




Models for financing, cost, and risk assessment





Models for financing, cost, and risk assessment

Major railway tunnel projects in Europe

Edited by Konrad Bergmeister



Editor

Konrad Bergmeister

Cover
Keystone/Urs Flüeler - Owner Heinz
Ehrbar

All books published by Ernst & Sohn are carefully
produced. Nevertheless, authors, editors, and
publisher do not warrant the information contained
in these books, including this book, to be free of
errors. Readers are advised to keep in mind that
statements, data, illustrations, procedural details or
other items may inadvertently be inaccurate.

Library of Congress Card No.: applied for

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from
the British Library.

Bibliographic information published by
the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this
publication in the Deutsche Nationalbibliografie;
detailed bibliographic data are available on the
Internet at <http://dnb.d-nb.de>.

© 2022 Wilhelm Ernst & Sohn, Verlag für
Architektur und technische Wissenschaften GmbH
& Co. KG, Rotherstraße 21, 10245 Berlin, Germany

All rights reserved (including those of translation
into other languages). No part of this book may be
reproduced in any form – by photoprinting,
microfilm, or any other means – nor transmitted or
translated into a machine language without written
permission from the publishers. Registered names,
trademarks, etc. used in this book, even when not
specifically marked as such, are not to be
considered unprotected by law.

Print ISBN: 978-3-433-03314-2
ePDF ISBN: 978-3-433-61032-9
ePub ISBN: 978-3-433-61031-2
oBook ISBN: 978-3-433-61030-5

Typesetting Straive, Chennai, India
Printing

Printed on acid-free paper

http://dnb.d-nb.de


v

Contents

Preface xi

1 Austria 1
1.1 Introduction 1
1.2 Concept 2
1.3 Financing 2
1.4 Cost Calculation 3
1.4.1 Basic Principles of Cost Calculation 3
1.4.2 Cost Assessment System 4
1.4.2.1 Basic Costs 5
1.4.2.2 Cost Coefficients for Value Adjustment and Inflation 7
1.4.2.3 Cost Coefficients for Risks 7
1.4.2.4 Cost Coefficients for Preliminary Monetary Adjustment 7
1.5 Cost Coefficients for Risks Corresponding to the Value of the ÖGG-Guideline

2005 7
1.5.1 Structure of the Cost Coefficients for Risks According to Project Phases 8
1.5.2 Structure of the Cost Coefficients for Risks According to Risk Spheres 8
1.5.3 Levels Used to Estimate the Cost Coefficients for Risks 9
1.5.4 Reference Values for Cost Coefficients for Risks – Planning Phase 10
1.5.4.1 Cost Coefficient UE 10
1.5.4.2 Cost Coefficient UB 11
1.5.5 Reference Values for Cost Coefficients for Risks – Execution Phase 12
1.6 Control 12
1.6.1 Project Cost Control 12
1.6.2 Project Cost Control in the Annual Control Loop 13
1.6.3 Project Phases 14
1.6.4 Levels of Cost Planning 14
1.6.5 Project Structuring 16
1.7 Change Management 16
1.8 Cost Coefficients for Risks Corresponding to the Value of the ÖGG-Guideline

2016 16
Abbreviations 18
References 18



vi Contents

2 Germany 19
2.1 Introduction 19
2.2 Plan for Maintaining and Expanding Rail Infrastructure 20
2.3 The 2030 Federal Transport Infrastructure Plan 20
2.3.1 Principles 20
2.3.2 The Key Changes Under the Requirements Plan Implementation

Agreement 21
2.4 Financing 23
2.4.1 New Construction and Upgrades 23
2.4.2 Investment in Replacement Infrastructure on the Existing Network 25
2.4.3 Cost Breakdown on New Constructions and Upgrades and Replacement 26
2.5 Costs 27
2.5.1 Principles for Calculating Costs Based on the Final Report of the Reform

Commission 27
2.5.2 Work Breakdown Structure for a Project 27
2.5.3 Determining the Basic Costs 29
2.5.3.1 Estimation of Construction Costs in the Preliminary Design Phase (‘Lph 1+2’,

Section 55, HOAI) 29
2.5.3.2 Calculation of Construction Costs in the Final Design Phase (‘Lph 3+4’,

Section 55, HOAI) 29
2.5.3.3 Design Cost Estimate in the Preliminary Design Phase (‘Lph 1+2’, Section 55,

HOAI) 30
2.5.3.4 Calculation of design costs in the final design phase (‘Lph 3+4’, Section 55,

HOAI) 30
2.5.4 Financial Contingency Reserve for Risks and Unpredicted Events 30
2.5.5 Inflation 31
2.5.6 Determining Total Costs in the Course of a Project 32
2.6 Risk Management 34
2.6.1 Corporate Risk Management 34
2.6.2 Project Risk Management 36
2.6.2.1 Openly Addressing Rather Than Suppressing Risks 37
2.6.2.2 A Realistic Perception Versus Forced Optimism 39
2.6.2.3 Acting Early to Manage Crises Rather Than Firefighting 39
2.6.2.4 Creating Opportunities 39
2.6.2.5 Timely Use of Communication Channels 39

Abbreviations 40
Further Reading 40

3 Norway 43
3.1 Concept, Background, and a Description of the Follo Line Project 43
3.1.1 Objective 43
3.1.2 The National Transportation Plan (NTP) 43
3.1.3 Follo Line Project 45
3.1.4 Responsibilities 47
3.1.5 Project Strategy 47



Contents vii

3.2 Finance 48
3.2.1 Structure of the Cost Estimate 49
3.3 Cost 51
3.4 Project Schedule 52
3.5 Risk Management 53
3.5.1 Identify Risk 53
3.5.2 Quantify Risk 54
3.5.3 Risk Treatment 54
3.5.4 Follow-Up and Report 54
3.6 Controlling 56
3.6.1 Progress, Schedule, and Cost Control 56
3.6.2 Work Breakdown Structure (WBS) 56
3.6.3 Project Phases 56
3.6.4 Progress, Schedule, and Cost Control 56
3.6.5 Planning Basis 56
3.6.6 Commitment Control 56
3.6.7 Estimated Cost at Completion 58
3.7 Trend and Change Control for the Project 58
3.7.1 Change Control 58

Abbreviations 60
Further Reading 60

4 Slovenia 61
4.1 Introduction 61
4.2 Responsibilities 62
4.2.1 Railway Infrastructure Investments 62
4.2.2 Infrastructure Management 63
4.3 Planning Background 63
4.4 Development Goals 64
4.5 Financing Sources 65
4.5.1 State Budget 65
4.5.2 EU Grants 66
4.6 Cost Estimates 66
4.7 Risk Management 68
4.8 Controlling and Reporting 70
4.8.1 Investment Documentation 72
4.8.2 EU Funds 72
4.9 Project Second Track Divača–Koper 73
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Preface

The group of ‘Long tunnel project directors’ has drawn up a report on topics concerning
financing, costs, timing, and risks, including the controlling and auditing of large railway
infrastructure projects in Europe.

On the initiative of the Alptransit Gotthard, namely Peter Zuber (1939 – 2011), of the
Lötschberg axis, namely Franz Kilchenmann and of the transnational Alpetunnel GEIE
now Lyon–Turin, namely Jean Brulard, the group ‘Project Manager of the Long Railway
Alpine Tunnels’ was set up in 1993. From 1999 until 2010 was Peter Teuscher and from
2011 on Konrad Bergmeister the Chairman of the group; as a secretary served the past 20
years Hans-Peter Vetsch and from 2018 on also David Unteregger. The aim was to exchange
experiences on similar or identical projects, such as operation, maintenance, safety, costs,
and construction technology. Later, the persons responsible for the base tunnel projects at
Semmering, Brenner, and Lötschberg as well as those responsible for the Channel Tunnel
were included in the group. The formation of this group and the valuable exchange of
experience have led to cost-effective, cross-border solutions.

The group has been meeting about twice a year for over 25 years to exchange informa-
tion and experience. During these meetings, the need to document these issues from the
point of view of the countries participating became clear. The aim was to explain the most
important framework conditions in building large infrastructure projects and to pass on
the knowledge obtained for future projects, so that interested readers can have an overview
of the various methods used for funding, cost and risk management, and for auditing and
controlling tunnel projects in the various countries.

The individual topics were illustrated, using specific terminology that varies from one
project to another, for the following large railway infrastructure projects in the different
European states.

Austria Large projects to expand railway stations and stretches, including the
Semmering, Koralm, and Brenner Base Tunnels

Germany Large railway projects, including Stuttgart 21, Wendlingen–Ulm, VDE 8
(Berlin–Nuremberg)

Norway Large railway projects, with a special focus on the Follo Line Oslo–Ski project
Slovenia Railway projects with a special focus on the Divača–Koper line
Switzerland Funding and expansion of rail infrastructure, with special focus on the

Lötschberg, Gotthard, and Ceneri Base Tunnels



xii Preface

The level of knowledge on the individual topics varies from country to country, and they
are therefore not described equally. What is uniformly clear is that public funding for large
railway projects must be guaranteed, at the latest, before tendering the main works and up
to the end of the project. The funds must be made available according to the progress of the
works and in a timely manner.

Cross-border projects require a special level of attention and higher risk coverage because
of their complexity. Special focus is paid to the BBT and the TELT.

BBT Brenner Base Tunnel – cross-border project between Austria and Italy
TELT Tunnel Euralpin Lyon–Turin – cross-border project between France

and Italy

Also, for a long period, representatives from the Channel Tunnel linking Folkestone, Kent
(UK), and Coquelles, Pas-de-Calais (France), and recently from the Fehmarnbelt Tunnel
linking the Danish island of Lolland with the German island of Fehmarn participated
actively in the meetings.

Cost and risk management requires structured and systematic procedures starting with
the earliest project phases. Identifiable risks, looking forward to a certain project date, must
be quantified and covered by financing. Also, financial provision must be made for as yet
unknown and unforeseen influences. Timing, costing, and risks must be updated regularly
(at least once a year), and the pertinent project requirements must also be adjusted and
taken into consideration in the financing.

Besides the audits of timing, costing, risks, and activities, reporting is another fundamen-
tally important aspect of large projects. The parties responsible for the project must inform
the entire project team, at every level, of the timings, costing, risks, and activities, imple-
ment trust-building measures, and actively contribute during the entire construction of the
project.

This document, taken into account the information available until June 2019, is meant
both for parties responsible for large infrastructure projects and for decision makers, financ-
ing stakeholders, project engineers, and project managers as well as for organisations
responsible for future projects both in politics and in management.

People involved in tunnelling underpass mountains and overcome barriers, connect cul-
tures/languages, shape countries and bring continents together!

Vienna, July 2021 Konrad Bergmeister, Chairman
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1

Austria

1.1 Introduction

In Austria, with the modernisation and expansion of the rail infrastructure network since
around 1990, a structured cost and risk management has been carried out. This has taken
account of the fact that with large transport infrastructure projects, due to the complexity,
the long implementation period, and the multitude of project participants at the time of the
project start, the project content is not fully known. The level of knowledge regarding the
total content is developed only in the course of the project preparation, approval procedures,
and detailed planning. The cost of such projects can also be quantified sufficiently only
as the project develops. Nevertheless, to create and maintain a stable cost framework, the
degree of uncertainty is taken into consideration by appropriate risk provisions.

These risk provisions have been classified as unknown (U) during the planning phase,
since only part of them can be quantified by means of appropriate risk analyses. The estab-
lishment of the risk provisions for unknown elements is carried out on the basis of all pre-
vious project experience with the help of specific reference values, which take into account
the respective project framework conditions.

The requirements for standardised project and cost management, as well as control and
reporting, were originally established within Eisenbahn Hochleistungstrecken AG (HL AG)
and later further developed within ÖBB Infra AG. For train station projects – such as the
new Vienna Central Station and the projects of the Brenner base tunnel (50% owner), the
Koralm Railway, and the Semmering base tunnel – the cost and risk management methods
presented below will be used.

On the basis of the accumulated experience, a first guideline for the cost and risk deter-
mination for transportation infrastructure projects was carried out by the Austrian Society
for Geomechanics (ÖGG) in 2005 [1] and the latest version was published in 2016 [2]. This
chapter describes how costs, cost control, and risks have been managed within the Austrian
Railway company ÖBB and how they are currently approached in Austria.

Sections 1.2–1.7 were written by Dr. Georg Vavrovsky (1.08.1950–16.02.2020) and
Dr. Hubert Hager with respect to the ÖGG-Guideline 2006. Section 1.8 was written by
Prof. Konrad Bergmeister with respect to the ÖGG-Guideline 2016.

The mentioned ÖBB manuals [3, 5, 9] have been actualized in the meantime and some
of their contents have been adapted; although the essential basic statements still apply.

Models for financing, cost, and risk assessment: Major railway tunnel projects in Europe, First Edition.
Edited by Konrad Bergmeister.
© 2022 Ernst & Sohn GmbH & Co. KG. Published 2022 by Ernst & Sohn GmbH & Co. KG.



2 1 Austria

1.2 Concept

ÖBB-Infrastruktur AG implements new and expansion projects for the modernisation and
improvement of the rail network in Austria. The expansion investments are focused on
route development and expansion along the main transport axes, such as the four-track
expansion of the Westbahn and Südbahn railway lines, the Koralm Railway, and the
Lower Inn Valley Railway, on the modernisation of the railway stations, on local transport
projects in the metropolitan areas, and on freight terminals. With regard to content and
expression, these projects include a wide range of rail transport projects, with a project
portfolio of around 200 projects. In the past few years, the volume of investments has
amounted to approximately €1.0–1.3 billion per year. In addition, extensive measures
for the modernisation of the control and safety technology (global system for mobile
communications – railway [GSM-R], European train control system [ETCS] L2, etc.) as
well as for the renewal (reinvestment) of the rail network have been carried out.

The business process of handling investment projects in ÖBB-Infrastruktur AG stipulates
that from the start of the planning phase through to handover to the operator, the project
responsibility lies with specialised business areas of ÖBB-Infrastruktur AG.

The project responsibility for the planning and/or construction phase is determined on
a case-by-case basis with a separate project order of the entire Board of ÖBB-Infrastruktur
AG (project client or ÖBB-internal customer) and the project objectives and the time and
cost tangents are determined accordingly. With the project order, the business area thus
charged (project contractor or constructor) carries full responsibility for the operative build-
ing owner tasks, including all the duties of the project management.

1.3 Financing

The basis for the financing of ÖBB-Infrastruktur AG is § 47 of the Federal Railways Act
(BBG), whereby the federal government must ensure that ÖBB-Infrastruktur AG has suffi-
cient means available to perform its tasks and to maintain its liquidity and its own capital
resources, to the extent of conducting the duties of the business plan in accordance with §
42 paragraph 6 of the BBG. This legally regulated commitment from the federal government
is specifically implemented in the grant contracts in accordance with § 42 of the BBG.

In accordance with § 42 paragraph 2 of the BBG, the federal government provides grants
for the planning, construction, and maintenance of the rail infrastructure. The grant con-
tract to be agreed between the federal government and ÖBB is based on the business plan
that is to be produced by ÖBB-Infrastruktur AG. Part of the business plan is the six-year
framework plan to be drawn up by ÖBB-Infrastruktur AG, which includes the funds both
for the expansion investments (new installation and development) and for maintenance
(particularly repair and reinvestment).

The framework plan includes all expansion investments based on project progress. In the
preparation of the framework plan, the strategic planning determinations (goal network
2025+) established by the Austrian federal government as a basis for the infrastructure
investment must be taken into consideration. The framework plan must be supplemented



1.4 Cost Calculation 3

each year by one further year and adapted with regard to the current project schedule for
the new six-year period.

The framework plan must include all the decision-relevant information for the company,
in particular:

● a detailed description of the projects, capacity analyses, and forecasts of the expected
traffic growth

● a schedule with project-related planning and building progress
● a current cost estimation, a cost–benefit analysis, and an operating programme
● a description of the achievable quality of the rail infrastructure of the project.

The basis for the entitlement to federal subsidies is the approval of the annual frame-
work plan by the Austrian federal government as well as the grant contract, which has
been concluded and which is extended on a yearly basis.

According to the current grant contract, the share for expansion investments and rein-
vestments that is to be borne by the federal government (without the Brenner base tunnel)
is 75% of the annual capital expenditure, for which, taking into account the average use-
ful life, grants in the form of a 30-year annuity subsidy are provided. For the construction
of the Brenner base tunnel, the federal government is responsible for 100% of the annual
capital expenditure, for which grants in the form of a 50-year annuity subsidy are paid out.
The cost contributions, Trans-European-Network (TEN) funds, cross-financing as applica-
ble and, in individual cases, also real estate sales (e.g. for the main station in Vienna) will
be deducted from the financing. In accordance with the grant contract, the federal govern-
ment and ÖBB-Infrastruktur AG must ensure that long-term projects that go beyond the
current framework plan period are also included in the following framework plans with
the corresponding financial tranches.

The federal government has its long-term obligations arising from the approved frame-
work plans up to the complete funding of investment projects secured in the form of pre-
liminary approval for these financial obligations, prior to the budget. On the basis of the
existing grant contract with the federal government, in accordance with the current finan-
cial requirements, ÖBB-Infrastruktur AG issues long-term investment bonds to finance
ongoing projects.

1.4 Cost Calculation

1.4.1 Basic Principles of Cost Calculation

As well as high investment values, railway transport infrastructure projects usually involve
high risks and involve particularly long-term project processing. The identification and
presentation of the project costs must take into account these circumstances with an appro-
priate system on which to base the project cost control for accurate analyses and targeted
control measures.

Within the framework of cost calculation, future developments and costs must be esti-
mated based on the respective level of knowledge. In this context, the monetary valuation of
the services to be provided, the development of price changes, and the project risks must be


