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Rationale

Assignment Order identification
Consultancy Services: CEF' Agreement No INEA/CEF/TRAN/M2014/10459900 — A34. (13" of March 2018)

Framework contract agreement for the provision of the expert services No 8/2017-120-6/4 dated November 24,
2017.

Assignment order n° NO 8/2017-120-6/6
Name of the expert to implement Assignment Order: Alain GAUDRY

Assignment order is covered in the following Field of expertise: Railway Business Development

Brief description of the assignment

The purpose of this pre-feasibility study is to evaluate the essential features and requirements for the integration of
intermodal “piggyback” freight traffic with the Rail Baltica Global Project. The intermodal terminals to be considered

are: Muuga, Salaspils, Palemonas.

The study will also address related areas such as the regional and wider market, scope and opportunities for freight

traffic, intermodal service offerings, and environment aspects and sustainability.

Documents considered for this assignment
The following documents have been provided by RB and have been considered by the Consultant:

9 Design Guidelines for Rail Baltica railway, General requirements (38 pages); Final Report (75 pages),
performed by SYSTRA, 2018;

9 Operational Plan for Rail Baltica railway, 2019 (about 30 related pages);
9 Peer Review of Operational Plan, 2018 (about 15 related pages);
1 Transport of Over-Gauge Goods Feasibility Study, 2018 (about 30 related pages);

9 For documents and supporting information, Service Provider can refer to public information on Rail Baltica

documentation library (http://www.railbaltica.org/about-rail-baltica/documentation/); specifically:

0 Cost-Benefit Analysis, 2017, EN;

' Grant Agreement under the Connecting Europe Facility (CEF) -Transport Sector Agreement No
INEA/CEF/TRAN/M2014/1045990


http://www.railbaltica.org/about-rail-baltica/documentation/
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0 AECOM Rail Baltica Final Report, 2011, EN;

In addition, external Studies and Reports should be used, including but not limited to studies such as:

1 Capacity For Rail (C4R) project’s “Catalogue Rail Freight System of the Future”, “Upgrading of infrastructure

in order to meet new operation and market demands”, etc.
1 AlplnnoCT “Database and Comparative Analysis of CT and Transshipment Technologies for CT";
I "Developing Larger Loading Gauges in Europe”, Hans E. Boysen, 2016;

1 “Why Short-haul Intermodal Rail Services Succeed”, research report No. 139, Department of Infrastructure

and Regional Development, Australian Government (2016);
I "2018 Report on Combined Transport in Europe”, UIC (prepared by BSL Transportation Consultants);

I “Gathering Additional Data on EU Combined Transport”, Final Report, European Commission (2018) [ISBN
978-92-79-76992-4].
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List of abbreviations

and Related Areas

Abbreviations Meaning

ACT Accompanied combined Transport
cT Combined Transport
ILU Intermodal Loading Unit
IM Infrastructure Manager
ITU Intermodal Transport Unit
IWw Inland Waterway
MTO Multimodal Transport Operator
RO-RO Roll-On-Roll-Off
TEU Twenty-foot Equivalent (container) Unit
Rola RolLa from the German “Rollende Landstrasse”
RU Railway Undertaking
SSS Short Sea Shipping
ToR Terms of Reference of the Assignment Order
TSI Technical Specification of Interoperability
ucT Unaccompanied Combined Transport
uliC Union International des Chemins de Fer
WP Work Package
Table 1. List of abbreviations
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Definitions

Piggyback transportation is an intermodal transportation method that placing a delivery vehicle in another carrier.

As clarified in the ToR, for avoidance of doubt, for the purposes of this pre-feasibility study “Piggyback
transportation” refers to the transportation of goods where one transportation unit is carried on the back of

something else. It is a specialised form of intermodal transport and combined transport.

For the purposes of this study, piggybacking is defined as transportation of road transport units on the back of
railway rolling stock. It can be added that in this context, the term “piggyback” does not refer to combined

transport in general but specifically to the transport by rail of road semi-trailers.

It therefore excluded the transport of exchangeable container or interchangeable unit which can also be

transported by trucks on road (container, swap-body called also Loading Unit).

It was observed, as first remark, that the terminology used by common users, can lead to various understandings as,

for instance, to use indifferently “inter-modal and multi-modal transport” wording.

To solve this issue, the following UN / ECE definitions are provided? (Source UN/ECE). When cited in this report, the

following expressions of wordings means:

Wording Definition

Accompanied Combined Transport of a complete road vehicle, accompanied by the driver, using another
Transport (ACT) mode of transport (for example ferry or train)

Articulated vehicle A tractor unit coupled to a semi-trailer

Basket wagon A rail wagon with a demountable subframe, fitted with devices for vertical

handling, to allow the loading and unloading of semi-trailers or road vehicles

Bi-modal semi-trailer A road semi-trailer that can be converted into a rail wagon by the addition of rail
bogies
Combined transport Intermodal transport where the major part of the European journey is by rail,

inland waterways or sea and any initial and/or final legs carried out by road are

2 http://rusregistecom.1gb.ru/doc/combinedtransportationterminology.pdf
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Definition

as short as possible. Combined transport in EU? is

Combined transport means the transport of goods

» between member states where the Jorry, trailer, semi-trailer, with or without tractor unit, swap
body or container of 20 feet or more uses the road on the initial or final leg of the journey and, on
the other leg, rall or Inland waterway or maritime services where this section axceeds 100 km as
the crow flies and make the initial or final road transport leg of the journey;

» between the point where the goods are loaded and the nearest suitable rall loading station for the
Initial leg, and between the nearast suitable rall unloading station and the polnt where the goods
are unloaded for the final leg, or

» within a radius not exceeding 150 km as the crow fiies from the inland waterway port or seaport
of loading or unioading.

Consignment

Freight sent under a single contract of carriage

Container

Generic term for a box to carry freight, strong enough for repeated use, usually

stackable and fitted with devices for transfer between modes

Forwarding agent / freight

forwarder

Intermediary who arranges for the carriage of goods and/or associated services

on behalf of a shipper

Intermodal Loading Unit

The most important ILUs in European intermodal transport market are swap-

bodies, maritime containers, domestic containers, and semi-trailers.

Intermodal transport

The movement of goods in one and the same loading unit or road vehicle, which
uses successively two or more modes of transport without handling the goods

themselves in changing modes

ITU or Intermodal transport

Unit

Containers, swap bodies and semi-trailers suitable for intermodal transport

Land container

Container complying with International Railway Union (UIC) specifications, for

use in rail-road combined transport

Lift-On-Lift-Off Loading and unloading of intermodal transport units (ITU) using lifting
equipment
Loading unit Container or swap body

Loading tracks

Track on which ITUs are trans-shipped

8 https://uic.org/IMG/pdf/2018_report_on_combiné@nsport_in_europe.pdf
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Wording Definition

Logistic

The process of designing and managing the supply chain in the wider sense

Logistic centre

Geographical grouping of independent companies and bodies which are
dealing with freight transport (for example, freight forwarders, shippers,
transport operators, customs) and with accompanying services (for example,

storage, maintenance and repair), including at least a terminal

Lorry

A lorry is a self-contained unit, with space for cargo and cab all attached

together

Low floor wagon

A rail wagon with a low loading platform built to carry ITUs

Multimodal transport

Carriage of goods by two or more modes of transport

Multimodal transport

Any person who concludes a multimodal transport contract and assumes the

operator (MTO) whole responsibility for the performance thereof as a carrier or a transport
operator

Pallet A raised platform, normally made of wood, facilitating the handling of goods.
Pallets are of standard dimensions. The most used in Europe are 1000 mm x
1200 mm (ISO) and 800 mm x 1200 mm (CEN)

Pocket wagon A rail wagon with a recessed pocket to accept the axle/wheel assembly of a

semitrailer

Rail loading gauge

The profile through which a rail vehicle and its loads (wagons - ITUs) must pass,

taking into account tunnels and track-side obstacles

Road-rail transport (RRT)

Combined transport by rail and road

Road train A tractor unit coupled to a trailer

RolLa RoLa from the German “Rollende Landstrasse” is a form of combined transport
involving the conveying of road trucks by rail.

Rolling-road Transport of complete road vehicles, using roll-on roll-off techniques, on trains

comprising low-floor wagons throughout
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Wording Definition

Rolling-road wagon

A rail wagon with low floor throughout which, when coupled together, form a

rolling-road

Roll-On-Roll-Off (Ro-Ro)

Loading and unloading of a road vehicle, a wagon or an ITU on or off a ship on
its own wheels or wheels attached to it for that purpose. In the case of rolling

road, only road vehicles are driven on and off a train

Semi-trailer

A non-powered vehicle for the carriage of goods, intended to be coupled to a
tractor unitin such a way that a substantial part of its weight and of its load is
borne by the tractor unit. Semi-trailers may have to be specially adapted for use

in combined transport

Shipper / Consignor /

Sender

A person or company who puts goods in the care of others (forwarding
agent/freight forwarder, carrier/transport operator) to be delivered to a

consignee

Spine wagon

A rail wagon with a central chassis designed to carry a semi-trailer

Swap body

A freight carrying unit optimised to road vehicle dimensions and fitted with
handling devices for transfer between modes, usually road/rail. Originally, such
units were not capable of being stacked when full or top-lifted. But many units
can now be stacked and top-lifted and the main feature distinguishing them
from containers is that they are optimised to vehicle dimensions. Such units
would need a UIC approval to be used on rail. Some swap bodies are equipped

with folding legs on which the unit stands when not on the vehicle

Terminal

A place equipped for the trans-shipment and storage of ITUs

TEU

Twenty-foot Equivalent Unit. A standard unit based on an ISO container of 20

feet length (6.10 m), used as a statistical measure of traffic flows or capacities

Trailer

A non-powered vehicle for the carriage of goods, intended to be coupled to a

tractor unit, excluding semi-trailers

Transport operator

The person responsible for the carriage of goods, either directly or using a third

party

Transshipment

Moving ITUs from one means of transport to another
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Wording Definition

Truck A truck is a colloquial term for a heavy goods vehicle, it's originally an American

term. So, a truck is a tractor unit with trailer or semi- trailer as well as a lorry

Unaccompanied Combined | Transport of a road vehicle or an intermodal transport unit (ITU), not

Transport (UCT) accompanied by the driver, using another mode of transport (for example a ferry
or a train)
Unit Load Palletised load or prepacked unit with a footprint conforming to pallet

dimensions and suitable for loading into an ITU

Table 2. Definitions

According to the ToR, for the purpose of this pre-feasibility study, types of “road transport units” to be considered

are Road trailers or semi-trailers transported in a train.


https://en.wikipedia.org/wiki/Semi-trailer
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WP 1: Global Environment

WP 1.1 - Identification of similar services worldwide and possible best
practices

Overview of what is proposed Worldwide:

In general, for the purpose of this pre-feasibility study, similar services intermodal worldwide presented are

classified by main types as follows according to definitions presented in the previous table.

Worldwide examples selected are analysed regarding the main technical solutions implemented and market

segment.

The following Worldwide examples are summarizing the technical solution features / market segments presented in

detail in chapters thereafter. Four “generic” solutions well proven and developed have been identified:
Y Rola;
T UucT;
 Eurotunnel;
1 Modalohr;

Some solutions are covered by a patent as Modalohr but it has been observed some variant of this solution using
more and less the concept of “articulated” pocket wagons and currently under development and are available as an

alternative (Cargospeed, Megaswing). These solutions are shown as “Wagon-based” in tables below.

RolLa UCT Eurotunnel Wagonbased
Market segment/ operation
Truck (tractor unit + semi - trailer or lorry) X X x4
Truck accompanied by driver X X X
Truck unaccompanied by driver X
Conventional semi-trailer X X X
Strengthened semi-trailer X X X X

Unaccompanied semi-trailers (without tractor

unit in the same train) X x

. . From 500 to
Range of journey distance 300 km 800 km 50 km 800km
Maximum Height of vehicle (Corner height) 4,0 m 3,96m 4,5 m 4,0 m

4 Only for Modalohr wagonslgeneration and in this case, they are accompanied
5 For 2%and 3¢ generation wagons
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RolLa UCT Eurotunnel Wagonbased

36 road
Number of vehicles transported by trains 20 consignm | 32 40

ent
Net load capacity of trains 400 tonnes /50 1400 tonnes 1100 tonnes max

tonnes max

Rolling stock solution
Conventional flat wagon height floor about X
1100mm, normal wheel diameter
Low floor flat wagon, floor height about 330 X
mm, small wheel diameter
Pocket wagon, lowest floor part about 330 X
mm, normal wheel diameter
Other solution (basket wagon, bi-modal
. . X
solutions, articulated wagon)
Infrastructure

Loading platform X X X8
Crane or handling device X

Table 3.

Worldwide examples

Loading issue of craneable or non-craneable semi-trailers

One of the key issues identified and pointed out in FERRMED studies’ to be solved and explaining also the different

wagons solution developed is the fact that all semi-trailer are not craneable vehicles and only specially equipped

craneable semi-trailers can be handled. Today less than 5% of the European semi-trailer fleet has this equipment

and have been designed for.

6 restricted number of suppliers
"FERRMED_WagonStudy_FINAL_May_2010
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Future — trailer on flat wagon (TOFW)

lllustration 1. Concept for future wagon developed ByERRMED wagdRERRMED study)
Craning of non-craneable semi-trailers onto railway pocket wagons has so far been impossible: the trailers must be
specially designed as a craneable semi-trailer. However, these kind of trailers have disadvantages such as higher

investment costs, less loading capacity (weight).

The NiKRASA system makes it possible to easily transfer non-craneable semi-trailers from road to rail within the
existing standards and infrastructure using a supporting lifting platform. It should be noted that there is anecdotal

evidence of damage to both rail and road vehicles, however.

lllustration 2. Lifting noncraneablesemitrailer using a supporting platform (source NiKRASA system)
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RoLa (accompanied transport of trucks on low floor wagons):

The “rolling Highway” or RoLa from the German “Rollende Landstrasse” which allows trucks without the necessary
fittings for unaccompanied transport to be loaded onto special rail wagons at the terminal. Drivers travel in a
specific coach in the same train. Trains are loaded horizontally only and trucks are accessing one after one onto the

train on its own via a ramp located at the extremity of the train.

lllustration 3. RolLa loading ramp.
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RolLa concept is implement by different operators in the EU: RALpin (Switzerland, HUPAC (Switzerland), Rail Cargo

Operator — Austria, Kombiverkehr (Germany).
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Rola trains per day (86 - August 2010)
O Basel (CH) - Lugana (CH) : 2
© Freiburg (DE) - Novara (IT) : 20
© Wirgl (AT} - Brenner (AT) : 38
j © Regensburg (DE) - Trento (IT) : 6
! © Wirgl (AT} - Trento (IT) : 10

| © Salzburg (AT)- Trieste (IT): 4 \"“\*‘k ' /f\
O Salzburg (AT) - Villach (AT) : 2 \l. .

O Wels (AT) - Maribar (SI) : 8 N\ }
O Wels {AT) - Szeged (HU}: 6 \ Sy \‘7
4 i
lllustration 4. RoLa solutions implemented in EU.

In the early 1970s a European wagon manufacturer created a revolutionary new freight wagon for combined road-
rail transport: the “rolling motorway” wagon. The principle was similar to that of combined road-rail transport in the
USA: each wagon had a loading surface that was low and completely flat so that the entire loading area of the rake
of wagons could be driven on. The first truck drives up an end-loading ramp at the rear of the train and continue
over the coupled wagons until it had reached the head of the train, where it would be maintained in place. In the
meantime, the next truck boards the train, followed by the others, until the entire train is laden. A normal European

rolling motorway train can carry 20 to 27 trucks and can be loaded in under 30 minutes.

Rola = Rolling highway

Ty L - v Lo o

A I B

lllustration 5. RailNB I R a2ftdziAz2y daw2z2[ ¢ 06a2dNOS w2[l 0d
Driver disembarks and travel in a specific passenger coaches included in the same train. The truck is therefore

“accompanied” and semi-trailers are not uncoupled from the tractor unit.
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lllustration 6. Low floor flat wagon (source RALpin).
Only specific flat loading platforms are required (at the same level of wagon loading height) with a small ramp.

Installations includes also wide parking area where trucks are waiting for boarding (about 2 trains capacity).

lllustration 7. Loading area (Freiburg).

One of the weakness of this solution , recognized since the beginning is the fact that low floor wagons are required
to fit with the infrastructure loading gauge and are equipped with small diameter wheels having to a very fast wear
because they are turning faster than conventional wheels. The Switzerland example handles around 7000 wheelsets
a year. Other aspects which adversely affect the RoLa system include significantly higher acquisition and

maintenance costs for the required special wagons.
Net weight of trains is about 400 tons for an average journey is about 300 km.

Switzerland focus, RALpin Rola service provider:
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I The Rolling Highway transports more than 100,000 trucks every year, thus making an important

contribution to shifting traffic from road to rail;

1 The Freiburg — Novara relation takes 10 hours to complete the 414 km trip. It offers space for up to 22
trucks and each week provides 60 services in each direction. The Basel — Lugano relation is 260 km in length
and takes 5 hours to complete. It offers space for up to 26 trucks and each week provides 5 services in each

direction;
1 Each week, 60 trains are loaded and unloaded so much at the terminal in Freiburg;
1 More than 1,000 trucks arrive every week at in Freiburg and more than 1000 trucks leave;
9 Each year, more than 1700 million tons of goods pass at the terminal in Freiburg;

1 Transformed terminal allows up to increase the number of parking bays for trucks to cater for 2 fully laden

rolling highway trains each carrying 22 to 25 trucks. ;

1 Intotal, some six providers of service with fifty employees are on hand to ensure the exploitation of the
Rola. They are involved in the recording process, technical control, loading, security, cleaning and supply

of cars of support and maintenance.

UCT by HUPAC (unaccompanied combined transport of Semi-trailers on pocket wagons):

HUPAC is developed on the concept of unaccompanied combined transport (UCT). UCT and the Rolling Highway
(RoLa) differ greatly in terms of transportation method. In UCT only the loading units (loading units — containers,

semi-trailers or swap bodies) are loaded onto the train, while the driver and the tractor unit remain at the terminal.

Consequently, the net load capacity of UCT is higher than RoLa. An average UCT trains moves up 36 road
consignments and Rola train transports approx. 20 trucks. This results in higher production costs per transported
unit for UCT. It can be considered that that on average for a 40 tons semi-trailer coupled to a tractor unit, the tractor
unit represents about 8 tons (20 %) which is carried out in excess. Added to this is the inefficient use of scarce rail

line capacities.
Net weight of trains is about 750 tons.

The average transportation distance in UCT is considerably longer compared to RoLa (800 km versus 300 km on
average). Semi-trailers are loaded using gantry cranes (the entire structure of the crane including gantry is wheeled

on rails) and loaded on specific “pocket wagons”.
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Illustration 8. Loading of semtrailer on pocket wagons.

WAITED
WAkl =il
SO ATRANSAON A g

lllustration 9. Conventional pocketvagon for semitrailer

Of the combined transports through the Swiss Alps approximately 850,000 road consignments are currently
attributable to UCT and 100,000 to Rola. The transportation policy of HUPAC focuses on UCT. RoLa, on the other
hand, plays an important supporting role, because it also accommodates transports which lack the special

equipment that is required for UCT (loading crane, low floor wagons, loading platforms).

The solution CargoBeamer is quite similar as the HUPAC one but using horizontal loading, and semi-trailer not
needing to be strengthened ones are loaded on bowls and specific wagons. CargoBeamer is still under the

approval, development and no real transport network is existing®.

8 https://www.cargobeamer.eu/#imom-the-EU-for-the-CargoBeamerail-motorwayterminatin-Calais852891.html
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Eurotunnel (Transport of trucks on conventional flat wagon):

Conventional flat wagons mean wagons having a height floor of about 1100 to 1200mm, usually full-length body,
equipped with wheel-axles or bogies suitable for the standard load and dimensions of trucks (lorries or tractor unit

with semi-trailers).

The rolling fleet consists of 18 truck Shuttles, 745m long, each shuttle capable of carrying up to 32 trucks and
travelling at a speed of 140km/h. A complete truck shuttle comprises of two locomotives, a Club Car with
approximately 56 seats for drivers, 3 loading / unloading wagons and 32 carrier wagons. Each train crosses the
Channel in only 35 minutes, at 140 km / hour (please also refer to the detailed description of the loading system in

this document).

Lorry carrier wagons are conventional ones in terms of size, floor height but specific constraints for the circulation in
the tunnel have been considered in terms of safety, fire protection, etc. First wagon type (years 1994) were quite
sophisticated but have been replaced / completed by more basic design fleet. Specific “loader wagons” are

required.

llustration 10. 9 dzNR idzyy St = af 2 NNE OF NNASNJ ¢l 32y a¢x
In 2017, Eurotunnel has strengthened its rail freight fleet by investing 40 million Euros in the acquisition of three
new ‘third generation’ freight shuttles. Built by WBN Waggonbau Niesky (WBN), each one of the 800 m-long shuttles

comprise 32 carrier wagons and three loaders.

The maximum size and weight of truck that Eurotunnel can carry are®:

9 https://www.freightlink.co.uk/knowledge/articles/euroturnpbatevehicle heightimportantinformation

4502,
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ii— 19.40 m —. 280 m
I
4.20m
|
44 fons

lllustration 11. Eurotunnel, truck size

lllustration 12. Eurotunnel, truck on conventional flat wagons

As for RoLa solution, loading of trucks requires specific loading platform at the same level as wagon floor. But
compared to Rola, some “loader wagons” are provided along the shuttle train offering several accesses to the train
by the side (not only by the end as for RoLa). It allows shorter time for loading / unloading operation. Last modern
shuttle trains for trucks are composed by 32 carriers wagons, 3 loader wagons allowing loading and unloading in

under 25 minutes.

20
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lllustration 13. Eurotunnel, loading truck by the wagon side

Eurotunnel variant in Russia:
In addition, in Russia'® quite similar system as Eurotunnel solution has been developed.

Technical standards for the piggyback transport of lorries, trailers and cars by rail, including the adoption of a

standard floor height of 1 100 mm above the rail head were approved in year 2016.

The regulations follow trials on the Moscow — Novosibirsk — Yekaterinburg route in November 2016 using Type 13-

9961 flat wagons.

It includes also the development of a four-axle 23-5 tonne axle-load piggyback wagon and loading platforms, with
orders for around 1 300 wagons envisaged. Operators have launched regular piggyback services from autumn 2018

and traffic was predicted to reach 10 000 to 12 000 wagons per month in 2019-20.
It also allows transporting non-craneable trailers without additional handling technology.

It should be remembered that the loading gauge in Russia is more comfortable than the European ones (4 850 mm

for a 2 600 mm truck width).

10 hitps:/iwww.railwaygazette.com/news/ttiao-rolling-stock/singleview/view/russiaadoptspiggybackwagon
standards.html

21
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Illustration 14.

Russia, lorry on a flat wagon, flodreight 1200 mm.

Certification in Russia http://stroyinf.ru

Uy

Iy 1

| 1200 1200
700 700
0l a ! 1 a_qé
{255 1850 1850 _°‘-\ <G
6y 7 / < \'?"'—_
' a, ¥
| A/ 2 2 T
_ ¥ 13 1500 woe NI Y—
Al 1600 1600 l\' 5
5: 14 1660 ; 1660 AE
i CL ) LT
s 1875 1875 :

S : —- :

3 7il 6 67 2
S it g2
" \ S| &
~ % 1 \ ‘é’ -

g .
§ 5
] {
S| 918 6119
N -t 100 100
I
~
10 o] {4
S
\ y <7 Ypobewns Bepxa 20n080x penscol B Y ¥V
|

Illustration 15.
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Russia, Loading gauge.
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The “Russian” solution is identical as Eurotunnel one using classical flat wagons for the transport of trucks with semi-
trailer. It means same concepts / processes could potentially be used in the Baltics for both 1435 & 1520 railways. In
other words, drivers and customer companies would not have to have different processes or training. That would

seem to be a significant factor in favour of this approach for RB.

Lohr or Modalohr railway system solution:

The Lohr Railway System or Modalohr System uses special piggyback wagons, to carry standard road semi-trailers

on the European rail network.

Recently, new generation design of the Modalohr railway wagon has been lowered and articulated and as a result
allows for fast and safe transfer of semi-trailers. This technology has made it possible to transfer more than a million
trucks from road to rail in the past 15 years, namely on the four rail motorways currently in service; the "Alpine"
between Chambéry and Turin (175 km) and the "Lorry-Rail" between Luxembourg and Perpignan (1050 km), “VIIA
Britanica” between Calais and Le Boulou (1400 km) and that from Sete to Paris (815 km) and Zeebruge (1150 km). It

can be assessed at this date that the service is mostly focussed on French needs:

Illustration 16. Modalohr services in France.

Main advantages of Modalohr railway system are:
9 All standard semitrailers up to a height of 4.0 can be transported without problem;

1 Allows transporting non-craneable trailers without additional handling technology.

=]

Relatively fast loading and unloading of a complete train in the Modalohr terminal;

1 Robust, tried and tested wagon system;
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1 Same-level loading; the tractor units can drive forwards onto the wagon for loading;

Main disadvantages of Modalohr railway system are:
1  Only limited development (mainly in France);

1 Low flexibility, as only regular block train services between Modalohr terminals are possible, so all terminals

to be served would need Modalohr equipment;

91 High levels of investment in wagons (and as noted Modalohr terminals are required at all locations to be

served);

1 Complex and costly technology for the positioning and swinging out of the wagons, which has to be built

into the tracks of the Modalohr terminal;
1 Size of terminal is affected by the required separation of tracks
1 Modalohr system is only provided by Modalohr company (monopolist position).
“Flexiwaggon” technology solution:

Using the same principle of moving parts on the wagon as the Modalohr system, the “Flexiwaggon” technology
uses Flexiwaggon rail-rack which is added to a train. It is a flexible and environmentally friendly roll-on/roll-off
solution. Whole trucks, buses or other vehicles can be loaded and unloaded individually via terminals that are part
of the Flexiwaggon system. The wagon is rotatable to both sides. Loading and unloading of the Flexiwaggon is
done by the drivers who drive their vehicle onto the wagon via ramps on the front and rear end. Drivers are

traveling separately in a wagon or sleeping car.

The type of transhipment technology is horizontal and the loading unit is ACT, as the entire truck is transported,
including the driver. The Flexiwaggon is under development by the Company Flexiwaggon AB in Ostersund,
Sweden. A Swedish-Swiss consortium has been formed to realize the project for the Gotthard tunnel, Switzerland.
Flexiwaggon is offering a solution to annually transport 1 200 000 trucks swiftly through the Gotthard tunnel but

has not been implemented yet, even in Sweden.'".

The Flexiwaggon allows transporting non-craneable trailers without additional handling technology. Investment

cost is about 330 000 € per wagon.

1 https:/iwww.flexiwaggon.se/abotiexiwaggon/
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lllustration 17. Flexiwaggon technology.

Megaswing solution:

Using the same moving wagon principles as the Flexxiwaggon system, the “Megaswing” technolology has been

developed by the Swedish company Kockums.

The overall development of the Kockums Megaswing is already considered to be advanced. The first prototype of its
predecessor was presented at IVA exhibition in 1988 in Hamburg by the Finnish Transtech, which is now part of
Kockums. The 6-axled Megaswing DUO has already been put into commercial service between Malmé and

Eskilstuna in Sweden.
The Megaswing system allows transporting non-craneable trailers without additional handling technology.

Compared to Modalohr, Megaswing is innovative in that the wagon separates easily into the sections. For the
loading and unloading process, one employee is needed to operate the hydraulics and to monitor the
transshipment process. Megaswing's only requirement is a flat trackside area. The loading process of a full train can

be finished within 30 minutes.

For the Megaswing system all technical components are included into the wagon, so no additional terminal
infrastructure is needed except a truck-drivable trackside along an existing rail track. It is easy to operate within

existing intermodal terminals and it allows horizontal and vertical handling.
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lllustration 18. Megaswing solution technology.

Other systems (for information):

Several other solutions have been identified by the Consultant but cannot yet be considered to be “universal” or
“Europe field proven”. According to the ToR, the Consultant shall focus mainly on “Identification of similar services
worldwide and possible best practices from the point of view of Service Providers field of expertise” and it
could be understood that current unachieved development or prototypes are therefore excluded as

“roadrailer”, “Cargo-Speed”, Railrunner.

Tr:ipleCrown

Kuvatoas

lllustration 19. Roadrailerconcept.
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WP 1.2 - Description of possible services

Overview of typical infrastructure design issues

1 Regulatory / standard issues / Main lobbying stakeholder
UIC 596-6:

Combined Transport with loading units, or road vehicles on railway wagons, exceeds the G1 UIC loading gauge (it

ideally requires the larger GC gauge), hence railway lines must be codified to determine the accurate gauge for CT.

Alongside the codification regime for railway lines, a system of codification of loading units and wagons has been
established to enable a smooth flow of CT train. UIC Leaflet 596-6 sets out the prescriptions for this system

regarding ITUs, carrier wagons and lines.
UIC 571-4:

Suitable wagons with specific fittings capable of being operated in international traffic for the transport of semi-

trailer (pocket wagons) must comply with the prescriptions of UIC Leaflet 571-4.
Line and rolling stock codifications:

The coding of lines on the European network is drawn from the map published by the UIRR Interunit Technical
Committee. Technical Commission of the INTERUNIT edits each year a codification map of the railway lines for swap

bodies and semi-trailers.

Combined transport gauges are rectangular loading gauges for standard intermodal load units on wagons, as
defined by UIC codes 571-4 (UIC, 2011) and 596-6 (UIC, 2006). The standards are based on a floor height of 33 cm
from the Top of Rail (ATOR) of a standard pocket wagon, thus code P, and a 3-digit code indicating the maximum
height of 2.60 m wide load units. Code “P450” represents a semi-trailer, 260 cm wide by 450 cm high and suitable
for loading onto a pocket wagon and requiring a railway intermodal gauge of 2.60 m X 4.83 m (static dimensions).
Similarly, code “C” represents containers and swap bodies with the corresponding top corner positions when

loaded onto a standard container wagon with container mounts at 117.5 cm above top of rail

Combined Transport Directive (92/106) is the main directive related to combined transport. Semi-trailers, when
used as intermodal loading units in unaccompanied combined transport, may be positioned using trucks

combinations with a gross weight up to 44 tons.

The European technical specifications for interoperability (TSI) relating to the ‘infrastructure’ subsystem of the
rail system in the European Union, by requiring loading gauge GC (3.15 m x 4.65 m, chamfered) or larger on new

Core or other TEN-T lines, implicitly also require intermodal gauge P/C 432 (2.60 m x 4.65 m) or higher.

UIRR. International Union for Road-rail combined transport. Despite not being a regulatory body, UIRR
recommendations shall be considered. Created in 1970, the International Union for Road-Rail Combined Transport

(UIRR) is the industry association for the sector of Combined Transport in Brussels. Its members are Combined
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Transport Operators and Combined Transport Terminals. UIRR actively promotes Combined Transport, primarily
towards European decision-makers and facilitates the enhancement of the sector, while also supporting the daily

functioning of this ecologically and economically sustainable mode of long(er) distance freight transport.

The players within Continental Combined Transport are predominantly grouped together within the UIRR

organization and dispose over their own regulations due to that organization.

1 Infrastructure loading gauge issues:

The loading gauge is one of the essential criteria which must be taken into consideration when road vehicles or

their loading units use rail in the framework of CT.

A loading gauge (called also “gabarit”) defines the maximum height and width for railway vehicles and their loads

to ensure that they can pass safely through tunnels, under bridges and keep clear of track-side structures.

Limited loading gauges are a major barrier for providing competitive CT rail/road services especially in western and
southern Europe. This particularly refers to the continental business and the transport of semi-trailers, which are
overwhelmingly employed for cross-border and inland goods transports. While the clear majority of standard
general cargo semi-trailers, excluding purpose-built types, feature an external height of 4m the rail infrastructure in

the respective countries just allow heights from about 3.52m to 3.85m.

Indeed, CT involves specific gauges and is therefore only viable on previously measured sections. It is possible to
exceed the gauge, depending on the type of loading unit used; the upper limit for the height and width of the
loading units is specified in the “rail gauge”. This is restricted on some lines because of tunnels, bridges and

catenaries, and in some cases even by the roofs of railway stations. Main principle is the following:

Height of the chosen gabarits

T T5.60 m
Channel
. posoouoon, + 4.65m GC/G2
Height of  rq 45, ] = =3 + 4.37m GB2
the bodies 2.95m+ ;// \\‘\,‘ T 4.28 G1
over {2.77mT International Measure
1.15m Gobarit of &
4m Semi-irailer on o
pocke! waggen
Height of the
:::gr;i ok the 2.55m ou 2.60m
1.16m |
Badies < p.94m |
’ 0.82m |
Roliing 0.45m +
Road 0.27m T
Packet
Waggon

lllustration 20. Main principle of loading gauge suitable for the transport of trucks or semaiilers (pocket wagon).
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The European technical specifications for interoperability (TSI), by requiring loading gauge GC (3.15 m x 4.65 m,
chamfered) or larger on new Core or other TEN-T lines, implicitly also require intermodal gauge P/C 432
(2.60 m x 4.65 m) or higher.

The main use of the 2.60 m wide intermodal gauge is to carry standard intermodal load units, whose dimensions are

limited by international standards and national highway regulations.

The maximum permissible height of trucks in Europe ranges from 4.0 m to ‘not defined’ (ITF, 2012). As example,

Sweden, France, the UK and Ireland permit trucks of 4.50 m height or taller, and Finland permits 4.20 m.

Highway Vehicle Height Limits

&

Vision: P/C 450
rail corridor

lllustration 21. Authorized height of trucks in E\3,

Currently RoLa solution using low floor wagons accepts trucks having the following maximum dimensions:

12 hitps:/iwww.matkstockholm.se/polopoly_fs/1.347071.1550154728!/Menu/general/celumn
content/attachment/Hans%20Boysen.pdf
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ROLA

" Truck

2600 mm

Truck
4000 mm
x
Wagon________,
2520 mm
13600
| A L
3000
Hmax : 4,00m

lllustration 22. RolLa typical vehicle dimensiosacepted onlow floor wagong3

To be compared with Eurotunnel using conventional flat wagon:

13 https:/RolLarailcargo.com/en/service/downloads
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lllustration 23. Eurotunnel typical vehicle dimension aepted onconventional flat wagons

42Dm

44 fons

Loading gauge, especially for the available height is an important factor regarding the combination maximum

vehicle height / floor height and constraints (pocket - flat) of wagons.

The following figures shows currently differences between the main intermodal loading gauges in different

countries of EU:

/ / N

Eurotunnel France Belgium Denmark Sweden
Oresund GB1 GB-M6 Germany A, C

GC P/C 385 P/C 400 Netherlands P/C 450
P/C 450 P/C 359 G2 P/C 432
M Development: @resund planning for SE-C P/C 410 P/C 422
GC Denmark fr;:ratall gauge, ‘ P/C 405 P/C 410
P/C 432 Femem for SE-C and P/C 450. P/C 400 e

lllustration 24. Loading gauge and intermodal gauge in some EU countties

Eurotunnel with its specific comfortable loading gauge and Sweden are fitting with P/C 450 intermodal gauge
requirements. Recommended in'® C4R report “requirements toward the freight system of 2030-2050”, for semi-
trailer transportation, it is very important to have a high but not so wide loading gauge. The loading gauge P/C 450
(4,83x2,60m) is ideal because it makes it possible to transport both 4,5 m high semi-trailers on pocket wagons and

4,0 m high semi-trailers or trucks low floor wagons.

1 Railway Group Center for research and education in Railway technology Railway Group Potential of improved
infrastructure standards on crdssrder
15 http://www.capacity4rail.eu/IMG/pdfic4d2.1.2_requirements_toward_the_freight_system_of 2080 final_.pdf



) ] Pre-feasibility Study on Piggyback Transportation Services
Rail Baltica and Related Areas

The loading gauge “efficiency” is significant: +17 % larger unit volume capacity with intermodal gauge P/C 450
compared to P/C 400.

Relative volume capacity (%)
vs. trailer height (m)

120
115
110
105 . .
mRelative volume capacity (%)
100 ws. trailer height (m)
85 For mega trailers with
o0 floor height 1.0 m

4 45

1

lllustration 25. Loading gauge efficiency in volume between P/C 400 and P/C#50
Therefore, for intermodal transport, the total possible height from ATOR available (with squared corners gauge) is

one of the most important criteria.

Eurotunnel is offering the highest clearance available (5,75m). It explains the reason why conventional flat wagon
with a floor of about 1 100mm are used combined with truck having a height of 4,2m for a total available height of

5,3m. Eurotunnel loading gauge is accepting all reference profile gauges including GC and GB+ gauge.
1 Net load capacity issues:

The net load capacity of RoLa trains is lower than that of UCT. An average Rola train transports approx. 20 trucks,
while a UCT train moves up to 36 road consignments. The net weight per train is about 400 tonnes for RoLa and 750

tonnes for UCT.

Taking into consideration the maximum length of RB sidings of 1 050 meters (useful length maximum 1 000 meters)
and also the maximum load of semi-trailer with tractor unit (44 tons, 36 tons for the semi-trailer and 8 tons for the

tractor unit), typical train composition will be:
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Wagons Wagon | Gross Train length : Train
length, Wagon net : : Maximum
: . |empty load of Number including 1, gross
CTsolution Wagon type between load capacit : : train net load
weight | wagons | of wagons| locomotive 19m load

couplers (tons) (1) (tons)

(m) (tons) | (tons) (m) (tons)
Rola (2) Saadkms 19,17 44 18,5 62,5 51 996,67 2244 3188
UcCT Sdgnss 20 36 22 58 49 999 1764 2842
Modalohr 3rd
generation (unit of 2 uiC 3 34,8 77,3 42,7 120 28 993,4 2164 3360
wagons coupled
together)

WBN
Waggonbau 25,2 53 53 3
Eurotunnel 3 Niesky GmbH — 993 (including 3
generation (2) Loader (3 per loaders empty) 1936 3594
train)
20 44 34 78 44
Table 4. Typical CT train composition for RB (Source Consultant)

(*) By “net load”, it is considered the truck or semi carrier load (not the load of the goods inside the truck or semi-trailer).

For RoLa and Eurotunnel, it shall be added the weight and length (26 meters) of the passenger coach (42 tons)
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1 Train composition and coupler capacity issues:

Please refer to appendix for coupler issues

1 Wagon issues:

It is identified above that wagon solutions are interdependent with the maximum height of the trucks accepted in

the country and the loading gauge of the railway network.

Pocket wagons:

Typically for pocket wagons (UCT solution of HUPAC, Lift-On-Lift-Off, unaccompanied combined transport of semi-
trailers on low floor pocket wagons), the lowest wagon floor high where semi-trailer wheels are positioned is
between 270 to 330 mm. These wagons are quite well proven and used commonly for the transport of semi-trailers.

They are equipped with standard wheel diameters.

Wagon pocket height Wagon type, examples Max. semitrailer height
ATOR within P/C 450
0.330 m UIC 571-4 4.500 m
0.310 m Sdams 4.520m
0.270 m Sdggmrs, Sdggmrss, Sdgmns 4.560 m
Table 5. Combined transport loading gauge height in some EU countries

lllustration 26. Pocket wagon (source UIRR)

But because semi-trailers are loaded and unloaded with a gantry crane, the wagon is from “pocket type” with
normal wheel diameter solving the issue of fast wheel wear observed with RoLa solution. Nevertheless it is observed

that semi-trailer vehicles shall be designed to be “craneable” and this can be a significant cost factor for hauliers

A classical pocket wagon costs about 90 000 € with a maintenance cost of about 8 cent/km per wagon.

Rola wagons:
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Typically for RoLa wagons (Roll-On-Roll-Off solution, accompanied combined transport of truck on low floor flat
wagons), the wagon floor height is between 316mm to 410mm. These wagons are quite well proven but used only
for the need of RoLa solution. They are equipped with small wheel diameters turning fast and requiring heavy
maintenance. Wagon are equipped with 4 or 5 axle-wheelsets per bogie. Very specific solutions and development
have been required to solve the regular use of small wheel regarding the wheel profile, lubrification in curve,

braking, turnouts compatibility, etc.

620 2710 2136
19500

1

DGreenbrier

lllustration 27. Wagon forRoLa Saadkkms model (10 axle wheelsets)
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lllustration 28. Wagon for RoLa loaded
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lllustration 29. Wagon for RoLa main dimensions

A RoLa-Wagon costs about 180 000 €. Maintenance costs of RoLa-Wagons are around 15 cent/km per wagon)".

Modalohr wagons:

The articulated Modalohr wagon is 32:5m long and weighs 35-7 ton when empty. Riding on a Y33 bogie at each end
and a shared Y25 in the middle, it has two swing-tray sections each accommodating a trailer up to 13:7m long or
two tractor units. With a floor height of 150mm above the top of the rail, the wagon is able to carry trailers up to 4m
high and 2-60m wide or around 90% of existing truck running in Europe (same limitation in Baltic countries). The
wagons themselves carry no powered actuators to move the swing-trays, which are unlocked at the terminal and
positioned between pairs of fixed ramps for loading and unloading. A complete cycle of unloading and loading can

be completed within 30min according to the manufacturer.

The Modalohr UIC wagon (3™ generation) makes it possible to transport standard 4.0 m high semi-trailers on the

main European lines with a minimum gauge of UIC GB1 without any modification to the existing infrastructure.
Specific features of the Modalohr wagon:

M Extralow floor: 10 to 20 cm from the rail;

9 Standard bogies and wheels;

9 Double articulated wagons with 2 pockets on 3 bogies.

17 https:/fwww.alpinespace.eu/projects/alpinnoct/outputs/deliverabté.2.1.pdf
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lllustration 30. Modalohr wagon with extra low floor.

A Modalohr wagon costs about 400 000 € and maintenance costs are high, about 50 cent/km per wagon'®

approximatively, but it shall be considered that each wagon is in fact a unit of 2 wagons permanently coupled.

1 Loading / unloading issues:
Loading aspects of trucks and more over for semi-trailers is a key issue.
Lift-On-Lift-Off:
Lift-On-Lift Off concept is implemented in what is generally called “transshipment terminals”.

“Transshipment terminals are the ‘passenger stations of freight’, the locations where cargo arriving in intermodal
loading units is loaded onto freight wagons so as to travel in a freight train over the longer part of its journey.
Adequate terminal density and the availability of sufficient capacities at these terminals are crucial from the

perspective of growing Combined Transport.” [UIRR']

“Lift-on lift-off” activities require load semi-trailer units with reinforcements. Few semi-trailers are reinforced (from 5
to 10 % of European semi-trailer stocks) and is therefore impairing the market segment. Loading and unloading of

semi-trailers are achieved using gantry cranes or specific forklift devices.

Different systems are proposed regarding the Lift-On-Lift-Off solution, more and less complex as “the ISU
Innovativer Sattelauflieger”, the “NiKRASA”, aiming in most of case to solve the issue of reinforced body for semi-

trailers.

18 Modalohr source
19 hitp://www.uirr.com/en/medigentre/annuateports/annuateports/mediacentre/1188rr-annualreport2018
19.html
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About 50 000 specifics
semi-trailers cranable in Europe
(compatible with conventional
vertical loading)

1 830 000 non-cranable
standards semi-trailers in Europe
(only compatible with horizontal
loading)

Illustration 31. % of reinforced semitrailer cranable

Illustration 32. Loading a semirailer using areachstackerdevice

When a loading platform using gantry cranes is used required, significant place is required. As example, consider

the terminal Busto Arsizio-Gallarate for HUPAC to load semi-trailer on pocket wagons:

Busto Arsizio-Gallarate is the central hub of the Shuttle network. Dozens of trains connect the terminal to a wide
range of destinations in Switzerland, the Netherlands, Germany, Belgium, Denmark and Sweden. The facility also

serves as a gateway platform for continued travel within the Italian network.
M Area 240,000 square metres;
I Transshipmentsidings 11 x 540 to 760 m;

1 Gantry cranes 12;
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9 Capacity 30 train pairs per day.

An alternative solution is also to use reachstacker device. A reachstacker is a mobile crane that is the most widely
used CT technology on terminals to unload, reload, pile up or move containers. With an empty weight of approx.

100t it can move loads up to 50t.

Horizontal loading (CargoBeamer):

CargoBeamer is a logistics service provider for rail, which is building and marketing a Europe-wide network for the
transport of non-craneable semi-trailers in Unaccompanied Combined Transport. In 1998 the CargoBeamer concept
was developed and in 2013 the CargoBeamer AG in Bautzen was founded with production starting that same year.
The CargoBeamer is in operation on the relation Domodossola (IT) to Cologne (DE). This new wagon system handles
semi-trailers, containers and swap bodies in a linear, horizontal loading and unloading zone. Similar to a “classical”
container terminal the train needs a long range of rail track. The semi-trailers are loaded in bowls or “pallets” which
are shifted beside the wagon for unloading and loading. The bowls are autonomous from the train. This allows
loading and unloading autonomously from the presence of the train in the terminal. One train can carry up to 36

trailers and load/unload 72 of them simultaneously.

lllustration 33. Horizontal leading using CargoBeamer solution
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lMustration34. /I NH2. SI YSNJ aLJ ff SG¢

A Cargobeamer wagon costs 360 000 € for 2 parking spaces, a wagon base costs 40 000 € with 2 pallets per wagon

(each 20 000 €). Terminal investment for one transshipment unit is 67 000 €.
Roll-on-roll-Off:

To avoid gantry cranes and to attract any type of semi-trailer (reinforced or not), the Roll-On-roll-Off solution has

been implemented typically for the RoLa, Modalohr and Eurotunnel solutions.

In most of cases, the truck (tractor unit + semi-trailer) is loaded as a full unit (RoLa, Eurotunnel). In few case

(Modalohr), the semi-trailer is uncoupled from the tractor unit which is loaded or not loaded on the same train.

In principle only if trucks are loaded on the lateral side, long platforms are required along the trains at the same
level as the wagon floor (Eurotunnel and Russia). RoLa system required loading access ramp at the train end only,
Modalohr system is based on small loading / unloading fixed ramps for each articulated wagon and Megaswing

system is based on loading / unloading at floor level.

B) Loading ! unloading with end loading quay

quay
{8oem) ™

[ I || I | —

Platform wagon

C) Loading / unloading with full-length loading quay

Loading quay

oem T N ~ ~ ~ ~
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lllustration 35. Loading and unloading concepts
For RoLa solution, the loading ramp requires an area of approx. 80 m2 for one transhipment unit and costs approx.
100 000 €. It needs at least 700 m of a straight railway track for loading and unloading. For Modalohr, investment

costs for a terminal is 6,7 million Euro and requires more space in the terminal.

Modalohr railway system:

Despite to be considered as being a Roll-Off-Roll-On system, the Modalohr loading platform is very complex with

on-ground equipment. The principle is to “open the pocket of the wagon”.

lllustration 36. Loadingon-ground equipment of Modalohr railway system (Source Modalohr Railway system)
The “Cargospeed” system is quite similar in principle to the Modalohr system using pistons underground for the
wagon pocket orientation. It has been developed by BLG Consult, Warbreck Engineering and Newrail in years 2004 -

2006. The type of transhipment technology is horizontal

This system has only been developed at “prototype” stage and never been implemented. Costs are not available.
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Specialy designed wagon T-shaped hydraulic mechanism Movabie platform

lllustration 37. Cargospeed concept
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1 Accompanied - Unaccompanied issues:

Pre-feasibility Study on Piggyback Transportation Services

and Related Areas

There are in CT World some discussions existing aiming to promote either the RoLa concept with accompanied

vehicle or the UCT (HUPAC) with unaccompanied semi-trailers.

Main issue is to solve the “last mile” issue. It can be considered as typical for Comnied Transporthe following

processes including or not port(s) in the transport chain.

For combined transport limited to trucks (tractor vehicle + sémier) or semitrailers only, the following

first scheme is predominant:

First mile Long haul Lact mile
Transhioment Transhipment Unloading
_____ Read | _ ____ Ralt o Ral | ___ _Read ____|

Illustration 38.

Last milecontinental combined transport issue (Source Modalohr Railway sys#m)

For combined transport including maritime (mainly containers and swap-bodies), main differences are to have the

port(s) part of this chain.

Pre-haul Long haul + shunting Last mile
Port
RR tenminal et
I YUnlogding.
S BN . RaM___ 4 __Rosd 4

Illustration 39.

First or Last mile continental combinetiansport issue including port(s)

Accompanied vehicle, meaning that the driver and tractor unit are also transporter to destination it can be assessed

that existing ratio of payload to gross weight is impaired (the unit tractor has a weight) and also the tractor unit

20 https://www.alpinespace.eu/projects/alpinnoct/puts/deliverabled.t1.2.1.pdf
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