructure’
subsystem of the rail system in the European Union; clause 4.2.3.2, table 5

27 Commission regulation (EU) No 1299/2014 on the technical specifications for interoperability relating to the ‘infrastructure’
subsystem of the rail system in the European Union; appendix H.
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taining relevant size and dimension of infrastructure elements near the track. This system could be supported with

data from building information management systems.

1.5.3.11.Interface to 1520 mm

The majority of freight exchanged between 1435 mm and 1520 mm network is currently transhipped at the border
stations. In principle, the same will apply to Rail Baltica freight as long as no innovative technical solutions for a

gauge change are used.

The terminals in Muuga, Salaspils, Kaunas (Palemonas) and Vilnius are planned to be served by 1520 mm as well. For
the Panevezys terminal this option is also foreseen. The terminal layout will allow direct vertical transhipment of
intermodal units (wagon- wagon) if needed and supported by the train timetable, short transfer times can be en-
sured (min. train or wagon dwell time approx.. T hour with respect to necessary checks and time for transhipment of

intermodal units).

Additional transhipment of freight between conventional wagons will require considerable time and money. If tran-
shipment of conventional wagons (e. g. pumping of liquids) is practised it might take up to more than an hour per

wagon to perform such an operation.

The technologies to overcome these shortcomings are automatic track gauge changeover systems (ATGCS). Pre-
requisite for the automatic track gauge changeover is that special wagons equipped with variable gauge wheelsets
containing a variable gauge axle (VGA). Current solutions for 1435 mm / 1520 mm are on the market for more than a

decade now, but are only rarely used:

- .SUW2000 system developed by Poland. This system was used for example for passenger trains between

Poland and Vilnius. The related gauge changing facility is situated at Mockava station.
- Dedicated wheelset for freight operation (DBAG-Rafil Type V) developed by German Railways.

Due to the additional costs for the more complex wagons the main application area of such systems would be dedi-
cated shuttle services with short circulation time and regular service intervals. Otherwise the required fleet size or
the low fleet utilisation will not allow providing a competitive service. Thus gauge changing facilities will only be
needed for a limited number of wagons for special purposes where dedicated fleets can be justified. Currently, it
cannot be predicted that these conditions will change significantly due to the overall size of the 1520 mm network,
where interoperability needs to be ensured as well and circulation times are long due to the distances from/to rele-

vant destinations for major transit flows.

However, usage of gauge changing facilities and innovative freight wagons would be a means to extend the range
of Rail Baltica to railway sidings (e.g. for chemical and fertilizer industry, building material, wood loading, paper

industry) within each of the three Baltic states. Furthermore such a solution might be advantageous to quickly de-
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ploy military equipment using Rail Baltica. Therefore a separate study to identify future demand and to develop

service patterns utilising the rolling stock in a way allowing economic usage of such wagons is recommended.

From the current state of affairs, intermodal transport relying on standard wagons and investment in innovative

intermodal loading units will be the more likely and flexible alternative, especially for long distance transport.
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1.5.3.12.Conclusions

The studies available only allow a rough estimate of total volumes and no detailed assessment based on OD rela-
tions and cargo categories. Given the expected commodity structure, the nearly complete absence of 1435 mm
private railway sidings on 1435 mm in the Baltic States and the existing 1520 mm network available for freight ser-

vice, the main business case for Rail Baltica will be intermodal services.
To provide efficient intermodal services the following preconditions must be fulfilled:
= Handling of intermodal block trains at the major terminals with minimum shunting effort shall be possible

= Terminal design for transhipment of standard intermodal units (containers and swap bodies) and handling

of unaccompanied semi-trailers

= Facilitation of intermediate stops of intermodal trains at the terminals, either by direct entrance to the load-

ing tracks or by exchange of groups in the reception sidings

Currently it is uncertain to which extend additional wagonload freight services can be successfully implemented.
However, the freight forecasts indicate some demand which shall be supported. Therefore, the terminal facilities

shall provide:
= Sufficient space for separate loading tracks, mainly to handle dry bulk and project cargo if required

= Sufficient space for development of rail port functionality to support consolidation of general cargo (ware-

housing and storage area)

= Support for exchange of wagon groups in the terminal reception sidings to allow transport of wagon

groups in intermodal or wagonload block trains

At least for transport of parcels and mail between the Baltic States a high priority express freight service might be
established. To cover the full distance between Vilnius and Tallinn during the night (22.00 pm to 6.00 am. the need
to provide dedicated wagons and to allow maximum speed to more than 120 km/h (up to 160 km/h) would be ad-

vantageous.

For overall estimation of traffic and line capacity the simplified approach with two freight train categories will be
sufficient. The currently available information from the CBA and other studies does not provide enough certainty

about modal shift potential, local demand distribution along Rail Baltica corridor.

From perspective of business development and to initiate further technical and organisational action to facilitate

modal shift to rail the following complementary studies are recommended:
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= Detailed analysis of transhipment potential and related service concepts for freight from/to international
1520 mm destinations (CIS, Kazakhstan, China)

= Assessment of regional intermodal and bulk freight potential along the line regarding optional railway
terminals for intermodal and bulk freight (Parnu study is under way, other destinations to follow, e. g.

Panevezys, Jonava, Marijampolé)

= Detailed requirements analysis for military transport (origin / destination stations along Rail Baltica route,

required terminal facilities)

= Assessment of feasibility to provide direct rail connections to important industrial and logistical sites in the
nearer catchment area (e. g. port of Riga, industrial sites in Jonava and Vilnius area) either by gauge change

or 1435 mm railway infrastructure)

= Optimisation of the inner harbour interface for intermodal and Ro-Ro cargo at Muuga port (If not already

covered in final version of Muuga study)

= Demand analysis and feasibility study for establishing night express rail freight connections between Vilni-
us and Tallinn and Vilnius - Warszawa for postal and other time critical logistics services, including integra-
tion in existing postal logistics network, and with regard to the strong competitive position of Baltic sea fer-

ries

= |ntegration of Rail Baltica in the paper and wood transport logistic chains: sources and destinations, port
transhipment (e. g. Muuga), loading units to be used, collection of raw material along Rail Baltica Future po-

tential of rolling motorway services.

All these studies should be conducted involving stakeholders from the client side as well as from potential logistics
service providers. Furthermore, the on-going business plan study and the new market study for RFC 8 covering also

the Baltic States and Rail Baltica should provide further information regarding freight market development.

The overall approach should be common, depending on the specific topics to be addressed. Common principles

should include:
= Setup of a common scenario framework
= Setup of a common freight transport model

= Inclusion of stakeholders via local advisory groups and closed coordination with RAG / TAG of North Sea

Baltic freight corridor
=  (Closed coordination with national and local authorities and initiatives

= Benchmarking of result with achievments in other regions and on other Rail Freight corridors.
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2. Rolling Stock (WP 2)

2.1. Scope and Methodology
The following overall methodology has been applied to conduct the study:

1. Collection of officially available information about locomotives, EMUs and DMUs, passenger and freight
wagons that could potentially be used for Rail Baltica train services (includes offered rolling stock by

manufacturers in Europe and actual running rolling stock in Germany and Poland),
2. Benchmark of currently available rolling stock,

3. Identification of existing and useful types of rolling stock for RB route by respecting the design require-

ments to be met,
4. Definition of relevant fleets for different time periods,

5. Additional in-depth analysis on relevant traction characteristics and braking curves, coefficients of rotat-
ing mass compared to overall mass of the trains, details about door closing time etc. for RailSys Model

(will not be published in the document),
6. Provision of results as input for RailSys modelling (WP 4 and WP8),
7. Proposal for typical fleets for the different time periods to be used on the RB route.

The analysis of the market with respect to actual existing rolling stock types in Poland and Germany as well as of-
fered rolling stock products of the manufacturers, created a comprehensive database of locomotives (diesel, elec-
tric, single-system and multi-system locos), wagons and electrical or diesel multiple units (EMU, DMU). Analysis of
diesel option for main line operation was required in the ToR as an option for the first years of operation; therefore it
is included in this report. This database contains about 560 different vehicles based on an intensive research and
market analysis. The IFB database CEMIS reflects the overall market and shows, that from 1990 to 2015 756 electrical
multi-system (with 25 kV 50 Hz) locomotives were placed into service in Germany and only 179 in Poland, Romania,
Slovenia and Hungary together. All locomotives were built by Bombardier or Siemens, while Bombardier dominates

the area for freight locomotives by 70%.

The following chapter starts with a comprehensive enumeration of existing rolling stock and a respective bench-

mark. In a further step, fleets consisting of new rolling stock of the manufacturers and rolling stock which is already
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in service in Poland or Germany are proposed and/or analysed as typical train sets for the Rail Baltica route. This is
divided into the following parts:
= Long Distance Passenger Service
o Train Set,
o EMU,
o DMU,
o Night Service;
= Regional Distance Passenger Service
o Train Set,
o EMU,
o DMU;
= Freight Service
o Locomotives,
o Intermodal Wagons,
o Tank Wagons,
o Bulk Wagons;
= Shunting Locomotives.

According to the proposed supply and the request in the ToR to respect existing vehicles, for each segment, except
the Night Service, two sets were defined. One set consisting of currently existing rolling stock and the other set of
currently available (new) rolling stock. The basis for the definition criterias are the technical information and the
benchmark chapter. At the end of the subchapter for the Long Distance Passenger Service and the Regional Dis-
tance Passenger Service a generical train, based on average values, is proposed. The chapter of the Freight Service
includes proposals for different kind of freight trains with different lengths, payloads, different total masses and

different freight wagons.

The presented fleets consist of technical information for every single piece of rolling stock and for the complete
fleet. The existing rolling stock of the Baltic States is excluded due to their wider gauge of 1520 mm. The basis for

the compilation is the database of possible rolling stock for the Rail Baltica Route as well as new available rolling
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stock of the manufacturers. This database is filtered according to the boundary conditions of the Rail Baltica Route

and further requirement for the provision of an adequate service.

2.2, Technical design requirements

The following design requirements need to be met by any rolling stock recommended to be used:

Track gauge 1435 mm
Specified as GB (passengers) and GC Lovdnggmge
(freight). These 2 values are compliant uic :
with INF TSI standards for P2 and F1 56::
GB+
traffic category (according to SYSTRA 968
GA
2 Final Report (Design Guideline from — [luniversa
Clearance / gauge
12.01.2018). The overall clearance / i F
gauge will be GC according to Design i

Guideline Manual RBDG-MAN-012-0101
from 09.04.2018. This condition requires

GC profile in Passenger Train Stations too.

25 t - value is in compliance with INF TSI standards for P2 and F1 traffic catego-

3 Axle load
ry
Design speed passenger
4 an e P g 249 km/h
trains
Design speed freight
5 100 km/h = 120 km/h
trains
6 Turnout speed 100 km/h
Length of passenger
7 up to 200 m with the possibility to extend it to 400 m in the future

trains

8 Length of freight trains 1,050 m

Table 42: Infrastructure parameters as boundary conditions for selection of rolling stock

Especially for the fleet compilation the numbers 1, 2, 3, 4, 5, 7 and 8 are of notable interest. Further requirements are

the train control system ERTMS for the Rail Baltica Route and a full compliance to the relevant TSI regulations.
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2.3. Benchmark of existing rolling stock

The following enumeration gives a comprehensive list of actual available rolling stock (locomotives, wagons, EMUs
DMUs), which are available from different suppliers. The enumeration is an extract from a wide list/table in the An-
nexes 2 to 6. For the Benchmark only vehicles with known CAPEX were chosen to present in this chapter. It is not

the demand for both lists/tables to be exhaustive and complete.

The sources for the indicative prices were mainly official orders and former contracts regarding different amount of

rolling stock, personal contacts, official offers and a study from “Ecole Polytechnique Fédérale de Lausanne”?,

It is part of the required reference for the TSI that for new orders each type of rolling stock must pass the following

inspections.
For freight wagons:
= TSI Noise (1)
= TSIWag (2)
For Locomotives, EMUs and DMUs:
= TSI Noise
= TSOCCS (3)
= TSI OPE (4)
= TSISRT (5)
= TSIPRM (6)
= TSICRLoc&Pas (7)
For High-speed-Trains the TSI HS RST (8) has to be fulfilled too.
Further relevant directives are:
= EMC-Directive (2004/108/EC)

= Air Pollution (2004/26/EG).

28 ) P. Baumgartner, Prizes And Costs In The Railway Sector, EPFL — Ecole Polytechnique Fédérale de Lausanne, LITEP — Labora-
toire d'Intermodalité des Transports et de Planification, Batiment de Génie civil, Lausanne, January 2001

m
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This enumeration does not claim to be complete due to the extensive and complex homologation process. In AN-
NEX 2 to this document a table is included, where the TSIs are listed, which at present need to be adhered to by the
suppliers. Sometimes only general information exists, that all TSls are fulfilled with regard to a specific type of rolling

stock.

2.3.1. Locomotives

The standard price for a 4-axle or 6-axle locomotives is very similar and in a range of about 3 to 5 million Euro. The
price for a single unit depends normally on the amount of locomotives in the order, the extent of country homolo-
gations, which are necessary beside the TSI, and especially on the scope of equipment ordered. This scope includes
for example the electric current system or the amount of additional train control systems. Especially for freight lo-
comotives, this part is very important due to the international freight services. For example, an AC - Locomotive has

3% and a MS - Locomotive 15% higher investment costs?’than a DC - Locomotive.

Furthermore, most of the locomotives, especially the passenger locomotives, are 4-axle locomotives with four trac-

tion motors and 300 kN haulage capacities. This can be taken as a standard.

For minimizing the production costs, most of the locomotives are based on a modular / platform concept which
means, that they could be built as freight or passenger locomotives. The main differences between these modules
with regard to freight locomotives are the missing of a power supply line (freight), lower maximum velocities
(freight) and a different gearing (gear ratio). Therefore, the use of freight train locomotives with passenger wagons
is not possible in regular train service. The other way round the passenger locomotives have a gear ratio for running
at higher speeds but not to carry high masses. Use of passenger locomotives in freight service could lead to defects
with the gearing in the worst case and to very slow accelerations. At this point a mixed usage is not possible, but as

a minimum not recommended.

The following table shows the benchmark of locomotives, for which the indicative prices are known. Very often
these prices are given in a certain range. For calculation purposes specific prices were estimated based on collected
experiences during the research. The relevant parameters for the benchmark are the indicative price, the power and
the starting tractive effort. As a benchmark, the quotient of Power per 1 million Euro and Tractive Effort per 1 million
Euro were chosen. Furthermore, it should be mentioned, that the following table consists every locomotive with
known CAPEX, even the locomotives without an actual compliance to all relevant TSI regulations. For this question,
the annexes 2 — 6 must be considered. It is mentioned at this point, that for new ordered locomotives every manu-

facturer will offer complete TSI compliance if it is required.

Unfortunately it was not possible to gain the CAPEX for all relevant rolling stock vehicles, so this list/table could only

be seen as an extract.

2 Source : Presentation of Axel Schuppe and Ralf Fleischmann (VDB, Bombardier Transportation) at the Technical University
Berlin
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Passenger, | yoctronMs | 3-5mill EUR 5 6,400 | 300 1,280 60
Freight
Passenger, | VectronAC | 3 5y pijp 45 6,400 | 300 | 142222 | 6666
Freight high Power
Passenger, || VectronAC 1 3 gy pUR 4 5600 | 300 1,400 75
Freight medium Power
Passenger, | o tronDC | 3-5mill EUR 3.4 5200 | 300 | 1,529.41 88.23
Freight
Passenger, | o tronDE | 3-5mill EUR 3.2 2,400 | 275 750 85.93
Freight
Freight (only Estimated
Germany) Smartron 3mill EURO 3 5,600 300 1,866.66 100
Freight/Pass | - ¢ \,26 4000 ~3.3mill 33 3,178 | 400 963.03 121.21
enger EUR
Freight/Pass Eurodual (4- ~ 3.68mill 368 4,000 317 1,086.95 86.14
enger axle) EUR
Freight E““;i:’e"’;' ©- | 5 5millEUR 55 6150 | 500 | 1,118.18 | 90.90
Passenger Traxx 3 (Traxx
. F160 AC3,MS3, | 3.2-4.2mill
(Rggf?ﬁl), DC3, Tram P160 FUR 4.2 5600 | 300 | 1,33333 | 7142
9 AC3)
Passenger
(Regional), Traxx Diesel 3mill EUR 3 2,252 300 750.67 100
Freight
Passenger Prima Il 3.75mill EUR 3.75 6400 | 320 | 1,70666 | 8533
and Freight
ca.120m
Passenger | O2E 10921 oy 4 m 47 6400 | 275 | 136170 | 5851
109E3
Euro
Passenger, Universal- ca. 120m
Freight Locomotive CZK, 4.7m 4.7 6,400 350 1,361.70 7446
. 15m PLN, ca.
Freight Dragon DC 3.51mill EUR 3.51 5,000 450 1,424.50 128.20
Freight Dragon AC + 3% to DC 3.6153 7,200 450 1,991.53 124.47
Freight DragonMS | +15%toDC | 4.0365 | 7,200 | 450 | 1,783.72 | 11148
ca. 15m PLN,
Freight Dragon diesel ca.3.51mill 3.51 2,300 370 655.27 105.41
EUR
Passenger, Griffin 18.35 PLN
Freight | E4DCU/E4DCP | 420millEUR |  42° >600 | 310 ) 130536 | 72.26
Passenger, Griffin o
Freight EAACU/EAACP | *3%1t0DC | 44187 | 5600 | 310 | 1,26734 | 705
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Passenger, Griffin o
Freight E4MSU/E4MSP + 15% to DC 49335 5,600 310 1,135.09 62.83

Shunting 15D/16D 1.83mill EUR 1.83 1,550 372.8 846.99 203.71
. 3.85mill PLN

Shunting 6Dl 0.9 mill EUR 0.9 563 219 625.55 243.33

Class SU160 13.12m PLN

Passenger (111Dd Gama) | 3.07mill EUR 3.07 2,400 300 781.75 97.71

Shunting G6 1.4mill EUR 1.4 650 219 464.28 156.42

S'F’:‘eri‘;'ﬁf" G18/DE18 | 3.2mill EUR 32 1,800 | 291 562.5 90.93

Shunting Butler 2.55mill EUR 2.55 1,500 150 588.23 58.82

Shunting Prima H4 1.75mill EUR 1.75 2,000 300 1,142.86 171.43

Table 43: Benchmarks for locomotives

Summarizing the quotient “power/price” the 6-axle locomotive Dragon AC from Newag has the best ratio with
1,991.54 kW per 1m Euro. Followed by the 4-axle locomotives Smartron from Siemens, which is at present only pro-
duced for the German market and Prima Il by Alstom. It is obvious that no diesel-locomotive has a good quotient

“power/price”.

Summarizing the second quotient “tractive/price” shunting locomotives have the best ratio (Newag 6DI, 243 kN/1
mill EUR; Newag 15D/16D, 203 kN/1mill EUR; Alstom Prima H4 171.43 kN/1mill EUR, Vossloh G6 156 kN/1mill EUR).
Beside the shunting locomotives, the 6-axle locomotive Newag Dragon DC and AC (128, 121 kN/1mill EUR) leads
this enumeration, followed by Stadler Euro 4000 (121 kN/1mill EUR), Newag Dragon MS and Diesel (111, 105
kN/Tmill EUR), Siemens Smartron (100 kN/1mill EUR), Bombardier Traxx Diesel (100 kN/1mill EUR), Stadler Eurodual
6-axle (90 kN/1mill EUR) and Prima Il (85 kN/1mill EUR).

Summarizing all known prices, the most expensive locomotive regarding CAPEX is the Stadler Eurodual 6-axle lo-
comotive with 5.5 million Euro. The most likely reasons for this are the low amount of orders and/or the bi-traction
principle (diesel-traction / electric traction). It means that this locomotive is the combination of two locomotive
types for long distances (no last mile diesel) in one. Furthermore, this locomotive has the highest starting tractive

effort with 500 kN and could replace two 4-axle locomotives.

Finally, some specific parameters (power, tractive effort, weight) from all locomotives of the table in Annex 2 (with-

out shunting locomotives) will be averaged by:
= 4-axle electric locomotives,

= 4-axle diesel locomotives,
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= 6-axle electric locomotives,

= 6-axle diesel locomotives.

Average Power [kW] 5475 2046 6000 2702.2
Maximum Power 6400 (Siemens, 2900 (CAF) 7200 (Newag) 3178 (Stadler)
[kW] Skoda, Alstom) 9
Average Tractive
Effort [kN] 297 258 458 420.4
Maximum Tractive 350 (Skoda, 25t axle
Effort [kN] load) 317 (Stadler) 500 (Stadler) 500 (Stadler)
300 kN (common)
Average Weight [t] 79 85.44 122.6 123.8
100 (Skoda 25 t axle
Maximum Weight [t] load) 90 (Vossloh, CAF) 126 (S;cgiIFe)r), 130 126 (ngillf)r)’ 130
90 (Alstom)
Table 44: Average Values for Locomotives

The maximum velocity for actual offered locomotives is 200 km/h. No locomotives with higher velocities are cur-
rently supplied on the market at the moment, if the prototype Patentes Talgo Travcal-9202 with 260 km/h is not be
considered. Looking to actual existing/running locomotives the closed Siemens platform Eurosprinter (with ES64P,
ES64U2 and ES64U4) has a maximum velocity of 230 km/h. The delivery was closed at 2011 with ES64U4. Especially
the car body was designed and built to old standards and outgoing from the actual state of the art, the technical
equipment for traction, braking and train control system could also be obsolete. That means that a reactivation of
this type for production seems not to be economical, especially with respect to the platform type Vectron (200
km/h).

At the end it is remarked, that all shown locomotives in the benchmark have a maximum axle load of 22.5 t. Alt-
hough the maximum axle load for the Rail Baltica Route is 25 t, locomotives with 25 t axle loads will be an island
solution and seems to be not economical at the moment (interoperatbility) as well as they were not offered stand-

ardly by the manufacturers.

2.3.2. Passenger and Freight Wagons

The table in ANNEX 3 gives an overview with regard to the available freight and passenger wagons. Because of the
actual low request for this type of rolling stock the list for passenger wagons is rather short. The list for freight wag-
ons can only be taken as an overview, based on information from the two biggest freight wagon suppliers in Eu-

rope. These two suppliers offer nearly the complete range of available freight wagons.

Due to a lack of comprehensive information it is not possible to give a complete overview of the actual available
freight wagons in Europe. Reason is that there is no dedicated database available comprising all information from

all countries, train operation companies, leasing companies and other owners.

115

Preparation of the Operational Plan of the railway




o Rail Baltica ‘ e vannity COWIL 72>

Final Study Report

According to information provided by the German Parliament (“Bundestag”) and the German Federal Railway
Agency (“Eisenbahnbundesamt”), in Germany around 180,000 freight wagons are registered, but specific types are
not mentioned. Furthermore, PKP Cargo just posted on their website, that they own about 62,500 freight wagons.
According to the “FIS Research Information System - Mobility and Transport”, the total number of freight wagons in
Europe is estimated at 600,000. With German Railway (DB AG) being the owner of about 70,000 — 80,000 freight

wagons.
This figure includes a share of the following types of freight wagons:
= 46% flat wagons (UIC Code K,L,R,S,0),
" 1% other wagons (UIC Code U,2),
= 24% covered wagons (UIC Code G,H,I,T),
= 29% open wagons (UIC Code E,F).
In private ownership are 100,000 to 110,000 freight wagons with:
= 34% flat wagons (UIC Code K.L,R,S,0),
=  45% other wagons (UIC Code U,Z),
= 13% covered wagons (UIC Code G,H,I,T),
= 8% open wagons (UIC Code E,F).

Unfortunately, no information is available concerning the number of freight wagons having the standard UIC cou-

pling or the stronger UIC standard coupling, respective central buffer coupling for 4,000 t heavy transportations.
Passenger wagons:

Concerning the platform heights, especially passenger wagons for public or regional passenger transport have low
floor entry with variable entrance height above the top of the rail (ToR). Very often, the entrance heights are opti-
mised to the platform heights and in case of variable platform heights, step treads are used (public, regional pas-
senger transport). Normally, the entrance height in passenger wagons for long distances, or in EMU’s, DMU'’s for

long distances is about 1,250 mm above top of the rail.
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Sundeck

driving Pesa | Passenger | 26,270 229 85 2 8.72 3.23 1145

Coach

316B

S‘L’;%eBCk Pesa | Passenger | 25,800 260 130 2 10.08 5.03 130

Viaggio Siemens

Classic Mobility Sleeper 26,400 60 60 2 2.27 2.27 30

Viaggio Stadler

Light AG Passenger 26,400 90 90 1.5 3.40 3.40 60

Viaggio Siemens

Comfort o Passenger 26,850 48 48 23 1.78 1.78 20.87
Mobility

(Cab Car)

Viaggio Siemens | Passenger

Comfort Mobility Bistro 26,500 50 50 23 1.88 1.88 21.73

Viaggio

Comfort Siemens

(First Mobility Passenger 26,500 60 60 23 2.26 2.26 26.08

Class)

Viaggio

Comfort | Siemens | 5. onger | 26,450 90 90 23 3.40 3.40 39.13

(Econo- Mobility

my)

Viaggio Siemens

Twin Mobility Passenger 26,800 270 140 2 10.07 5.22 135

Twindexx Bog:;ar-

Vario (Cab T Passenger 27,270 213 73 1.93 7.81 2.67 110.36
ranspor-

Car) -
tation

Twindexx | Bombar-

Vario dier

(Middle Transpor- Passenger 26,800 281 121 1.93 10.48 4.51 145.59

Wagon) tation

single Bombar-

deck dier | passenger | 27,300 186 78 16 6.81 2.85 116.25

coaches Transpor-

(Cab Car) tation

single :

deck Bo(r;?:rar

coaches Passenger 27,300 218 95 1.4 7.98 347 155.71

. Transpor-

(Middle tation

Wagon)

single

deck Bombar-

coaches dier Passenger | 27,270 173 69 18 6.34 2553 96.11

(Auxiliary | Transpor-

Power tation

Unit)

168A

moderni- Newag Passenger 24,500 56 56 1.6 2.28 2.28 35

sation

155A Mixed

moderni- Newag Passenger 26,400 30 30 1.6 1.13 1.13 18.75

sation and Buf-
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fet

134Ac Cou-

moderni- Newag 26,400 60 60 1.7 2.27 2.27 35.29

) chette

sation
WR89

moderni- Newag Dining 26,400 39 39 2.2 1.47 1.47 17.72
sation

Table 45: Benchmark Passenger Wagons

The benchmarking of passenger wagons shows, that the public transport double deck wagons have the best ratio
with regard to every ratio. For the long distance passenger services, both type of wagons, the new Siemens Viaggio
Comfort and the Modernisation by Newag have a similar ratio, with a small advantage for the Siemens economy
wagon with 90 seats. It must be considered, that the public transport double deck wagons have the best ratio, but

do not deliver the best comfort and are not suitable for long distance passenger transport.
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Freight wagons:

The following table gives the benchmarks of the actual available freight wagons by Tatravagonka and Greenbrier.
This enumeration can be taken as a common overview for actual available freight wagons. Most of the freight wag-
ons are offered with 22.5 t axle loads and only a few with 25 t axle load. Likewise, the velocity depends very often on

axle loads and the total weight - more on this topic see chapter 2.6.

For the respective benchmarking, the consideration of the indicative price is not useful due to the great spread of
the different wagon types, even in one wagon class. As parameters for benchmarking the Payload, Payload per

Length over Buffers and Capacity per Length over Buffers are chosen.

Closed Car | . ravagénka |  Car 27,400 35 60 25 0.91
Transport
OpenCar | L ravagénka | car 27,000 | 285 485 20 0.74
Transport
One-Level
Open Car Greenbrier Car 33,000 30.7 90 59.3 1.80
Transport
Two-Level
Open Car Greenbrier Car 31,000 34 68 34 1.10
Transport
Flat Wagon Tatravagdnka Freight 13,200 28.5 135 36 106.5 8.07 2.73
Flat Wagon Tatravagonka Freight 19,900 25 90 49 65 3.27 2.46
Flat Wagon Tatravagonka Freight 20,150 25.5 90 51.5 64.5 3.20 2.56
Coveredd-axle | o prier | Freight | 20,000 30 90 60 3.00 0.00
flat wagon
Flat Wagon Tatravagdnka Freight 16,400 43.8 135 91.2 5.56 0.00
Flat Wagon Tatravagonka Freight 13,900 20.8 100 37.2 79.2 5.70 2.68
Flat Wagon Tatravagonka Freight 13,900 23.4 100 19.2 76.6 5.51 1.38
Flat Wagon Tatravagdnka Freight 16,400 29.4 135 46 105.6 6.44 2.80
Flat Wagon
Modular Tatravagonka Freight 18,240 23.5 72 48.5 2.66
Carrier
Flat Wagon
Modular Tatravagonka Freight 25,740 28.5 80 51.5 2.00
Carrier
Flat Wagon
Timber Tatravagonka Freight 29,570 28 100 72 2.43
Transport
Flat Wagon
Timber Tatravagonka Freight 20,770 22 90 68 3.27
Transport
4-axle Steel
Product Greenbrier Freight 12,825 21.5 90 68.5 5.34
Wagon
4-axle Steel
Product Greenbrier Freight 13,740 22 100 78 5.68
Wagon
T;';izzlrté‘;:f;“ Tatravagonka | Freight | 12,040 24 90 66 5.48
119
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Transportation Tatravagdnka
poriati & Freight | 12,040 23 100 77 6.40
of Steel Coils )
Greenbrier
Covered 4-axle
Steel Product Greenbrier Freight 12,040 22.7 90 67.3 5.59
Wagon
4-axle Steel
Product Greenbrier Freight 13,900 20.7 90 69.3 4,99
Wagon
Covered Tatravagénka | Freight | 13,200 34 135 101 7.65
Wagon
covered | o travagonka | Freight | 23,270 | 25.9 90 62.5 168 64.1 2.75 2.69
Wagon
covered | rotravagonka | Freight | 23,270 | 272 90 61.1 164.2 62.8 2.70 263
Wagon
Covered Tatravagénka | Freight | 18,900 28 100 53.6 162 72 3.81 2.84
Wagon
Covered Tatravagénka | Freight | 23,350 | 27.5 100 62.5 167.8 725 3.10 2.68
Wagon
A-axesliding | ¢ o onbrier | Freight | 23,900 | 274 100 63.3 170 726 3.04 2.65
wall wagon
HopperWag- | ¢ orbrier | Freight | 13,500 256 90 85 64.4 4.77 6.30
on85m
HopperWag- | G oenbrier | Freight | 13,500 | 249 90 63.6 87 65.1 4.82 471
on 87 m
Hopper Wag- | - Greenbrier | Freight | 12,540 24 90 86.6 66 5.26 6.91
on 86.6 m
HopperWag: | Greenbrier | Freight | 12,540 | 237 66.3 77 426 3.40 6.14
on77m
OpenHigh | 1\ avagonka | Freight | 15740 | 285 90 385 80.5 61.5 3.91 245
Sided Wagon g g ! ) ) i i i i
Open High . .
Sided Wagon | Oreenbrier | Freight | 15740 24 20 39.4 66 4.19 2.50
Open High . .
Sided Wagon Tatravagénka | Freight 15,740 24.6 90 39.4 82.7 65.4 4.16 2.50
Hopper Wag- | ratravagonka | Freight | 16,000 | 20.6 90 95 69.4 434 5.94
on 9 m
Hopper Wag- | Greenbrier | Freight | 17,170 | 235 90 95 66.5 3.87 5.53
on9 m
Hopper Wag- | 1. travagonka | Freight | 16,000 21 90 101 69 431 6.31
on 101 m
Hopper Wa3g- Tatravagénka | Freight | 16,000 21.9 90 102 68.1 4.26 6.38
on102m
H Wag-
OPPEr V9€" | Greenbrier | Freight | 15400 | 20.7 90 102 69.3 4.50 6.62
on 102 m
Hopper Wag- | 1t avagonka | Freight | 16,000 | 212 90 103 68.8 4.30 6.44
on103m
H Wag-
oPPer 8™ | Tatravagénka | Freight | 16,000 25 90 130 65 4.06 8.13
on 130 m
Hopper Wag" | Greenbrier | Freight | 20,000 22 90 130 68 3.40 6.50
on130m
4-adeHopper | ¢ oo brier | Freight | 17,180 24 90 90 66 3.84 5.24
Wagon 90 m
4-adeHopper | o oo brier | Freight | 19,080 | 24.1 90 82.5 65.9 3.46 433
Wagon 82 m
H°pp2:1wag' Tatravagénka | Freight | 15,740 245 90 82.5 65.5 4.16 5.24
4-axle self-
unloading Greenbrier Freight 15,800 23 90 67 4.24
Hopper Wag-
120




> oy
ﬁail Baltica Gauft (COW] 72>
=% Mobility . e ,
Final Study Report
on
Hopper Wag- . .
on Tatravagonka Freight 30,170 70 300 140 230 7.62 4.64
H°0pnp§gﬁ§g' Tatravagonka | Freight 255 90 80 64.5 . .
Hopper Wag- | I\ _vagénka | Freight | 14,040 | 28.2 100 85 718 5.11 6.05
on85m
Container -
Intermodal Tatravagdnka Freight 13,540 16.2 90 73.8 5.45
Wagon (40')
Container -
Intermodal Tatravagonka Freight 15,140 16.5 90 73.5 4.85
Wagon (45')
Container -
Intermodal Tatravagonka Freight 17,350 16.5 90 73.5 4.24
Wagon
Container -
Intermodal Tatravagonka Freight 29,590 29 135 106 3.58
Wagon
Container -
Intermodal Tatravagonka Freight 29,590 29.35 135.14 105.79 3.58
Wagon
Container -
Intermodal Greenbrier Freight 29,590 27.3 135 107.7 3.64
Wagon
Container -
Intermodal Tatravagonka Freight 33,480 30 135 105 3.14
Wagon
Pocket Wagon | Tatravagdnka Freight 34,030 35 135 100 2.94
Pocket Wagon | Tatravagonka Freight 34,200 35 136 101 2.95
Pocket Wagon | Tatravagonka Freight 34,200 36.2 137 100.8 2.95
Container -
Intermodal Tatravagonka Freight 19,830 19 90 71 3.58
Wagon
Container -
Intermodal Greenbrier Freight 19,640 19 90 71 3.62
Wagon
Container -
Intermodal Tatravagdnka Freight 25,940 215 90 68.5 2.64
Wagon
Container -
Intermodal Tatravagonka Freight 26,390 27.5 135 107.5 4.07
Wagon
Container -
Intermodal Tatravagonka Freight 26,390 25.3 115.3 90 3.41
Wagon
Container -
Intermodal Greenbrier Freight 26,390 26.2 135 108.8 4.12
Wagon
Container | . avagénka | Freight | 21,780 | 255 90 64.5 2.96
Wagon
Tank Wagon Tatravagonka Freight 11,940 21 90 40 69 5.78 3.35
Tank Wagon Greenbrier Freight 14,960 21.6 90 85 68.4 4.57 5.68
Tank Wagon Tatravagonka Freight 15,140 21.4 90 88 68.6 4.53 5.81
Tank Wagon Tatravagonka Freight 16,880 25 90 95 65 3.85 5.63
Tank Wagon Tatravagonka Freight 12,260 19 90 44 71 5.79 3.59
Tank Wagon Tatravagdnka Freight 13,455 24 90 54 66 4.91 4.01
Tank Wagon Tatravagonka Freight 15,110 22.3 90 62 67.7 4.48 4.10
Tank Wagon Tatravagonka Freight 16,640 24 90 88 66 3.97 5.29
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Tank Wagon Greenbrier Freight 17,000 90 95 65.7 3.86 5.59
Tank Wagon Greenbrier Freight 15,130 21.4 90 87 68.6 4.53 5.75
Tank Wagon Tatravagonka Freight 15,000 20.7 90 89 69.3 4.62 5.93
Tank Wagon Greenbrier Freight 16,690 22.6 90 97 67.4 4.04 5.81
Tank Wagon Tatravagonka Freight 16,400 21.8 90 98 68.2 4.16 5.98
Tank Wagon Tatravagdnka Freight 15,908 28.9 90 64 61.1 3.84 4.02
Tank Wagon Tatravagonka Freight 15,040 24.1 90 73 65.9 4.38 4.85
Tank Wagon Greenbrier Freight 15,040 25.4 90 73 64.6 4.30 4.85
Tank Wagon Greenbrier Freight 15,860 24 90 79 66 4.16 4.98
Tank Wagon Tatravagonka Freight 16,700 26.1 90 80 63.9 3.83 4.79
Tank Wagon Greenbrier Freight 16,960 35.7 90 103 54.3 3.20 6.07
Tank Wagon Greenbrier Freight 18,000 32 90 112 58 3.22 6.22
Tank Wagon Greenbrier Freight 18,000 32.25 90 113 57.75 3.21 6.28
Tank Wagon Tatravagonka Freight 18,000 33 90 117 57 3.17 6.50
Tank Wagon Greenbrier Freight 19,720 33.4 90 122 56.6 2.87 6.19
Tank Wagon Tatravagonka Freight 13,455 25 90 54 65 4.83 4.01
Intermodal Greenbrier | Freight | 36,440 39 128 89 2.44 0.00
Wagon
Intermodal Greenbrier | Freight | 37,720 48 128 80 2.12 0.00
Wagon
Flat Wagon
with Tarpaulin Greenbrier Freight 16,500 27.6 90 39 62.4 3.78 2.36
Top
Flat Wagon Greenbrier Freight 22,350 25 90 55.2 65 2.91 2.47
Flat Wagon Greenbrier Freight 19,900 24.6 90 51 65.4 3.29 2.56
Flat Wagon Greenbrier Freight 19,640 23.1 90 51 66.9 3.41 2.60
Timber Wagon Greenbrier Freight 19,640 22.5 90 67.5 3.44 0.00
Special Hop-
per Wagon - Greenbrier Freight 51,120 116.5 360 193.5 2435 4.76 0.00
4U
Special Hop-
per Wagon - Greenbrier Freight 74,640 167.7 540 298.7 3723 4.99 0.00
6U
special Hop- | o o brier | Freight | 15,000 26.2 90 40 63.8 4.25 0.00
per Wagon
Table 46: Benchmark Freight Wagon

For transportation of Containers, flat wagons, intermodal wagons and container intermodal wagons can be used. In
this case, the best payload can be realised with a two- part container intermodal freight wagons with 3 bogies, and
with up to 108.8 t payload. Also single car flat wagons with 3-axle bogies can support such high payloads and can
transport, beside containers, military vehicles too. The total payload for these types of wagons ranges from 48.5 t up
to 108.8 t. For the ratio of the Payload/LoB the short 2 bogies (6 axles) flat wagon (13,200 mm LoB) leads this enu-
meration (8.07 t/m). The first freight wagon just for container transportations (container intermodal wagon) is at
position 6 with 4 axles, LoB of 13,540 and a ratio of 5.45 t/m. An evaluation of the ratio Cap/LoB is not useful due to
the limited information about the capacity for intermodal wagons. This enumeration shows clearly, that the stand-
ard container intermodal wagons are not useful to transport goods with huge weight and that most of the flat wag-
ons, if they can carry containers too, are good all-rounders. The big advantage of container intermodal wagons with
3 bogies is the nearly same transport capacity as of two separate wagons with 4 bogies or one 2 part wagon with 3

bogies.
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Benchmarking the different types of tank wagons, their payload is in a range between 54.3 t and 71 t. Herein the
best payload has a short 44 m® tank wagon, which is very suitable for goods with high densities. The counterpart is
the large tank wagon with a volume of about 122 m?® and a payload of about 56.6 t. The best Payload/LoB ratio has
the 44 m? tank wagon (5.79 t/m?3). In contrast to these results, the ratio of Capacity (Volume) / LoB is led by the

117 m?3 tank wagon with 6.5 m3/m.

Benchmarking hopper wagons, their payload range is between 42.6 t and 71.8 t. The highest payload, without re-
specting double wagon or special wagon, has the 85 m* wagon with 25 t axle loads and 71.8 t loading capacity. This
wagon is followed by 95 m* wagon with 69.4t, 101 m* wagon (69 t) 103 m*® wagon (68.8 t). The best ratio for Pay-
load/LoB has the 86.6 m* wagon with 5.26 t/m?, followed by the 85 m3wagon with 5.11 t/ m3. The above mentioned
95 m3wagon follows at position 6 with 4.34 t/m?3. For the ratio of Capacity (Volume) / LoB the 130 m*wagon is in the
lead with 16,000 mm LoB and 8.13 m3*/m, followed by the 86.6 m* wagon with 12,540 mm LoB and 6.91 m*/m and
the 102 m® wagon with 15,400 mm LoB and 6.62 m*/m.

2.3.3. Multiple-Unit Sets

The following Table 47 shows a list of Multiple-Unit Sets at present available on the European market. This list con-
tains different Multiple-Unit Sets and platforms with electric and diesel traction. Similar to the locomotives, every
EMU or DMU has to fulfil several TSIs and can normally be equipped with different train control systems. Due to the
huge amount of possible vehicles and the fact that it was not possible to get information about the indicative price
for every EMU/DMU, the benchmarking concentrates on vehicles with information about power, total number of
passengers and seats per indicative price. It will be split into long distance and regional passenger service sets, while
the long distance passenger vehicle contains High Speed Trains and standard Long Distance EMU’s like the 8 cars
Flirt and the Pesa Dart. Furthermore, for regional passenger service the vehicles can be delivered with different

entrance heights above ToR. Details — see ANNEX 4.
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Desiro HC S'eme”tsyM"b"" 4,000 13.18mill EUR 13.18 303.49
DesiroML—3 | Siemens Mobili- 2,600 5.5mill EUR 5.5 472.73
car ty
Flirt3 - 3 car Stadler AG 2,000 7.5mill EUR 7.5 266.67
Flirt3 - 4 car Stadler AG 2,000 8.2mill EUR 8.2 243.90
7.25m Dollar
GTW Stadler AG 600 6.29mill EUR 6.29 95.39
106mill SEK -
KISS 4 cars Stadler AG 2000 10.04mill EUR 10.4 192.31
(4-Cars)
34,44mill Dol-
KISS 6 cars Stadler AG 4000 lar - 29.84 mill 29.84 134.05
EUR
7.25m Dollar
WINK Stadler AG 1000 6.29mill EUR 6.29 158.98
Coradia Conti- Alstom 2160 5.66mill EUR 5.66 381.63
nental - 3 cars
EIf 27WE (6-car) PESA 3200 13.6mill EUR 13.6 235.29
EIf 22WE (4-car) PESA 2500 11.374mill EUR 11.374 219.80
Elf 2 21WEa PESA 1600 6.73mill EUR?? 6.73 237.74
Coradia Polyva-
lent - 4 cars Alstom 1,700 10mill EUR 10 170.00
electric
Coradia Polyva-
lent - 6 cars Alstom 2,600 11.76mill EUR 11.76 221.09
electric
Atribo ATR220 Pesa SA 780 3.36mill EUR 3.36 232.14
Link 1 car Pesa SA 565 2.6mill EUR 3 217.31
Twindexx
Vario/Dosto Bombardier 2,300 10mill EUR 10 230.00
2010 - 4-Cars
Table 47: Multiple-Unit sets — Regional passenger service (1)
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ICE 4 (7-cars) Siemens Mobility 4,950 ~36mill EUR 36 137.55
ICE 4 (12-cars) Siemens Mobility 9,900 ~52mill EUR 52 190.38
Velaro g ég‘cars) Siemens Mobility 4200 ~33mill EUR 33 127.27
Velaro Eég‘cars) Siemens Mobility 8000 34mill EUR 34 235.29
33.8mill CHF
SMILE EC 250 Stadler AG 5400 29 66mill EUR 29.66 182.06
Flirt3 - 8 cars Stadler AG 4,000 14.75 mill EUR 14.75 271.19
Pendolino 7 cars Alstom 5,500 21mill EUR 21 261.90
Zefiro 300-8 | Bombardier Trans- 9,800 30.8mill EUR 30.8 318.18
cars portation
Euroduplex Alstom 9400 26.67 mill EUR 26.67 352.46
Dart PESA 2400 9.65mill EUR 9.65 248.70
8.6mill brit.
Javelin (A Train) Hitachi Rail 3360 Pound 9.59 350.36
9.59 mill EUR
Talgo 350 (2+12 | Patentes Ta!go, Bom- 8000 20mill EUR 20 400.00
car) bardier
Table 48: Multiple-Unit sets - Long-distance passenger service (1)

Benchmarking the power for regional passenger service, the Siemens Desiro ML delivers the most power for 1mill
EUR (472.73 kW/1mill EUR), followed by the Alstom 3 Cars Coradia Continental and the Siemens Desiro HC. The
average power over all regional EMUs is about 2,512 kW and the highest power level is about 4,000 kW for the Sie-

mens Desiro HC and Stadler Kiss 6 cars.

For long distance passenger service the Talgo 350 from Patentes Talgo and Bombardier Transportation has the best
ratio of Power/Price (400 kW/1mill EUR). The average power over all long distance EMU'’s (High Speed and Standard
Long Distance) is about 6,243 kW and the highest power level is about 9,900 kW for the long ICE 4, followed by
8,000 kW for the Bombardier Zefiro 300 and Patentes Talgo 350.

For passenger benchmarking of regional transports the total number of passengers is taken into consideration, and
for long distance service the number of seats. Unfortunately, the total number of passengers is not available for all

vehicle types. In this case, the total number of passengers is the same as the number of seats.

Evaluating the following tables for regional and long-distance passenger service (, the Desiro ML has the best ratio

for Passenger/Price (93 Passenger/1mill EUR), followed by the Kiss 4 cars and the Class 490. The average number of
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passengers per wagon is about 164 passengers per wagon, while the KISS 6 cars have the highest amount of pas-

sengers per wagon (342).

For the long distance passenger service the standard long distance train Pesa Dart has the best ratio of
36.47 Seats/Tmill EUR, followed by the High Speed Train Javelin (35.45 Seats/1mill EUR) and the Pendolino 7 cars

(23.52 Seats/Tmill EUR).

Desiro HC 13.18 mill EUR 13.18 400 400 30.34
Desiro ML 5.5mill EUR 5.50 513 252 93.27
Flirt3 - 3 car 7.5mill EUR 7.50 400 181 53.33
Flirt3 - 4 car 8.2mill EUR 8.20 477 219 58.17
7.25mill Dollar
GTW e EUR 6.29 200 104 31.79
106mill SEK -
KISS 4 cars 10.08mill EUR 10.04 901 335 89.74
34,44mill Dollar
Kiss6cars | 2t LR 29.84 1373 535 46.01
7.25mill Dollar
WINK o EUR 6.29 275 150 43.72
Class 490 5.49mill EUR 5.49 469 190 85.42
Coradia Continen- | ¢ ol FUR 5.66 302 149 53.35
tal - 3 cars
EIf 27WE (6-car) | 13.6 mill EUR 1.60 900 354 66.17
EIf 22WE (4-car) | 11.374 mill EUR 11.37 450 200 39.56
EIf 2 21WEa 6.73 mill EUR 6.73 310 150 46.06
Coradia Polyvalent | o oy e jr 10.00 220 220 22
- 4 cars electric
Coradia Polyvalent | ) ¢ i EUR 11.76 354 354 30.10
- 6 cars electric
Atribo ATR220 | 3.36mill EUR 3.36 159 159 47.32
Link 1 car 2.6mill EUR 2.60 150 70 57.69
Twindexx
Vario/Dosto 2010 | 10mill EUR 10.00 608 328 60,8
- 4-Cars
C°rad'acztr2eam 41 6.11mill EUR 6.11 305 305 49,9181669

Table 49:
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ICE 4 (7-cars) ~ 36mill EUR 36.00 456 456 12.66
ICE 4 (12-cars) ~ 52mill EUR 52.00 830 830 15.96
Velaro 3 és'cars) ~33mill EUR 33.00 462 462 14
Velaro Ec(g'cars) 34mill EUR 34.00 462 462 13.58
33.8mill CHF
SMILE EC 250 29 66mill EUR 29.66 848 422 14.22
Flirt3 - 8 cars 14.75mill EUR 14.75 354 354 24
Pendolino 7 cars 21mill EUR 21.00 494 494 23.52
Zefiro 300 - 8 cars 30.8mill EUR 30.80 600 469 15.22
Euroduplex 26.67mill EUR 26.67 556 556 20.84
Dart 9.65mill EUR 9.65 352 352 36.47
8.6mill brit.
Javelin (A Train) Pound 9.59 340 340 35.45
9.59mill EUR
Talgo ii?) (2+12 20mill EUR 20.00 353 353 17.65
Table 50: Multiple-Unit sets - Long-distance passenger service (2)
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2.4, Analysis of Possible Rolling Stock for Long Distance Passenger
Service

2.4.1. Locomotive Train Set

In this subchapter a short description about actual running locomotives in Poland follows at first. This short infor-
mation seems logically because of the nearness from Poland to the Rail Baltica Route and the Idea to probably use

actual running rolling stock for a transition time at first.

In Poland a significant number of locomotives exist. But, often they are limited for high-speed services by their max-

imum velocity. Only a small number of locomotives can reach speeds higher than 159 km/h. These locomotives are:
= (Class EUO7A (electrical 3kV DC, 160 km/h),
= (Class EPO9 (electrical 3kV DC, 160 km/h),
= (Class EU47 - Traxx P160 DC (electrical 3kV DC,160 km/h),

= (Class EU44 Husarz - Siemens ES64U4 (electrical 1.5 kV, 3 kV DC; 15 kV AC 16.7 Hz; 25 kV AC 50 Hz; 230
km/h),

= (Class 1T11Eb - Pesa 111Eb Gama (electrical 3 kV DC, 160 km/h),
= (Class SU160 - Pesa 111Db Gama (diesel-electric, 160 km/h).

Restricted due to the requirement of the electrical multisystem availability, the only two types of existing locomo-
tives at present in Poland are the Class EU44 as an electrical solution and Class SU160 as a diesel-electrical solution.
Due to the long distance of the Rail Baltica Route and the boundary condition Number 4, the Class EU44 is the only
option available that meets the criteria. A Class EU44 Husarz loco with a power of 6,000 kW at 3 kV DC catenary sys-
tem can push and pull up to 500 t with a velocity of 200 km/h, has a ETCS train control system and a homologation

to at this time actual TSI standards.

For benchmarking the existing passenger rolling stock against the requirements the same approach was used. In
Poland an extensive amount of passenger wagons of different types (UIC Y, UIC Z1 UIC Z2 , double deck etc.) are
currently in use. A lot of these wagons were built or modernised in the last 10 years. For the Long Term Passenger

Service the requirements are:
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Air Conditioning,
Places for passenger with reduced mobility,

Minimum velocity of 200 km/h.
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At present, in Poland only one Dining car and four Buffet cars with a velocity of 200 km/h are available.

The following available passenger train set with 200 m length could be used:

Name Elua:fl A9mnop Wrmnouz | B10bmno | B10bmno | B10bmno | B9mnop B9mnopu
uz 158A 305Ad uz 156A uz 156A uz 156A uz 159A z159A

Husarz
Power 6MW

300 kN
Tractive (max)
Effort [kN] 250 kN

(cont.)
Top Speed | 5, 200 200 200 200 200 200 200 200
[km/h]

loco:

electro-

pneu-

matic

train set: ep disk ep disk ep disk ep disk ep disk ep disk ep disk
Brake Sys- electric, brake brake brake brake brake brake brake
tem pneu- and em and em and em and em and em and em and em

matic as rail brake | rail brake | rail brake | rail brake | rail brake | rail brake | rail brake

backup

with 8

disc

brakes
Length
[mm] 19580 26,400 26,400 26,400 26,400 26,400 26,400 26,400 204,380 184,800
Passenger 0 54 36 56 56 56 72 72 402 402
Number
PRM 0 0 0 2 2 2 0 0 6 6
Weight 87 50 57 50 50 50 50 50 444 357
(tara) [t]

Locomo-

E}IE’SSHP' ) o Second Second Second Second Passen-
Remarks Datal First Class | Dining Class + Class + Class + Class gerand

PRM PRM PRM bike

Sheet

available
Table 51: Passenger train set for locomotive hauled service using existing vehicles

The train set consists of 7 currently available polish passenger wagons (type UIC Z2). The traction is provided by

Siemens Taurus Multisystem locomotive and the top speed is limited to 200 km/h by the passenger wagons. The

train set has an overall length of about 204.28 m and can transport 402 passengers. The weight of the passenger
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wagons are about 357 t. Very often a weight of about 500 t is given as a limit for transport with 200 km/h or more.
For a longer train set (up to 400 m train length), the train set would consist of 15 passenger wagons, with 369,6 m
length, a capacity for 882 passengers and total weight of about 707 t. Due to the type of “second-hand” - vehicles, it

is not possible to estimate the CAPEX for this composition.

By using new equipment for a 200 m train set length, the following two push and pull train set configurations (A &
B) could be used:

Si Bmpz - Bmpz - Bmpz - Bmpz - ARbmpz - Ampz - Afmpz -
lemens . . . . . . .
Siemens Siemens Siemens Siemens Siemens Siemens Siemens
Name Vectron o N N o s . o
MS Viaggio Viaggio Viaggio Viaggio Viaggio Viaggio Viaggio
Comfort Comfort Comfort Comfort Comfort Comfort Comfort
Power 6.4 MW - - - - - - -
Tractive
Effort[kN] | SCOKN - - - - - - -
Top Speed 200 230 230 230 230 230 230 230
[km/h]
ed and bergktils(lg_ ep disk ep disk ep disk ep disk ep disk ep disk
brake (2- brake (2- brake (2- brake (2- brake (2- brake (2-
ep, 3 per
Brake Sys- neu- wheel- 3 per 3 per 3 per 3 per 3 per 3 per
tem P ) wheelset) | wheelset) | wheelset) | wheelset) | wheelset) | wheelset)
matic as set) and d d d d d d
backup om- rail and em- andem- | andem- and em- andem- | andem-
brake rail brake | rail brake | rail brake | rail brake | rail brake | rail brake
Length 18980 | 26 2 2 2 2 2 2 2
Imm] , ,500 6,500 6,500 6,500 6,500 6,500 6,500 04,480 185,500
Passenger 0 72 80 80 80 10 55 27 404 404
Number
PRM 0 0 0 3 0 0 3 3
Weight 90 61 61 61 61 61 61 61 517 427
(tara) [t]
Costs [mill
EUR] 5 23 23 23 23 23 2.3 23 211 16,1
ETrfaStiLoznT Second
Remark al Train Class End Second Second Second Buffet Car | First Class Business
car with Class Class Class Class
Control .
bike
System
Table 52: Long distance passenger train set A for locomotive-hauled service using new vehicles
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NEWAG Bdmpz - Bbmpz - Bmpz - Bmpz - ARbmpz- | Ampz- Afmpz -
Name Griffin Siemens Siemens Siemens Siemens Siemens Siemens Siemens
E4MSU/E | Viaggio Viaggio Viaggio Viaggio Viaggio Viaggio Viaggio
4MSP Light Light Light Light Light Light Light
5.6 MW
Power (Conti- - - - - - - -
nous)
Tractive
Effort[kN] | 3'° - - - - - - -
Top Speed | 200 200 200 200 200 200 200
[km/h]
loco:
primary:
electric
Zer:g::(ce ep disk ep disk ep disk ep disk ep disk ep disk ep disk
Y brake (2- brake (2- brake (2- brake (2- brake (2- brake (2- brake (2-
brake
Brake Sys- with 240 3 per 3 per 3 per 3 per 3 per 3 per 3 per
tem KN wheelset) | wheelset) | wheelset) | wheelset) | wheelset) | wheelset) | wheelset)
backup: and em and em and em and em and em and em and em
pneu-p. rail brake | rail brake | rail brake | rail brake | rail brake | rail brake | rail brake
matic 8
disc
brakes
Length
[mm] 19,900 26,500 26,500 26,500 26,500 26,500 26,500 26,500 205,400 185,500
Passenger 0 80 80 99 99 25 60 55 498 498
Number
PRM 0 0 6 0 0 0 0 0 6 6
Weight 88 55 55 55 55 55 55 58 476 388
(tara) [t]
Costs [mill
EUR] 493 1.5 1.5 1.5 1.5 1.5 1.5 1.5 15.43 10.5
nation. | Second
X Class End | Second Second Second Buffet . Business
Remark al Train . First Class
car with Class Class Class Car Class
Control <
bike
System
Table 53: Long distance passenger train set B for locomotive hauled service using new vehicles

The results clearly show that a standard IC-traffic with current available on the Rail Baltica route is possible. With
new vehicles and the use of Multisystem-Locomotives the CAPEX - range is between 15.43mill EUR and 21.1mill
EUR. If just AC-Locomotives are chosen, the CAPEX for the locomotives can be reduced by about 12%. The overall
length of the set is about 205.4 m. The figures presented above present the maximum train length suitable for utilis-
ing a 200 m platform. If reasonable, number of wagons could be reduced, e.g. to 6 to comply with requirement to

provide a seating capacity of approx. 400 passengers per train for long distance services.

2.4.2. Electrical Multiple Unit (EMU)

For the long term passenger service with EMUs the only currently available EMU in Poland, which complies with the

requirements defined above, is the polish ED250 Alstom Pendolino.

Regarding new rolling stock, a high number of high speed trains as EMUs and EMUs for InterCity transport like
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are available. The complete list included in ANNEX 4 and the table in the benchmark chapter show the relevant

technical data.

According to the design speed on tracks a lot of the High Speed Trains are overpowered. Furthermore, only the

Javeling HST and Pendolino 7 cars have good ratios with regard to the benchmarking. Finally, the Pendolino 7 cars

can carry more passengers and is prepared for multisystem use, so that this High Speed Train can travel to other

countries with other electric power supply systems.

2.4.3.

Diesel Multiple

Unit (DMU)

Due to the different track gauge in the UK, the exclude of typical rolling stock vehicles from or for the market in the

UK was decided. Generally, no real DMU is currently available for long-distance passenger service. There is one pro-

totype available which might be adaptable for a serial production - the Talgo XXI from Patentes Talgo:
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Name:

= Talgo XXI

O O O O O O

o

The most relevant facts of this DMU type are not available right now and might change in the future.

Train Control System: ETCS L1, L2, LZB, ASFA;
Power Type: Diesel electric;

Track Gauge: 1435/1668;

Structure Gauge: GB,

Axle arrangement (UIC): Bo'Bo’+variable+Bo’Bo’;
Power 3000 kW;

Max Speed: 220 km/h.

Final Study Report

Furthermore, an electro diesel dual mode (hybrid) multiple unit exists in Spain. It is called Talgo 250 H and supplied

by Talgo and Bombardier Transportation:

Name:
= Talgo 250H

o Train Control System: ETCS L1, L2, LZB, ASFA;

o Power Type: Dual Mode, electric, diesel-electric;

o Track Gauge: 1435/1668;

o Structure Gauge: GB;

o Axle arrangement (UIC): Bo'Bo’+2" 1'1°1"1"1'1"1"1'1'1'2 +Bo’Bo’;

o Power: 2 x 2,400 kW (25 kV 50 Hz), 2 x 1,200 kW (diesel);

o Max Speed: 250 km/h (AC), 220 km/h (DC), 180 km/h (diesel).
2.4.4. Night Train Service

For the transport of passengers overnight, different wagon types like sleeper (WLA, WLB, WLAB), couchette (BDcm),

sleeperette (Bpm) and normal passenger wagons are used. Furthermore, personal cars shall be transported on a

respective train, so that car transport wagons (type DDm) are needed. Due to the speed limitation of the car

transport wagons to 160 km/h, locomotives with a lower velocity can be used for traction of these services. The

analysis of the current vehicle status in Poland shows that for passenger service no locomotives with multi-system

requirements exists (except for the Class EU44 Husarz). PKP Cargo owns a lot of multi-system locomotives, but these

are only for freight transport and have no connection for an auxiliary power supply line, required for use in passen-

ger train services. According to the proposal, a combination of new vehicles (locomotive and perhaps car trans-

porter) and existing passenger wagons for night service is necessary.
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Skoda
Emil WLAB9 WLAB1 | WLABI Bc1Om | Bc1Om | B5mno | B5mno Car Car Car
. Obmno | Obmno trans- trans- trans-
Name Zéatopek bmnou uz uz nouz, nouz, puvz, puvz, porter porter porter
,L\jlrglversal z,308A 306Ab 306Ab 172A 172A 152Az 152Az DDm DDmM DDmM
Power 6.4 MW - - - - - - - - - -
Tractive
Effort 274 - - - - - - - - - -
[kN]
Top
Speed 160 160 160 160 160 160 200 200 160 160 160 160 160
[km/h]
epdisc | epdisc
brake brake <R> <R> <R>
Brake EP and disc disc disc 2 2 and and KE- KE- KE-
System ED brakes | brakes | brakes . . emrail | em rail GPR-A- | GPR-A- | GPR-A-
brake brake Mg (D) | Mg(D) | Mg (D)
::'r:r:r?]th 18,000 24,500 26,400 26,400 26,400 26,400 26,400 26,400 26,400 26,400 26,400 280,100 262,100
;::se"' 0 26 28 28 60 60 48 48 0 0 0 208 298
Number
PRM 0 2 1 1 0 0 0 0 0 0 0 4 4
Weight | gg 55 53 53 55 55 55 55 27.7 27.7 27.7 552.1
(tara) [t]
Costs
[mill 4.7 2 2 2 1.7 1.7 1.6 1.6 0.1 0.1 0.1 17.6 12,9
EUR]
Notice New Lok | P~ | Sleep- | Sleep- | Cou- Cou- sleep- | Sleep- | 16 o | 10cars | 10cars
er er er chette chette erette erette
Table 54: Proposed train set for night train service

The overall CAPEX for a typical Night Train Set is about 12.9mill EUR, without the locomotive. Due to the limited
maximum velocities of night trains (limiting factor is very often the car transport wagon), a locomotive with a maxi-

mum velocity of 160 km/h would be sufficient.

2.4.5. Summary, Average Values and Fleet Proposal for Long Distance
Passenger Service

This chapter showed a huge possibility to realize the Long-Distance Passenger Service with different kind of rolling
stock like standard Train Sets, EMU’s and DMU'’s. For standard train sets the typical number of passengers with a
length over buffers about 202 m is around 400 people. It is possible to increase this number of seats. Therefore, the
lower comfort wagons viaggio light could be used and around 500 sears are possible. But with the typical standard
Intercity — Comfort a train set with around 205 m length (including locomotive) consists of 8 wagons and carries
about 1.97 passengers/m. For the train set case, two cost variants are possible, one with high prize passenger loco-
motive (5 mill Euro and 2.3 mill Euro per wagon) or one with a low prize passenger locomotive (4 mill Euro and 1.6
mill Euro per wagon). That leads to 17,3 seats/1 mill Euro or 24.0 seats/1 mill Euro. According to chapter 2.2 the rele-
vant velocity for the RailBaltica Route must be 249 km/h. Unfortunately, for a speed of 249 km/h actually no locomo-

tive and passenger wagon are developed, offered or available. Only the Siemens Viaggio passenger wagons and the
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closed Siemens Eurosprinter locomotive can run up to 230 km/h. Nevertheless, standard train sets are not recom-

mended for the long distance passenger service.

Summarizing the EMU'’s for Long Distance Passenger Service (including Annex 6) 4 EMU'’s does not met the design
speed of 249 km/h (ICE 4 7 cars, Talgo XXI, Javelin, Intercity Flirt) and 7 EMU'’s are overpowered with velocities up to
320 km/h and more (Velaro D, Euroduplex, AGV, Talgo 350, Talgo Avril, Oaris, Zefiro 300). In a second step, the ICE 4

12 cars does not met the requirement with the maximum platform length and the list is reduced to
= Stadler SMILE,
= Alstom Pendolino,
= PesaDart,
= Patentes Talgo 250,

Based in these 4 typical EMU’s for the RailBaltica Route, the range of passenger size is from 299 (Talgo 250) to 422
(Smile EC 250) passengers. According to chapter 2.3.3 and Annex 6 the average number of seats per meter is 2.04
seats/meter, while the Dart has the best ratio with 2.3 seats/meter followed by the Pendolino with 2.15 seats/meter.
The average amount of seats/prize is 24.74 seats/1 mill Euro. Due to a pointed averaging of the power (Pesa Dart is

excluded at this point) the average power is around 5,300 kW with an average ratio of 230 kW/1 mill Euro.

Like written in chapter 2.4.3 no DMU'’s are actually available for the long distance passenger service, either as actual
available or as actual offered by manufacturers. It is possible to respect hybrid multiple units which consists of elec-
trical traction or diesel traction. However, these multiple units have lower velocities at diesel traction and will not

meet the requirement from chapter 2.2.

Comparing the facts between the standard train sets and the EMU’s it is shown, that the standard train sets have a
similar ratio of seats/prize and power/prize (high prize passenger locomotive) according to the average value for
the EMU’s. In the same way, the standard train sets perfom with a lower velocity and will not meet the requirements.
It is shown on the benchmark chapter that the DMU’s have lower ratios than the EMU’s and a service will not be
suitable and economical at electrified routes. Furthermore the most relevant fact at this point and for this analysis is
the required velocity. For this point, standard train sets are not available to reach the required velocity of 249 km/h.
With actual offered locomotives, the limitation is at 200 km/h. Based on these results, only EMU’s could be proposed
for long distance passenger service. And respecting the average values, indicated in chapter 2.2 and Annex 4, a

typical generical High Speed EMU has the following key data:
= | ength:200 m,
= Power: 5,300 kW,

= Seats: 408,
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= Starting Acceleration: 0.4 — 0.6 (0.5) m/s2,

= Weight: 2.08 t/m; 416.0 t,

= Starting Tractive Effort: 220 kN - 300 kN,

= Prize: Seats/Prize 24.74 seats/1m Euro, 16.5 mill Euro, Power/Prize 230 kW/1m Euro, 23.04 mill Euro.

At this point it is remarked, that the proposed prize is very sensitive to the kind of construction. For EMU’s with a
high power like the Smile or the Pendolino, the Power/Prize criteria must be chosen. Otherwise, like the Pesa Dart
the Seats/Prize could be construction criteria. At the moment, the author proposes to respect the Power/Prize crite-
ria, because the ratio is closer to the other High Speed Trains and perhaps the Pesa Dart EMU is a statistical exemp-

tion.

At the end of this summary it is mentioned, that the night train service shall not be ignored, but all relevant infor-
mation are written in chapter 2.4.4. For a typical Night Train configuration with a medium locomotive, the indicative

prize is about 17.6 mill Euro.

2.5. Analysis of Possible Rolling Stock for Regional Passenger Service

Currently, in Poland no regional passenger service is provided with locomotive train sets anymore (except on some
branch lines). EMUs and DMUs dominate this area. Unfortunately, these vehicles are only equipped for 3 kV DC elec-
tric current and some vehicles only have the Polish train control system SHP. Therefore it can be assumed that for
the provision of regional passenger services in the future new train sets need to be acquired and will be analysed in

the following.

2.5.1. Locomotive Train Set

Currently, in Poland no Locomotive Train Set is available for transfer to the Rail Baltica Route for regional passenger
service. Train sets with double-deck wagons are not possible due to the limitations of the track clearance GB. If it is
possible to use vehicles with GC clearance at the RB Route, double-deck wagons can be used too. Currently, the
most common supplier for this kind of wagons is Bombardier. Further manufacturers for double-deck coaches are

Siemens, Skoda, Transtech and Pesa.

The following list gives an overview about currently available double-deck wagons which are currently in service.

Sundeck 416B Pesa 1435 G2 4,600 4 25,800 160
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