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ABSTRACT

In North America, railway deregulation has lowered the entry barriers and opened
opportunities for private sector small to medium sized business entities (SMEs) to
participate in the railway sector. This has resulted in the upward spiraling success of the
“shortline” railway subsector of rail transportation in North America, which operates mostly
as a closed access system.

The liberalized system of open access railways in many non-North American countries has
similarly opened prospects for participation in the railway sector that were previously
unavailable to the private sector.

Though there are vast differences in the characteristics of how the two systems operate,
there are common elements, but careful analysis is required to determine financial and
operational viability.

In this dissertation, the process of exploring European candidate routes and analyzing their
financial prospects using traditional investment metrics is demonstrated by a cost
simulation model, based on real costs, realistic sample revenues per loading unit and a
range of operating scenarios, to understand the financial performance under a broad range
of parameters.

Going beyond the financial performance of each of the eight scenarios depicted, through a
combination of sensitivity analyses and detailed analyses of the costs, this dissertation
identifies the most influential parameters and cost elements contributing to the financial
success of a railway undertaking.

While the financial performance and influential factors contributing to profitability are
identified, deficiencies and weaknesses over the railway network and indeed, the entire
sector, are also recognized to determine what conditions can be optimized for overall
financial and system performance to facilitate the shift of cargo from road to rail. A
comprehensive analysis of tangible and intangible factors affecting railway network
performance is explored and recommendations are made.

Risks to the railway sector, operationally, from a regulatory perspective and from exogenous
risks are identified and suggestions are made to select optimum business models to
minimize risks and increase profitability.

The results of these methods of analysis are observed, prospective solutions to industry
sector problems are made and conclusions are drawn.

In conclusion, the direction of the research was to determine whether an RU entering the
railway sector in the EU could feasibly operate as a stand-alone traction enterprise, without
the augmentation of external or integrated complementary enterprises.

The findings distilled down to the following scenarios and under the following conditions.
e QOlder locomotives, either diesel-electric or electric



e Older locomotives that are homologated in multiple countries

e Negotiate a deal with the leasing companies on three different lease scenarios that
equipment could migrate to, given market conditions

e T-3000 “pocket” wagons

e Start with two round trips per week, building frequencies, as market demand
develops

o If able to get the operator status in all countries, ensure that done

e Have multi-lingual operating crews

e Otherwise, enter into JV agreements with other operators over and within the
territories to be served, also considering expansion into other markets.

These condition combinations offer the best cases for establishing and building a successful
RU enterprise in the EU, without the additional financial contribution of external or
integrated complementary enterprises.

Also acknowledged and identified, in detail, are the many tangible and intangible obstacles
that face RUs operating in the closed access system of North America and the open access
system of the EU and/or open access environments in other geographies.

Finally, based on the research conducted herein, recommendations are made for policy, the
industry and for future scholarly and academic research, along with final last thoughts.



NEDERLANDS ABSTRACT
In Noord-Amerika heeft de deregulering van de spoorwegen de toetredingsdrempels
verlaagd en mogelijkheden geopend voor kleine tot middelgrote ondernemingen (kmo's) uit
de particuliere sector om deel te nemen aan de spoorwegsector. Dit heeft geresulteerd in
het opwaartse spiraalsucces van de "shortline" spoorwegsubsector van het spoorvervoer in
Noord-Amerika, die meestal als een gesloten toegangssysteem werkt.

Het geliberaliseerde systeem van open-toegangsspoorwegen in veel niet-Noord-
Amerikaanse landen heeft op dezelfde manier perspectieven geopend voor deelname aan
de spoorwegsector die voorheen niet beschikbaar waren voor de particuliere sector.

Hoewel er enorme verschillen zijn in de kenmerken van hoe de twee systemen werken, zijn
er gemeenschappelijke elementen, maar een zorgvuldige analyse is vereist om de financiéle
en operationele levensvatbaarheid te bepalen.

In dit proefschrift wordt het proces van het verkennen van Europese kandidaatroutes en het
analyseren van hun financiéle vooruitzichten met behulp van traditionele
investeringsstatistieken gedemonstreerd door een kostensimulatiemodel, gebaseerd op
reéle kosten, realistische steekproefinkomsten per laadeenheid en een reeks operationele
scenario's, om de financiéle prestaties onder een breed scala aan parameters te begrijpen.

Dit proefschrift gaat verder dan de financiéle prestaties van elk van de acht afgebeelde
scenario's, door een combinatie van gevoeligheidsanalyses en gedetailleerde analyses van
de kosten, en identificeert de meest invloedrijke parameters en kostenelementen die
bijdragen aan het financiéle succes van een spoorwegonderneming.

Hoewel de financiéle prestaties en invloedrijke factoren die bijdragen aan de
winstgevendheid worden geidentificeerd, worden tekortkomingen en zwakke punten over
het spoorwegnet en zelfs de hele sector ook erkend om te bepalen welke voorwaarden
kunnen worden geoptimaliseerd voor de algehele financiéle en systeemprestaties om de
verschuiving van vracht van de weg naar het spoor te vergemakkelijken. Een uitgebreide
analyse van tastbare en immateriéle factoren die van invloed zijn op de prestaties van het
spoorwegnet wordt onderzocht en er worden aanbevelingen gedaan.

Risico's voor de spoorwegsector, operationeel, vanuit een regelgevend perspectief en vanuit
exogene risico's worden geidentificeerd en er worden suggesties gedaan om optimale
bedrijfsmodellen te selecteren om risico's te minimeren en de winstgevendheid te
verhogen.

De resultaten van deze analysemethoden worden geobserveerd, prospectieve oplossingen
voor problemen in de industriesector worden voorgesteld en conclusies worden getrokken.

Concluderend was de richting van het onderzoek om te bepalen of een
spoorwegonderneming die de spoorwegsector in de EU betreedt, haalbaar als een op



zichzelf staande tractieonderneming zou kunnen opereren, zonder de uitbreiding van
externe of geintegreerde complementaire ondernemingen.

De bevindingen zijn gedestilleerd tot de volgende scenario's en onder de volgende
omstandigheden.

¢ Qudere locomotieven, dieselelektrische of elektrische
® Oudere locomotieven die in meerdere landen zijn gehomologeerd

¢ Onderhandelen over een deal met de leasemaatschappijen over drie verschillende
leasescenario's waar apparatuur naartoe zou kunnen migreren, gezien de
marktomstandigheden

¢ T-3000 "pocket" wagons

¢ Begin met twee retourritten per week, bouwfrequenties, naarmate de marktvraag zich
ontwikkelt

¢ Als u in staat bent om de operatorstatus in alle landen te krijgen, zorg er dan voor dat dit
gebeurt

¢ Meertalige operationele bemanningen hebben

* Anders, het aangaan van JJV-overeenkomsten met andere exploitanten over en binnen de
te bedienen gebieden, ook met het oog op uitbreiding naar andere markten.

Deze voorwaardencombinaties bieden de beste omstandigheden voor de oprichting en
opbouw van een succesvolle spoorwegonderneming in de EU, zonder de extra financiéle
bijdrage van externe of geintegreerde complementaire ondernemingen.

Ook worden de vele materiéle en immateriéle obstakels waarmee spoorwegondernemingen
worden geconfronteerd die actief zijn in het gesloten toegangssysteem van Noord-Amerika
en het opentoegangssysteem van de EU en/of opentoegangsomgevingen in andere regio's,
in detail erkend en geidentificeerd.

Tot slot worden op basis van het hierin uitgevoerde onderzoek aanbevelingen gedaan voor
het beleid, de industrie en voor toekomstig wetenschappelijk en academisch onderzoek,
samen met enkele laatste bedenkingen.

Vi
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GBFM — Great Britain Freight Model
HGV — Heavy goods vehicles
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CHAPTER ONE - INTRODUCTION

1.1 Introduction
Railways, in the basic form known today, have been an integral component of sovereign
economies around the world for over 200 years ago. In the evolving history of railways,
from the initially embryonic to today’s form, differing business model forms adapted
separately, in response to various internal and external forces. For the US and North
America, the motivations were largely about territorial development and expansion of the
economy, especially for newly acquired, but unsettled and undeveloped territories. For
Europe, the motivations were multiple, ranging from geopolitics and defense to domestic
tranquility, through full employment.! Also included were the factors of commerce, external
and internal, especially as regards inputs to production, such as raw and bulk material and
production distribution. Regardless of the business models adopted, in the end, economic
fundamentals caused railways to respond to their respective environments in the way that
they have, shaping their States’ internal and external transport policies, affecting national
development.

This research will examine the underlying forces, primarily economic, but also
acknowledging other tangible and intangible factors that determine whether rail transport
of cargo will be competitive over other modes.

Examining those factors comprised of the structure of cost elements is part of the analysis.
What are those elements, are they unique to railways and if so, why? Observing how and
why railways developed the way they have will offer insight into subtleties that distinguish
the cost structures between the typologies of railway undertakings.

In this research, the reader can expect identification of fixed and operational (variable), cost
elements. The reader can also expect an overview of the infrastructure necessary to
conduct transportation in today’s demanding competitive environment. In addition to those
fundamentals, successful companies engaging in rail transport have certain typologies, with
varying degrees of vertical and horizontal integration or, in some cases, none. The research
will identify and classify those typologies. The research will examine company structure
options and practices. It will also analyze the cost elements, both fixed and variable, the
vertical and horizontal business relationships with complementary industry players,
relationships with customers and details, as to aspects of the service and operating models.
Due to the proprietary nature of financial and traffic volume data from various players, it

I Blauwens et al., “Transport Economics”, Seventh Edition (2020), Page 325, 2.2 Inputs in the production of
transport, No. 1 The factor “labour”.



may not be possible to precisely identify costs associated with individual players. Despite
these data limitations, there should be sufficient data to construct a costing model applied
to test case scenarios that can simulate financial performance and help answer the research
question.

What will not be included will be quantification of intangible factors influencing financial
performance, such as charges for externalities, as there are few established values or
reliable marketplace mechanisms to assess those charges.

Also not included will be the “hidden hand” costs of political inertia interference, which,
while considerable and adversely affect financial performance, are difficult to measure.
Examples of these types of political and cultural impediments are:

- Structural, in that there are pre-existing and organizational administrative constructs
that prevent or hinder policy execution favorable to rail, with no opportunities for
railway undertakings to participate or have input into decision processes.

- Cultural, in which administration players within local jurisdictions do not cooperate
and/or agree with broader policy decisions made on a ministerial or federal level
favoring rail transport.

- Exogenous, similar to cultural factors, described above, in which broad policy direction
on an even higher level, such as the EC, is ignored or resisted. The exogenous and the
cultural factors typify the struggle and resistance against central authority, which is
routinely and universally practiced around the world.

If these were factors in a SWOT analysis, they would be categorized as “political risk”.

Analysis of the elements comprising the financial structure of the railways and their
relationships with the enterprise will be by using a financial simulation model developed for
this Ph.D. that will serve, not to provide absolute “go/no-go” answers, rather, as general
guidance and a platform for hypothetical operational scenarios, using any researcher-
defined parameter data inputs available within realistic ranges, to answer the research
question.

1.2 Background
Over approximately the last three decades, railway operator models have changed,
particularly in the European Union, where the political orientation, with its fundamental
roots in a common market, has amended the traditional structure of the railway sector. The
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EU’s current political direction favors increased competition, harmonization,
interoperability and open markets, which has catalyzed the unbundling of marketing,
operations and control of the network itself. This has led to a large-scale restructuring of
railway enterprises.

The rail sector, traditionally characterized as a staid, unremarkable, somewhat non-
innovative and mature industry, consisting of the vertically integrated former state railways
(“incumbent” railways), has, over a relatively short span of time, become thrust into a
position where its costs, interlinked interests throughout its former vertical structure, from
the railway network itself, with its power distribution, signaling systems and workshops, to
its large rosters of rolling stock (locomotives and wagons), as well as administrative support
systems, have now suddenly become open for the world to see, to their political detriment.
The EU/common market philosophy has forced apart the vertical integration and beneficial
scale that the incumbent railways have so long enjoyed.? 3

Another effect of the incumbent’s high costs becoming visible was a period of
rationalization, the result of which further reduced rail cargo service availability. Aside from
the adverse economic effects on shippers (and the economy, in general), due to poor
service quality issues, another driver for political support to separate the incumbent
railways from their vertically integrated components has been their historical
unresponsiveness to the needs of shippers. This comes at a time when negative societal
externalities resulting from transport activities have come into focus, such as climate
change, congestion, emissions, noise and safety. These broad changes have provided
potentially new opportunities for both shippers and entrepreneurs to fill transport needs.
These changes have also resulted in considerable fragmentation of the transport sector. The
combination of the above-mentioned factors and others, have, in the rationale of some
entrepreneurs, led to confidence that there are new opportunities in the formerly
moribund and impenetrable rail sector. Despite the apparent opportunity, there are factors
that could adversely affect the sector, if not carefully researched, made known and
considered.

2 Thompson, Lou, “Liberalization and Commercialization of the World’s Railways — Progress and Key Regulatory
Issues”, (2009), Thompson — International Transport Forum Pages 5 — 16

3 Maes, Jochen & Vanelslander, Thierry, “The Use of Transport as Part of the Supply Chain in an Urban Logistics
Context”, (2011), WCTR July 11-15, 2012, Lisbon Portugal, Pages 4 & 7

4 Crozet, Yves et al., “Development of Rail Freight in Europe: What Regulation Can and Cannot Do”, CERRE Policy
Paper, (2014), Pages 18 — 19
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The concept of movement towards separation of infrastructure and railway operations has
not only affected the EU, it has become a trend worldwide, with numerous countries
adopting the vertical separation model, ranging from Australia and New Zealand to railways
in South and Central America and also in Africa.

In contrast, North America (the US and Canada), have not embraced this direction,
principally because of the historical private ownership model extant since the 19" Century
and the inception of railways on the North American continent. The US and Canadian
governments, in the interest of developing their hinterland territories, granted private
ownership to private stock companies, in compensation for their large capital costs, risks
and commitments to build railways and supporting infrastructure across the continent.

Despite their relative freedom and complete vertical integration, from around the postwar
period and up until 1980, the US and Canadian railways were commercially inhibited by
excessive regulation, hindering them from effectively competing in the marketplace. In
addition to regulatory interference, the US government created competition by developing
the national interstate highway system, where the trucking sector was (and still is),
undercharged for their use of the highway infrastructure, along with the development of
the civil aviation sector, within which the airlines competed with the railways for both
passenger, cargo and light package, as well as the postal business, ultimately leading to the
demise of the privately operated rail passenger sector.

Regardless of the continent or nation, challenges, known and unknown, exist for the
prospective railway operator. To the degree possible, both governments and the private
sector should be made aware of the realistic business efficacy of a railway enterprise and
seek to minimize financial risk.

The successful execution of business strategies is inextricably intertwined with the elements
of people, process and prospects. The people element is beyond the scope of this Ph.D., but
the process, in the context of the selection of business prospects, is within the objective and
the research questions, to be stated further. The identification of realistic business
prospects, through a process involving a replicable cost model to be developed and applied
universally is the focus for this Ph.D.

Competition from other modes (as well as within the rail mode), is a perennial challenge to
railway enterprises universally. Given the high fixed cost structure of railway undertakings
(“RU’s”), regardless of whether they operate in an open or closed access system, to achieve
profitability, RU’s must achieve a delicate balance between minimizing capital investment
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and their inherent risks with having enough rolling stock and fixed assets to ensure barriers
remain to prevent new entrants into the sector, as well.

1.3 Objective and Research Questions
The overall objective of this research is to compare, contrast and analyze North American
and non-North American railway cargo business models to arrive at a workable and
practical business model for application to varying railway enterprise typologies worldwide.

The research question that derives from this objective is the focus of this dissertation:
Research Question:

“Under selected conditions, can the smaller scale, more entrepreneurial versions of the
North American-style of traditional railway enterprise, known as the “shortline” or
“regional” railway develop a profitable business model in the newly liberalized commercial
market and regulatory environment in the EU, as well as in other geographies, with or
without integrating complementary business elements® (“bolt-on”), as either separate or
related enterprises?”

Further, “under what operational scenarios and conditions would a railway undertaking
(RU), be profitable?” can be answered once an analytical framework is established to
compare scenarios. The framework will include independent variables, such as train length
in wagons, number of loading units on the wagons in the train (expressed as percentage
load factor) and rate per kilometer per loading unit. The model framework will also include
fixed and variable costs, along with variable revenue scenarios. Ultimately, the variability of
costs and revenue will be selectable, enabling the researcher to generate empirical data for
analysis.

As to why this research question is important, the motivations of prospective RU operators
and investors are varied. Some may wish to preserve a link to rail transport, that they would
otherwise lose, if left to governments seeking to save money by closing money-losing
branches. That category of actors has survival of local enterprises and the local communities
in mind as their main objective. Larger players, such as shipping companies, may wish to

5 Examples of complementary enterprises are terminals, workshops, separate locomotive and wagon leasing
enterprises, warehousing and distribution, as well as freight forwarding and for that reason, the income and
expense stream of any those enterprises will not be integrated into the simulation model, although there are
provisions in the design for later addition.



integrate land transport into their maritime services and become more competitive. Other
players see market opportunities to capitalize on the neglect of those local or regional
markets by larger players, such as the former incumbent RU's or the Class | railroads in the
US. By paying attention to those neglected markets, the shortline railroad entrepreneurs
have prospered and grown. Answering the research question as to whether it is possible to
apply the North American shortline approach to open access markets opens up new market
opportunities and facilitates the policy goals of shifting road to rail. Regardless of the
internal motivations, an analysis platform of prospective routes is a prerequisite in the
decision to establish rail service offerings to the market.

1.4 Theoretical Basis of Model Approach
The underlying basis of the analysis framework and model approach came more into focus
after the literature review of the models to apply to the data. As a general truism, there is a
linkage between volume of transport and economic activity using GDP as an indicator.
However, as a predictor of transport demand, general aggregate demand analysis is
inadequate and does not consider the mode characteristics and attributes of the cargo, nor
does it consider the nature of the territories of the O/D pairs, with respect to determining
the proportion of the industrial sector comprising GDP. Also, aggregate model approaches
do not consider individual cost elements of the transportation process, in comparison to
disaggregate models, which do so. ® For those reasons and other factors, the activity-based
engineering cost simulation model was adopted. Section 2.7.2 - Costing Models and
Chapter 4 — Methodological Framework show details of the process used to arrive at that
solution.

Chapter 2 - Literature Review
The general guidance for research selection was to distill from the literature, an overview of

the marketplace and competition that would define the variations of railway operator
typologies and their factors for success.

Equally important were identifying obstacles that prevented financial viability, the reasons
the obstacles exist, strategies to compensate or circumvent and therefore remedy those
problems.

From the literature, success (and failure) factors, obstacles and survey of business
conditions, operating factors and “on the ground” realities, successful typologies and their

6 Blauwens et al., “Transport Economics”, Seventh Edition (2020), Pages 310 - 315
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variations emerged for study focus. Relevant data elements were recognized, as to which to
include as factors to consider in building a costing model.

Within the literature review, reports, studies, papers and PhD dissertations that were
influential and whose analyses played a role in the development of this PhD research were
included. The chapter will also cover other questions that emerged that were not covered
by the literature.

The objectives of this PhD research are that it will help RUs, their complementary services
providers, customers, government and regulators, as well as other researchers gain
perspective into the factors that contribute to creating opportunities to ensure effective
market positioning of the railway enterprise, e.g., market share, hence financial success of
RUs, as well as a more prominent role in the general economy. The research will also
highlight industry sector weaknesses (both secular and cyclical), illustrating exposure to
commercial, as well as political (policy) risk.

Chapter 3 — North American Closed Access vs. Open Access Business Models
In this chapter, the differences between the North American closed access and the open

access railway business models are presented. While the North American railway operators
may be burdened by heavier capital expenditure costs because rail operators maintain their
own infrastructure, they are not burdened as much as open access rail operators by still
heavier regulations, high labor, energy and network access charges, as well as the hidden
hand of competitive former incumbent railways, operating through governmental and
regulatory proxies.

The respective networks have different characteristics, in that there are generally (except
for Australia), shorter distances between and within most open access countries, hence
more line or corridor density, than in North America. Weight, dimensions and capacity of
railcars also play a role in efficiencies, as does the ability for North American railways to
“double-stack” containers, due to less restrictive loading gauge and axle weight constraints,
compared to many open-access countries, particularly in Europe.

The cost, revenue and capital structure accounting approaches and practices are compared.

These factors are explored in examining the cost structures of North American railways vs.
open access railways elsewhere.

Also included are identification of railway undertaking typologies and attributes, drawn
from the insights gained from the research covered in the literature review. In the context
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of the research question, the various typology characteristics will be reviewed and those
assessed to have the most and characteristics of highest commercial viability will be
selected for cost modeling. The characteristics of commercial viability will especially address
those RU typologies that target high value and/or time sensitive traffic that is most often
transported by road and which has a high potential for both revenue and volume growth.

Chapter 4 — Methodological Framework
To help answer the research question (“...under selected conditions”) “Is it possible to

develop a profitable business case to participate in the newly deregulated and liberalized rail
cargo sector in the world over selected freight corridors and/or line segments?”, cost
analysis would be at the basis of a decision to provide rail transportation services to the
sector.

The methodology would be predicated on the availability of data to support the method
chosen. There are, fundamentally, two methods of cost analysis:

1. Statistical
2. Engineering

If a database of historical observations with a sufficient level of disaggregation with time-
series or cross-sectional data was available, one might consider the statistical method,
developing econometric cost functions. On the other hand, if a researcher were to analyze
the production processes of conducting transportation and would have the data to break
down each operational element into directly attributable costs, defined as per kilometer,
per kW, per unit of time and the like, then one would have the core elements needed to
calculate, on a granular level, the unit cost per operation over the continuum of a selected
route or set of routes. Fortunately, this data was available to this author and for that
reason, the engineering method of cost analysis was chosen. ’

Given the above decision process, a costing model was developed, with universal elements
common to most railway undertakings. This costing model is intended to be applicable to
railways operating in similar deregulated and liberalized environments and will be broadly
applied to selected railway corridors, defined further in this dissertation.

The overall model will be a hybrid of a cost simulation and an engineering model. The
engineering elements of the model will include cost simulations and assess the costs of
prospective operations over a route, given a sample matrix of O/D pairs. While measuring

7 Blauwens et al., “Transport Economics”, Seventh Edition (2020), Page 323
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every O/D pair along the route, with its commodity combinations is beyond the scope of
this research, the methodology framework would be established to conduct such an
analysis for application for further research on or within these or other corridors.

This would mean that a cost structure template would have to be developed for the specific
corridor(s) selected and integrated into the model.

Corridors will be identified that consider consumption, production and traffic generators,
such as seaports, terminals, warehousing and distribution centers, as well as manufacturing
and processing centers. In the selection of corridors, the element of traffic volume balance
in both directions, to the degree possible, of the examined corridors will be considered for
optimal economics.

In summary, what factors lead to a viable business model?

Although the methodology is intended to be generally applied to all railway typology
structures, with a focus on selected parameters, the route viability can also be influenced by
factors within the marketplace, such as demography, economic clustering and activity,
industry sector forces (fragmentation and consolidation), regulatory and political /
administrative environment and network factors. While these factors will not be measured,
their influence will be separately acknowledged through research in further section SWOT
analyses templates.

The analytical (sensitivity analysis), portion of the methodology will analyze the data that
the blended engineering model portion generates from each permutation of the
operational scenarios to help identify the most influential parameter combinations on
profitability.

The framework described in this chapter will be used to analyze the data in the form of
modeling scenarios, described below, as steps in analysis to be covered in Chapter 6 -
Financial and Risk Analysis.

Chapter 5 — Empirical Use of the Cost Model
Data, Variables and Structure
Data availability and quality has proven to be a persistent problem in this research. Much of

this chapter will address the shortcomings of data and how relevant data might be reliably
extracted. The level of detail collected, especially at a disaggregate level, has diminished in
recent years.



III

The type of traffic volume targeted is classified as “intermodal”, is defined as “Movement of
goods (in one and the same loading unit or vehicle), by successive modes of transport
without handling of the goods themselves when changing modes” by the Organisation for

Economic Co-operation and Development (OECD).

The flow of cargo forms the basis for any revenue projection in a transport enterprise.
However, to develop such a model, useful cargo movement data to address the objectives is
not available in sufficiently disaggregated form. While there is limited data available from
the ports and Eurostat on an aggregate basis, data with the necessary level of detail does
not exist in public domain. This level of data likely exists, albeit in proprietary form with the
various actors within the typologies of transport enterprises, such as freight forwarders,
railway undertakings (RUs), ports and shippers, but for obvious competitive reasons, will
unlikely be revealed or shared.

Also problematic is that within Eurostat itself, the level of detail available has become less,
over time. Since part of the core tenet of the EU is to establish a common market, the
member states’ respective customs offices no longer record transit flows between EU
states. Adding member states to the EU has resulted in Eurostat’s movement towards
standardizing (“harmonizing”) data, which has resulted in a trend towards a reduction of
the detail in data collected and thus has rendered Eurostat a less useful tool.

These questions will be explored in greater detail within this chapter.

Acknowledging that in specific cases within typologies, there are unique data elements and
sources, there are certain variables that are common to all enterprise typologies. Those
variables will be defined within this chapter.

The traffic data and costing model drew from the resources listed below:

e FEurostat
e Custom data from other studies conducted by academic researchers
e Costing elements, self-sourced and using the Delphi method

Industry trade organizations consulted for either confirmation and/or additional data drawn
included:

e Association of American Railroads (AAR)
e American Short Line Railroad Association (ASLRRA)
e (CargoStat — K & P Transport Consultants
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e CER (Community of European Railway and Infrastructure Companies)

e CLECAT (European Association of Forwarding, Transport, Logistics and Customs Services)
e European Intermodal Association (EIA)

e Hinterlandport.eu

e UIRR (International Union of Combined Rail Road Transport Companies)

e UNIFE (Association of the European Railway Industry)

For reality checks, sources and contacts within related sectors, such as railway, freight
forwarders, terminal operating companies, marine, warehousing and distribution and
trucking will be consulted, as available, to get a sense of what is operationally normal,
general truths and rules of thumb used in the course of conducting everyday business, as
well as realistic boundaries in observed data. Data gathering from these sources is classified
as the “Delphi Method”.

For analyses of both costs and revenue, a simulation model will be selected.

Costing data will draw from a compilation of the individual cost elements that comprise rail
and terminal operations on as low a level as possible to enhance accuracy. This will entail
examining potential operations in a range of EU countries, consistent with the candidate
corridors being contemplated. The cost elements to be included in the costing model fall
into the broad categories within fixed and variable costs.

Chapter 6 — Financial and Risk Analysis
Using the methodological framework defined in Chapter 4, this chapter will analyze the

data, controlling for non-bulk commodities being hauled in containers or trailers between
O/D pairs selected by criteria of having a seaport at least one end and a production and/or
consumption region at the other end. To be clear, the specific commodities targeted will
not be the traditional commodities hauled by rail, such as bulk chemicals, ores, metals,
grain, timber, cement, stone, sand, coal and the like, rather, those commodities that have
the highest probability of being hauled in loading units, such as truck trailers and
containers.

Once the O/D pair(s) and region(s) are identified for the type and volume of traffic sought,
the costing model will be applied, as applicable to the O/D and corridor selected.

The analysis is expected to be an iterative process, as variations in results are anticipated.
The steps in the process will be:

11



a. Calculate all combinations of revenue, given the parameters of price per km, number of
wagons in a train, load factor of the train and number of trains operated

b. Initial calibration

c. Validation
Final interpretation of results

The cost analysis portion of Section 6.7 describes the application of sensitivity analyses, and
further in Section 6.8 as applied to the energy and path cost categories for each of the
scenario cases. The analysis of each of those independent variable cost categories for each
case scenario is demonstrated graphically in this chapter.

Chapter 7 — Conclusions
Key success factors are noted in this chapter, considering the differences between the

respective business models in North America and the EU. Chapter Seven will conclude with
tying together all the factors observed, with analysis of the selected service and operating
models in the rail subsectors identified to be analyzed, to arrive at the optimum
combinations of infrastructure, geographic coverage, terminals served, traffic density, line
segments linking terminals vs. heavily traveled corridors (and secondary line segments). To
the degree possible, the research surveyed observed and anticipated changes in regulatory
environment, along with present and potential future emerging modal competition. In
addition to the base transportation service model, the business models will review
complementary additional sub-sector enterprise models. The combination of standalone vs.
sub-sector combinations and whether they are necessary, will contribute to the spectrum of
strategy options for business model variations. Given the above-mentioned elements, the
conclusions will assess RU commercial viability, based on demand, expressed as traffic
volume by loading unit. The model will assume variable levels of traffic flow, based on the
number of trainsets operated, wagons per train and load factor percentage. Wagons per
train, load factors, rate per kilometer per loading unit and number of trainsets operated will
be user selectable on a spreadsheet costing tool with slide bars and/or fields to flexibly
select the values for any combination of variables for each scenario and even as granular as
monthly revenue, in the matrix of case scenarios. To complete an “open-eyed” and
balanced perspective of RUs operating in both the open access environment, such as in
Europe and the closed access environment, as in North America, sections on “Where is the
Devil”, as regards RUs in Europe and “Failure Factors” for both environments will be
presented in this chapter. Lastly, from the research within this dissertation, there will be
recommendations for policy, the industry sector and recommendations for additional
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scholarly and academic research, using this platform, with some final thoughts from the
author.

Appendices
Appendices will provide supplementary information with the underlying formulae and

analysis detail.
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Chapter 2 — Literature Review

2.1 Introduction Section

This chapter highlights selected research projects, industry reports, papers, books and
dissertations that were influential and helped establish the basis and context for developing the
research question.

The foundation underlying the research question was made by examining selected research
work that had been conducted on the topic of viable business cases for railway cargo
enterprises. The literature provided guidance, as to the structure, information sources, analyses
methodology and depth of content, as well as insight into the rail sector’s organization and
underlying cost drivers for analysis within this dissertation.

Therefore, research relevant to this dissertation was literature to understand and be able to
explain the market forces, constraints and conditions, physical infrastructure limitations,
evolving enterprise typologies and political factors affecting railway undertakings (RUs). These
factors affect RUs by driving costs. Costs affect market position, identify challenges and point to
strategies that RUs may need to implement to achieve and maintain competitiveness. The
following is a non-exhaustive overview of the literature that was the most influential to the
objective of this dissertation. These works were selected because they are relevant to this
dissertation and explain the practical and real “on-the-ground” considerations that go into
determining the economic viability of rail cargo operations, as well as the industry sector
overview, intangibles and theoretical underpinnings. These factors and their effects on various
typologies helped determine strategies for railway undertakings. The following research is
broadly organized by themes.

2.2 Typology - Desirable Overall Corridor Attributes, Targeted Traffic & Network

Characteristics
The PhD research work of Grosso (2011) explains the intermodal transport sector and the

relationships between the players within. From the outset, she distinguishes between
intermodal transport driven by geography, political and infrastructure reasons and intermodal
transport driven strictly for economic reasons. In this dissertation, the use of intermodal driven
by economic reasons is examined.

Relating to intermodal rail transport, high fixed costs characterize this subsector through
terminal and infrastructure costs, with relatively low variable costs, if the RU is operating a
terminal, integrated with supplying traction. Grosso’s research suggests the distance point that
makes sense to shift from road to rail is approximately 5-600 km, but less — 250 to 300 km, if
the route is to / from a port, where the volume of traffic compensates.
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Grosso sees the pattern that many operators achieve economies of scale by operating between
maritime and inland terminals, often within the same country. Grosso further observes that
many RUs are also often subsidiaries of larger, integrated enterprises, such as shipping lines,
terminal operating companies or smaller size RUs, operating on behalf of larger transport
operators. Exceptions to this are large shippers, that operate either on their own behalf in
conjunction with freight forwarding companies, often “in-house” operations.

That view is supported in the paper by Macharis and Pekin (2013), as consistent with the
concept of aggregating traffic to achieve scale. The main thesis of this research is that seaports
are a natural point for developing intermodal traffic, both as an extension of the port to the
hinterland, as well as increasing the efficiency of the transport sector, in the abstract. The
research posits that the biggest opportunity for railway modal share increase is through
intermodal traffic. Since a large amount, approximately 60% of intermodal traffic travels
internationally along established corridors, the nature of this traffic is for long distances, which
makes it better suited for rail transport. Due to this, rail transport is an asset that can solve the
problems of congestion in the port areas with its negative social impacts and economically
provide transport to final destinations.

The research paper Tawfik, Mostert and Limbourg (2015) & makes similar points that when
there are small pre- and post-haulage (PPH) distances involved in transport, intermodal
transport becomes more competitive, when external costs are internalized, with respect to
distances. When there are longer PPH distances involved, the opposite is true, leading to a
longer distance needed to achieve breakeven costs. This is particularly important in Belgium,
where drayage costs account for 25 — 40% of the total transport expenses and economies of
scale are not reached, due to the short distances of a substantial portion of the total traffic.
There are varying opinions on the distance points at which rail is most advantageous for modal
shift. For determining breakeven distance, defined in this context as the distance point at which
rail intermodal transport becomes more competitive than truck transport only, the costs of
which for both at the breakeven distance point are equal. There are generally two methods to
determine that point. Macharis and Meers (2014)

1) Collecting empirical price data from sources such as Transportation Intelligence (Ti Upply), a
research firm in the UK that publishes both average prices per km for trucks regionally and
focusing on a specific trade lane.

2) Modeling the general internal cost structure of both transport chains.

8 “DELIVERABLE 1.1 - 1.2 B: What is the role of costs in transportation mode
competitiveness?”, Brain Trains (2015), pp 18 — 29
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The research of Janic (2007) uses method 2 and posits that beyond a certain km trip length,
freight train costs go down faster than road costs and for strictly internal costs, that point is 600
km. Curiously, according to Janic, the average internal operational cost for truck is lower than
intermodal, because it includes the door-to-door trip segments. The paper is vague, as to the
reasons why there are lower truck prices, stating "...in combination with other market and
regulatory factors, leads to lower prices". The lower prices, of course, attract shipper interest,
especially for price sensitive and/or light, but with high cubic capacity consumption. That point
coincides with approximately 90% of traffic around 600 km. But both modes depend on the
actual door-to-door distance. For a long-distance truck haul, the average internal cost
decreases disproportionately more, especially if door-to-door distances increase, either by
truck or rail. Since the internal costs of road or rail (intermodal) trip include door-to-door, the
point at which increased distance economies begin to exceed rail is approximately 900 km. It
would seem counterintuitive that rail would, at a longer distance, be less economical than
truck, but this is because rail intermodal must also factor in the truck segment from and to the
door(s) at the origin and destination. ° From other research, Janic focused on longer distance
intermodal trains, from the standard length (Conventional Intermodal Freight Trains — (CIFTS),
to longer versions of the same train, referred to as “Long Intermodal Freight Trains (LIFTS)",
which operated over corridors of between 900 - 1100 km.1°

The breakeven points for intermodal rail are over a wide range: 200 - 400 km Ministrie van
Verkeer en Waterstaat (1994), 500 km van Klink and van den Berg (1998), 350 km
Kombiverkehr (2004), 600 - 1050 km Janic (2007 -2008) and 600 km Kreutzberger (2008)*

For freight transport market segmentation, CE Delft considers the freight market segmented
into short and long distances of <500 km and >500 km, respectively.!? Interestingly enough, den
Boer et al. (2011), calculates that load factors for both freight trains and trucks hauling
containers increase by 25% and 32%, respectively, expressed in tons/vehicle for trips >500 km
vs <500 km. (See Figure 1)

Blauwens (2020), in defining the methodological framework of aggregate models for freight
shippers, writes that the characteristics of the trip are important in determining the transport

9 Source: Janic, Milan, "Modeling the Full Costs of Intermodal and Road Freight Transport Network",
Transportation Research Part D (2007), Pages 41 - 43.

10 Janic, Milan, “An assessment of the performance of the European long intermodal freight trains (LIFTS)”, OTB Research
Institute, Delft University of Technology, (2007), P.1327.

11 Source: Macharis & Meers, "Modal Choice in Intermodal Transport”, UA/TPR (2014).
12 den Boer et al., “Potential of Modal Shift to Rail Transport”, Delft (2011), Page 16, paragraph 1.
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mode and that “the most significant variable in this respect is distance. The average distance
covered per ton is the highest in rail traffic”. 3

Occupancy rates and load factors’
Modality Unit =100 km 100-500 km = 500 km
Passenger car | Private paszs/veh 2.0 2.3
Business pass/veh 1.2 1.1
Passenger Private pass/veh 128 147
train
Business pass/veh 128 147
Truck® Containers tonne/veh 4.7 6.2
Bulk tonne/veh 7.3 7.9
Miscellanesous tonne/ veh 4.3 5.8
goods
Frelght train Containers tonne/ veh 352 440
Bulk tonne/ veh im 470
Miscellaneous tonne/ veh 352 445
goods
Mote: These load factor and occupancy figures differ from the Eurostat statistics. In the capacity
study we stick to statistics, which we assume to be more reliable.
1 Ho occupancy rates are available for air transport.
. Load factors are for 2020; there {5 a slight increase towards 2050.

Figure 1: Occupancy Rates & Load Factors

Source: den Boer et al., “Potential of Modal Shift to Rail Transport”, Delft (2011), Page 18, Table 4

In the SWOT analysis contribution to BRAIN-TRAINS (2015), the main points made in this paper
are:

e Strengths come from higher payloads of loading units e.g., containers, along with higher
capacities for transport of those loading units, in conjunction with lower costs
(operational and external, if calculated), for longer distance intermodal transport

e Weaknesses come from lower quality service, in terms of travel time and reliability for
the customer (shipper), higher PPH costs in high density geographies, inflexibility with
railway operations and the elongated time needed to establish new rail and intermodal
service.

e Opportunities derive from the ability to aggregate traffic flows, operate long(er) and
heavier trains, theoretically enjoy smaller PPH radiuses (assuming terminal density in a

13 Blauwens et al., “Transport Economics”, Seventh Edition (2020), Page 304, No. 2
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region) and, in contemplated development, standardization of railway rolling stock,
signaling systems and loading units. 14

e Threats arise from a non-seamless operational and informational flow between the
participants in the conduct of transportation, failure to consolidate traffic flows, either
not enough or too large a concentration of terminals, in either case, leading to lack of
bundling and/or longer PPH, affecting competitiveness of intermodal transport by rail

Building on the points made in the literature regarding a focus on container traffic, the PhD
research work of Markianidou (2012) developed a methodology for converting freight traffic
potential into practical and tangible units starting from trade flow and trade value data and
converting into actual container flows. Her work assigns linkages from product categories and
actual container flow, developing formulae for predicting traffic levels of different commodities
transported by container. This work is relevant to this PhD because it addresses some of the
fundamental elements in transport business models, in that it directs the focus of what traffic
e.g., categories of cargo to target to make a credible business case.

This methodology is useful, in that it is possible to identify specific cargo groups that have
higher possibilities for modal shift from truck to rail. However, as regards data, both Grosso and
Markianidou report the same experiences this author has had with data from Eurostat that is
not sufficiently disaggregated, detailed, incomplete and often out of date.

Apart from targeting specific cargo most likely to travel in containers and optimum distance
corridor attributes, from a network perspective, there are variations of network typologies to
consider. These typologies are advocated b