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1 Introduction

The main topic of this thesis is the possible internationalization of electricity balancing
markets. To provide a proper introduction to this, the more general topics of balance ma-
nagement, the balancing market, balancing market design and balancing market integra-
tion will be outlined in section 1.1, within the larger picture of power system operation,
the liberalized electricity market, electricity market design, and electricity market integra-
tion, respectively. After that, the research topic of balancing market internationalization
is introduced in section 1.2, followed by the research scope in section 1.3 and the research
question in section 1.4. Next, the relevance of the research is explained in section 1.5.
In section 1.6, the applied research methods are given. Last, section 1.7 provides a short
readers’ guide.

1.1 Background

1.1.1 Power system operation and balance management

Electricity is a peculiar commodity: It must be ‘consumed’ as soon as it is produced,
because it cannot be stored’. Due to this property, the provision of electricity requires
balance management. Balance management is the power system operation service that
involves the continuous balancing of power demand and supply in a power system, which
is necessary to safeguard the security of electricity supply from producers to consumers
through the electricity network. At each point in time the total production needs to be
equal to the total consumption in order to keep the system frequency stable; it is therefore
also called frequency control. If the system runs out of balance, power stability and qua-
lity will deteriorate, which may trigger the disconnection of power system components,
and ultimately, power blackouts.

The System Operator (SO) is responsible for power transmission and system opera-
tion within a power system, which includes balance management. Other system opera-
tion services are voltage control and black-start capability. System operation services can
be distinguished from transmission services that deal with the physical transportation of

"It can be stored in another energy form, but this brings about energy conversion losses, and is costly on a
large scale.



1. Introduction

electricity through the network. System operation services have public good characteris-
tics, because they benefit all system users (producers and consumers), while system users
cannot be denied the service (non-excludability), and the entry of a new system user does
not reduce the benefits for other users (non-rivalry) (Laux-Meiselbach, 19gg).

With regard to security of supply, one can distinguish between long-term security and
short-term (operational) security. Balance management is first and foremost concerned
with operational security of supply. After all, balancing power supply and demand is a
real-time process. The subject of ensuring an adequate amount of generation capacity to
meet demand at all times, generation adequacy, is a long-term security aspect that can be
considered to be a precondition for balance management. The contracting of balancing
resources in order to ensure sufficient real-time balancing capacity has a wider time span,
but in view of the goal of such contracting, and considering that a contracting period
is typically not longer than one year, we consider this aspect of balance management to
concern the operational security of supply as well.

1.1.2  The liberalized electricity market and the balancing market

In the last decade of the 20th century and the first decade of the 21st, a lot of electri-
city systems moved from a public monopoly to a deregulated electricity market with pri-
vate, competing energy companies. The liberalization of electricity markets, enforced
by the Electricity Directive 96/92/EC in Europe, has introduced competition in genera-
tion, trade and retail. From the perspective of balance management, however, the most
important development is the unbundling of generation and transmission, introducing
competition between generators and making a separate System Operator responsible for
power transmission and system operation®. Before this unbundling, the public network
company had full control over generation planning and dispatch, which enabled an eco-
nomically optimal balance planning and real-time system balancing. After the unbund-
ling, private generation companies emerged, with freedom of connection, transaction,
and dispatch. This has made balance management a much more complex task. Without
the control over generation by the System Operator, the market participants need to be
stimulated to supply balancing resources and to limit imbalances through rules and regu-
lation. We define the balancing market as an institutional arrangement that establishes
market-based balance management in a liberalized electricity market.

In a liberalized (unbundled) electricity market, a lot more institutional provisions are
needed for the ‘public good” of balance management. First, the size of system balances
must be limited, and the SO must be able to anticipate on system imbalances. This re-
quires a balancing market to have an administrative system of balance planning and settle-
ment, where market parties submit energy schedules and are penalized for schedule devia-
tions. Second, there must be enough balancing resources available to the SO to restore the
system balance at all times. For this, it is possible that the SO owns balancing resources
itself, but these would then either be left unused for electricity generation, which means
inefficient resource utilization and expensive balance management, or the SO would act
as a market player, which would create opportunities for favoring the own generation
units. In a balancing market, the SO needs to procure balancing resources from the mar-

2A Transmission System Operator (TSO) owns the transmission network, whereas an Independent System
Operator (ISO) does not. This issue is not relevant here; hence the use of the general term ‘System Operator’.



1.1. Background

ket. Therefore, it operates a real-time market for balancing energy, and a tender for the
contracting of reserve capacity in order to ensure a minimum availability of balancing
resources. With such a balancing market, it is much more difficult to maintain the sys-
tem balance in an economically efficient way without jeopardizing system security than
before the unbundling. Both the effectiveness and efficiency of balance management have
become dependent on the incentives that the market receives, and the degree to which it
responds desirably to those incentives. The SO can merely propose the ‘rules of the game’
for balancing market parties that shape these incentives to policy makers. In short, libe-
ralization has required more regulations and provisions for balance management, whereas
the certainty about the performance of balance management has decreased.

1.1.3 Electricity market design and balancing market design

The balancing market is a part of the overall electricity market. The overall electricity
market actually exists of a sequence of markets, including year-ahead, month-ahead, day-
ahead and intra-day markets. See Figure 1.1. Furthermore, a distinction can be made
between power exchanges and bilateral markets. The real-time balancing energy mar-
ket, often called ‘balancing mechanism’, can be considered the last electricity market on
which energy can be traded. Therefore, its function is very different: It serves to procure
energy that corresponds directly to the real-time adjustment (regulation) of generation and
consumption, in order to maintain the system balance. As a result, balancing energy can
only be provided by generation and consumption resources that are technically capable of
providing balancing energy. The real-time balancing energy market has two features that
distinguish it from other electricity markets. First, it is a single-buyer market with the
System Operator as the single buyer, instead of a two-sided auction. Second, the demand
is determined by the system imbalance volume, which is small but highly volatile, and
must be met.

Closure times differ

Forward Day ahead
markets market

|

Li
Annual Monthly
auction

auction
|

Resale of annual/monthly
interconnection capacity

. Imbalance
Balancing
. arrangements
mechanism -
and pricing
Intraday
market

V time

Day (D-1) Day(D)
|

—~— Closure
Month times differ
J

(

Year

Figure 1.1 - Time sequence of electricity markets (ERGEG, 2009)
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However, the balancing market is more than the real-time market. It also includes
energy scheduling and imbalance settlement (called ‘imbalance arrangements and pricing’
in Figure 1.1). This part of the balancing market concerns the entire market, as all pro-
duction and consumption should be scheduled and settled.

An important high-level power market design variable is the number and types of
electricity markets (bilateral vs. exchange, long-term vs. short-term). Other impor-
tant variables are the voluntariness of bidding, the frequency of bidding, the time unit
for market clearing, gate opening and closure times, participation and bidding require-
ments, and pricing mechanisms for the different markets. Considering balancing market
design variables, the equivalent high-level variable is the number and types of balancing
service markets, where a distinction can be made between reserve capacity and balancing
energy markets, upward and downward regulation markets, and market for different ser-
vice classes (see chapter 3). The other power market design variables mentioned are also
relevant to the design of the balancing service markets. On top of that, however, a lot of
design variables exist related to balance planning and settlement.

Wrapping up, it can be said that the balancing market lies at the junction of financial
transactions (the energy market) and physical exchanges (the power system). Balancing
service market design appears to be similar to power market design, despite the fact that
the System Operator is the single buyer in balancing service markets, but the inclusion
of balance planning and settlement makes balancing market design a more complex topic.
This complexity lies in the large number of design variables and in the different goals of
(economically) efficient and (technically) effective balance management.

1.1.4 Electricity market integration and balancing market integra-
tion

The European Commission (EC) strives towards the creation of a single European elec-
tricity market, with the overall goals of increased transparency, equality between market
players, and enhanced competition in mind. To this end, different Electricity Regional
Initiatives (ERIs) have been set up, in which the integration of day-ahead and intra-day
markets on a regional level has been started up. A recent development has been the
coupling of the day-ahead markets of the Netherlands, Belgium, France, Luxembourg,
Germany and the Nordic region at the end of 2010 and the start of 2011, which was an
extension of the France-Belgium-Netherlands Trilateral Market Coupling project from
2006. Balancing market integration is seen as a logical follow-up step after day-ahead and
intra-day market integration. The EC, regulators and SOs have recently began to think
about this option, and it will be covered in the regional Balancing Network Code that
ENTSO-E will develop after 2012 (ENTSO-E, 2011¢).

Although the found literature did often not explicitly mention the goals pursued with
balancing market integration (see chapter 2), it is generally expected to significantly im-
prove competition in balancing service markets, which is equivalent to expectations about
electricity market integration. However, balancing market integration is also expected to
increase security of supply, due to a larger availability of balancing resources.

With regard to the integration content and required efforts, electricity market integra-
tion basically requires the coupling or merging of the power exchanges of different coun-
tries, including the algorithms used to optimally allocate the available interconnection

4
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capacity simultaneously with the matching of the supply and demand bids submitted to
the power exchange(s) (implicit auctioning). Balancing market integration establishes the
cross-border exchange of balancing services, which requires harmonization of balancing
service market variables. This may also be necessary to couple power exchanges, but to a
lower extent. Moreover, in order to safeguard security of supply, the balancing service ex-
change must be properly scheduled, operated and controlled in the framework of balance
management. As argued by Frontier Economics and Consentec (2005) for intra-day and
balancing markets, the facilitation of cross-border trade becomes ‘more challenging, and
the arrangements potentially more complex and costly than those required to integrate
forward markets’.

A simpler feature of balancing market integration is that balancing service traders will
not be required to purchase interconnection capacity; the SO will just check its availa-
bility. This is possible because the activation of balancing energy bids takes place in real-
time, at which point the actual power flows and available transfer capacity are known. Fur-
thermore, multiple degrees (designs) of balancing market integration are possible, whereas
electricity market integration is more straightforward. This thesis will demonstrate that
the choice of balancing market integration design has a large effect on balancing market
performance.

As a final observation, the establishment of balancing market integration appears
more similar to electricity market integration than power market design appears to ba-
lancing market design, because balance planning and settlement do not play a large role
in balancing market integration. Still, balancing market integration is less straightforward
than electricity market integration due to the technical implications for system balancing,
the need for harmonization of market designs, and the larger number of integration op-
tions.

1.2 Research topic: Balancing market internationaliza-
tion

Next to electricity market integration, which is generally aimed at to improve economic
efficiency, electricity market harmonization is a second international development that re-
ceives attention in Europe, with the aim of increasing transparent and non-discriminatory
markets. This distinction can also be made for balancing markets, and that is why the
overall research topic of this thesis is balancing market internationalization. Balancing
market internationalization is the (possible) development from national to multinational
balancing markets, which may involve either harmonization or integration, or both.

Balancing market harmonization is the streamlining of national balancing market de-
signs, i.e. setting the balancing market design variables to equal values, with transparency
and non-discrimination as primary goals. It will not create interaction between different
national balancing markets, but it will reduce the barriers for participation in foreign
electricity markets, and for balancing market integration as well.

Balancing market integration is the introduction of market arrangements for the ex-
change of balancing services between national balancing markets, with economic effi-
ciency as the primary goal and security of supply as a secondary goal. Therefore, this
introduction will create interaction between balancing markets.
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An important difference between harmonization and integration is that a minimum
degree of harmonization appears a requirement for integration, whereas full harmoniza-
tion could be realized without any integration. This also implies that the realization of
integration is constrained by existent designs, which calls for a step-wise integration. With
harmonization, on the other hand, few limitations appear to exist. The most advanced
form of balancing market internationalization (excluding the merging of control areas)
would include both full integration of balancing service markets and the harmonization
of overall balancing market designs, which would create a complete level-playing field for
market parties across country borders.

The above shows that the distinction between balancing market harmonization and
balancing market integration is a relevant one; it enables the consideration of two dif-
ferent internationalization trends that contribute to different primary goals, but are still
intertwined developments. Furthermore, harmonization can be linked to the national
design perspective (even though the scope is international), because it involves the equali-
zation of design variable values in different countries. Similarly, integration can be linked
to the multinational design perspective, because it revolves around new, regional (multi-
national) design variables. We make use of these links in the structuring of the thesis by
the combined consideration of the subjects of national balancing market design and balan-
cing market harmonization, and of multinational balancing market design and balancing
market integration (see section 1.7).

1.3 Research scope

The scope of the research is design and decision making for balancing market inter-
nationalization. Thus, we look at balancing market internationalization from a design
perspective and from a decision-making perspective. This implies that the policy makers
on balancing market design are the ‘problem owner(s)’. These are the national govern-
ments, regulators, and System Operators. Furthermore, the focus on the balancing mar-
ket implies that the day-ahead and intra-day market are not included in the research scope.
Therefore, the interrelations between short-term markets and balancing markets are not
considered, and thus the effects of balancing market internationalization on short-term
markets are not either. Finally, the focus on balance management implies that congestion
management is also outside the research scope.

The general focus will be on Europe. This is due to the aim of the European Com-
mission to create a single European electricity market, which puts forward the relevance
of the research topic for Europe. Furthermore, Europe consists of a lot of countries with
each their own balancing market design, which complicates the realization of internatio-
nalization, and makes its impact on the performance of the different balancing markets
much more uncertain. Balancing market integration in Europe has only been realized in
the Nordic region, and in Germany for the four large control areas. The focus on Europe
implies that the context of the research on balancing market design in this thesis is formed
by electricity markets consisting of voluntary power exchanges and bilateral markets, ra-
ther than one centralized power pool (cf. Stoft (2002)).

Furthermore, the analysis of impact of internationalization will for an important part
be carried out for the case study of Northern Europe, i.e. the Netherlands, Germany
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and the Nordic region (Norway, Sweden, Finland, and Denmark). There are multiple rea-
sons for this. First of all, a case study will enable a detailed impact assessment of balancing
market internationalization, taking into account the specific situation (systems, designs,
and performance) in the involved countries. Second, it may serve as a reference case for
estimating the impact of other balancing market internationalization cases. Third, the
case study will illustrate the execution of the design and analysis processes that are part
of the overall decision-making process, which contributes to the formulation of design re-
commendations on internationalization. Finally, the case study of Northern Europe will
provide an answer to a fundamental question from the research project ‘Balance Manage-
ment in Multinational Power Markets’ of which this research has been a part, i.e. what is
the value of balancing market integration for Northern Europe.

The main perspective used throughout the research is the system perspective. This
fits with the role of the government, regulator, and/or the System Operator as the ‘pro-
blem owner(s)’. These actors also strive for effective and efficient balance management,
because it is in their interest that the electricity system and the balancing market as a
whole perform well’. Also, we take a national perspective rather than a regional (multi-
national) perspective, because balancing market internationalization will not change the
fact that each nation has its own power system and control area(s), and thereby separate
regulations and provisions for balance management. Moreover, the main decision makers
will defend the interest of national electricity markets, as a result of which successful de-
cision making depends on the impact on the national markets, rather than on the region
as a whole.

Last of all, the research presented in this thesis focuses on the role of the Balance
Responsible Party (BRP). This is motivated by the division of subjects between resear-
chers within the research project ‘Balance Management in Multinational Power Markets’,
but also by the larger obscurity of the role of the Balance Responsible Party, compared
to that of the Balancing Service Provider. Besides, as the BRPs basically determine the
demand for balancing services as a result of their balance planning activities, this role is a
very important one.

1.4 Research question

The main research question is:

1o what extent can the design and decision making on multinational balancing
markets in Europe improve balancing market efficiency without endangering

security of supply?
Three sub-questions are:

e What are the main design options and performance criteria for national and multi-
national balancing markets?

e What is the impact of harmonization and integration on the performance of natio-
nal balancing markets in Europe?

3In view of the role of the SO, its main interest will be security of supply.
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e How should decision making on balancing market internationalization in Europe
be approached to successfully design and realize multinational balancing markets?

High balancing market efficiency and operational security of supply are the two fun-
damental requirements for balancing markets. A multinational balancing market is defi-
ned as the whole of the institutional arrangements on balance management present for a
group of countries having implemented some form of balancing market internationaliza-
tion. Remember, however, that a national perspective is adopted, which means that the
effects on efficiency and security of supply of the involved national balancing markets are
studied*.

The decision-making process consists of the design, analysis and final decision-making
processes on balancing market internationalization. The design process is crucial, because
the formulation and selection of alternative designs determines whether all important and
promising internationalization options are considered for implementation. The analysis
approach and the content of the analysis process directly affect the main input for the final
decision making.

1.5 Relevance

In general, balance management is necessary to ensure operational security of supply,
and a balancing market is necessary to secure effective and efficient balance management
in a liberalized electricity market, which makes balancing market design a relevant po-
wer market design topic. In addition, a lot more design options arise from the need for
planning, real-time balancing, and settlement, which have as of yet been left relatively
unexplored. This mismatch between relevance and attention may be caused by the new-
ness of the topic, and by the satisfactory initial balancing market designs that have been
installed. In view of the large number of design options, the uncertainty of effects and the
uncertainty of what defines a well-performing balancing market in the first place, a sys-
tematic evaluation of main multinational balancing market design options is an extensive
and complicated task. It is the aim of this research to provide such a systematic evaluation.
The practical relevance of the research is represented by the formulation of a decision-
making process design that can be used by decision makers regarding balancing market
harmonization and integration. This possible development has in Europe only been rea-
lized by the Nordic region and by Germany for its different control areas, but in the light
of the creation of a single European electricity market further integration is studied and
planned by the European Commission, regulators and TSOs (see chapter 2). Generally,
integration is considered to reduce balancing costs and increase security of supply. In the
thesis, recommendations on the design of multinational balancing markets will be given
for the case study of Northern Europe, and for European balancing markets in general.
The scientific relevance consists of the definition of the concepts of the national and
multinational balancing markets and of standard terminology, the formulation of the im-
portant design variables and performance criteria for the design and analysis of balancing
markets, the creation of insights into the functioning of balancing markets, insights into

4As the boundaries of the national balancing market correspond with the control area boundaries, and as
these boundaries are often retained after balancing market internationalization, the ‘multinational balancing
market” will still consist of national balancing markets (see section 3.1).
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the impact of individual design variables on performance, insights into the impact of alter-
native options for balancing market harmonization and integration, and findings on the
dependency of this impact on external power system and market conditions.

1.6 Methodology

The research takes a design approach, which materializes into the formulation of de-
sign variables and performance criteria for national and multinational balancing markets.
Next, the effects of design variables on the performance criteria are assessed, thereby ana-
lysing the impact of balancing market harmonization and integration. Due to the large
number of variables and the high-level and varying nature of the performance criteria
(technical, economic, institutional), the overall impact assessment of design variables will
take the form of a qualitative multi-criteria analysis. This analysis enables the considera-
tion of all variables and criteria, allowing for a comprehensive evaluation of the impact of
balancing market design and internationalization. As an input for the multi-criteria ana-
lysis, a system analysis of the balancing market is carried out, exploring the interactions
between design variables, system factors, and performance criteria. In addition, some im-
portant design variables are studied by means of Agent-Based Modelling (ABM), enabled
by the more quantitative nature of those variables. ABM is a suitable modelling paradigm
for the analysis of balancing markets, because it can take into account the interaction bet-
ween individual behaviour and system-level performance that is core to the functioning
of balancing markets (see subsection 4.4.3 for more information about the use of ABM).
Finally, the case study of Northern Europe within the overall impact assessment supports
the drawing of conclusions on the potential impact of balancing market internationaliza-
tion.

1.7 Readers’ guide

Chapter 2 - Literature study In Chapter 2, first the balancing market rules and regu-
lation in Northern Europe are described, based on national documents about the specific
balancing market designs, which supports the case study analysis of Northern Europe.
Also, designs in other countries are briefly explored. Next, a literature study on national
and multinational balancing market design is presented, from which the most important
balancing market design variables are identified. This study covers the scientific literature
on balancing market design options and the literature on the balancing market integration
possibilities in Europe, which forms an important input for the design framework in the
next chapter.

Chapter 3 - Balancing market design framework The balancing market design frame-
work consists of three main parts: a reference model, an evaluation set and a design space,
applying to national and multinational balancing markets. The reference model intro-
duces the concept and elements of the national and multinational balancing market, and
introduces standard terminology on balancing market design in a multinational context.
The evaluation set consists of high-level performance criteria that can be used to assess
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the impact of balancing market design changes, including balancing market internationa-
lization. The design space includes the most important design variables for national and
multinational balancing markets. Herewith, the design framework provides highly useful
tools for the balancing market design process.

Chapter 4 - Analysis of national balancing market design and harmonization In
this chapter, a system analysis of balancing markets is carried out first, followed by an
indication of the importance of the different balancing market design variables and per-
formance criteria defined in the last chapter. Then, the variable of the imbalance pricing
mechanism is analysed by means of Agent-Based Modelling. Furthermore, a qualitative
multi-criteria analysis of the impact of individual national design variables is performed,
considering the influence of contextual factors. Then, the impact of harmonization is
assessed for the case study of Northern Europe. Finally, conclusions are drawn on the
general impact of balancing market harmonization.

Chapter s - Analysis of multinational balancing market design and integration In
this chapter, the impact of individual multinational design variables is estimated in a qua-
litative multi-criteria analysis. After that, the impact of the main cross-border balancing
arrangements is estimated by using the same analysis tool. Next, the impact of the ar-
rangements is analysed for the case study of Northern Europe applying Agent-Based Mo-
delling. All this finally leads to a general conclusion on the impact of balancing market
integration.

Chapter 6 - Synthesis This chapter synthesizes and interprets the results of the last two
chapters. First, drivers and barriers to balancing market harmonization and integration
are described. Then, the generated insights on balancing market design and on balancing
market internationalization are given. Last, design recommendations are specified for
internationalization in general and for Northern Europe in specific.

Chapter 7 - Decision-making process of internationalization A decision-making pro-
cess design for balancing market internationalization is presented in this chapter, offering
astructured approach to System Operators, national regulatory authorities and legislators
to go through the design, analysis and final decision phases of the decision-making pro-
cess. The balancing market design framework, applied analysis approaches and obtained
design recommendations resulting from this research form useful inputs in this process
design.

Chapter g - Conclusions and recommendations The main conclusions and recom-
mendations arising from the research are listed in this chapter. Separately presented are
conclusions and recommendations on balancing market design, balancing market harmo-
nization, balancing market integration, balancing market internationalization, and balan-
cing market internationalization in Northern Europe. After that, the research question
is answered, a reflection on the research is presented, and suggestions for further research
are provided.
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Appendices The appendices include the following: a list of acronyms (appendix A),
a list of definitions of important balancing market terms (appendix B), an overview of
current balancing market design and performance in Northern Europe (appendix C), an
overview of the balancing market performance criteria and design variables (appendix D),
a description of the expert validation of the performance criteria (appendix E), further
descriptions of the agent-based modelling studies on the imbalance pricing mechanism
(appendix F) and the cross-border balancing arrangements (appendix G), and the detailed
qualitative effect estimations of national variables (appendix H), multinational variables
(appendix I), and cross-border balancing arrangements (appendix J).

II
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2 Literature study

The literature study consists of three main parts. First, in section 2.1, balancing market re-
gulations found in sector-specific documents are described in detail for Northern Europe.
This provides information for the case study of Northern Europe. In addition, balancing
service market design differences in and outside Europe are shortly discussed. Second, in
section 2.2, literature on balancing market design is described. Third, section 2.3 includes
a study of the literature on balancing market integration. These three parts all form an im-
portant input for the formulation of the balancing market design framework presented in
chapter 3. The first two sections contribute to the formulation of national balancing mar-
ket design variables, and the third section to the formulation of multinational variables.
Most of the found literature is dedicated to Europe, which fits the research scope of this
thesis.

The presentation of the literature study requires the use of some key balancing market
terms that are explained and defined in the design framework in chapter 3. These terms
are written in italic.

2.1 Literature on national balancing market rules

Rules and regulations of the balancing markets in Northern Europe are described in sub-
section 2.1.1, based on a literature study of mostly operational documents from the elec-
tricity sector. The Nordic region, Germany and the Netherlands are treated separately. In
subsection 2.1.2, literature on balancing market regimes in other countries is treated.

2.1.1  Regulations in Northern Europe

The studying of North-European balancing regimes is not only useful for the case study,
but also as an input for the balancing market design framework. An overview of the
North-European balancing market regulations described below can be found in Table C.1.

The Nordic region The Nordic region consists of Norway, Sweden, Finland and Den-
mark’. Interestingly, Norway, Sweden, Finland and Eastern Denmark form a synchro-
nous zone (the former Nordel zone) that is separate from the former UCTE zone of

"Tceland is not connected to the Nordic synchronous zone.
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continental Europe, to which Western Denmark belongs®. Since 2002, a common regula-
ting power market exists in the Nordic balancing region (Nordel, 2002). The regulating
power reserves are manually activated balancing services; the TSOs do not make use (yet)
of Load-Frequency Control (see below). Also, the system frequency is the only control
criterion for real-time balancing. Each hour the cheapest regulating bids in the regio-
nal bid ladder are activated to balance demand and supply in the entire region. The bid
price of the last activated bid in price order becomes the regulation price with which all
selected bids are settled; this is called ‘marginal pricing’. In case no congestions arise bet-
ween different pre-defined zones, one regional regulation price is determined. However, if
congestion occurs, the Nordic region is divided into different price zones, with different
regulation prices. In principle, the imbalance prices are directly based on the regulation
prices, which means that imbalance prices will differ similarly in settlement periods with
congestion between subsystems.

Nordel distinguishes between Frequency Controlled Normal Operation Reserves
(FCNOR), Frequency Controlled Disturbance Reserves (FCDR), and Fast Active Dis-
turbance Reserves (FADR). The first two can be classified as primary control services, the
last one as a (fast) tertiary control service, because it is manually activated, or as secondary
control service, due to its function (see below). The FADR is the reserve that is offered
in the regulating power market; energy delivered by the other two types of reserves is not
rewarded, and thus there is no market for these. According to the Nordic System Ope-
ration Agreement, there should be at least 600 MW FCNOR (that should be completely
activated for a frequency deviation of o.1 Hertz), there should be FCDR ‘of such magni-
tude and composition that dimensioning faults will not entail a frequency of less than 49.5
Hz’, and FADR “shall exist in order to restore the FDNOR and the FCDR ... and in order
to restore transmissions within applicable limits following disturbances’. Also, a secured
reserve volume of FADR of over sooo MW is mentioned (Nordel, 2006a). According to
Grande et al. (zo11), the Nordic system has a total FCDR of 1160 MW and a FADR of
4680 MW.

With regard to reserve capacity procurement methods, the Norwegian TSO applies
a weekly national reserve capacity market, which is used mostly in the winter months.
Since 2009, there is also a seasonal product, for the length of the period in which the
weekly market is expected to be active. For the winter period of 2010-2011, 500 MW was
contracted in the seasonal market, whereas usually 1000 to 1500 MW was contracted on
a weekly basis (Statnett, 2011). Next to that, there are also bilateral agreements between
TSOs and reserve providers in the Nordic region.

Detailed rules and regulations on balancing service provision differ from country to
country, but in 2009 some of these rules were harmonized. These include a maximum
activation time of 15 minutes for regulating power bids, a lower bid price limit equal to the
day-ahead spot price, a higher bid price limit of + 5000 € /MWh, a minimum bid size of
10 MW, and the application of pay-as-bid pricing to bids used for congestion management
(Nordel, 2008b). An example of a remaining country-specific rule is the maximum bid size
of so MW which is still applied in Denmark, whereas the other countries do not have such
a restriction. Two more relevant regional-wide provisions are that bids must be available
during the entire operating hour, and that the final gate closure time for submission of

2On July 1st 2009, UCTE and Nordel were incorporated in ENTSO-E, the European Network of Transmis-
sion System Operators for Electricity. This did not change the division of synchronous zones.
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regulating energy bids is 45 minutes before delivery (the same as the final gate closure
time for energy schedules).

Before 2009, each Nordic country had its own national rules with regard to balance
planning and settlement. However, Nordel proposed some harmonization steps in 2007,
which became effective on January 1st 2009. These include a final gate closure time of 45
minutes before the hour of delivery, a production balance to which two-price settlement
is applied, and a consumption balance (including trade) to which one-price settlement
is applied (Nordel, 2007). Two-price settlement implies that Balance Responsible Parties
do not receive a profit from having an imbalance in the direction opposed to the system
imbalance, whereas they would under one-price settlement. The Nordic arrangement
implies that producers are more severely penalized for imbalances than consumers. In
principle, the imbalance prices for positive and negative BRP imbalances are both equal
to the regulation price in the main regulation direction?, but for production imbalances
the imbalance price for the direction opposite to the system imbalance is the day-ahead
spot price instead (Grande et al., 2008). Sweden and Finland apply alternative imbalance
pricing rules in shortage situations, i.e. in settlement periods in which power shortages
occurred and/or last-resort reserves were activated or load-shedding occurred (NordREG,
2006). Furthermore, area imbalances between the subsystems (countries) are settled with
the common regulation price, or with the average regulation price of both subsystems in
case of congestion (Nordel, 2002).

The used settlement period in the Nordic region is one hour, which means that for
each separate hour the planned production and consumption must be indicated. Initial
energy schedules are submitted on the day before delivery, but the exact submission time
differs per country; it is 7:00 p.m. for production schedules in Norway, 4:00 p.m. in
Sweden, 4:30 p.m. in Finland, and 3:00 p.m. in Denmark. Furthermore the frequency
of settlement of the imbalance costs differs: This is weekly for Norway, bi-monthly for
Sweden, and monthly for Finland and Denmark (NordREG, 2006).

Germany In the UCTE Operation Handbook, a basic distinction is made between pri-
mary control, secondary control and tertiary control services. Primary control is activated
within seconds by means of a local control signal in order to ‘contain’ the frequency devia-
tion. Secondary control is typically activated within minutes by means of a control signal
from the Transmission System Operator (TSO) in order to restore the system balance. Ter-
tiary control is usually manually activated in minutes to hours by the TSO in order to
restore the balance after large disturbances (UCTE, 2004, 2009a). In continental Europe,
secondary control is activated by means of Load-Frequency Control (LFC), an automatic
control system used by TSOs. Within 15 minutes, the Area Control Error (ACE) of a
control area, i.e. the deviation from the planned energy interchange with adjacent control
areas, should be removed. For this purpose, the TSO of a control area uses the LFC
system to automatically activate secondary control services, but manual tertiary control
services can also be used for this purpose (UCTE, 2009a).

Load-Frequency Control is also used in Germany. Germany consists of four large
German control areas, each managed by a TSO, but due to the full integration of the ba-

31f there is a negative system imbalance direction (system shortage) in a certain settlement period, the main
regulation direction is positive, and vice versa.
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lancing service markets in 2009 the system balance of Germany as a whole is maintained,
instead of four separate control area balances (see subsection 2.3.3).

Germany distinguishes between primary control reserves, secondary control reserves,
and tertiary control reserves (minute reserves). Reserve capacity for primary control
is tendered monthly, and only a capacity payment is made. Reserve capacity and balan-
cing energy for secondary control are procured in a single tender, which is also held on a
monthly basis*. Bids are selected based on the capacity price, but real-time activation is
based on the energy price. The selected bids form the energy bid ladder, which is fixed
for the entire month. No new bids may enter once the tender is finished. In the tender,
a distinction is made between a peak and an off-peak period; off-peak being Monday to
Friday from g:00 p.m. to g:00 a.m., the weekend, and public holidays. There are also
separate tenders for the offering of upward and downward regulation, which means that
there are actually four secondary control reserve markets. A similar single tender exists
for tertiary control reserves, but this takes place on a daily basis. Furthermore, separate
tenders are run for up- and down-regulation services, and for the six four-hour time blocks
that exist in a day. In all tenders, pay-as-bid pricing is applied, which means that Balan-
cing Service Providers receive the energy price they stated in their own bid. The average
monthly demanded secondary control capacity in 2010 was 2200 MW upward and 2400
MW downward, and the average daily demanded tertiary control capacity was above 2000
MW. The monthly demanded primary control capacity in 2010 was 623 MW (Amprion
et al., 2011), which follows from an ENTSO-E agreement regarding the distribution of the
primary control reserves among control areas in ENTSO-E Region Continental Europe
(UCTE, 2009a). The German TSOs use a common probabilistic method to dimension
the secondary and tertiary control reserves (Consentec and University of Stuttgart, 2010).
TSOs are responsible for the deployment of reserves only within the first four quarterly
hours after the occurrence of a power imbalance (Bundesnetzagentur, 2006; Grande et al.,
2008).

The used settlement period in Germany is 15 minutes, which is thus equal to the time
unit used for ACE control. There are no separate balances for production and consump-
tion. Instead, a total (net) balance is applied, which means a Balance Responsible Party
(BRP) can net production and consumption imbalances. Furthermore, the TSOs have the
balance responsibility for wind power and solar power, following the Renewable Energy
Law, which comes down to a socialization of the imbalance costs from renewable elec-
tricity production (Bundesregierung Deutschland, 2005; Bundesministerium der Justiz,
2008). The gate closure time for the submission of the initial energy schedule is 2:30 p.m.
on the day before delivery. Furthermore, BRPs can transfer the responsibility for imba-
lance settlement to another BRP (Bundesnetzagentur, 2006). The final gate closure time
is 45 minutes before the settlement period of delivery, but if an energy schedule merely
contains intra-area exchanges it can be adapted up to 4:00 p.m. on the day after delivery
(Bundesnetzagentur, 2006). This enables ex-post trading, i.e. the trading of imbalances
between BRDPs after real-time in order to reduce their imbalance volumes (and thereby
imbalance costs). Energy schedules in Germany are also used for the determination of
the Day Ahead Congestion Forecast (DACF), which is used for grid security calculations
(Technical University of Dortmund and E-Bridge, 2009).

4Since 27 June 2011 the tender has been taking place weekly (Amprion et al., 20171).
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The integration of the secondary and tertiary control tenders of the four German
control areas has led to reserve capacity exchange, but still there are specific reserve re-
quirements for the control areas in order to ensure the availability of reserves in case of
congestions, as required by §6 of the Electricity Grid Access Regulation (‘StromNZV?)
(Bundesregierung Deutschland, 200s; Amprion et al., 2011). The integration has not
changed regulation pricing; pay-as-bid pricing is still used. However, imbalance pricing
has become regional, meaning that imbalance prices are determined on the country level,
and thus apply to BRPs in all control areas. Single imbalance pricing is applied, i.e. the
imbalance prices for BRP surpluses and shortages are identical. The imbalance price for
a settlement period is calculated by dividing the net costs of activation of secondary and
tertiary control energy by the net activated regulation volume (soHertz, 2009). Finally,
according to Bundesnetzagentur (2006) the TSO may penalize BRPs for ‘the violation
of several imbalance settlement criteria’, by not giving any compensation for positive
imbalances and charging twice the power exchange price for negative imbalances. The
frequency of settlement is monthly.

With regard to the publishing of tendering information, Germany has made major
steps towards more transparency. All (anonymous) bids offered within a tender can be ac-
cessed, including the indication which of those were selected by the TSO (Amprion et al.,
2011). Regarding real-time activation, only activated up-and down volumes and imbalance
prices can be found. No real-time information is provided to the Balance Responsible Par-
ties.

The Netherlands Like Germany, the power system of the Netherlands belongs to the
synchronous zone of continental Europe, but it only consists of one control area. The
Netherlands also makes use of a settlement period of 15 minutes, and one net balance for
Balance Responsible Parties that may include both production and consumption. The
gate closure time for the submission of the initial energy schedule is 2:00 p.m. on the day
before delivery, and the gate closure time for the final energy schedule is one hour before
the period of delivery (Energiekamer, 2010). Energy schedules do not provide the TSO
with information on transmission flows; this is indicated by means of so-called transport
prognoses.

Primary control capacity is not remunerated, but the introduction of this is investiga-
ted. In 2011, 116 MW of primary control reserves were needed in the Netherlands, based
on the agreement within the ENTSO-E Region Continental Europe. The TSO yearly
contracts 300 MW regulating power (automatic secondary control), and 300 MW emer-
gency power (interruptible load, only upward). The amount of 300 MW regulating power
is based on a square-root formula given by the UCTE Operation Handbook, which re-
turns a recommended minimal amount of secondary reserves given a maximum system
load’ (UCTE, 2009a). The main balancing energy market, which operates on a 1s-minute
basis, may both include regulating power bids and reserve power bids, the last of which
are activated manually. A distinction is made between reserve power bids that can be acti-
vated within 15 minutes (for ACE control), and reserve power bids with a larger activation

5The formula is just one of several methodologies indicated in the Handbook, which have an advisory nature.
National governments and TSOs are free to determine the amounts of secondary and tertiary reserves for their
own control areas.

17



2. Literature study

time. Bids are activated in price order to restore the system balance, and the price of the
last activated bid becomes the regulation price (marginal pricing).

According to the Grid Code, all connected parties with more than 60 MW generation
capacity are obliged to offer all available up- and down-regulation capacity to the TSO in
the form of bids for the market for regulating and reserve power (TenneT, 2010b; Ener-
giekamer, 2011). On the day before delivery, the bids must be submitted before 2:45 p.m..
Afterwards, bids can be adapted up to one hour before the period of delivery. Automatic
regulating power bids should have a regulating speed of at least 7% /minute. The bid vo-
lume should be between 4 and 100 MW, and the bid price should be between -100,000 and
100,000 euro/MWh. On the TSO website, the bid prices at certain spots in the bid ladder
(& 100 MW, £ 300 MW, =+ 600 MW) are indicated already for bid ladders applicable to the
next day. Activated balancing energy is automatically rewarded by the SO, and the energy
schedules of the relevant Balance Responsible Parties are adapted accordingly (TenneT,
2010b).

The imbalance pricing mechanism in the Netherlands is quite complicated. In prin-
ciple, single imbalance pricing is applied (see above), but depending on the ‘regulation
state’, dual pricing may be applied. Dual pricing means that the upward regulation price
is applied to negative BRP imbalances and the downward regulation price to positive BRP
imbalances. There are four different regulation states that may be attributed to a settle-
ment period. The regulation state depends on the pattern of requested balancing energy
during the settlement period. Dual pricing applies when both upward and downward re-
gulation have been activated in an erratic fashion (Energiekamer, 2010; TenneT, 2010a).
Finally, a so-called incentive component is added to the imbalance price for negative imba-
lances and subtracted from the imbalance price for positive imbalances if two conditions
with regard to the number and size of involuntary exchanges are met. This component is
determined weekly, does not change by more than + 2 euro/MWHh, and cannot be lower
than zero (Energiekamer, 2010; TenneT, 2010a,b). In practice, this component has been
equal to zero most of the time. An interesting recent addition to the published informa-
tion on the TSO website is the real-time, minute-to-minute indication of the bid price of
the last activated bid, next to the minute-to-minute dispatched balancing energy volume
(TenneT, 2011). This allows Balance Responsible Parties to better predict the imbalance
prices and risks, and attune their real-time strategies to this.

Findings The above description of the North-European balancing market design has
led to the identification of the same balancing market design variables that have also been
found in literature on balancing market design (see section 2.2). This forms a verifica-
tion of the obtained list of variables. Also, detailed design variables and possible values
have been identified above, which have been incorporated in the balancing market de-
sign framework. With regard to the possible internationalization of balancing markets in
Northern Europe, the descriptions have made clear that there are a lot of potential insti-
tutional barriers to integration, because of the national design differences. This makes the
consideration of balancing market harmonization quite important for this region. The
identified balancing market designs will be used to assess the impact of balancing market
internationalization for the case study of Northern Europe in section 4.7 and section 5.4.
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2.1.2  Regulations elsewhere

The studying of balancing regimes in other countries is useful as an input for the balan-
cing market design framework, and in order to find out to what extent balancing market
designs are different in and outside Europe.

Comparison by Rebours, Kirschen, Trotignon and Rossignol (2007a,b) In Rebours,
Kirschen, Trotignon and Rossignol (2007a), a comparison is made of the technical fea-
tures of frequency control services in Australia, New Zealand, California, PJM, Belgium,
France, Germany, Great Britain, the Netherlands, Spain, and Sweden. It can be observed
that each area has its own classification of services, and uses its own definitions. As the
same term is sometimes used to indicate totally different services in different countries,
this may create a lot of confusion. According to Rebours, Kirschen, Trotignon and Ros-
signol (2007a), some differences may be explained by e.g. the different size of power sys-
tems, the relative amount of interconnection capacity, or the size and technical features of
the present generation capacity. The technical parameters for frequency control services
are also compared. Important parameters are the deployment time, deployment start, the
time to full availability, deployment end, and accuracy of the measurement. For primary
control, the parameters are largely the same among European countries, as they are part
of the same synchronous zone. Interestingly, the North American Electric Reliability
Council (NERC), unlike the UCTE, generally gives no recommendations regarding pri-
mary and secondary control parameters. It is concluded by Rebours, Kirschen, Trotignon
and Rossignol (2007a) that primary control is a very differentiated product because of its
multiple parameters and decentralized nature. On the other hand, secondary control is
managed centrally by the TSO, which makes this a less differentiated product.

In Rebours, Kirschen, Trotignon and Rossignol (2007b), the economic features of fre-
quency control services are compared for Australia, New Zealand, PJM, France, Ger-
many, Great Britain, Spain, and Sweden. Regarding the procurement methods used for
primary control, Spain and PJM apply compulsory provision, France applies bilateral
contracts, Germany, Great Britain and Sweden apply a tendering process, and New Zea-
land and Australia apply bilateral contracts, a tendering process, and a spot market. For
secondary control, France applies bilateral contracts, Germany and New Zealand apply a
tendering process, and Australia, Spain and PJM apply a spot market. Sweden and Great
Britain do not use secondary control, as Sweden can rely on a lot of fast manual hydro-
power resources, while Great Britain is a single synchronous zone and control area that
thus does not need ACE control (Rebours, Kirschen, Trotignon and Rossignol, 2007a).
It is noted, however, that the difference between tendering and a spot market is not al-
ways that clear. In Rebours, Kirschen, Trotignon and Rossignol (2007b), a spot market is
defined as a market with standardized products and a short duration (a week or less). Re-
garding the remuneration method, primary control is not remunerated in PJM and Spain,
a regulated price is used in New Zealand, a common clearing price in Australia, and a
pay-as-bid system is applied in all areas except PJM and Spain. For secondary control, a
common clearing price is used in Australia, Spain and PJM, and a pay-as-bid system in all
eight areas. The same variation in design variable values among areas can be observed for
other market characteristics of primary, secondary and tertiary control.

19



2. Literature study

Comparison by ENTSO-E (2011a) ENTSO-E has collected information on balancing
service markets designs throughout Europe, creating an overview of the current balan-
cing market design differences between ENTSO-E member countries ENTSO-E, 2011a).
Included in the overview are twenty-six European countries. The design variables are lis-
ted separately for primary control, secondary control and for tertiary control, and also
separately for reserve capacity and balancing energy. Regarding the procurement scheme
for reserve capacity, a voluntary market is applied a lot, showing that market-based balan-
cing service provision has been initiated in most European countries. In case of primary
control, mandatory provision is also applied in many countries. For balancing energy,
a market arrangement is used in more countries than mandatory offering, but for many
countries procurement of balancing energy is listed as ‘not applicable’. In case of secon-
dary and tertiary control, this may be caused by an arrangement similar to the one applied
in Germany, in which only the contracted bids are used in real-time. The pricing mecha-
nism varies a lot between countries. For all types and classes of balancing services, pay-
as-bid pricing is used in more countries than marginal pricing, except for primary control
energy. Regulated pricing is applied in quite a few countries as well. Two widely applied
product resolution values for reserve capacity are a ‘year or more’ and ‘hours(s)’, while
frequently applied procurement cycle values are ‘year or more” and ‘day(s)’. For balancing
energy, ‘hour (or blocks)’ is applied a lot, in case of secondary and tertiary control. The
gate closure for balancing energy bid submission is often ‘day-ahead’ in case of secondary
control, and varies from ‘day-ahead’ to ‘less than one hour ahead’ for tertiary control.
In summary, the overview by ENTSO-E (2011a) shows a large variety of adopted design
variable values and of overall balancing service market designs, but at the same time some
values are applied much more than others.

Implication Viewing the variety in balancing market designs in different European
countries, it becomes clear that there are a lot of viable design options, which increases the
vastness and complexity of the research. Apparently, there is no clear ‘best design’ that
performs well in all power markets, which suggests that balancing market performance is
context dependent. As a consequence, the realization of balancing market internationali-
zation will be challenging, and harmonization of national balancing market designs will
constitute an important part of the internationalization process. Moreover, it will be hard
to assess the impact of balancing market internationalization on balancing market perfor-
mance in general, because this impact is likely to depend on the exact balancing market
designs and power markets of the considered countries.

The found national balancing market design descriptions are in line with the literature
on balancing market design. See the next section.

2.2 Literature on balancing market design

In subsection 2.2.1, balancing market design variables found in literature are presented.
The resulting overview of design variables is given in subsection 2.2.2.

As already mentioned in chapter 1, the balancing market includes both the provision
of balancing services, i.e. ancillary services for frequency regulation, and the planning of
production and consumption and settlement of schedule deviations. The System Operator
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is the final responsible party for balancing the system, and for that purpose procures ba-
lancing services. A distinction can be made between balancing energy, i.e. the real-time
energy dispatched to maintain the power balance, and reserve capacity, i.e. the option to
activate balancing energy. Balancing Service Providers (BSPs) are market parties that offer
balancing services to the System Operator. Finally, Balance Responsible Parties (BRPs) are
market parties that are responsible for scheduling energy production and consumption,
and are financially accountable for schedule deviations. More information can be found
in the design framework in chapter 3.

2.2.1 Design variables in literature

The literature on balancing market design is split into three paragraphs. First, the ba-
lancing market design options listed by Vandezande et al. (2008) are discussed. Second,
ancillary service market design issues from Rebours, Kirschen and Trotignon (2007) and
Rebours (200g) are considered. Third, some European TSO documents on balancing mar-
ket design and integration are compared with the design options of Vandezande et al.

(2008).

Design options by Vandezande et al. (2008) A convenient arrangement of important
balancing market design aspects is provided by Vandezande et al. (2008). The author
makes a high-level distinction between design aspects related to procurement of balan-
cing services and design aspects related to delivery and settlement. Under the first group
fall three categories of design options: balancing service definitions, times and methods
of procurement, and methods for remuneration. These options apply to the Balancing
Service Providers. The second group consists of four design options: gate closure times,
settlement periods, methods of imbalance volume calculation, and methods of imbalance
pricing. These options apply to the Balance Responsible Parties. This is orderly presented
in Table 2.1. Further descriptions of the seven design options follow below.

First of all, one can distinguish between different balancing service definitions. Such
a distinction is often based on possible different functions or technical characteristics of
services. Due to the independent development of power systems and balancing markets
in different countries, different balancing service classes and definitions have emerged
(ETSO, 2003; Rebours, Kirschen, Trotignon and Rossignol, 2007a). Based on function,
the former Union for the Coordination of Transmission of Electricity (UCTE), the or-
ganization of Transmission System Operators of the synchronous zone of continental
Europe, has made a general distinction between primary, secondary and tertiary control
(see section 2.1). Regarding technical characteristics, important distinctive criteria are the
response speed and the method of activation.

Secondly, two important methods of procurement exist: bilateral contracts and auc-
tions (Vandezande et al., 2008). Balancing services can be contracted bilaterally between
the System Operator and Balancing Service Providers, or procured in a one-sided auction,
in which BSPs are directly competing against each other, and in which the System Ope-
rator is the single buyer. Different methods of procurement may be applied to different
balancing service classes (primary/secondary/tertiary control), or to reserve capacity vis-
a-vis balancing energy. It is also possible that the provision of balancing services is man-
datory. Finally, there may be no procurement at all, if a service is not required. The
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latter may apply if reserve capacity procurement is not needed to ensure the availability
of a certain balancing service class. In case of primary control energy, it is not possible to
procure the service, because this service is automatically delivered within seconds after a
frequency disturbance based on the system frequency deviation (UCTE, 2009a). Bilateral
contracting and auctions may have different time frames with regard to the time of pro-
curement and the procurement period itself. Of course, these time frames can also differ
between balancing services.

Thirdly, different methods of remuneration of balancing services exist. Different me-
thods may apply to different balancing service auctions. Common are marginal pricing
(uniform pricing), pay-as-bid pricing (discriminatory pricing), and regulated pricing. In
case of bilateral contracting, only pay-as-bid pricing or regulated pricing is possible. Balan-
cing services (classes) are paid for either only availability (i.e. capacity), or only utilisation
(i.e. energy), or both (Vandezande et al., 2003). It is also possible that neither is paid for,
if the provision is mandatory®.

Fourthly, a first design option related to balance planning and settlement is the final
gate closure time, which is the time at which wholesale trade between market participants
(Balance Responsible Parties) ceases (Vandezande et al., 200g). At this point, the System
Operator becomes responsible for balancing the system. The final gate closure is often
just before the time of delivery. Furthermore, an initial gate closure time often exists on
the day before delivery, at which BRPs must submit a first energy schedule. BRPs may
adapt their schedule until final gate closure (Vandezande et al., 200g).

Fifth, a balancing market has a settlement period, which is the period over which BRP
imbalance volumes are calculated (Vandezande et al., 200g). This implies that the energy
schedules submitted by Balance Responsible Parties indicate the planned energy exchange
during this settlement period. The time unit applied to the balancing energy market is
equal to the settlement period, because imbalance pricing is based on the balancing energy
procurement costs for the relevant period (see below).

Sixth, there are two main methods of imbalance volume calculation. In the ‘one
step method’, a Balance Responsible Party can be responsible for both generation and
consumption, whereas in the ‘two step method’ he can only be responsible for either of
them (Vandezande et al., 200g). The latter will cause larger imbalances, because generation
and consumption imbalances cannot cancel out within a BRP portfolio.

Seventh and last, different methods of imbalance pricing may be applied. Imbalance
prices are the prices at which energy schedule deviations are settled between the System
Operator and the Balance Responsible Parties. The imbalance prices are determined per
settlement period, and are usually based on the balancing energy procurement costs per
period. This results in a recovery of these costs, and provides an incentive to BRPs to fol-
low up their energy schedules. An important choice within this design option is between
a ‘single-pricing system’, in which one imbalance price applies to both short and long po-
sitions (negative and positive imbalances) of BRPs, and a ‘dual-pricing system’ in which
different imbalance prices apply to short and long positions (Vandezande et al., 200g).

Design issues by Rebours, Kirschen and Trotignon (2007) and Rebours (200g)  Eight
fundamental issues in the design of ancillary service markets are provided by Rebours,

“Note that mandatory provision can still go together with remuneration.
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Table 2.1 - Balancing market design options in Vandezande et al. (200g)

Elements Design options

Balancing service Balancing service definitions
procurement Times and methods of procurement
Methods for remuneration

Planning and Gate closure times

settlement Settlement period
Method of imbalance volume calculation
Method of imbalance pricing

Kirschen and Trotignon (2007) and Rebours (200g)7. They are 1) Nominating the respon-
sible entity of procurement, 2) Matching supply and demand, 3) Choosing the relevant
procurement methods, 4) Defining the structures of bids and payments, s) Organizing
the market clearing procedure, 6) Avoiding price caps, 7) Providing appropriate incen-
tives, and g) Assessing the procurement method. These design issues are discussed below.
The new balancing market design variables that we have identified from these issues are
listed in Table 2.2.

The first design issue of nominating the responsible entity of procurement finds its
origin in the existing arrangement in PJM8, where it is the load-serving entities that must
provide frequency control services, instead of the System Operator. This way, procu-
rement costs are implicitly allocated to system users (Rebours, Kirschen and Trotignon,
2007). However, it is still the System Operator who assesses the total need for balancing
resources, and who activates these resources and settles the real-time balancing energy.
The obligation for market parties to purchase balancing resources can be considered a
procurement method, but also a (capacity) cost allocation method. This brings us to the
identification of the procurement cost allocation method as a design variable?.

Secondly, the issue of matching supply and demand is about possible ways to ensure
that the system balance is maintained. Mentioned are proper incentives to invest in new
ancillary service resources, connecting conditions, different methods of procuring ancil-
lary services, and incentives to provide ancillary services. Because incentives follow from
ancillary service pricing, and because connecting conditions (obligations for new genera-
tion plants to invest in frequency control equipment) are part of an overall obligation to
provide ancillary services (Rebours, Kirschen, Trotignon and Rossignol, 2007b), this issue
is already tackled by identified national balancing market design variables.

Next, choosing the relevant procurement methods is a clear balancing market design
option. This option has already been identified above in the design options of Vande-
zande et al. (200g). Different methods to obtain ancillary services listed are compulsory
provision, self-procurement, bilateral contracts, tendering, and the spot market (Rebours,
Kirschen and Trotignon, 2007; Rebours, 2008). Some of them, however, appear to be

7With ancillary services not only frequency control services are meant, but also voltage control services.

8PJM stands for the power system spanning multiple states in the Eastern of the U.S. that is operated by the
Regional Transmission Organization named PJM Interconnection LLC.

°In European balancing markets, reserve capacity costs are normally recovered through the network tariff,
while balancing energy costs are recovered through imbalance settlement. See chapter 3.
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only applicable in power markets where market parties are obliged to purchase balancing
resources.

Defining the structures of bids and payments also concern a potential design variable:
the payment structure(s) used to remunerate ancillary service provision. Different pay-
ment structures given by Rebours, Kirschen and Trotignon (2007) are a fixed allowance,
an availability price, a utilization payment, payment of an opportunity cost, a utilization
frequency payment, and a price for kinetic energy. Also mentioned are the issue of the
price sign and the price symmetry, which can be considered sub-variables of the pricing
mechanisms, or specific bid requirements, depending on how they are dealt with. The
overall design issue will not be considered in our design framework, as the distinction bet-
ween reserve capacity and balancing energy is adopted as an intrinsic part of the balancing
market concept, and pricing of these elements follows from the presence of market mecha-
nisms for these elements (see chapter 3). Hereby, the availability price and the utilization
payment are included. The remaining payment structures are considered too detailed and
uncommon in Europe. Besides, these structures could be considered to be part of either
the availability payment (fixed allowance, opportunity cost) or the utilization payment
(opportunity cost, utilization frequency payment, price for kinetic energy).

The fifth design issue of organizing the market clearing procedure also includes mul-
tiple features. A first feature given by Rebours, Kirschen and Trotignon (2007) is the
structure of the overall power market, which is actually a fundamental wholesale power
market design option. It concerns the presence of a centralized power pool. A centrali-
zed power pool involves centralized unit commitment and dispatch. Often, the real-time
energy market is integrated with the centralized day-ahead power pool'. Other mentio-
ned features are the types of auctions, scoring of offers, coordinating the various markets,
the settlement rule, and the timing of market events. These are all design variables, but
the types of auctions is considered relatively low-level and unimportant, because usually
classical sealed-bid auctions are used in ancillary service markets (Rebours, Kirschen and
Trotignon, 2007). Furthermore, coordinating the various markets can be considered to
be part of the timing of markets. The scoring of offers, which deals with the order of se-
lection of balancing bids by the System Operator, is a new design variable, however. The
settlement rule is a variable that has already been identified.

Sixth, avoiding price caps is more a design principle or recommendation than a design
variable. The design option of setting price caps can be regarded as a part of the design
variable of the pricing mechanisms used in the ancillary service markets, or as part of
the bid requirements (when Balancing Service Providers are not allowed to bid higher or
lower than a certain price). The aspect of the dependency of bid selection on bid prices is
covered by the scoring of offers.

Subsequently, providing appropriate incentives is about incentivizing both market
parties and the System Operator to behave properly. Mentioned incentives are incentivi-
zing the System Operator to define the optimal quantity, quality and location of ancillary
services, incentivizing the System Operator to minimize the procurement costs, incenti-
vizing Balancing Service Providers to deliver balancing services, and incentivizing market
parties (Balance Responsible Parties) to ‘improve their behaviour in order to reduce the
need for system services’ (Rebours, Kirschen and Trotignon, 2007). These are again de-

°The relation of this fundamental power market design issue with balancing market design is further treated
in chapter 3.
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sign principles that may help to improve balancing market performance. They can be
followed up by defining rules and procedures that provide financial stimuli to System
Operators and market parties. We observe that already identified design variables may
incorporate such rules. For the above incentives, these variables are among others the
reserve requirements, the procurement method, the scoring of offers, the procurement
pricing mechanism, and the method of imbalance pricing. Two design variables that are
mentioned by Rebours, Kirschen and Trotignon (2007) related to this design issue are the
method chosen to allocate the costs of system services, and the provision of price infor-
mation to market parties. This last variable has not been identified yet, and is taken up as
‘publication of market data’.

Last, assessing the procurement method is a recommendation to assess a designed pro-
curement method on the basis of effectiveness, minimal running costs and economic effi-
ciency. Thus, this design issue actually concerns the evaluation of a design option, instead
of a design option.

Table 2.2 - Balancing market design variables in Rebours, Kirschen and Trotignon (2007) and Re-
bours (200g)

Elements Design variables

Balancing service procurement Scoring of offers

Planning and settlement Procurement cost allocation method
Publication of market data

Design variables by ETSO (2003, 2007) Some reports on balancing markets and balan-
cing market integration by the former market-oriented organization of European Trans-
mission System Operators (ETSO) also describe numerous design variables. New va-
riables are included in Table 2.3.

In ETSO (2003), an extensive comparison of definitions and features of different fre-
quency control reserves in various European countries is provided. Included aspects are
among others the procurement mechanism (including time frame) and the remuneration
scheme, which covers all the balancing service procurement aspects of Vandezande et al.
(2008). Also, ETSO (2003) lists balancing service features like ‘notice to deliver’ and ‘time
to 100% delivery’. These could be considered part of the service definitions, but alternati-
vely they could be regarded as a separate design option of ‘balancing service requirements’,
especially when these requirements are very detai