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l. Research history and reasoning of the topic

The past twenty years of the European natural gas market liberalization was the intellectual
playground for the practical application of economic theories. 'Market building' in this area is
literally true. European regulators have set as a goal competitive markets in the place of the
vertically integrated monopolies, and have been gradually transforming the sector from the
starting point towards the goal through a series of regulatory cycles. In this transformation,
the economic theories — especially regulation economics, market theory and new institutional
economics — as well as the European (and world) discourse about these theories of academic,
advisory and public administration institutions, have constantly shaped the regulatory

direction and the tools used.

One of the peculiarities of the natural gas market is balancing: keeping the physical quantity
of natural gas injected into and withdrawn from the system in balance within a short time
interval. With the opening of the market balancing has emerged from a simple intra-corporate
physical problem into a commercial and physical regulatory task requiring complex

coordination.

The experiance of the market development paths of the now mature Western European natural
gas markets shows that the well formation of the balancing rules is the cornerstone of gas
market regulation. A malformed system could mean a serious barrier to market opening,
while, if the details are well set, it may be a hatchery for the wholesale gas market: market-
based balancing rules can give the boost to the spot markets that they really need in their way

towards becoming a liquid market.

Another important experience of the last twenty years of market opening is that fully market-
based operation cannot be introduced overnight. Balancing regulation, like the rest of gas
market regulation, means the cautious, continuous adjustment of the rules tailored to the
structure, possibilities and regulatory goals of the market. Fully market-based operation can
be achieved gradually through the cycles of continuous monitoring of the effects of the rules
introduced and the regulatory adjustments delivered based on the results of these evaluations.
During this transitional period, regulation is a very sensitive balancing with market
capabilities, so it is particularly important for the regulator to deeply understand the

functioning of the market and to continuously analyze the impact of the new rules introduced.



This thesis, on the one hand, prepares a comprehensive inventory of the balancing
regulatory instruments applicable during the transitional period, and as such
summarizes, synthesizes and deepens the results of academic literature and practice-
based professional papers. When presenting the inventory, I present the regulatory tools per
each area, the variants of the tools and their effect according to the development level of the
market. The inventory is summarised by a regulation development path that illustrates the
constellations of regulatory tool variants that constitute the balancing regulatory system’s
various phasis between the initial integrated monopoly structure and the final fully market-

based balancing regime.

The dissertation, on the other hand, expands the literature on the evaluation of the
effectiveness of balancing regulation, it introduces new analytical tools and builds up a
comprehensive analitical methodology. The methodology examines areas - for example,
whether there is fundamental potential to introduce market-based balancing or the issue of
Internal Adjustment opportunities - which have not been studied in the literature so far — and
it also provides a different and more comprehensive approach for the areas already examined
by the previous literature. For this I define new indicators that most importantly are based on
publicly available data so that they can be used by everyone and, in contrast to the analyses of
previous literatures, are also methods that can be applied to the key period when the balancing
regime can greatly support market development, when there is no liquid marketplace yet. The

methodology is illustrated on three country-cases - Croatian, Polish, Czech.

Because of the key role of balancing, European regulation has now harmonized the balancing
regulation of European Member States by a separate regulation. This Pan-European Balancing
Network Code (BAL NC") is mandatory for all member states, even with all the various types
of exepmtions practically all Member States have to implement it by April 2019 at the latest.
It places the balancing regime on a fully market based basis and its stated goal is to generate

liquidity and launch the spot wholesale markets.

1 The Regulation referred to as BAL NC: Commission Regulation (EU) No 312/2014 of 26
March 2014 establishing a Network Code on Gas Balancing of Transmission Networks.



For some Member States® the transposition of BAL NC poses a serious challenge which in
return means that the balancing regulation can therefore really actively shape the wholesale
spot markets in these cases. Thus, knowing what kind of balancing regulatory tools are
available for transition steps, which tool can be used at which maturity stage, and the
evaluation whether the implemented tool is effective is of particular importance for this group
of countries. In addition to the European Member States, natural gas market opening is also
current in neighboring countries. For example, countries that have signed the Energy
Community Treaty’ have undertaken to introduce EU energy market regulation in their own
gas markets. Thus, in our region, for many countries it is a current issue how to setup and

regulate the balancing regulatory regime.

My dissertation provides academic support for this regulatory challenge by providing a
coherent overview and a list of the regulatory tools that can be used in different stages of
development and provides a comprehensive methodology for evaluating and monitoring the

effectiveness of implemented regulation.

2 This country group requested an extension of the deadline of 1 October 2015 until April
2019: Slovakia, Sweden, Romania, Poland, Northern Ireland, Ireland, Greece and Lithuania.
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The Signatories of the Energy Community Treaty are: Albania, Montenegro, Macedonia,
Serbia, Ukraine, Moldova, Kosovo, Bosnia and Herzegovina. Of these, Ukraine and Serbia
have a natural gas sector of such size where these regulations can be interpreted.



Il. Research methods

I first reviewed the international literature on evaluating the impact of gas market regulations.
I have paid particular attention to the analyzes of the flexibility market and the indicator-based
analyzes of international organizations (ENTSOG - European Network of Transmission
System Operators for GAS and the ACER - Agency for the Coorporation of Energy

Regulators) on the balancing system’s performance®.

During my research, it became apparent that these indicators in the literature are not suitable
for my intended task: evaluating the efficiency of balancing systems and setting up a

methodological framework for this.

On the one hand, some of the indicators exist only in theory, because they are defined by data
requirements that are not yet accessible even to ACER the European regulatory authority.
Some of the other metrics are also based on data that are not publicly available, thus are not
available for the academic sector as well. And finally, the main problem of the rest of the
indicators and analyzes is that they do not form a coherent methodology for measuring the
effectiveness of the balancing system, rather they measure only the fulfillment of one

individual rule or another.

Therefore, 1 have developed new indices and a complete methodological framework.
Compared to earlier analyzes, the methodology I developed for the assessment of the
efficiency of the balancing system is based on a theoretical model (described in Dickx et al.,
2014). By using this model I defined what an effective balancing system is. Previous literature
already had pointed out that in order to evaluate market efficiency, we must first define what
is meant by efficiency. Likewise, without defining the efficiency of the balancing system, we
do not know exactly what the purpose of regulation and measurement is to be. With the help
of the definition, I identified the directions of investigation and the indicators to be used in the

investigations.

4 Among others: CEPA (2015), ENTSOG (2017), ACER (2017)



Based on the collected data, I developed an alternative indicator system that enables carrying
out evaluation on publicly available data for the following balancing system areas of gas
markets at any stage of development:

« Fundamentals of the flexibility market

« The evolution of the balancing requirement

« The degree of imbalance resolved by traders

« The evolution of imbalances not resolved by traders

I collected data on the gas market of three countries, I built on databases that are available

publicly for researchers:

The data sources were the publications of natural gas Transmission System Operators
(TSOs) on the technical capacity, nomination, re-nomination and gasflow data of the
Entry and Exit points and the daily imbalance settlement quantities aggregated per

direction.

From these data sources, I have created an analyzable data structure for different segments of
the gas market (eg. large consumer and DSO segments) and calculated my suggested

indicators for these data sets.

I have modified and extended in several areas the set of indicators created by the previous

literature.

One of the main indicators that has not been actually calculated even by European
organizations so far due to the complicated data need is the balancing requirement. To create a
calculable alternative index for it I have suggested using the daily operational data instead of
the earlier definition which is based on the daily trade transactional data. This could be done
as the daily nomination, re-nomination and gas flow data are actually the technical footsteps

of trading.

By this method, I did not only create an approximate indicator for measuring the balancing
requirement, but I also created an indicator for estimating the ratio of trader and system

operator engagement in resolving imbalances.

In addition, based on the theoretical model of Dcikx et al (2014) I have also created new
measurable indicators for areas not yet studied in practice. One is the Internal Adjustment

indicator for which I have proposed two types of calculation methods. The advantage of this
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indicator is that it not only provides information about the balancing system, but it also
reveals the efficiency of the wholesale market. This can be particularly valuable in analyzing
the markets of Member States that do not yet have a transparent marketplace and, therefore,

indicators of the degree of market development used in the literature cannot be used.

The pair of the Internal Adjustment indicator is Aggregated Imbalance, which expresses the
physical imbalance of the system. The measurement of physical imbalance and the trend of

the values provide a direct picture of the evolution of the balancing activity’s effectiveness.

As the developed indicators are based on publicly available data, I could expand the length of
the analyzed data series - compared to the ACER and ENTSOG analyzes which only analysed
a one-year-long time series taking place right after the implementation of BAL NC - and I
could analyse the trends of several (4-5) years. Thus, not only the fluctuation within one year
(which may contain significantly distortions) shows the degree of improvement or

deterioration, but I could detect tendencies over several years.

When using the methodology I also identified its shortcomings and limitations. The most
important of these are also indications of possible ways forward:

e A step forward is to define the way that the values of the indicators can be captured in

a more exact manner, that is to say, not only the direction of improvement /

deterioration but also the degree of improvement. Prerequisite for this is the

availability of better data sources with similar structure.
e [t would also be a significant step forward in the methodology, if the analyses could be

prepared for more than one country with the same data type and the same time series
(at least 5 years), this way the methodology could be extended by indicators and
evaluation forms for cross-sectional comparisons. As data sets with the same structure
are available for several countries, the comparability of calculated indicators
improves, the indicator values can also function as a benchmark for the level of
development of the flexibility and balancing markets. In this case, it would be possible
to combine the indicators with the development levels outlined in the efficiency

definition, which could lead to a better classification of market development.



lll. Results

The dissertation synthesizes and extends the literature on gas balancing regulation and its

effectiveness evaluation in two main directions:

On the one hand, it provides an in-depth and comprehensive overview of the regulatory
toolkit based on academic literature, materials from European organizations and individual
country experiances. It includes systematization of the entire regulatory toolkit, it covers the
operating framework for balancing regulation, and within that, the three pillars of balancing
regulation. Within the pillars, it summarizes the regulatory tools and their possible variants,
and describes which tools to use in different development phases. As the summary of this
inventory, a balancing regulatory development path is set up, showing which constellations of
regulatory instrument variables fit for the different development phases between the vertically

integrated sector and total market-based balancing.

This section is a more detailed and comprehensive elaboration of the topic analysed by Meeus
et al. (Meeus et al., 2008), also covering the transition phases that precede the implementation

of market based systems.

Another result of the dissertation is the new, comprehensive methodology for balancing
systems’ efficiency analysis, which has already been summarized in the previous 'Research

methods’ section.

In brief, the methodology consists of the following areas of analysis and indicators:
I. Is there a theoretical possibility/obstacle to organize balancing in a fully market based setup?
Flexibility demand index
= from daily consumption data
Flexibility supply potential
Analysis of the daily storage, import, production
flexibility market

a. Analysis of physical fundamentals

from capacity and gasflow data

b. Analysis of the commercial setu; B
= p Market shares and other (conventional)

indicators based on it




I1. Analysis of the efficiency of the balancing system:

a. Defining efficiency based on a theoretical model

Market Liquidit
Market Based Balancing Rules

-
=
[}

€ E
sﬂ
£
<

Aggregated
Imbalance

Shippers

b. Definition of indicators based on publicly available data to analyze the areas indicated by the theoretical model

* The evolution of balancing requirement
= Measurable alternative indicators

* The degree of imbalance resolved by traders -
From consumer Exit point data on nomination,
renomination and gasflow

* The evolution of Internal Adjustment — Aggergated Imbalance New area for analysis, measurable indices

from consumer Exit point data on nomination,
renomination and gasflow
and/or from imbalance settlement data

I have illustrated the functioning of my indicators and the functioning of the methodology as a
whole on three country-cases. In Croatia, an extensive set of data is publicly available thus I
could apply the complete methodology and could evaluate the development of the Croatian
balancing market. On the basis of my results, significant developments have been made in
balancing the consumption portfolio of the large consumers (directly connected to the
transmission system). Suppliers of this group plan their portfolios more and more accurately
leaving less and less balancing requirements. In addition, a significant part of the balancing
need is solved during renominations within day, so the system operator has a really residual
role. Finally, the wholesale market - both day ahead and intraday - is coordinating the

opposite sign of imbalances between traders more and more efficiently.

These positive processes are much more moderate in the case of the smaller consumers
(connected to the distribution network), so I suggest that regulation should focus more on this
segment in the future, and support it’s balancing with additional regulatory tools such as

information provision improving rules.

I have also analyzed the trends in the balancing requirement and trader - system operator
engagement in resolving imbalances in the case of the large consumers of the two Polish
balancing zones. Here I found trends in efficiency improvement in balancing requirement in

the smaller balancing zone, while in the larger balancing zone the balancing requirement did
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not decrease, but traders have significantly engaged in resolving this balancing need during

the renomination process. | proposed several hypotheses for the reasons.

Finally, on the Czech data, I made an analysis of the Internal Adjustment and its counterpart
the Aggregate Imbalance indicators. In the analysis I showed that with the use of my new
indicators it was possible to find out more about the functioning of the balancing system than
compared to what the use of the indicators developed by ACER revealed about the
functioning of the system. Based on the results, the Czech gas market became more and more

efficient, but the balancing requirement itself increased during the period.

With my country examples, I have shown that with the help of my indicators, we can get a
deeper insight into the balancing system of a country compared to what the application of

indicators suggesed by the literature would provide.



IV. Summerizing the results

My dissertation was about the theory and practice of balancing regulation on the gas market.
By now, both European regulation and the academic sector consider the balancing system as
one of the key points to the success of gas market liberalization. The balancing regime is a
multilayer regulatory package, its toolset needs to be cautiously sorted by knowing the effects
according to the degree of market development. The effect of the selected tool should be
measured, and the forthcoming regulatory cycle should reflect the results of this evaluation.
This cyclical process is thus progresses towards until the introduction of a full market-based

balancing regime.

At present, a significant number of EU Member States are still in this cyclical regulatory
period. Member States will have to identify the transitional instruments to be introduced to
achieve a market-based balancing regime and will also have to assess the effectiveness of
these instruments. Regarding the evaluation methodology a European-wide discourse is

developing.

ACER is currently working on laying down a generally applicable analytical framework for
assessing the effectiveness of the implementation of the European balancing regulation. With
the use of the framework it aims to assess the efficiency of national balancing systems and to

also make cross-sectional comparisons.

In the European gas balancing regulation, measuring the effectiveness of the implemented

rules with such a comprehensive framework is a significant new approach.
With my dissertation I want to contribute to this task.

Through the testing of my indicators on three country-cases I have illustrated that with the
application of the methodology I have developed a deeper insight can be gained on the
efficiency of the balancing systems compared to the literature so far, and they can be used
regardless of the level of development of the gas market and the balancing setup of the
Member State. Thus, the developed indicator-system provides a generally usable analytical

framework for researchers, regulators and professional organizations.
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I first summarized this methodology in my research paper submitted for the ERRA’
Regulatory Research Award in May 2017. The international professional jury granted me the
first prize, and according to the jury's explanation, my results can be useful for energy

regulators dealing with gas market liberalization.
This dissertation is partly based on this ERRA paper.

I hope that through my dissertation I can contribute to the European discourse on the
functioning of the gas markets and to the improvement of the applied methodology by

regulators.

5 ERRA - Energy Regulators Reagional Association: a voluntary organization of regulatory
authorities from Europe, Asia, Africa, Middle East and the US.
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