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Foreword

If you have tried it for yourself ...

When setting up the rules for the gas grid access, the Federal Network Agency had to
deal with the following argument again and again: “With the new rules of the game you
will only alter the financial relations, not the gas flows. Gas will still come from Russia,
Norway, and The Netherlands, and consumers will not change their behavior anyway.”
On these grounds we were asked to completely abolish any management of capacities in
the gas grid altogether and to just collect the costs of the network operation from the
end-consumers—as is the practice with electricity.

We had our doubts in this respect. More precisely, we were much more optimistic.
We assumed that competition would well be able to bring about lasting changes in supply
relationships: The operational mode of storage facilities, but also import flows, would
undergo dramatic changes during our transition from the old world of monopolies to the
new, heterogeneous world of competition.

We proved to be right. Gas flows are constantly changing and capacity bookings are
still an important factor. Instead of abolishing the management of capacities in the gas
grid we further developed and differentiated them. The aim was and still is to design
capacity products such that they hamper trade as little as possible but at the same time
account for network requirements in a safe way.

In order to understand these network requirements, we have made a small and incom-
plete attempt to calculate for ourselves how much fixed capacity a network operator can
offer its customers. The result was simple: Zero. Due to the high number of entries and
exits, every meshed network has so many conceivable use cases that it is easy to substan-
tiate that at least one use case is not representable.

The result was not satisfactory and we have started to look for assumptions and meth-
ods that improve the situation. It became clear pretty soon that we had to be careful with
any kind of simplification, because it is the extreme individual case that must remain con-
trollable or be excluded. Otherwise it is not possible to offer fixed capacities.

We soon got stuck in the jungle of possibilities and combinations. And our appre-
ciation for the technicians at the gas network operators grew even more. In the control
and marketing decisions they make every day, these people take up responsibility to op-
erate the gas grid in ever-growing market areas according to the needs and requirements
of transport customers as well as adjoining and downstream networks. They do this on
the basis of their experience of what the grid is capable of and how it reacts to certain
conditions. There is no standardized methodology for this.

This book changes little for the technician on site. However, it means vast changes
for theoretical considerations of the capabilities of a gas grid. What we have tried once on
a very small scale has been done from A to Z by a really huge team of mathematicians:
This involves research on the border of the capability of today’s methods, and is therefore

Xi



Xii

Foreword

interesting and challenging for mathematicians. We do believe this and we are enthusiastic
about their method: Millions of possible supply relationships are combined with millions
of system settings and checked for permissibility. The fact that these calculations do not
take millions of years is really great art.

The result is reassuring: There are indeed fixed capacities that the network operators
can offer their customers.

Peter Stratmann
Federal Network Agency



Preface

Structure of this book and how to read it

This book is divided into three parts:

PartI  Fundamentals,
PartII  Validation of nominations,
Part IIl  Verification of booked capacities.

Part I gives fundamental information about the planning problems arising in gas trans-
port and is structured as follows: Chapter 1 gives an introduction to the main topics of
this book and describes the overall setting. Chapter 2 will define the notation and tech-
nical basics of gas networks as used throughout the book. Chapter 3 explains why we
have to deal with the evaluation of gas network capacities in the first place (other than
for technical reasons) by giving all the legal background needed. (Appendix A provides
further details.) Chapter 4 describes the state of the art of gas transport planning using
simulation.

Part II deals with approaches for the validation of nominations problem. In Chap-
ter 5 we move from simulation to optimization in order to deal with the validation of
nominations (NoVa) problem. Chapters 6-9 describe different approaches for obtaining
discrete decisions, which are validated by a high precision nonlinear program (NLP), pre-
sented in Chapter 10. Chapter 11 reviews the methodology and puts it into perspective,
discussing the interpretation of the results. Chapter 12 gives computational results using
all the methods described in Chapters 6-10.

Part III discusses approaches for the verification of bookings. Chapters 13 and 14 deal
with the generation of realistic nominations, taking into account past, future, and legal
aspects; this will lead to an approach to deal with the verification of bookings. We will also
present some computational results for the verification of bookings. Finally, Chapter 15
will provide an outlook on what further, more involved questions might be answered by
building upon the results presented in this book.

Asa rule of thumb, the following combinations of chapters can be read independently:

v

Chapter 2 gives an independent introduction to gas transport modeling.

Chapters 3 and 4 give an introduction into the current legal conditions and state of the
art. Appendix A provides further background into the legal setup.

Chapter 5 provides the basic setting for Chapters 6-10. Each of the five latter chapters
is independent from the others.

Chapter 11 requires some knowledge about Chapters 5 and 6-10; in particular requires
Chapters 6 and 10.

> The computations presented in Chapter 12 require knowledge about the individual
approaches, i.e., Chapters 6-10.

v

v

\4

Xiii
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> Chapters 13 and 14 describe the approach for the verification of bookings and present
some computational results.

Let us finally list some additional information on the structure of this book:

> A glossary for terminology of gas transport starts on page 331.

> An index is given starting on page 361.

> There are two tables inside the front and back covers of this book, respectively, that
contain a list of physical and technical quantities and constants that are used through-
out this book.

> Moreover, this book contains two lists of literature. The first starting on page 339
contains references for legal or gas business related information; the corresponding
citations are marked in brackets, e.g., [GasN'ZV 2005]. The second starting on page 345
contains mathematical literature; its citations use parentheses, e.g., Domschke et al.
(2011).

Goals of this book

The main goal of this book is to provide an introduction to the field of gas transport
planning. We highlight the many interesting mathematical questions that arise in this
context. Moreover, we describe the above mentioned new approach for evaluating the
capacity of a gas network in detail.

In particular, this book provides the following information:

> Chapter 2 provides a compact description of the main mathematical concepts and for-
mulas needed to describe gas transport.

> We describe the legal framework for gas transport (Chapter 3) and the state of the art
(Chapter 4).

> Four approaches to find (discrete) decisions for the active elements in order to transport
a given load situation are developed (Chapters 6-10). The outcome of these methods
is used in order to find a solution of a more accurate NLP model (Chapter 10).

> Chapters 13 and 14 provide an approach to automatically generate stressing load situ-
ations.

> Finally, we present computational results of the proposed methods in Chapters 12
and 14.

We thus see this book just as a first step towards the development of mathematical
concepts and results that arise in this area with the goal of providing practically useful
methods.
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