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Preface 

The “European Electricity Market Coupling—A Practitioner’s Guide” provides the 
reader with a manual on how to navigate Europe’s Internal Electricity Market 
(IEM). It is therefore timely that we release this important guide given that elec-
tricity markets and infrastructure are centre stage for policy makers and industry 
leaders, as concerns around energy security and affordability increase globally. 

Over the past thirty years, Europe’s electricity markets have undergone signif-
icant changes and have shown resilience and adaptability in the face of various 
challenges. 

The story began back in the 90s when the European Union’s Member States 
agreed to open their national electricity markets to competition. The first (1996) 
and second (2003) energy packages set this liberalization into law and mandated 
the introduction of competition into the retail markets. 

The third energy package (2009) became the cornerstone of Europe’s Internal 
Electricity Market and introduced a number of reforms including the unbundling of 
energy supply and generation from transmission networks. The areas for network 
code development, including the Capacity Allocation and Congestion Management 
Guideline, were set out in the third energy package. These EU network codes and 
guidelines significantly accelerated the harmonization and integration of national 
electricity markets. 

In the past five years, there have been two further energy packages. The fourth 
energy package in 2019 (also known as “Clean Energy for all Europeans”) aimed 
to accelerate the clean energy transition, while also spurring growth and job cre-
ation. Meanwhile, the fifth energy package in 2021 (also known as “Fit for 55”) 
was designed to align the EU’s energy targets with the new European climate 
ambitions for 2030 and 2050. 

The five packages and their legislative requirements have been implemented 
during a time of geopolitical and economic upheaval for the EU. In the past five 
years alone we have experienced a series of systemic shocks leading us into a full 
scale climate and energy crisis. 

COVID-19, the global pandemic, had a significant impact on electricity con-
sumption across the bloc due to confinement measures, particularly affecting the 
industrial and commercial sectors. Electricity wholesale prices fell during 2019

v



vi Preface

and 2020, as consumption reductions coincided with an increase in renewable 
generation and a decrease in commodity prices. 

As the EU emerged from the pandemic in the second half of 2021, wholesale 
gas prices increased significantly, and as a consequence electricity prices, due to 
an increase in economic activity, driving increased demand globally. Other factors 
included lower gas supplies, and unfavourable weather conditions for renewable 
power generation. Throughout all of this, Europe’s electricity markets continued 
to deliver, with benefits of approximately EUR 34 billion from electricity cross-
border trade in 2021. 

With energy prices already on the rise since mid-2021, Russia’s invasion of 
Ukraine further compounded Europe’s energy security and affordability chal-
lenges. By Q3 2022, Europe’s electricity prices were over 200% more expensive 
than twelve months earlier. The high gas prices were impacting electricity prices 
due to the marginal pricing system in operation in the electricity market, which set 
the price for electricity on the basis of the last fuel to meet the electricity demand. 
This fuel was usually gas in 2022. 

The high prices kicked off a contentious debate in Europe questioning whether 
Europe’s internal energy market was functioning properly. In September 2022, dur-
ing her annual State of the Union speech, Ursula von der Leyen, President of the 
European Commission, announced that the EU power markets were no longer fit 
for purpose and promised a comprehensive reform of the bloc’s electricity market. 
The Commission proposed such a reform in March 2023 which focused on areas 
such as increasing the liquidity of long-term markets, an extension of regulated 
retail prices to households and SMEs during crises and new rules on access to 
renewables. 

In the interim, in addition to energy efficiency and consumption reduction mea-
sures, some member states began implementing financial support mechanisms for 
consumers and utilities, as well as windfall profit taxation approaches. Other more 
structural options being considered was the capping of the electricity market price 
and the division of the market per technology. 

Some of the tensions on European energy markets receded in 2023, resulting 
in a decrease in wholesale energy prices from the record highs observed in 2022. 
Nonetheless, retail energy prices continued to rise in 2023 following the lifting of 
some of the financial support mechanisms implemented in 2022. 

In the midst of all this, 2023 saw the 10th anniversary of the Single-Day-Ahead 
Coupling (with 98.6% of EU consumption now coupled) and the 5th anniversary 
of the cross-border intraday initiative (with over 242 million trades executed in the 
first five years of the initiative). 

In April 2024, the European Parliament officially adopted the new reforms for 
the EU electricity market. Given the myriad of new regulations and directives 
introduced in the last five years, there is now an expectation that energy sec-
tor stakeholders will focus on implementation, particularly given the 2024 EU 
elections and the introduction of a new Commission. 

This practitioner’s handbook is therefore important because it provides a unique 
collection of chapters covering all aspects of European market coupling, while
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also addressing third countries to the EU and their plans to join market coupling. 
Such a collection will be invaluable onboarding material for the next generation of 
energy professionals, accelerating the familiarization process for graduates trying 
to understand the complexities of the world’s largest interconnected system. This 
guide should also serve as a source of practical information for regions outside of 
the EU that want to embark on a similar mission as Europe’s Internal Electricity 
Market. 

The layout of the document is described underneath and enables the reader to 
efficiently access the different sections depending on their interest. 

Part I introduces the framework and main principles of market coupling, includ-
ing the relevant EU legislation, geographical organization, the different roles of the 
actors, and illustrative examples. 

Part II describes the beating heart of market coupling, namely the capacity 
calculation by Transmission System Operators (TSOs), the procedures to ensure a 
safe and secure operations of day-ahead and intraday markets and the role of TSOs 
and Regional Coordination Centres (RCCs) therein, as well as the algorithms and 
systems used in both market timeframes. 

Part III highlights the link between the results of the trading algorithms and 
their physical and financial implications by explaining the concepts of shipping, 
nominations, clearing, and congestion income distribution. 

Part IV reports on developments in different regions of Europe. 
Part V sheds light on the contractual framework between parties involved in 

market coupling, as well as the regulatory roles of national regulatory authorities 
and the Agency for the Cooperation of Energy Regulators (ACER). 

Part VI emphasizes the importance of transparency from the perspective of the 
data platform provider and one of its users, a market party. 

The beauty of this subject of electricity market coupling is that it is an ever-
evolving machine which will render a future extension and update of this book 
necessary and worthwhile. 

Inside Europe, as mentioned, the implementation of the Electricity Market 
Design reform as well as the highly anticipated update of the Capacity Alloca-
tion and Congestion Management network code, and their implications will be felt 
over the next years. At the same time another type of grid is taking shaping in 
Europe, the offshore grid that comes with its own unique set of challenges with 
regards to market design and system operations. 

Following Brexit, the UK had to leave the European Internal Electricity Market 
(IEM) as of January 2021, going back to the less efficient process of explicit 
auctions. Nonetheless, policymakers from both sides of the Channel are in talks 
about the future set-up of electricity energy exchanges. 

In a similar vein, in March 2024, the European Council authorized the Euro-
pean Commission to negotiate an agreement on the integration of Switzerland into 
the internal energy market as part of a broader package. Similarly to the UK, 
Switzerland is currently only connected to the internal energy market via explicit 
auctions, although it is geographically in the centre of Europe, and its power grid 
is highly interconnected to its neighbours.
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Lastly, Japan and India, the third- and fifth-largest economies on this planet 
respectively, are taking steps to liberalize their energy markets and to set-up 
comparable market designs to the European one. 

This book should be regarded as an important contribution to collect and sum-
marize the different aspects of electricity market coupling for both professionals 
and policymakers to support a safe and robust market design for an energy tran-
sition that can increase competitiveness, enhance security of supply and combat 
climate change. 

We would like to thank Gerard Doorman and Knut Eggenberger for their very 
valuable comments to the first drafts of this book. 

Further, we would like to express our gratitude towards Accenture, E-Bridge 
Consulting, Magnus Energy, N-Side SA, 50 Hertz Transmission GbmH, Bird & 
Bird, and enspired for their support in making this publication open access, 
thus guaranteeing that this book reaches a wider audience, contributing to the 
advancement of integrating electricity markets not only in Europe but also 
globally. 

Berlin and Zurich 
December 2024 

André Estermann 
Marius Schrade 

Louise Anderson
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1Framework of Market Coupling 

Ksenia Tolstrup 

Abstract 

This chapter introduces the key building blocks of the electricity market in 
Europe. From the First Energy Package in 1996 to the Fifth Energy Package 
in 2021, Europe’s single, integrated electricity market has been evolving over 
the last three decades. The Guideline on Capacity Allocation and Congestion 
Management (CACM Guideline) is also introduced, which ensured that mar-
ket coupling became the mandatory means of allocating cross-zonal capacity 
in the day-ahead and intraday timeframes. Furthermore, this chapter describes 
the key aspects of the integrated market design from bidding zones and market 
coupling to price formation and congestion income. Additionally, the enablers 
of market coupling including Transmission System Operators, Regional Coor-
dination Centres, and Nominated Electricity Market Operators are explained. 
The chapter closes by discussing current and upcoming developments in market 
coupling. 

1.1 Key EU Energy Packages Shaping European Market 
Integration 

Aiming to create a single, integrated electricity market with fair market access and 
a high level of consumer protection, as well as adequate levels of interconnection 
and generation capacity, the EU has taken several steps over the last three decades. 

As illustrated in Fig. 1.1, it started with mandating the liberalization of the 
power sector with the aim to break up the monopolies that historically ran national
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4 K. Tolstrup

energy markets. A stepwise process of unbundling business activities into transmis-
sion, distribution, generation, and retail was put in motion. With the First Energy 
Package (entry into force 1996), unbundling of accounting was mandated. 

In 2003, with the Second Energy Package, legal unbundling was imposed. 
National Regulatory Authorities (NRAs) were established to oversee the activities

Fig. 1.1 Evolution of electricity markets and the relevant EU regulatory packages. Source 
Adapted from Poplavskaya (2021) 
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of the newly formed Transmission System Operators (TSOs). As member states 
implemented the requirements of the First and Second Energy Packages, the power 
sector became composed of both regulated entities, such as transmission and dis-
tribution system operators (DSOs), whose networks represent natural monopolies, 
and deregulated market participants in wholesale and retail markets. 

The Third Energy Package (2009), and the guidelines that derived from it, made 
market coupling obligatory and created a framework for TSOs working together 
to compute cross-zonal capacities in a coordinated manner. 

In 2019, the Clean Energy for all Europeans (CEP) arrived, further paving the 
road for EU energy market integration. At the heart of this package are the proper 
functioning of the internal market and its competitiveness by mandating market-
based principles for operating the electricity market. In this sense, it also lays the 
groundwork for the access of all technologies on the supply and demand side in 
the electricity markets and enables a non-discriminatory and technology-neutral 
approach for market participation across borders. 

To date, the latest energy package, the “Fit for 55” (fifth) package, entered into 
force in 2021. This package is set to align EU energy targets with its climate 
ambitions. 

Finally, the recent energy crisis of 2022 had a profound impact on the integrated 
electricity market and put it through a true acid test. This crisis, among other 
drivers, spurred the review of the market design by the Agency for Cooperation 
of Energy Regulators (ACER) and later the Electricity Market Design Reform that 
was adopted in June 2024, as will be discussed in the last section of this chapter. 

The main focus of this chapter is the Third Energy Package and the Clean 
Energy Package since they have shaped market coupling into what it is today and 
formed the foundation for the EU’s electricity market design and its entities. 

1.1.1 The Third Energy Package (2009) 

The main objective of the Third Energy Package was to pave the way for 
the completion of the EU’s Internal Energy Market (IEM). To achieve that, it 
included provisions on the unbundling of suppliers from network operators and 
strengthening cross-border TSO cooperation in Europe. 

Each Energy Package is made up of directives and regulations. The main legal 
documents found in the Third Energy Package pertaining to the electricity sector 
include:

• Directive 2009/72/EC of the European Parliament and of the Council of 13 
July 2009 concerning common rules for the internal market in electricity and 
repealing Directive 2003/54/EC

• Regulation (EC) No 714/2009 of the European Parliament and of the Council of 
13 July 2009 on conditions for access to the network for cross-border exchanges 
in electricity.
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Thus, the Third Energy Package pushed unbundling further and required TSOs 
to be fully independent from their parent companies (often incumbent vertically 
integrated utilities) through ownership unbundling (Articles 9 and 14, Directive 
2009/72/EC). This implied the effective separation of appointed system operators 
from any generation or supply activities to prevent potential conflict of interest 
and ensure non-discriminatory access to electricity networks. To verify that the 
unbundling process has indeed been completed, an additional step required that 
TSOs be certified (Article 3, Regulation 714/2009). 

In addition, the package mandated the independence of NRAs from govern-
ments and industries. It established ACER, as laid down in Regulation (EC) 
No 713/2009 of the European Parliament and of the Council of 13 July 2009 
establishing an Agency for the Cooperation of Energy Regulators. The Regulation 
tasked NRAs with developing framework guidelines, which are non-binding and 
serve as a basis for the process on network code and guideline development. 

The Third Energy Package further established the European Network of Trans-
mission System Operators for Electricity (ENTSO-E) as the coordinating body 
among European TSOs1 (Fig. 1.2). Following the adoption of the framework 
guidelines drafted by ACER, ENTSO-E is tasked with drafting network codes 
and guidelines. The draft network codes and guidelines then each go through 
a comitology process before becoming legally binding in the entire EU. In line 
with this process, ACER provides its “reasoned opinion and recommendations” 
on each network code to ENTSO-E and submits it to the European Commission 
(Article 6, Regulation 713/2009). ACER is moreover tasked with monitoring net-
work code implementation and analysing the progress in terms of facilitation of 
market integration, competition, and non-discrimination (Article 6(6), Regulation 
713/2009).

Figure 1.3 outlines the Network Codes and Guidelines which have been devel-
oped following the framework of the Third Energy Package. Subsequent NCs and 
GLs are now being developed and amended based on the Clean Energy Package, 
in particular Regulation (EU) 2019/943 of the European Parliament and of the 
Council of 5 June 2019 on the internal market for electricity (so-called Electricity 
Regulation). It is worthwhile to mention that an important change brought by the 
IEM Regulation is that the European Commission may now either request ENTSO-
E or the EU DSO Entity in cooperation with ENTSO-E, to submit a proposal for 
a Network Code.

In the context of (physical) power market integration, the most relevant piece 
of legislation is the Capacity Allocation and Congestion Management (CACM) 
Guideline (Regulation 2015/1222), which will be addressed in more detail in the 
next Section. 

Requirements on transparency were also strengthened and later further specified 
in Commission Regulation 543/2013 of 14 June 2013 on submission and publica-
tion of data in electricity markets (Regulation 543/2013). Also called Transparency

1 Note that ENTSO-E also includes non-EU members.
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Fig. 1.2 Entities involved in the development of Network Codes. Source Author’s own illustration

Fig. 1.3 Overview of EU’s electricity network codes and guidelines (status October 2023). Source 
Author’s own illustration
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Regulation (see Chap. 16), it forms the legal foundation for the establishment of 
ENTSO-E Transparency Platform publishing all fundamental market data. 

1.1.2 Guideline on Capacity Allocation and Congestion 
Management (2015) 

The CACM Guideline is concerned—as its name implies—with two crucial areas 
affecting market operation and its effective integration, the process of calculating 
and allocating available cross-border capacity for trade as well as the requirements 
guiding situations where market transactions cannot be accommodated given the 
technical constraints of the grid. 

Regarding the first element, with the adoption of the CACM Guideline, market 
coupling became the mandatory means of allocating cross-zonal capacity in the 
day-ahead and intraday timeframes. Market coupling relies on either a so-called 
“price coupling algorithm” that matches day-ahead or intraday bids across borders 
while allocating cross-border capacity to enable it (see Chap. 6) or a continu-
ous trading matching algorithm (see Chap. 7) for the intraday market (Article 37, 
Regulation (EU) 2015/1222). Beyond that, the Guideline introduced the entity of 
the Nominated Electricity Market Operator (NEMO) (Arts. 4–7, Regulation (EU) 
2015/1222). NEMOs are, among others, responsible for developing and operating 
the two algorithms (Article 36, Regulation (EU) 2015/1222) and—together with 
TSOs—carrying out market coupling. For this, NEMOs were tasked with a joint 
implementation of Market Coupling Operator (MCO) functions. The role and fur-
ther responsibilities of NEMOs are introduced in Sect. 1.3.3 and explained in more 
detail in Chap. 2. 

The Guideline further mandates that there is one Single Day-Ahead Coupling 
(SDAC) and one Single Intraday Coupling (SIDC). That is, all cross-zonal capacity 
must be allocated through SDAC or SIDC. It formulates a target model for capacity 
calculation, according to which the flow-based market coupling (FBMC) method 
should be used—for both day-ahead and intraday markets (Article 20, Regulation 
(EU) 2015/1222). 

Exceptions for a method based on coordinated net transfer capacity (NTC) cal-
culation are available provided the TSOs can demonstrate that the application of 
FBMC method would not be more efficient compared to the coordinated NTC 
method (Article 20(7), Regulation (EU) 2015/1222). 

The stepwise implementation approach since 2015 has led to first the intro-
duction of FBMC in Central Western Europe (CWE), including Austria, Belgium, 
France, Germany, and the Netherlands. On 8 June 2022, FBMC went live in the 
Core Capacity Calculation region, spanning the largest area of the EU. For an 
analysis of the effects see Chap. 11. 

Concerning the second element, the CACM Guideline holds provisions on three 
means of congestion management:
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• redispatch and countertrade (short-term, within a day)
• cross-zonal capacity calculation (short-term, two day-ahead to day-ahead)
• bidding zone review (mid- to long-term, lead time of a few years). 

The CACM Guideline lays the groundwork for the review process of bidding zone 
configurations (Article 32, Regulation (EU) 2015/1222) that would ideally enable 
a way to tackle structural congestion that exacerbates a misalignment between 
the (nodal) physics of the grid and the zonal markets based on a copperplate 
assumption. See Sect. 1.2.1 for a description of bidding zones. 

In the context of this handbook, we focus on cross-zonal capacity calculation 
and allocation (further detailed in Chap. 3). 

The EU regulation creates a framework for the so-called “target model” of the 
internal electricity market, which relies on the zonal model, SDAC, SIDC, and 
further implementation of FBMC—all meant to facilitate a common market with 
efficient price formation. In the depicted target model for market coupling, TSOs 
provide cross-zonal capacities and NEMOs operate the market:

• The starting point on the capacity calculation side is the determination of the 
Capacity Calculation Regions (CCRs, Fig. 1.4) (Article 15, Regulation (EU) 
2015/1222). The CCRs then serve as the defined geographical areas within 
which TSOs first develop a methodology, implement it, and then compute cross-
zonal capacities in a coordinated fashion across a set of bidding zone borders 
following the previously developed methodology.

• The starting point on the capacity allocation side is the designation of NEMOs. 
Following the establishment of NEMOs, the MCO plan was put in place. This 
plan serves as the basis for the cooperation of NEMOs in carrying out SDAC 
and SIDC and ensuring that the results of the calculation are shared among all 
power exchanges in a non-discriminatory fashion (Recital 5, Regulation (EU) 
2015/1222). With the governance in place, NEMOs were required to draft a 
set of methodologies fundamental to market coupling (e.g. on the algorithms 
for SDAC and SIDC, minimum and maximum prices, gate opening and closure 
time of cross-zonal intraday markets, etc.). 

A Capacity Calculation Region (CCR) is a geographical region in which TSOs 
cooperate to compute cross-zonal transmission capacities. A CCR is defined as a 
set of bidding zone borders (note: not bidding zones or TSO control areas). Hence, 
one bidding zone or TSO can be a member of several CCRs, while each bidding 
zone border is associated with only one CCR. See Chap. 3 for more details.
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Fig. 1.4 Capacity Calculation Regions in Europe. Source Author’s own illustration

1.1.3 The Clean Energy for All Europeans Package (2019) 

The Clean Energy Package (CEP) consists of several legislative documents, of 
which two are most relevant in terms of giving another layer of definition to the 
European internal market for electricity: 

Regulation (EU) 2019/943 of the European Parliament and of the Council 
of 5 June 2019 on the internal market for electricity (so-called “Electricity 
Regulation”). 
Directive (EU) 2019/944 of the European Parliament and of the Council of 5 
June 2019 on common rules for the internal market for electricity and amending 
Directive 2012/27/EU (so-called “Electricity Directive”).
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The revised Electricity Regulation (2019/943) contains crucial provisions pertain-
ing to the integration of the European electricity market. This regulation introduced 
the “70% minRAM rule”, which requires TSOs to provide at least 70% of the 
remaining available margin (RAM) capacity for cross-zonal trade (Article 16, 
Regulation 2019/943). The Regulation cites “uncoordinated curtailment of inter-
connector capacities” that can significantly limit cross-border trade as well as 
insufficient transparency towards market participants as the reason for the introduc-
tion of the 70% criterion (Recital (27) Regulation 2019/943). It thus discourages 
TSOs from using cross-border capacities to solve internal congestion thus priori-
tizing internal exchanges over cross-border ones (Article 16(8), Regulation 2019/ 
943). 

The adoption of this rule has created a lot of debate where one of the arguments 
against it were centred about the arbitrary nature of the value of 70%. Addition-
ally, according to ENTSO-E Market Report 2023 (ENTSO-E, 2023), ENTSO-E 
continues to question whether a general minimum cross-zonal trading margin is 
appropriate for enhancing European market integration. While ENTSO-E supports 
the general optimization of the use of trading capacities, the organization high-
lights that further analysis on the economic and technical impact of the 70% rule is 
needed, with a focus on system security, economic efficiency, and decarbonization 
targets. 

The CEP provides for two ways of (temporarily) derogating from the 70% rule:

• Until 2026, TSOs who cannot cope with providing 70% due to internal, struc-
tural congestion, may develop an Action Plan. This Action Plan must list 
measures on how to overcome these internal congestions and must contain a lin-
ear trajectory reaching 70% by 2026 (defining a ramp from the time of adoption 
of the Action Plan to 2026).

• Next to Action Plans, temporary derogations from the 70% rule may be granted 
by NRAs for individual periods not exceeding one year in situations where the 
TSO can demonstrate that the application of the rule would endanger opera-
tional security. Targeting short-term obstacles that prevent TSOs from providing 
70%, derogations must be consulted with other NRAs before they can be 
approved and oblige the TSO to develop a methodology and projects to achieve 
a long-term solution (Article 16(9) Regulation 2019/943). 

NRAs are responsible for assessing the compliance of their TSO(s) with the 70% 
rule. Not being able to provide 70% (or any relevant value based on the linear 
trajectory after adopting an Action Plan) can trigger a discussion on bidding zone 
reconfiguration. 

With the aim to specify further how the 70% rule is to be interpreted and 
applied, ACER issued a recommendation detailing the application of the rule in 
August 2019. In this recommendation, the term “minimum margin available for 
cross-zonal trade” (minMACZT) was introduced and serves as the “yardstick” for 
assessing whether the rule has been complied with.
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Even though it is not explicitly stated in the regulation or in ACER’s recom-
mendation, the (unofficial and) applicable timeframe for the 70% rule is (currently) 
the day-ahead timeframe. 

In addition, the CEP introduced the following changes: 

It imposed additional provisions guiding the bidding zone review (BZR) process 
(Article 14, Regulation 2019/943), such as obliging ENTSO-E to report on 
structural congestion, its location and frequency every 3 years (Article 14(2)), 
obliging “all relevant TSOs” to provide a proposal for a methodology for a 
BZR by 5 October 2019 (Article 14(5)). Note that these are ultimately Member 
States that decide whether the proposed adjustment should be progressed, or 
the present configuration maintained. 
Regulation 2019/943 (Arts. 34–43) introduced the role of Regional Coordina-
tion Centres (RCCs) to facilitate regional cooperation among TSOs. It defined 
their main tasks, including coordinated capacity calculation and security anal-
yses as well as creation of common grid models (Article 37). RCCs will be 
described in more detail in Sect. 1.3.2. 
Finally, it laid the foundation for the establishment of System Operation 
Regions (SORs) in Article 36 of the Electricity Regulation within which RCCs 
perform their tasks. Note that SORs were defined several years later in ACER’s 
Decision 5/2022 to include TSOs “that have been designated or assigned with 
responsibilities which are relevant for system operation, such as, but not lim-
ited to: calculation of capacity, assessment of needed remedial actions to ensure 
security of the whole system, coordination of all the outages” (Article 3, Annex I, 
ACER, 2022a). The SORs defined in the ACER Decision are shown in Fig. 1.5.

1.2 Geographical Scope of the European Integrated 
Market Design 

1.2.1 Bidding Zones 

Geographically, the electricity market in the EU is based on the so-called “zonal 
model”. The zonal model implies that there is one single price per bidding zone 
and market time unit (MTU). At the same time, the grid is considered a copper-
plate, i.e. no congestion is assumed to occur within the bidding zone but only 
between them. 

A bidding zone is commonly defined as the geographic (grid) area within which 
trade of electricity is not constrained by any capacity limitations. This means that 
a zonal model is a rough approximation of the actual power grid, which requires 
multiple assumptions. At the time of writing, bidding zone borders predominantly 
coincide with the control area borders of TSOs and/or member states (with the 
notable exceptions of Norway, Sweden, and Italy, as is shown in Fig. 1.6).

Capacity does not need to be allocated within a bidding zone whereas bidding 
zones are coupled via market coupling. The coupling happens via allocation of
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Fig. 1.5 System operations regions in Europe. Source Author’s own illustration

cross-zonal capacity available for power to be traded across bidding zones. Cross-
zonal capacities determine how much trade can happen between bidding zones. If 
cross-zonal capacity is abundant, price convergence is going to be achieved, that 
is, two or more bidding zone would have the same market price. In contrast, price 
divergence generally increases with limited levels of cross-zonal capacities. 

Market coupling ensures that the prices between bidding zones are coupled— 
either through auctions or continuous trading. Thus, market coupling reflects 
possible congestion between bidding zones. Hence, the bidding zone delin-
eation determines how efficiently congestion is addressed through market-based 
allocation. 

Note that several other power systems (e.g. most of the US, Australia) use the 
nodal market model to manage congestion. A nodal approach relies on a detailed 
model of the physical grid whereas the market clearing is done at substation level.
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Fig. 1.6 Bidding zones in the EU and Norway. Source Author’s own illustration

It thus represents physical properties of the individual components as well as laws 
of physics governing the flows in a meshed AC grid. Consequently, capacity allo-
cation is done on all lines going in and out of each node. The result of this market 
model is different prices at each node affected by congestion. 

The zonal vs. nodal approach for Europe has been subject of years of debate 
with proponents and opponents on both sides. It became particularly acute due 
to increasing instances of internal congestion within bidding zones, e.g. due to 
a simultaneous infeed of large generation volumes from variable renewables in a 
single grid area. As a result, the market outcome and market efficiency may be 
weakened as at least some of the trades may not be feasible and would require the 
TSO to intervene by redispatching (i.e. changing the dispatch) of some assets to 
relieve congestion.
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From the bidding zone external perspective, a telling sign of internal conges-
tion is the presence of so-called loop or transit flows. In the first case, generation 
in country A that is also consumed in country A flows through country B. In the 
second case, generation in country A is consumed in country B but to get there it 
flows through country C. Such a situation is problematic as it may lead to conges-
tion in a country that is not involved in the trade in the first place. For instance, 
up until October 2018, Germany and Austria formed part of a single bidding zone. 
Frequent transit flows through their Eastern European neighbours exacerbating the 
local grid situation were cited as the main reason for the bidding zone split of the 
two countries, which introduced limits to their cross-border exchanges (e.g. Hurta 
et al., 2022). 

The main argument for the nodal approach appears to be better alignment with 
the reality of the grid and thus its ability to price congestion in the market prices. 
Some of the arguments often mentioned against it in the European context is a 
high computational complexity, unresolved governance issues, liquidity problems 
of nodal markets, as well as low political acceptance of having different prices 
within the same country. 

Although there remains majority support for keeping the zonal model, the EU 
regulation provides for mechanisms to ensure that overall market efficiency is 
preserved while structural congestion is addressed. For this purpose, the CACM 
Guideline and the CEP defined a bidding zone review (BZR) process (Arts. 32–34 
Regulation (EU) 2015/1222), meaning that the current bidding zone delineation is 
not set in stone. Based on provisions in the CACM Guideline, the participating 
TSOs are required to formulate a methodology and assumptions for the review 
process. In the second step and after conducting the comparison of the status quo 
with alternative configurations, they are to publish a consultation and submit a 
joint proposal to the participating Member States (Article 32, Regulation (EU) 
2015/1222). The CACM Guideline further includes the minimum set of assess-
ment criteria such as change in operational security, overall market efficiency as 
well as bidding zone stability and robustness over time (Article 33, Regulation 
(EU) 2015/1222). Within this process, the bidding zone configuration review is 
completed every couple of years and can be launched by ACER, NRAs, TSOs 
themselves, or a Member State (Article 32(1)). Finally, the current configuration 
is to be assessed by ACER every three years based on the technical and market 
reports drafted by ENTSO-E. 

In its latest related Decision 11/2022 ACER proposed alternative bidding zone 
configurations for Germany, France, Italy, the Netherlands, and Sweden (Annex I, 
ACER, 2022b). The publication of the BZR is expected in summer 2024. 

1.2.2 Market Timeframes, Market Coupling, and Price 
Formation 

The CACM Guideline covers two timeframes: day-ahead and intraday. The day-
ahead market is the most liquid market in Europe and, as a result, provides the most



16 K. Tolstrup

Fig. 1.7 Sequence of market timeframes. The focus of this chapter, day-ahead and intraday mar-
kets and the respective capacity calculation processes are marked in teal. Source Author’s own 
illustration 

robust price signal to buyers and sellers. The traded volumes in the intraday market 
have been increasing over the last decade in parallel with the growing penetration 
of variable renewable generation and the need to balance portfolio positions closer 
to real time. As Fig. 1.7 shows, the electricity market in fact consists of a number 
of interlinked markets in different timeframes, from long-term to real time. Note 
that forward, as well as balancing, markets are out of scope of this book. 

In the day-ahead timeframe:

• The allocation of cross-zonal capacities is performed in one pan-European auc-
tion. This auction is held at 12:00 CET D-1 (hence the name “day-ahead”) daily 
and determines the day-ahead clearing prices for all participating bidding zones 
for all 24 h of the upcoming day from 0:00 to 24:00. That is, the market time 
unit (MTU) in the day-ahead market is equal to one hour defining the shortest 
time unit for which a market price is determined. Note that there is only one 
single clearing price per bidding zone and MTU—there are no side payments or 
other differentiation between the price that sellers receive, and the price buyers 
pay (Article 42, Regulation (EU) 2015/1222).

• Single-day-ahead coupling (SDAC) has been introduced as a mechanism to 
achieve market price setting and simultaneous capacity allocation for all cou-
pled bidding zones thus maximizing social welfare across the EU (and Norway) 
(Article 2(26), Regulation (EU) 2015/1222). For this, it uses a so-called price 
coupling algorithm (EUPHEMIA) whose objective function is to maximize eco-
nomic surplus (Article 38, Regulation (EU) 2015/1222). All the buyer and seller 
bids submitted by the gate closure time at 12:00 CET D-1 form part of a com-
mon merit order—as long as sufficient cross-border capacity is available. In this 
regard, social welfare can be broken down in three components: (1) producer 
surplus, (2) consumer surplus, and (3) congestion income. The latter is calcu-
lated from the price difference between two zones generated by the congestion 
between them and its volume, which is meant to facilitate TSOs’ investment 
in improved interconnection. When determining the clearing prices in SDAC,
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Fig. 1.8 Sequence of market coupling timeframes. Source Author’s own illustration 

marginal pricing rule is applied, i.e. the marginal production/seller bid sets the 
price (i.e. the bid that is just needed to cover demand at a given price).

In the intraday timeframe:

• Single Intraday Coupling (SIDC) was similarly introduced by the CACM 
Guideline (Article 2(27)) and refers to the process during which bids are 
matched continuously and capacity is allocated simultaneously while observ-
ing cross-border constraints. While SDAC is based on one pan-EU auction 
with marginal pricing, SIDC is (for now solely) based on continuous trading 
with direct matching (known as Cross-Border Intraday, XBID). In contrast to 
auctions, continuous trading matches bids and offers constantly and instantly, 
provided that a matching set of bids and offers are available and, if the bids and 
offers originate from two different bidding zones, sufficient cross-zonal capac-
ity is available. This also means that—in contrast to SDAC—no optimization 
takes place in the continuous market and, as a consequence, the pricing rule 
is pay-as-bid and there is not one single clearing price per bidding zone. Note 
that, in continuous trading, allocated cross-zonal capacity does not receive any 
congestion income. Instead, a power trader sees only allowed bids that can be 
accommodated based on available cross-zonal capacities. For instance, in a sit-
uation where all capacity was allocated to the day-ahead market for export, only 
capacity in the import direction would be available in the intraday market.

• To address the missing congestion income in SIDC, the CACM Guideline 
requires a methodology on intraday cross-zonal capacity pricing (Article 55). 
This methodology was adopted by ACER in 2019 and foresees the introduction 
of three intraday (implicit) auctions (IDAs) with an MTU of 15 min.2 These 
three auctions are to take place at 15:00 CET D-1, 22:00 CET D-1, and 10:00 
CET D (for the second half of day D, see Fig. 1.8). To conduct these auctions, 
continuous trading is temporarily on hold to avoid double allocation of cross-
zonal capacity. At the time of writing, the go-live of the three IDAs is planned 
for Q2 2024.

2 Note that national intraday auctions have been used in Austria, Belgium, France, Germany, Italy, 
The Netherlands, and Spain. 
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• The gate closure times for national versus cross-border intraday markets differ. 
Currently, the gate closure time for cross-zonal trade in SIDC is 60 min before 
delivery (H-1). In some bidding zones, gate closure for bidding zone internal 
intraday trade differs nationally and is between 30 and 5 min before delivery.

• Additionally, the CACM Guideline offers a vehicle for allocating cross-zonal 
capacity in the intraday timeframe explicitly. Pursuant to its Article 64, adjacent 
TSOs can submit a proposal for explicit allocation of cross-zonal capacity in 
the intraday timeframe to the relevant NRAs for approval. Such an arrangement 
refers to a specific border, should be temporary and gradually phased out. 

The CACM Guideline allows the use of two methods for capacity calculation 
that are aimed at maximizing transfer capacity available for trade while observing 
operational security constraints: 

Coordinated net transfer capacity approach (CNTC) (primarily for regions with 
“less interdependent” cross-zonal capacity, Recital 7, Regulation (EU) 2015/ 
1222) 
Flow-based approach (FB), which is based on a more detailed representation of 
the grid by considering power transfer distribution factors and available mar-
gins on critical network elements (CNEs) thus “expanding the envelope” of the 
available cross-border capacity. FBMC is part of the EU Target Model and thus 
should ultimately substitute CNTC. 

Since 2022, all borders within Core CCR use FBMC (see also Chap. 11) whereas 
capacity is calculated using CNTC in the rest of SDAC. Currently, SDAC allows 
for a combined NTC and flow-based allocation (“hybrid coupling”). In contrast, 
SIDC so far only allows allocation of NTCs. However, the CACM Guideline fore-
sees flow-based allocation also in SIDC. An interested reader is invited to see more 
details on the two approaches in Chap. 3. 

1.3 Key Enablers of European Electricity Market 
Integration 

1.3.1 Transmission System Operators 

TSOs, as regulated entities in charge of power system operation, were established 
through the process of unbundling that started in the 1990s (see also Fig. 1.9). 
They are regulated due to the fact that they hold the monopoly of access to the 
transmission grid. Hence, they are obliged to ensure non-discriminatory access 
to the transmission infrastructure to grid users. Activities of European TSOs are 
coordinated within ENTSO-E, which at the time of writing includes 40 TSOs from 
36 countries, including outside the EU.
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Fig. 1.9 Overview of ENTSO-E TSOs (observers are hatched). Source Author’s own illustration 

Based on the System Operation Guideline (SOGL), two of the main responsi-
bilities of (electricity) TSOs are:

• maintaining system operational security (the so-called N-1 principle) and, in 
the event of a contingency, returning to the normal state as soon as possible 
using remedial actions3 and

• ensuring security of supply, including security of (long-term) production and 
demand, of grid availability and of continuous grid balancing.

3 Pursuant to Article 2(13), Regulation (EU) 2015/1222, remedial actions refer to “any measure 
applied by a TSO or several TSOs, manually or automatically, in order to maintain operational 
security”, such as redispatching, countertrading, or topological actions. 
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The processes of cross-zonal capacity calculation and consequent allocation in the 
day-ahead and intraday timeframes are within the realm of short-term operational 
planning. Short-term operational planning is, thus, essential to keep the power 
system running and prepare for challenges in real-time grid operations. Operational 
security is considered during cross-zonal capacity calculation, and market coupling 
is designed to make sure the load is covered by generation such that security of 
supply is guaranteed. At the same time, TSOs ensure that cross-zonal capacities 
are allocated in a non-discriminatory fashion—allowing access to the grid to those 
who are ready to pay for it. 

TSOs are thus the main actors on the grid side of European market integra-
tion. They perform, with support from Regional Coordination Centres (RCCs, see 
Sect. 1.3.2 and also Chap. 5), the process of cross-zonal capacity calculation and 
provide the “scarce resource” (i.e. cross-zonal capacities) to market coupling. 

Even though TSOs are not market players but rather market facilitators in 
the day-ahead and intraday markets, they are financially impacted by cross-zonal 
capacity allocation. From cross-zonal capacity allocation through (auction-based) 
market coupling, TSOs receive congestion income (see Chap. 10 for more details). 
This congestion income depends on the allocated flow and the clearing price 
difference on a given bidding zone border. Congestion income is to be used 
to (a) maintain firmness4 of allocated cross-zonal capacities, (b) develop grid 
infrastructure further, and (c) reduce grid tariffs (upon approval by the relevant 
NRA). 

Beyond their role in SDAC and SIDC, TSOs are the main responsible for 
load–frequency control (LFC) in their respective LFC areas or blocks, that is, 
safeguarding that supply and demand are balanced by contracting and activating 
balancing reserves (Article 118, Regulation (EU) 2017/1485). 

Beyond that, over the last five years, it has become evident that the growing 
volumes of energy resources connected on the distribution network level increase 
the need for TSOs’ coordination and data exchanges with DSOs as part of the 
so-called “active system management”. 

1.3.2 Regional Coordination Centres 

Regional Coordination Centres (RCCs) emerged from Region Security Coordina-
tors (RSCs) introduced by the SOGL as an actor with functions complimentary to 
those of individual TSOs, namely for the matters of regional relevance. They are 
fully owned by TSOs; typically, by the TSOs with the intention of being serviced 
by the respective RCC(s). There are, however, a few TSOs who are shareholders 
of more than one RCC. Participation in at least one RCCs is mandatory for TSOs.

4 According to Article 2(44) Regulation (EU) 2015/1222, firmness refers to “a guarantee that cross-
zonal capacity rights will remain unchanged and that a compensation is paid if they are nevertheless 
changed”. 
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In the context of cross-zonal capacity calculation, the RCCs assume the role of 
the Coordinated Capacity Calculator (CCC) (Article 2(11), Regulation (EU) 2015/ 
1222). This role implies that RCCs support the TSOs within a given CCR with 
the process of computing cross-zonal capacities while accounting for the TSOs’ 
operational security limits (Recital 20, Regulation 2019/943). 

Beyond cross-zonal capacity calculation, RCCs are also responsible for coor-
dinated security analysis, regional week-ahead, and day-ahead adequacy forecasts 
as well as regional outage planning, among others (Article 37, Regulation 2019/ 
943). Note that RCCs do not play a role in the process of allocating cross-zonal 
capacities. 

Figure 1.10 shows the current RCCs and their respective geographic coverage 
(based on their shareholder TSOs). Note that 50 Hertz is a shareholder of both 
TSCnet and Coreso; Terna of both Coreso and SEleNe CC; and Transelectrica 
of both TSCnet and SEleNe CC. In some CCRs, two RCCs perform the task of 
capacity calculation (e.g. Core and Italy North), either by splitting tasks or by 
following a rotational scheme of the main and a back-up CCC.

1.3.3 Nominated Electricity Market Operators 

The entity of the Nominated Electricity Market Operator (NEMO) was created by 
the CACM Guideline (Articles 4–7). The main role of the NEMOs is to operate, 
maintain, and further develop SDAC and SIDC. However, they do not engage in 
the long-term timeframes (year-ahead and month-ahead) and are not obliged to 
operate both SDAC and SIDC simultaneously. That is, there are NEMOs-only 
active in the day-ahead timeframe but not in the intraday timeframe. Typically, 
NEMOs were power exchanges before seeking to become a NEMO. 

After concluding a designation process with competent NRAs or ministries, a 
(power) exchange can become a NEMO (Arts. 4–5 Regulation (EU) 2015/1222). 
Designations are timeframe-specific (day-ahead and/or intraday) and may be lim-
ited in time before re-designation is needed. Once an entity has been designated 
as a NEMO in (at least) one EU Member State, this NEMO can use the so-called 
“passport” to become active in any other EU member state. When “passporting” 
into another EU member state, the NEMO does not have to be (re-)designated 
locally and merely needs to notify its intention of wanting to be active to the rel-
evant NRA or ministry. In this way, EU regulation ensures a level-playing field 
among NEMOs regardless of the country of operation. 

The CACM Guideline introduces competition between NEMOs or, more specif-
ically, between the power exchange function of NEMOs. The rationale for this 
was to have NEMOs compete via the fees that they charge the market participants 
trading on their platforms. In member states with several competing NEMOs, so-
called “Multi-NEMO Arrangements” (MNAs) have been agreed upon between 
the relevant TSOs and NEMOs and implemented. At the time of writing, MNAs 
are in place in Central Western Europe (Austria, Belgium, France, Germany, and 
the Netherlands), Poland, the Baltic countries, and the Nordic countries, including
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Fig. 1.10 Regional Coordination Centres in Europe. Source Author’s own illustration

Norway. Figure 1.11 shows whether a Member State allows for competition among 
NEMOs or has a single monopoly NEMO. Note that some member states allow 
for competing NEMOs, but there is only one NEMO active and, at this stage, no 
MNA implemented. This is, for example, the case in Croatia and Slovenia. It is 
important to keep in mind that the NEMO status is required if cross-zonal capacity 
is to be allocated. Operating markets within a bidding zone (i.e. without allocating 
cross-zonal capacity), does not require the NEMO status (e.g. auctions within a 
bidding zone).
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Fig. 1.11 NEMO market type in the EU and Norway. Source Author’s own illustration 

At the same time, in order to enable SDAC and SIDC, NEMOs take over the 
function of Market Coupling Operators (MCOs)5 that are in charge of using the 
MC algorithm for matching and allocating orders, of cooperating and sharing rele-
vant information with TSOs in joint procedures (Article 7, Regulation (EU) 2015/

5 The CACM Guideline does in fact allow for the Commission, in cooperation with ACER, to 
“create or appoint” a single regulated MCO (Recital 15, Regulation (EU) 2015/1222), a provision 
which did produce a lot of debate between ACER and NEMOs. 
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1222) as well as with other NEMOs in a non-discriminatory fashion in order to 
jointly perform MCO functions (Recital 5 and Article 6(4), Regulation (EU) 2015/ 
1222). For this, NEMOs must keep separate accounts for their power exchange and 
MCO functions (Article 6(1)(c)). 

The competitive element between the power exchange function of a NEMO, 
and a NEMO’s obligation to collaborate with other NEMOs to jointly realize 
SDAC and SIDC, creates a conflict within one and the same company. Operating 
SDAC and SIDC is a regulated and monopolistic task (hence, the designation pro-
cess to become a NEMO), because the “scarce resource” in market coupling (i.e. 
cross-zonal capacity) is to be allocated in a fair, transparent way that maximizes 
social welfare in the EU, based on a non-discriminatory process. To ensure this, 
NEMOs are forced to cooperate. On the other hand, NEMOs are power exchanges 
in competition with each other, mainly via their fees and areas of operation. 

In the post-coupling process step (i.e. after-market coupling, either SDAC or 
SIDC), NEMOs are responsible for nominating cross-zonal capacity to the rele-
vant TSOs (i.e. physical delivery). Central counter parties (CCPs) are responsible 
for financial shipping and clearing, including transferring congestion income to 
TSOs (Article 68(8), Regulation (EU) 2015/1222). This role is in practice often 
performed by NEMOs, however it can also be outsourced to third parties. 

As mentioned above, NEMOs operating as a monopoly, and—so far—without 
any activity outside their respective Member State, are fully regulated. Competitive 
NEMOs operating in the same Member State together with other NEMOs are 
both a partner to work together with but also as a competitor. This situation was 
addressed in ACER’s proposal for a revision of the CACM Guideline (so called 
“CACM 2.0”), which was published and submitted to the European Commission 
in 2022. 

ACER maintains an overview on its website with the designated, passporting, 
and active NEMOs per EU Member State and Norway. This overview distinguishes 
between day-ahead and intraday timeframes. Also, the All NEMO Committee 
keeps an overview of which NEMO is designated in which member state on its 
website (see Fig. 1.12).

1.4 Current and Upcoming Developments 
and the Future of Market Coupling 

During the energy crisis of 2022 provoked by the war in Ukraine and the shortages 
of natural gas, the coupled European electricity markets were put through a major 
test. Low availability of nuclear power generation in France and negative weather 
effects during an exceptionally hot summer contributed to exacerbating the already 
complicated situation. These events raised serious questions about the fundamental 
value of European electricity market integration and whether the market design as 
it is known today was still fit for purpose. 

Among other challenges, the crisis led to the reduction of cross-border capac-
ities in some Member States to reduce the impact of extreme prices, several
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Fig. 1.12 Number of NEMOs operating in each country; per timeframe (Day-ahead and Intraday). 
Source Author’s own illustration

instances of hitting the price ceiling and thus increase of maximum market prices 
and the introduction of several emergency measures to tackle price hikes. Despite 
multiple critical voices and drastic proposals, the value of cross-border coopera-
tion and coupled electricity markets as well as their crucial role in averting the 
worst effects of the crisis was recognized by stakeholders across the board.6 This 
is reflected in the current proposal for Electricity Market Design Reform,7 which 
preserves current market design and the main pillars of the European electricity 
market functioning. The adoption of the final reform is expected at the beginning 
of 2024. 

Beyond that, market coupling expected is evolved further in 2024–2027 in a 
number of important ways. 

In SDAC, the most important developments concern the introduction of the 15-
min MTU, flow-based allocation in Nordic CCR, Advanced Hybrid Coupling as 
well as the merger of Core and Italy North CCRs. 

Currently, the cross-zonal markets work on an hourly granularity, while several 
national markets already employ 15-min granularity in XBID. The introduction of 
the 15-min MTU in cross-zonal markets results is meant to accommodate more 
dynamic (and volatile) generation and consumption patterns and allow for more 
flexible trading. At the same time, higher granularity is expected to put a strain 
of EUPHEMIA while some implementation challenges still exist with regard to 
accommodating multiple-MTU bids, such as exclusive or linked block bids. The 
go-live of the 15-min MTU is expected for Q1 2025.

6 A detailed analysis of the measures adopted during the crisis can be found in ACER (2023b). 
7 Reform of electricity market design: Council and Parliament reach deal—Consilium (europa.eu). 

http://europa.eu
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The introduction of flow-based allocation in Nordic CCR is motivated by 
its (generally) superior results compared to CNTC, particularly in highly meshed 
grids, delivering a larger solution domain for the market coupling algorithm. The 
implementation is expected in late 2024 at the earliest. 

A major development is the planned merger of Core and Italy North CCRs 
(into what is provisionally called “Central Europe” CCR). The new CCR would 
combine the highly meshed grid of Northern Italy and that of Core, resulting in 
significant efficiency gains in cross-zonal allocation between France, Germany, 
Austria, Slovenia, and Italy. In this context, it is still being discussed how to 
improve the consideration of Swiss borders, since Switzerland would be strongly 
affected by the power flows computed in the new CCR, in which it would repre-
sent a gap for the optimization algorithm. This merger is foreseen to happen after 
2026. 

Consolidating CCRs, i.e. having fewer and larger CCRs, has been recognized 
as one of the ways to boost the efficiency of the European electricity market. An 
important complementary measure is to improve the interaction between CCRs. 
Advanced hybrid coupling (AHC) involves consideration of the external borders 
of a CCR more similarly to internal ones, such that cross-CCR flows can be opti-
mized to a certain extent. AHC is particularly relevant for the borders with HVDC 
interconnectors between Core and Nordic CCRs. For reference, the current solu-
tion is called Simple Hybrid Coupling, in which a forecasted flow across an HVDC 
interconnector is considered as a load (or generator, for imports) at the border. As 
a result, rather than being optimized, it is a fixed input. Currently, the expected go-
live is set to mid-2025, but is highly dependent on the timely go-live of previous 
implementations. Further details can be found in Chap. 3. 

In SIDC, the most relevant developments include the introduction of Intra-
day Auctions and flow-based allocation (currently only available in day-ahead), 
resulting in the intraday market becoming more similar to the current day-ahead 
market. 

Three Intraday Auctions (IDAs) will take place, at 15:00 D-1, 22:00 D-1, 
and 10:00 D, lasting 30 min, during which continuous trading will be suspended. 
Important reasons for the introduction of IDAs are the pricing cross-zonal capacity 
and allowing TSOs to collect congestion income. Both elements are absent in the 
current XBID solution. IDAs will go-live on a 15-min MTU granularity, expected 
in Q2 2024. 

Similarly, to the introduction of flow-based in Nordic CCR for the DA market 
mentioned above, FB allocation in intraday is expected to result in higher social 
welfare in Europe. Currently, the go-live is expected after 2025. 

The development of offshore hybrid systems also introduce a new layer of com-
plexity in terms of how they fit into a bidding zone model and how the 70% rule 
might apply to so-called offshore bidding zones. 

Another project under development, with lower impact on the markets yet very 
important for reasons of operational security is the Regional Operational Security 
Coordination (ROSC). This encompasses a series of operational security assess-
ments and sessions to coordinate the dispatch of remedial actions needed to relieve
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grid congestion. ROSC is aimed at increasing the operational security of the Euro-
pean grid and at distributing the costs of the remedial actions applied more fairly. 
At the moment, ROSC is planned for implementation at the end of 2025. 

Finally, market integration and coupling does not stop with short-term whole-
sale markets. Increasing amounts of variable renewable generation are being 
progressively integrated in the energy system, while the supply of flexibility is 
relatively limited. In this context, system balancing is becoming ever more chal-
lenging, and cross-border cooperation ever more essential for European power 
system stability. These developments already created the impetus for TSOs to 
cooperate for imbalance netting and joint procurement of Frequency Contain-
ment Reserve (FCR), as well as to create European balancing energy platforms 
(PICASSO, MARI, TERRE). The latter has been mandated by the European Bal-
ancing Guideline and the roadmaps for their go-live and TSO accessions were 
formulated. The next stepping stone for the integration of the balancing market 
is the regional procurement of balancing capacity, based on the methodologies 
approved by ACER in July 2023 (ACER, 2023a). These methodologies, including 
harmonized market-based allocation of cross-zonal capacity, are expected to be 
jointly implemented by ENTSO-E, TSOs, and RCCs within two years. 
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2Principles of Market Coupling 

Peter Willis and Louise Anderson 

Abstract 

This chapter describes market coupling in detail and guides the reader through 
the evolution of market coupling in Europe. The chapter lays out the underlying 
market coupling principles and highlights the benefits of EU market coupling 
and cross-border interconnectors. Single Day-Ahead Coupling and Single Intra-
day Coupling processes are introduced at a high level, as well as the roles 
and responsibilities of major market participants. The Terms, Conditions, and 
Methodologies, which are developed to ensure a harmonized approach to mar-
ket coupling, as well as the market coupling timeframes, are briefly introduced. 
Finally, a number of high-level examples are provided to illustrate how market 
coupling works. 

2.1 Introduction to Market Coupling 

The reform of electricity markets in the EU has been a long and complex process, 
starting with the first energy package in the 1990s, and culminating with the fifth 
energy package or “Fit for 55” in 2021 which aims to align the EU’s energy and 
climate targets for 2030 and 2050. As of December 2023, the European Parliament 
and Council have provisionally agreed on the reform of the EU’s electricity market 
design to help build a renewables-based energy system, lower energy bills, and
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better protect consumers from price spikes. This could be a precursor for the sixth 
energy package. 

These energy packages could be seen as milestones. They have delivered on 
market reforms, with successes ranging from: unbundling of monopoly network 
businesses from competitive production and supply businesses; opening up of retail 
markets; formation of independent regulatory agencies; establishment of indepen-
dent verification relating to transmission and distribution pricing; and creation of 
a competitive EU-wide electricity market through national and regional coupling. 

2.1.1 What Is Electricity Market Coupling? 

Electricity market coupling refers to the integration of different electricity markets 
into a single market, allowing for the trading of electricity across borders. More 
concisely, market coupling is the merging of individual, national markets to make 
possible the trade of electricity across a large geographical area (Schönheit et al., 
2021). Interconnections between market zones and internal transmission networks 
facilitate these exchanges. The coupling of electricity markets is a key EU objec-
tive, to achieve a more efficient and integrated regional electricity market. This 
has multiple benefits including ensuring access to the lowest prices, and enhanced 
security of supply. 

To couple electricity markets across a region, there are political, technical, 
financial, and collaboration perspectives to consider. Political consensus on a target 
model was a key starting point. The EU’s target model which was agreed between 
2006 and 2009 includes a forward market, a day-ahead and intraday market and 
a balancing market. Day-ahead and intraday markets are planned to be closely 
coupled. [There are also elements of market coupling in forward and balancing 
markets.] 

From a technical perspective, cross-border infrastructure must be built out in 
order to make cross-border capacities available to trade. 

From a financial perspective, money must be available to build large-scale 
cross-border electricity infrastructure, but also a liquid market place must be in 
place to ensure that buyers and sellers can depend on the realization of their bids 
and orders. Another important aspect is clear rules around settlement. 

From a collaboration perspective, countries must work together to manage 
changes in socio-economic benefits from market coupling, e.g. as can be seen 
in the shift from the Net Transfer Capacity market coupling approach towards the 
Flow-Based approach in the Nordic countries, discussed in Chap. 12. 

2.1.2 Principles of Market Coupling 

Electricity Market Coupling has emerged as a pivotal concept, revolutionizing 
the way electricity markets operate. Market coupling in the European electric-
ity market aims to create a more integrated and efficient market, with increased
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competition and price convergence. Thus, it creates benefits for both consumers 
and producers, while also incentivizing investment in new infrastructures and 
renewable energy sources. 

Electricity market coupling must adhere to some fundamental principles:

• Price Convergence: Any approach to market coupling must promote price 
convergence, meaning that prices for electricity will become more similar 
across different countries (or regions), and ideally price differences between 
neighbouring markets will be eventually eliminated. This should create a level-
playing field for electricity producers and consumers, promoting competition, 
and lowering costs for end users.

• Increased Competition: Any form of market coupling must increase competi-
tion in the electricity market, allowing producers to compete across a wider 
geographical area and incentivizing them to increase efficiency and put in place 
measures to reduce costs.

• Market Efficiency: Any effective market coupling approach should reduce the 
market inefficiencies and distortions that arise from the fragmentation of elec-
tricity markets. In addition, through the elimination of market segmentation, 
market integration should aim to create a larger, more liquid market which 
reduces price discrepancies. As a concrete example, by pooling resources and 
coordinating electricity trading across different countries, market coupling can 
improve resource utilization and reduce the need for expensive reserve capacity.

• Investment Incentives: Electricity market coupling should create incentives 
for investment in new electricity infrastructure. Expanding and maintaining a 
robust cross-border transmission infrastructure is vital for the success of mar-
ket coupling. Cross-border infrastructure, supported by a resilient transmission 
backbone, should optimize cross-border electricity flows, thereby reducing price 
differences between markets and increasing the potential market for electricity 
producers. This will help ensure that there is adequate generation capacity to 
meet future demand and can also incentivize investment in renewable energy 
sources by helping reduce curtailment.

• Regulatory Framework: Achieving regulatory harmonization across a region 
can be a complex and time-consuming process. Nonetheless, the success of 
any market coupling project depends on the development of a harmonized 
regulatory framework that facilitates cross-border trade and ensures fair com-
petition. This framework should comprise principles and rules, including for 
cross-border transmission, market design, and settlement mechanisms. Effective 
regulatory oversight (including market monitoring) is also essential to reduce 
the risk of market manipulation and the exercise of market power by large 
market participants.

• Cross-Border Trading: Any market coupling approach should be based on 
cross-border electricity trading. Cross-border trading fosters cooperation among 
neighbouring countries, allowing them to optimize resource utilization, and 
enhance energy security. Implicit auctions are an important part of cross-border 
electricity trading. Implicit auctions enable market participants to submit bids
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for cross-border capacity, through a process which simultaneously optimizes 
both the energy exchange and cross-border capacity allocation. This ensures 
efficient use of interconnectors and minimizes congestion.

• Enhanced Energy Security and Grid Stability: Market coupling should create 
interconnected markets which can rely on each other during supply shortages 
or unexpected disruptions, enhancing energy security by reducing dependency 
on a single energy source or supplier. Market coupling should also enhance grid 
stability by enabling cross-border flows and supporting the efficient balancing 
of supply and demand. 

2.2 European Electricity Market Coupling Overview 

Electricity market coupling can be quite nuanced. It is generally not a choice 
between having a fully coupled electricity market with no influence from national 
borders or fully individual disconnected power systems. Europe’s internal elec-
tricity market is almost 30 years old; however, cross-border lines and trading 
arrangements for electricity have existed for much longer. EU countries also trade 
electricity with third countries, e.g. Switzerland, the UK, and West Balkan coun-
tries. The Federal Council of Switzerland is pursuing an electricity agreement with 
the EU at time of writing to allow full access for Switzerland to the single market 
for electricity. 

2.2.1 Background 

Market coupling in Europe kicked off in 1993 when a common spot market 
was introduced between Norway and Sweden removing border tariffs for trade 
of electricity. Nord Pool was formally established in 1996 as the first interna-
tional power exchange between Norway and Sweden. In 1998, Finland joined the 
Nordic spot market (Nord Pool) and in 1999 West Denmark joined the Nordic spot 
market, followed by East Denmark in 2000. In 2006, the French, Belgian, and 
Dutch day-ahead markets coupled. Extensions followed including Central West 
Europe. 

The go-live of price coupling in North-Western Europe (NWE) in 2014 was 
a major milestone for European market integration. This coupling project was an 
initiative by the Transmission System Operators (TSOs) and Power Exchanges in 
North-Western Europe including 50Hertz, Amprion, Elia, Energinet, RTE, Stat-
nett, and others. This was also the first use of the pan-European Price Coupling 
of Regions (PCR) solution for the simultaneous calculation of market prices 
and flows on interconnectors, based on the Euphemia algorithm (as described in 
Chap. 6).
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2.2.2 Formalization Through CACM 

Price Coupling of Regions (PCR) was a project of European Power Exchanges and 
other market participants to develop a single price coupling solution to calculate 
electricity prices across Europe both respecting the limits of cross-border assets 
and on a day-ahead basis. PCR is now the key mechanism for pan-European elec-
tricity market coupling. PCR is based on a single uniform algorithm for calculating 
electricity prices, decentralized management of data, and individual responsibility 
for market areas (i.e. power exchanges would be responsible for their own mar-
ket areas and PCR Matcher and Broker Service calculates the different market 
and reference prices). PCR simultaneously determines volumes and prices in all 
relevant bidding zones based on the marginal pricing principle, aiming to ensure 
efficient allocation of cross-border transmission capacity and thereby maximizing 
social welfare. 

The launch of PCR was a crucial step to achieve a harmonized European elec-
tricity market, and was eventually incorporated into Single Day-Ahead Coupling 
(SDAC). The interested reader can find more information on SDAC in Chap. 6. 
According to ENTSO-E (2024b), 98.6% of EU consumption is now coupled under 
SDAC and the daily average value of matched trades is approximately EUR200 
mil. 

Market coupling, based on SDAC and Single Intraday Coupling (SIDC), was 
formalized and harmonized across the EU through the Capacity Allocation and 
Congestion Management (CACM) Regulation 2015/1222. However, the process 
started back in 2011 when ACER’s Framework Guidelines on Capacity Alloca-
tion and Congestion Management for electricity (ACER, 2021) were adopted. The 
Framework Guidelines included provisions for the forthcoming development of 
the CACM Network Code, centred around cross-zonal capacity calculation and 
allocation in the day-ahead and intraday timeframes. Based on these Framework 
Guidelines, ENTSO-E was tasked to develop the Network Code on Capacity Allo-
cation and Congestion Management. Once developed, the draft network code was 
submitted to ACER for an opinion which resulted in some amendments prior to 
re-submission. ACER submitted a recommendation to the European Commission 
to adopt the Network Code subject to specific conditions. The European Commis-
sion further revised the CACM Network Code, which was then finally adopted and 
entered into force as a Commission guideline in August 2015. 

2.2.3 Major Market Participants and Their Roles 

The term “market participant” refers to any entity actively involved in the Euro-
pean electricity market including producers, consumers, and aggregators. It is 
assumed that market participants will act in good faith and will bid into the mar-
ket based on their “true” preferences. In addition, market coupling requires the 
involvement and collaboration of a number of important participants, with specific 
roles and responsibilities:
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• NEMO—NEMOs play a crucial role in delivering on an internal European elec-
tricity market. A NEMO is a nominated electricity market operator, designated 
by the competent authority to perform specific tasks such as day-ahead and/ 
or intraday market coupling. NEMOs are designated nationally in accordance 
with Articles 4–6 of the CACM Guideline, and their roles are defined in Arti-
cle 7. NEMOs facilitate efficient electricity exchange by coordinating activities 
between different market participants, including TSOs, power exchanges, and 
other stakeholders. NEMOs are discussed further in Chaps. 1, 4, 8, and 9.

• MCO—The function of the Market Coupling Operator (MCO), carried out by 
the NEMOs, is to operate the two price coupling algorithms (day-ahead and 
intraday) to match orders across bidding zones, and to allocate cross-zonal 
capacity based on network capabilities and clearing prices. To carry out this 
role, the MCO must process inputs from NEMOs and TSOs and use these 
inputs to operate a central algorithm, matching bids, constraints, and capacities. 
The MCO must then validate and share outputs such as the matched trades, 
clearing prices, and scheduled exchanges, with NEMOs and TSOs. The MCO 
role of the NEMOs is defined in Article 7(2) of the CACM Guideline. The 
operation of the algorithms is explained further in Chaps. 6 and 7.

• CCP—The Central Counter Party (CCP) plays an important role in electricity 
market coupling, ensuring smooth and secure transactions through its clearing 
and settlement role. The CCP acts as an intermediary in electricity markets, 
essentially standing between buyers and sellers and guaranteeing the fulfilment 
of trades, even if one party defaults. By assuming counterparty credit risk, the 
CCP enhances market stability and reduces the impact of defaults. The CCP is 
discussed further in Chaps. 8 and 9.

• Shipping Agent (SA)—A shipping agent is defined, according to the CACM 
Guideline as the entity or entities responsible for transferring net positions 
between different central counter parties. When trades occur in the electricity 
market, they result in net positions, either surplus or deficit. These net positions 
must be transferred between different CCPs involved in the market. The ship-
ping agent ensures that these net positions are accurately moved from one CCP 
to another, thus ensuring the efficient functioning of the market. It is useful to 
note that two CCPs may appoint a shipping agent to handle energy exchanges 
between them across national borders. The Shipping Agent is discussed further 
in Chaps. 8 and 9.

• TSO—A Transmission System Operator (TSO) is responsible for operating the 
electricity transmission system. Under the CACM Guideline, TSOs also pro-
vide inputs (figures for available capacity and constraints) to the coordinated 
capacity calculators. The TSOs’ role in the market coupling process is set out 
in Article 68 of the CACM Guideline. The TSO role is explained further in 
both Chap. 1 and Chap. 4.

• Coordinated Capacity Calculator (CCC)—Based on the inputs received from 
TSOs, a CCC is responsible for calculating and coordinating cross-zonal capac-
ity in specific regions. It submits the cross-zonal capacities to each TSO within 
its designated capacity calculation region for validation. The CCC’s calculations
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are essential for ensuring efficient electricity trade across borders and manag-
ing congestion. The CCC role in the CACM Guideline is carried out by the 
Regional Coordination Centres (RCCs), described further in Chap. 5. 

2.2.4 Introduction to Market Coupling 

A number of studies carried out in recent years highlight the significant benefits 
of market coupling in Europe:

• The EU’s Agency for the Cooperation of Energy Regulators (ACER) released 
its final assessment of the EU wholesale electricity market design in April 
2022 (ACER, 2022), as requested by the European Commission. ACER con-
cluded that in 2021, cross-border trade delivered an estimated EUR34 billion of 
benefits while helping to smoothen price volatility. In addition, higher market 
integration and cross-zonal capacities resulted in more cross-border competi-
tion and reduced opportunities to exert market power. All of this lowers the 
energy bill over the long-term. Nonetheless, ACER pushed for further improve-
ments to the electricity market including improving the liquidity of forward 
markets and continued integration of markets, emphasizing that more European 
independence and energy security requires more interdependence.

• Meanwhile, in 2018, the Regulatory Assistance Project estimated (Baker et al., 
2018), based on studies by Booz & Company in 2013 and the European Com-
mission in 2016, the potential increase in social welfare due to full market 
coupling in Europe could be between e16 and e43 billion annually by 2030, 
depending on a number of factors including how Europe optimizes its gener-
ation portfolio, the development of adequate interconnector capacity, and the 
deployment of demand response. It is worthwhile to re-emphasize that beyond 
generation and demand response, the development of interconnection capacity 
will play a huge role in maximizing welfare benefits from market coupling.

• Finally, in 2013, Booz & Company notes a number of studies in literature which 
attempt to calculate the potential benefits from the flow-based capacity alloca-
tion method (described in more detail in Chaps. 11 and 12). Even back in 
2007, the results showed an approximate EUR200 million increase in social 
welfare due to implementing the flow-based method in the Netherlands, Bel-
gium, France, and Germany, increasing by almost a factor of three if that was 
extended across the whole of the European Union (Booz & Co, 2013). 

In 2023, Bruegel reported on the benefits of market coupling by separating these 
benefits into techno-economic and managerial-governance. According to Bruegel, 
and as illustrated in Fig. 2.1, from a techno-economic perspective optimizing the 
design and operation of multiple electricity systems together rather than individ-
ually and increasing renewable penetration will result in less CO2 emissions, less 
volatile short-term prices, reduced need for reserve capacity and flexibility, as well
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Fig. 2.1 Benefits of market coupling. Source Zachmann et al. (2024) 

as cost savings, enhanced resilience, and less need for grid investments (Zachmann 
et al., 2024). 

A salient example of the energy security/resilience benefits provided by market 
integration in Europe can be seen in France. During 2021/2022, a combination of 
corrosion issues and long periods of hot weather resulted in many nuclear reactors 
across France going offline for extended periods, causing a shortfall of 81 TWh of 
nuclear generation representing about 20% of French demand. France went from 
being a net exporter of electricity to being a net importer of electricity, facilitated 
by electricity market coupling across the region. 

Meanwhile, from a managerial-governance perspective (Zachmann et al., 2024) 
shows how market coupling can deliver on a higher consumer surplus, more inno-
vation thanks to increased competition and a level-playing field, as well as lower 
capital costs, thanks to increased regulatory harmonization delivering on more cer-
tainty, thus amplifying investor confidence and hence lowering the cost of capital 
for clean technologies. 

2.2.5 Benefits of Cross-Border Interconnectors 

Cross-border interconnectors play a crucial role in enhancing energy systems, 
facilitating market coupling, and fostering cooperation between nations. They offer 
multiple advantages including: 

– Energy Security: By connecting grids across borders, countries can share 
energy resources. This resilience ensures stable electricity supply even during 
emergencies.
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– Access to Clean and Affordable Electricity: Interconnectors facilitate wider 
access to clean and affordable electricity. Larger power systems can inte-
grate greater volumes of renewable energy, which can vary based on weather 
conditions. 

– Market Expansion and Investment Attraction: Integrating markets creates 
an expanded customer base and can reduce the curtailment of renewables, 
attracting investors. 

– Efficiency through Economies of Scale: Expanding power systems across bor-
ders allows developers and market participants to take advantage of economies 
of scale. Access to more varied electricity generation resources can lower total 
operating costs. 

– Price Convergence: Cross-border interconnectors contribute to ever-closer 
alignment of electricity prices in European countries. By optimizing transmis-
sion capacities, electricity exchanges automatically calculate the optimum use 
of resources, benefiting consumers. 

To achieve these benefits, it is essential to not only build connected physical infras-
tructure but also to establish agreements between jurisdictions and coordinate 
stakeholders. Political will, technical requirements, and institutional frameworks 
are key to successful cross-border power systems. The two examples below shine 
a light on the negative impact of Brexit1 on 2 recent interconnectors between 
the UK and Denmark and the UK and Belgium, highlighting the crucial role of 
political collaboration in optimizing markets. 

Case Study—Viking Link 
The Viking Link interconnector is approximately 765 km long and allows electricity 
to be exchanged between Denmark and Great Britain and went into operation in 
December 2023. It is interesting to note that, according to Energinet, the Danish 
TSO, initially the link will operate at a maximum of 800 MW, which is lower than 
the expected 1400 MW. This is based on the capacity of the Danish electricity grid 
which will become overloaded above 800 MW. 

Since Brexit, the British market is no longer part of the Single Day-Ahead 
Coupling (SDAC). Therefore, trading of capacity on the Viking Link is based on 
explicit allocation, instead of implicit allocation. In the European electricity mar-
ket, explicit allocation refers to a specific method of handling transmission capacity 
on cross-border interconnections. In explicit auctions, the transmission capacity on 
an interconnector is auctioned separately and independently from the marketplaces 
where electrical energy is auctioned. This means that the capacity is allocated through 
dedicated auctions, distinct from the auctions for electricity itself. These auctions 
occur at different time horizons, including annual, monthly, and daily auctions.

1 Brexit refers to the withdrawal of the UK from the European Union.
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While explicit allocation is a stable approach, it is not very efficient from a societal 
perspective. It tends to result in unused capacity and can also result in the redistri-
bution of value from the interconnector owners (which in Denmark’s case are the 
consumers) to market participants. This makes it less attractive for consumers to con-
tribute to such large infrastructure investments. In fact, according to one particular 
author (Pindstrup, 2024), with explicit allocation on the Viking Link, approximately 
25–30% of the potential interconnector revenue is not realized to the benefit of 
consumers but is left with the market participants. 

Case Study—Nemo Link 
A similar explicit allocation mechanism is in place on the Nemo Link Limited inter-
connector. The Nemo Link is a 1000 MW HVDC submarine power cable between 
Belgium and the UK. It is a joint venture between Elia, the Belgian TSO, and the 
British company National Grid. The link has been fully operational since 2019. 

Initially, when the Great Britain bidding zone was still a part of the European 
Single Day-Ahead Coupling mechanism, implicit allocation would have been used. 
However, since the Great Britain bidding zone has been dissolved, the Nemo Link 
is now subject to explicit allocation. 

This provides an opportunity to compare the impact of implicit (2019 and 2020) 
and explicit allocation (2021–2023) on the Nemo Link based on 5 years of data. 
Using this data (Schoutteet, 2024), was able to highlight that the complexities of 
the explicit allocation process (which requires that capacity and energy are traded 
separately), resulted in inefficiencies. Whereas under the implicit mechanism in 2019 
and 2020, in operation before the Great Britain bidding zone was dissolved, reverse 
flows (or flows which go against the market spread i.e. from the higher priced to the 
lower-priced zone) only occurred 0.003% of the time. Post 2020, reverse flows were 
observed 17.2% of the time. This ultimately negatively affects consumers, not only 
from Great Britain but also from Belgium. 

2.3 How Does It All Work Together? 

As mentioned earlier, market coupling systems exist both in day-ahead trading 
and intraday markets. This section provides a very brief high-level description of 
day-ahead and intraday coupling. 

2.3.1 Single Day-Ahead Coupling 

The process for Single Day-Ahead Coupling consists of three phases: Pre-
coupling, coupling, and post-coupling. 

Pre-coupling: From several months in advance until gate closure: 
The NEMOs and TSOs use the processes and procedures defined in Sect. 2.4 

Terms, Conditions, and Methodologies (TCMs) below to generate the inputs
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(mainly cross-border capacity and constraints, and orders from market participants 
to the NEMOs to purchase and sell power) which feed into the coupling equations. 

The TSOs provide inputs for the capacity calculation process to the RCCs 
(Article 29(1) of the CACM Guideline). 

The RCCs then calculate cross-zonal capacity (Article 29(2)-(10) of the CACM 
Guideline) and send it to the TSOs for validation (Article 29(11) of the CACM 
Guideline). 

The TSOs validate the capacity calculation and send it to the other regional 
TSOs and the RCCs (Article 30(1) and (2) of the CACM Guideline), which in 
turn send the validated capacities and constraints to the NEMOs (Articles 30(3) 
and 46 of the CACM Guideline). 

The NEMOs receive the constraints and validated cross-zonal capacity (Articles 
39(1)(a) and (b) of the CACM Guideline) and publish them. They also receive the 
orders from market participants (Article 39 and 40 of the CACM Guideline). 

Coupling: Shortly after gate closure: 
The NEMOs, carrying out the role of MCO, take the inputs from the pre-

coupling phase (Article 47 of the CACM Guideline) and operate the EUPHEMIA 
market coupling algorithm (Article 48(1) of the CACM Guideline), determining 
cross-border transfers and prices and scheduled exchanges, and maximizing price 
convergence. 

Post-coupling: Once the prices and net positions have been determined: 
The MCO delivers the results to the NEMOs (i.e. information to allow them to 

determine the order status) (Article 48(1)(b) of the CACM Guideline) and deliver 
the clearing price and net position per bidding zone to the TSOs, RCCs, and 
NEMOs (Article 48(1)(a) of the CACM Guideline). 

The TSOs verify that the results correspond to the constraints and validated 
capacity (Articles 39(4) and 48(2) of the CACM Guideline). 

The NEMOs verify the results and deliver them to market participants (Article 
48(3) and (4) of the CACM Guideline). 

The CCPs clear and settle matched orders for their relevant markets (Article 
68(1) of the CACM Guideline). They also settle the net financial position between 
bidding zones and nominate scheduled exchanges to interconnectors (Article 68(3) 
of the CACM Guideline). 

The shipping agent may play a role, if appointed, to act as a counterparty CCP 
between CCPs for energy exchanges. The shipping agent also collects and delivers 
congestion income to TSOs (Article 68(6)-(8) of the CACM Guideline). 

The SDAC process is illustrated through examples in Sect. 2.6 below. 

2.3.2 Single Intraday Coupling 

SIDC follows similar principles and is summarized rather more briefly than SDAC 
below. 

The “XBID Program” started as a joint initiative by Power Exchanges (EPEX 
SPOT (including former APX and Belpex), GME, Nord Pool, and OMIE) and
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TSOs from 11 countries, to create a coupled integrated intraday cross-border mar-
ket. It was launched in 2018 with 10 local implementation projects which delivered 
continuous trading of electricity across Austria, Belgium, Denmark, Estonia, Fin-
land, France, Germany, Latvia, Lithuania, Norway, the Netherlands, Portugal, 
Spain, and Sweden. 

The XBID Platform has now been renamed as the Single Intraday Coupling 
(SIDC), designed to enable continuous cross-border trading across Europe. 

SIDC has many benefits, including that it:

• enables market participants to balance their positions up to one hour prior to 
delivery.

• reduces the need for reserves and associated costs while allowing enough time 
for carrying out system operation processes for ensuring system security.

• promotes competition.
• increases liquidity.
• makes it easier to share energy generation resources; and
• facilitates unexpected changes in consumption and outages. 

SIDC is based on a common IT system with a Single Order Book (SoB), a 
Capacity Management Module (CMM) and a Shipping Module (SM). This sys-
tem facilitates the continuous matching of orders from market participants from 
multiple Bidding Zones, provided that Cross-Zonal Capacity is available. 

Orders entered by market participants for continuous matching in one country 
can be matched by orders similarly submitted by market participants in any other 
country within the project’s reach as long as cross-zonal capacity is available. Both 
explicit (capacity only) and implicit (capacity and energy together) continuous 
trading is possible, and the solution is in line with the EU Target model for an 
integrated intraday market. 

When market participants of each NEMO submit orders, they are put together 
in one Shared Order Book (SOB). In a similar way, TSOs make available all the 
intraday cross-border capacities in the Capacity Management Module (CMM). 

This allows NEMOs to operate trading systems to show orders to market 
participants from other market participants in three groups:

• within the same NEMO;
• from other NEMOs in the same market area; and
• from other market areas if there is enough capacity available. 

The data from the SOB and the CMM is enhanced with data from:

• the relevant TSO;
• the Central Counter Party (CCP); and
• shipping agent data from the Shipping Module (SM).
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Fig. 2.2 Single Intraday Coupling process. Source ENTSO-E (2024a) 

This enhanced data is then sent to relevant parties such as the NEMOs and TSOs. 
The SIDC process according to ENTSO-E (2024a) is illustrated in Fig. 2.2. 

2.4 Terms, Conditions, and Methodologies (TCM) 

Since the TCMs for the CACM Guideline are built around market topics, the TSOs, 
as the main technical experts of the electricity markets, were appointed as the main 
drafters. In the case of the CACM Guideline, NEMOs are also under obligation to 
draft some of the TCMs. Once drafted, the TCMs are approved by the National 
Regulatory Authorities (NRAs) or ACER and eventually become binding on the 
TSOs and other addressed parties. 

Therefore, while the drafting and approval of TCMs is performed at a regional 
or EU-wide level, the implementation and monitoring of the implementation is 
done, firstly, at national level, creating a more decentralized market regulation 
approach. 

Depending on the particular provision of the CACM Guideline, either all EU 
TSOs or TSOs from a concerned region are required to cooperate and draft a 
methodology on a specific topic, by a certain deadline. Upon completion, the draft 
methodology must be submitted to either all NRAs or only to the NRAs from 
the concerned region, depending on the impact area of the topic dealt with in the 
methodology.
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NRAs must approve any submitted methodology with unanimity through 
the All/Regional NRAs Framework Agreement. Sometimes methodologies bear 
uneven distributive effects on the states involved, and NRAs might find it difficult 
to reach an agreement. In these situations, or at the joint request of the NRAs, 
ACER will be asked to issue a decision settling the matter (Florence School of 
Regulation, 2018). 

Over the years following the adoption of the CACM Guideline, the TSOs and 
NEMOs, in consultation with interested parties, developed a significant number 
of TCMs setting out the detailed rules for implementation of the Guideline. The 
TCMs have now been approved by national regulators and/or ACER, in some cases 
after significant revision and rewriting exercises. Some TCMs are fairly stable, 
others are subject to amendment. 

Relevant TCMs developed under the CACM Guideline for the purposes of 
market coupling include: 

1. An MCO plan, setting out how all NEMOs will jointly set-up and carry out 
the MCO functions (Article 7(3) of the CACM Guideline). 

2. Methodology establishing the requirements for the price coupling algorithm, 
the continuous trading matching algorithm and the intraday auction algorithm 
(Article 37 of the CACM Guideline). 

3. Terms and conditions for mandatory and optional products for SDAC and 
SIDC. Important to note that for each product type, the same attributes should 
be applied in all bidding zones. There should be no differentiation to ensure a 
fair market (Articles 40 and 53 of the CACM Guideline). 

4. Minimum and maximum clearing prices for SDAC and SIDC, which also 
includes mechanisms for adjusting automatically the maximum and the 
minimum clearing prices (Article 41 and 54 of the CACM Guideline). 

5. Methodology for a backup for MCO function, taking into account that there 
may be situations where the price coupling process is unable to produce results 
and therefore fallback solutions at a national and regional level will be required 
(Article 36 of the CACM Guideline). 

6. Terms and conditions for intraday cross-zonal gate opening and closure time. 
It is useful to note that the intraday cross-zonal gate closure time shall be 
set in such a way that it: (a) maximizes market participants’ opportunities for 
adjusting their balances by trading in the intraday market timeframe as close 
as possible to real time; and (b) provides TSOs and market participants with 
sufficient time for their scheduling and balancing processes to ensure network 
and operational security (Article 59 of the CACM Guideline). 

7. Methodology for intraday cross-zonal capacity pricing, which establishes the 
framework for determining the price of intraday cross-zonal capacity in the 
European electricity market (Article 55 of the CACM Guideline).
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8. Methodology for a day-ahead firmness deadline, which defines the deadline 
after which cross-zonal capacity for the day-ahead allocation becomes firm 
(Article 69 of the CACM Guideline). 

9. Methodologies for complementary regional auctions which allow for the 
implementation of complementary regional intraday auctions within or 
between bidding zones in addition to the single intraday coupling solution 
if they do not have an adverse impact on the single intraday coupling (Article 
63 of the CACM Guideline). 

10. Methodologies for fallback procedures for each capacity calculation region. 
All TSOs from each CCR develop fallback procedures in the event that 
the coupling process is unable to produce results (Article 44 of the CACM 
Guideline). 

11. Methodologies for the calculation of scheduled exchanges for SDAC and 
SIDC, which assist TSOs in the somewhat complex task of calculating sched-
ule exchanges for each market coupling process (Articles 43 and 56 of the 
CACM Guideline). 

12. Methodology for the distribution of congestion income, taking into account 
the general principles, goals, and other methodologies set out in the CACM 
Guideline (Article 73). 

13. Definition of capacity calculation regions (CCRs). Interesting to note that Arti-
cle 5(2) of Regulation (EU) 2019/942 introduced a new procedure for the 
approval of proposals for common TCMs where the CCRs proposal is now to 
be submitted directly to ACER (Article 15(1) of the CACM Guideline). 

14. Methodology on generation and load data provision, developed so that spe-
cific data from generators and load units can be provided for each capacity 
calculation timeframe (Article 16 of the CACM Guideline). 

15. Methodology on the development of the common grid model, taking into 
account the CACM Guideline and the System Operation Guideline (Article 
17). 

16. Methodologies on capacity calculation for the day-ahead and intraday market 
timeframes (Article 20 of the CACM Guideline). 

2.5 Timeframes 

Figure 2.3 provides an overview of different timeframes of the wholesale and 
balancing markets. In sequential order, energy can be traded year(s) before the 
delivery right up to the day after the actual delivery (for redispatching measures). 
Whereas in the day-ahead market energy is traded one day before real time, the 
intraday market enables market participants to correct their nominations on the 
delivery day itself (Amprion, 2024).
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Fig. 2.3 Overview of different timeframes of the wholesale and balancing markets. 
Source ENTSO-E (2022) 

2.6 Illustrative Examples 

The following three examples illustrate how market coupling operates. The section 
compares at a basic level uncoupled markets, coupled markets, and partially cou-
pled markets. Please note that Figs. 2.4, 2.5 and 2.6 are intended only to provide 
an illustration of the effect of market coupling and of changes in cross-border 
capacity on prices in connected markets. 

Fig. 2.4 Example of two uncoupled markets. Source Illustration by Peter Willis
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2.6.1 Uncoupled Markets 

Price curves PA1QA1 and PB1QB1 reflect purchase and sale orders within Market 
A and Market B, respectively, resulting in a price of e50/MWh in Market A and 
e95/MWh in Market B. 

Purchasing market participants in Market A pay e50 × 4000 = e200,000 to 
CCP A. CCP A pays e200,000 to selling market participants in Market A. 

Purchasing market participants in Market B pay e95 × 2000 = e190,000 to 
CCP B. CCP B pays e190,000 to selling market participants in Market B. 

2.6.2 Coupled Markets 

Fig. 2.5 Example of two coupled markets. 
Source Illustration by Peter Willis 

Cross-border interconnector capacity is 1000 MW. This is sufficient to allow 
the prices in Markets A and B to align. PA2 = PB2 = e80/MWh. The price in 
both markets is the same. 

Physical: CCP A acts as a shipper by nominating 1000 MW of exports from 
Market A to Market B to the interconnector. 

Financial (Article 68(3) of CACM Guideline): 
Purchasing market participants in Market B pay e80 × 3000 = e240,000 to 

CCP B. CCP B pays e80×2000 = e160,000 to selling market participants in 
Market B (the domestic production). CCP B pays e80×1000 = e80,000 to CCP 
A (for the 1000 MWh of imported production). 

Purchasing market participants in Market A pay e80 ×4000 = e320,000 
to CCP A. CCP A pays e80,000 + e320,000 = e400,000 to selling market 
participants in Market A.
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Fig. 2.6 Example of two partially coupled markets. Source Illustration by Peter Willis 

2.6.3 Partially Coupled Markets 

Interconnector capacity is restricted to 500 MW. The purchase curve in Market A 
and the sale curve in Market B move to reflect the available capacity. PA3 = e62/ 
MWh; PB3 = e87/MWh. 

Physical: CCP A nominates 500 MW of exports from Market A to Market B. 
Financial (Article 68(3) of CACM Guideline): 
Purchasing market participants in Market B pay e87 × 2500 = e217,500 to 

CCP B. CCP B pays e87×2000 = e174,000 to selling market participants in 
Market B. CCP B pays e62 × 500 = e31,000 to CCP A. 

Purchasing market participants in Market A pay e62 × 4000 = e248,000 to 
CCP A. CCP A pays e31,000 + e248,000 = e279,000 to selling market partic-
ipants in Market A (representing the total 4500 MWh produced, of which 4000 is 
used domestically and 500 exported). 

Congestion Income: CCP B pays (e87− e62)× 500 = e12,500 to intercon-
nector operator. 

Bibliography 

ACER. (2021). Capacity allocation and congestion management. Available at: https://documents. 
acer.europa.eu/en/Electricity/FG_and_network_codes/Pages/Capacity-allocation-and-conges 
tion-management.aspx [Accessed 07 May 2024]. 

ACER. (2022). ACER publishes its Final Assessment of the EU Wholesale Electricity Market 
Design. Available at: https://www.acer.europa.eu/events-and-engagement/news/press-release-
acer-publishes-its-final-assessment-eu-wholesale [Accessed 07 May 2024]. 

Baker, P., Hogan, M., & Kolokathis, C. (2018). Realising the benefits of European market integra-
tion. Regulatory Assistance Project. 

Booz & Co. (2013). Benefits of an integrated European energy market. 
ENTSO-E. (2022). ENTSO-E Market Report 2022. Available at https://ee-public-nc-downloads. 

azureedge.net/strapi-test-assets/strapi-assets/2022_ENTSO_E_Market_report_Web_836ec0 
a601.pdf [Accessed 07 May 2025] 

ENTSO-E. (2024a). Available at: https://www.entsoe.eu/network_codes/cacm/implementation/ 
sidc/ [Accessed 07 May 2024].

https://documents.acer.europa.eu/en/Electricity/FG_and_network_codes/Pages/Capacity-allocation-and-congestion-management.aspx
https://documents.acer.europa.eu/en/Electricity/FG_and_network_codes/Pages/Capacity-allocation-and-congestion-management.aspx
https://documents.acer.europa.eu/en/Electricity/FG_and_network_codes/Pages/Capacity-allocation-and-congestion-management.aspx
https://www.acer.europa.eu/events-and-engagement/news/press-release-acer-publishes-its-final-assessment-eu-wholesale
https://www.acer.europa.eu/events-and-engagement/news/press-release-acer-publishes-its-final-assessment-eu-wholesale
https://ee-public-nc-downloads.azureedge.net/strapi-test-assets/strapi-assets/2022_ENTSO_E_Market_report_Web_836ec0a601.pdf
https://ee-public-nc-downloads.azureedge.net/strapi-test-assets/strapi-assets/2022_ENTSO_E_Market_report_Web_836ec0a601.pdf
https://ee-public-nc-downloads.azureedge.net/strapi-test-assets/strapi-assets/2022_ENTSO_E_Market_report_Web_836ec0a601.pdf
https://www.entsoe.eu/network_codes/cacm/implementation/sidc/
https://www.entsoe.eu/network_codes/cacm/implementation/sidc/


2 Principles of Market Coupling 49

ENTSO-E. (2024b). Single Day-ahead Coupling (SDAC). Available at: https://www.entsoe.eu/net 
work_codes/cacm/implementation/sdac/ [Accessed 07 May 2024]. 

Florence School of Regulation. (2018). Implementation challenges: Terms, conditions and method-
ologies. Available at: https://fsr.eui.eu/implementation-challenges-i-terms-conditions-and-met 
hodologies/ [Accessed 07 May 2024]. 

Pindstrup, M. (2024). Opinion piece on Viking Link. LinkedIn. 
Schönheit, D., Kenis, M., Lorenz, L., Möst, D., Delarue, E., & Bruninx, K. (2021). Toward a 

fundamental understanding of flow-based market coupling for cross-border electricity trading. 
Advances in Applied Energy, 2, 100027 https://www.sciencedirect.com/science/article/pii/S26 
66792421000202 

Schoutteet, N. (2024). Opinion piece on NEMO Link. LinkedIn. 
Zachmann, G., et al. (2024). Unity in power, power in unity: Why the EU needs more integrated 

electricity markets. Bruegel.  

Peter Willis is a partner in Bird & Bird’s Competition & EU Law practice group based in London. 
Peter has over 30 years’ experience of providing solutions for businesses in highly regulated and 
technically complex markets. He has an in-depth understanding of the interaction between com-
petition rules and the complex technical, commercial, and regulatory arrangements governing the 
operation of energy networks and markets. He has experience of implementing Network Codes 
and Guidelines in the energy sector, and of challenging decisions of regulators. He has assisted 
clients to develop market rules and arrangements in a range of electricity markets, including 
capacity markets, forward markets, day-ahead, intraday, and balancing markets. He is well-known 
for his expertise on REMIT, and has advised on a number of investigations around Europe. His 
work also involves advising on disputes between businesses in which competition and regulatory 
issues arise, including competition follow-on damages claims. As well as authoring books and 
articles on EU and UK competition law, he is a regular contributor on competition and energy 
regulatory issues in the media and at conferences around Europe. 

Louise Anderson currently works with Hitachi Energy as an Assistant Vice President in the 
Government and Institutional Relations department. Previously, Louise spent 5 years managing 
the World Economic Forum’s Electricity Industry Community, while also launching the WEF’s 
global initiative on Accelerating Industrial Clusters. Louise started her career working in a power 
plant before moving to work for EirGrid, Ireland’s Transmission System Operator, managing 
high voltage asset outage planning until 2014. Louise also spent some time in Belgium working 
for ENTSO-E on different aspects of the implementation of the CACM Guideline. Louise has a 
bachelor’s degree in Mechatronics and an MBA specializing in International Business. 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made. 

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.

https://www.entsoe.eu/network_codes/cacm/implementation/sdac/
https://www.entsoe.eu/network_codes/cacm/implementation/sdac/
https://fsr.eui.eu/implementation-challenges-i-terms-conditions-and-methodologies/
https://fsr.eui.eu/implementation-challenges-i-terms-conditions-and-methodologies/
https://www.sciencedirect.com/science/article/pii/S2666792421000202
https://www.sciencedirect.com/science/article/pii/S2666792421000202
http://creativecommons.org/licenses/by/4.0/


Part II 

Operations and Algorithms of Market 
Coupling



3Capacity Calculation 

Reinhard Kaisinger and Iacopo Bertelli 

Abstract 

Chapters 1 and 2 laid out the framework and guiding principles of the Euro-
pean electricity market. In this chapter, the basics of capacity calculation are 
discussed, i.e. how to determine how much (cross-zonal) transmission capac-
ity is available for commercial exchanges. The geographical organization of 
the European Union into capacity calculation regions (CCRs) is discussed, and 
the succession of timeframes over which capacity is calculated. The capacity 
calculation process is described in detail: the inputs required, actors involved, 
and the different methodologies of capacity calculation used/applied in Europe. 
Then, the day-ahead capacity calculation methodology applied in Core CCR 
is explained through several important steps and concepts: non-costly reme-
dial action optimization, individual validations, allocation constraints, evolved 
flow-based, advanced hybrid coupling. Finally, the future evolution of capacity 
calculation in Europe is explored. 

3.1 Basic Principles of Capacity Calculation 

As explained in Chap. 1, the amount of power that can be traded between bid-
ding zones depends on the transmission capacity made available for cross-zonal 
exchanges. Cross-zonal capacity calculation is the process of determining cross-
zonal capacities for market time units (MTUs) in the future. As market outcomes
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are not known, the process of computing cross-zonal capacities is based on 
forecasts of the market outcome, grid topology, generation, and load. 

Capacity calculation is one of several available measures for congestion 
management. Other measures available to TSOs include: 

• Short-term: Application of remedial actions (including redispatch and coun-
tertrade—both of which might be used in conjunction with the cross-zonal 
capacity calculation) 

• Long-term: Adaptation of the bidding zone configuration (ideally, to reflect 
structural congestion) 

• Long-term: Development of the network (reinforcing existing network elements 
and building new ones). 

The capacity calculation process takes place in the environment provided by the 
grid, the bidding zone configuration, and the CCR determination (ACER, 2024). 

In the context of this chapter, “capacities” are referred to as “cross-zonal capac-
ities” rather than “cross-border capacities”. This highlights that even in countries 
(or control areas) with multiple bidding zones, the same set of processes will apply 
for capacity calculation. 

Furthermore, an “oriented bidding zone border” refers to a bidding zone border 
with a defined direction (e.g. A to B, but not B to A). In contrast, a “bidding zone 
border” is generally not oriented (i.e. A to B or B to A refer to the same bidding 
zone border). 

“Net position” refers to a bidding zone’s netted import and/or export (commonly 
assumed to be negative when a bidding zone imports and positive when a bidding 
zone exports). 

This chapter focuses on the provision of cross-zonal capacities by TSOs and 
RCCs that serve as boundaries for the market coupling algorithm, as illustrated in 
Fig. 3.1.

3.1.1 Geographic Organization 

As noted by European Commission (2015) in the CACM Guideline (see Chap. 1) 
requires that cross-zonal capacities are computed in a coordinated way based on a 
common set of assumptions. The groups within which TSOs cooperate to compute 
cross-zonal capacities in a coordinated manner are called “Capacity Calculation 
Regions” (CCRs). These CCRs are defined as sets of bidding zone borders (note: 
not as bidding zones or TSO control areas). Hence, one bidding zone or TSO can 
be a member of several CCRs, while each bidding zone border is associated with 
only one CCR. 

As an example (see Fig. 3.2), Poland is a member of three CCRs—Core, Baltic, 
Hansa—while each bidding zone border is attributed to only one CCR (PL—DE/ 
LU, PL-CZ, PL-SK to Core, PL-SE4 to Hansa, PL-LT to Baltic).
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Fig. 3.1 Organization of the European electricity markets. Source Author’s own illustration based 
on CACM Guideline

Ideally, CCRs are set-up and defined such that there is no significant impact 
from one CCR on another in terms of commercial exchanges. This, however, 
proves to be a challenge, especially in the heavily meshed Continental European 
power system. 

Bidding zone borders involving (at least one) non-EU TSOs are not attributed 
to any CCR (e.g. bidding zone borders of Switzerland and West Balkan countries). 
The only exceptions are the Norwegian bidding zone borders after ACER decision 
08/2023.1 

Since Brexit, the former CCRs “Channel” and “Ireland and United Kingdom” 
were dissolved. Consequently, the SEM bidding zone (comprising the TSOs Eir-
Grid in the Republic of Ireland and SONI in Northern Ireland) was not attributed 
to any CCR. However, the Celtic Interconnector, a HVDC interconnector, which is 
being constructed between Ireland and France and is expected to be operational by 
the end of 2026, will create a new bidding zone border between France and Ireland 
(FR-SEM). In 2023, all TSOs publicly consulted an amendment to the CCR con-
figuration in light of the Celtic Interconnector, assigning FR-SEM to Core CCR. 
ACER approved this amendment on 19/03/2024 with decision 04/2024. 

Additionally, this decision establishes the new Central Europe (CE) CCR as 
the merger between the CCRs Core and Italy North, with the initial delivery of a 
day-ahead capacity calculation methodology (DA CCM). 

The current CCR configuration, based on the latest ACER Decision on CCRs, 
is shown in Fig. 3.2. 

Each CCR has established governance and working structures for developing, 
implementing, and operating the cross-zonal capacity calculation methodologies

1 Note that while Norway is not an EU Member State, it is a member of the European Economic 
Area (EEA). 
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Fig. 3.2 Capacity Calculation Regions. Each bidding zone border is attributed to exactly one 
CCR. Each CCR is composed of all the bidding zone borders of the same colour. Source Author’s 
own illustration based on ACER decision 04/2024 on CCR determination

and processes (a few examples can be found in Sect. 3.2). Some CCRs have 
established special points of contact for engaging with stakeholders. CCR-specific 
information can be found on the (ENTSO-E) website and the (JAO) website. 
ENTSO-E also publishes an interactive Capacity Calculation Regions map. 

3.1.2 Timeframes 

Cross-zonal capacity calculation is performed for all timeframes for which alloca-
tion of cross-zonal capacity is performed: Year-ahead (once per year), month-ahead
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(once per month), day-ahead (daily), intraday (one to three times per day), and 
balancing (at least daily). 

While day-ahead and intraday cross-zonal capacity calculation are based on 
common grid models (as also described in Chap. 5) that include forecasts (also 
referred to as “scenario-based approach”), long-term cross-zonal capacity calcula-
tion may be performed on a statistical basis (i.e. without determining cross-zonal 
capacities using a common grid model as a basis). Day-ahead and intraday 
cross-zonal capacity calculation processes are relevant in market coupling. 

The day-ahead capacity calculation process typically starts in the evening two 
days before delivery time and ends in the late morning one day before delivery 
(hence the name day-ahead). The intraday cross-zonal capacity calculation process 
may run several times one-day-ahead of delivery and/or during the day of delivery. 

Regardless of timeframes, cross-zonal capacities are to be provided at Market 
Time Unit (MTU)-granularity. The MTU granularity for day-ahead and intraday 
capacity calculation is currently 60 min. Note, however, that the cross-zonal com-
putation process itself (i.e. the computations) may run on a different granularity 
than the granularity of cross-zonal capacity allocation (e.g. capacity allocation 
might run on 15-min granularity, while cross-zonal capacities are computed on 
60-min granularity). 

The Transparency Regulation (European Commission, 2013) requires the day-
ahead cross-zonal capacities to be published at the latest one hour before SDAC 
(that is, at 11:00 CET D-1, coinciding with the day-ahead firmness deadline2 ). 
Intraday cross-zonal capacities must be published 15 min before SIDC gate 
opening time at the latest. 

3.1.3 Inputs to the Capacity Calculation Process 

Executing the cross-zonal capacity calculation process requires (Fig. 3.3):

1. a methodology and process to be followed. 
2. relevant input data (typically provided by the TSOs of a given CCR). 

The CACM Guideline lists several inputs that the capacity calculation methodolo-
gies shall address and detail further:

• Individual grid models (IGMs): 
– Network models are essential in a scenario-based capacity calculation pro-

cess. TSOs provide IGMs for different timeframes, and for the sake of 
capacity calculation, these IGMs always contain a forecast of the expected 
market outcome (not a fully realized market result). The market outcome 
might be expressed as (a set of) net positions and/or reference exchanges.

2 The approved day-ahead firmness deadline can be found at ENTSO-E (2015). 
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Fig. 3.3 Inputs to cross-zonal capacity calculation.3 Source Author’s own illustration based on 
CACM Guideline, Article 21

Some CCRs use a common forecast, while others rely on the forecasts of 
individual TSOs.

– IGMs reflect a forecast of the grid topology, power generation, and con-
sumption within the TSO’s control area, and flow on HVDC interconnectors. 
These IGMs are then merged into a common grid models. 

• Critical Network Elements (CNEs) under N-1 Contingency (CNECs) 
– Previously referred to as Critical Branches and Critical Outages (CBCOs), 

CNEs and CNECs can constitute transmission lines (both overhead and 
underground), transformers and HVDC equipment, such as HVDC lines or 
back-to-back converters. They are provided with some basic characteristics, 
such as rated voltage level(s) and the maximum permissible current (which 
can be dynamic and vary over time, e.g. in the case of dynamic line rating). 
Within a flow-based approach for capacity calculation (Sect. 6.4), CNECs 
are typically defined via a name (one per direction of power flow), thermal

3 CNECs are Critical Network Elements (CNEs) under N-1 Contingency as explained further 
down. GLSKs are Generation and Load Shift Keys as explained further down. 
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current or power flow limit (Imax / Fmax), and flow reliability margin (FRM, 
see next point). 

• Reliability margin (RM) 
– To cater for forecast errors, due to issues such as the linear and simpli-

fied nature of capacity calculation processes and activations in the balancing 
timeframe, the available (thermal) capacity may be reduced by a reliabil-
ity margin (RM). In the various capacity calculation methodologies, RMs 
might be referred to as flow reliability margin (FRM), total reliability margin 
(TRM), or similar. 

• Generation and Load Shift Keys (GLSKs) 
– GLSKs are used to “transpose” a quasi-nodal power system to a single net 

position of a bidding zone. GLSKs are a list of factors that translate a change 
in net position (e.g. increased import or export) to the nodal injections or 
withdrawals. For example, if a given net position changes by 100 MW, the 
GLSK “maps” these 100 MW to individual nodes in the grid supplying/ 
withdrawing this additional power (see Fig. 3.4). The sum of the GLSK 
factors in each bidding zone is equal to 1. It is worth noting that GLSKs 
themselves do not consider minimum and maximum generation or load lim-
its of generators or loads. Additionally, there is only one GLSK per MTU 
and bidding zone, regardless of how large the shifts in net positions are. 
Since GLSKs are linear (their factors remain static), the approximate shifts 
in net positions are most accurate around the reference point for which they 
were created, but less accurate with large net position shifts far away from 
the reference point.

• Remedial Actions (RAs) 
– This input refers to actions that TSOs can take to redirect power flows in the 

grid. As their naming suggests, RAs are deployed to alleviate congestion on 
network elements. In cross-zonal capacity calculation, the (coordinated) use 
of remedial actions is expected to increase cross-zonal capacities. 

– Remedial actions may include topological measures (e.g. opening and clos-
ing bus-bar couplers), tapping of phase-shifting transformers, or redispatch 
(orders to individual power plants or loads to increase or decrease power 
infeed or withdrawal). Where applicable, the list of remedial actions might 
be complemented by countertrading. While topological measures and PST 
(Phase Shifting Transformer) tapping are generally considered non-costly 
remedial actions, redispatch, and countertrading are regarded as costly 
remedial actions. 

– It should be noted, however, that remedial actions are not actually dispatched 
or deployed at the cross-zonal capacity calculation stage; this happens at a 
later stage when market results are available and firm, and consequently, the 
actual state of the grid (in terms of power flows and potential overloads) can 
be assessed.

• Allocation Constraints 
– Allocation constraints are additional constraints used when operational secu-

rity limits cannot be effectively translated into maximum flows on CNE(C)s.



60 R. Kaisinger and I. Bertelli

Fig. 3.4 A Individual grid models of three bidding zones A, B, and C. B Generation and Load 
Shift Key, showing the contribution of three nodes to a net position increase of 100 MW in Zone 
A. Source Based on author’s own illustration
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Such constraints are to be respected during cross-zonal capacity allocation 
to maintain the transmission system within operational security limits.

– The term “allocation constraint” is an umbrella for different designs of such 
constraints. Two common types of allocation constraints are limitations on 
net positions and ramping constraints for HVDC interconnectors. Net Posi-
tion Constraints are used to limit the maximum import and/or export of a 
certain bidding zone. This limitation can be applicable on either the SDAC 
level (i.e. a limitation of the overall net position during cross-zonal capac-
ity allocation) or CCR level (i.e. a limitation of the “regional” net position 
within a certain CCR, e.g. in a CCR applying flow-based capacity calculation 
and allocation). Ramping constraints provide a maximum gradient for how 
much power flows on HVDC interconnectors can change from one MTU to 
the next. As cross-zonal capacity calculation is commonly carried out for 
each MTU separately without considering preceding or succeeding MTUs, 
such dedicated ramping constraints are provided as a separate input to the 
market coupling algorithm, in which consecutive MTUs are coupled. 

The above-listed inputs are each to be provided by TSOs. The Coordinated Capac-
ity Calculator (CCC) then combines these inputs and creates “merged” versions 
containing the inputs of all individual TSOs. The CCC might further receive infor-
mation on previously allocated capacity (e.g. from long-term allocation) and/or 
individual grid models from TSOs not part of a given CCR. 

3.1.4 Performing Cross-Zonal Capacity Calculation 

Generally, when using a scenario-based approach, the process for cross-zonal 
capacity calculation consists of the following steps (see Fig. 3.5):

1. Input provision: Provide individual grid model and other input data (see 
Sect. 3.1.3) for capacity calculation. 

2. Merging of inputs: Merge individual grid models into a common grid model 
and merge individual TSO inputs to CCR-wide inputs. 

3. Capacity calculation: Compute cross-zonal capacities based on CCR and time 
frame-specific methodology and perform intermediate steps (e.g. optimization 
of remedial actions, measures to ensure minimum capacities, etc.). 

4. Validation of cross-zonal capacities: Each TSO has the right to validate and 
potentially adjust cross-zonal capacities. 

5. Re-calculation of capacities: As a result of the validation step, cross-zonal 
capacities might have to be re-computed or adjusted. Furthermore, if appli-
cable, previously allocated capacities (e.g. long-term nominations, cross-zonal 
capacity allocated for exchanging balancing capacity) are considered. 

6. Publication of results and provision to market coupling.
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Fig. 3.5 High-level steps in the capacity calculation process. Source Author’s own illustration 
based on CACM Guideline,  Article 21
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Steps 2), 3), 5), and 6) are performed by the Coordinated Capacity Calculator, 
while steps 1) and 4) are carried out by individual TSOs. 

3.1.5 (Coordinated) Net Transfer Capacity Calculation 

The coordinated net transfer capacity (cNTC) approach yields cross-zonal capac-
ities as NTC (or Available Transfer Capacity (ATC)) values per oriented bidding 
zone borders. That is one value for one direction and another for the opposite 
direction (Fig. 3.6). 

In its simplest (and uncoordinated) form, NTCs are computed by each TSO 
individually before these NTCs are shared with adjacent TSOs. Then, the lower 
value stemming from either TSO on a given oriented bidding zone border is pro-
vided to market coupling. The disadvantage of this approach is that TSOs do not 
mutually share information on the assumptions taken when computing NTCs and 
do not coordinate. As a result, NTC levels can be very conservative (and low). 

To overcome this drawback, the cNTC approach is based on a common grid 
model (which is, in turn, based on each TSO’s individual grid model). This com-
mon grid model serves as an aligned starting point, based on which NTCs are 
computed. The maximum NTC level is reached when (at least) one critical net-
work element is fully loaded. The (coordinated) application of remedial actions 
may accompany this approach to increase capacities further. The result is the “NTC 
domain” (i.e. maximum cross-zonal capacities per oriented bidding zone border).

Fig. 3.6 Example of NTC domain. Source Based on author’s own illustration 
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Even with cNTC, TSOs consciously decide how much cross-zonal capacity 
is offered on one oriented bidding zone border versus another (or several other) 
oriented bidding zone border(s). This decision or choice is particularly relevant 
for (highly) meshed grid topology, where cross-zonal exchanges on a number of 
bidding zone borders have an impact on grid elements. Hence, such an approach is 
sensible in power systems with a radial grid structure (e.g. Italian peninsula) and 
less suited for meshed power grids (e.g. Central Europe). 

The cNTC approach typically favours one (or a few) expected market direc-
tion(s) (generally referred to as “corner(s)”). The capacity calculation process is 
designed to increase cross-zonal capacities for this one (or few) corner(s) and other 
market directions, which may not be analysed explicitly. 

3.1.6 Flow-Based Capacity Calculation 

The flow-based approach allows for a more detailed representation of the grid in 
both the capacity calculation and allocation stage, as it considers several individual 
grid elements rather than bidding zone borders. As opposed to the cNTC approach, 
cross-zonal capacities are not determined per oriented bidding zone borders but are 
described via the flow-based domain. This flow-based domain is a (large) matrix 
depicting the “solution space”, as shown in Fig. 3.7, within which the market 
can clear. Consequently, cross-zonal capacities are not specific to exchanges on 
oriented bidding zone borders but to a whole “region”.

The flow-based domain is essentially a list of CNEs and CNECs characterized 
by two main components: 

Remaining Available Margin (RAM): The RAM is the amount of transmis-
sion capacity (in MW) that is available on a given CNE (or CNEC) and a 
given direction for the market to allocate. Note that even though the conven-
tion “remaining available margin” might imply something that is left over, the 
RAM is the quantity to be maximized during flow-based capacity calculation. 
The RAM is determined by shifting the common grid model from its assumed 
forecast to a “zero-balance” state. In this state, the assumption is that no (com-
mercial) exchanges take place between bidding zones (i.e. the net position of 
bidding zones is equal to zero). The RAM is then computed based on how 
much margin is available on CNEs (and CNECs) in the zero-balance state. 
Power Transfer Distribution Factors (PTDFs): PTDFs are the sensitivities of 
individual CNEs (and CNECs) to changes in bidding zone net positions. A 
single PTDF value describes how much a CNE (or CNEC)’s loading changes 
when a given bidding zone exports (or imports) one extra MW. 

Different kinds of PTDFs can be defined (as shown in Fig. 3.8).
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Fig. 3.7 Example of two dimensional projection of a flow-based domain. Source Based on 
author’s own illustration

Fig. 3.8 Power Transfer 
Distribution Factors. A 
Zone-to-slack PTDF. B 
Zone-to-zone PTDF matrix. 
The column A→ B is  
obtained by subtracting 
column B from column A of 
the z2s PTDF. Source Based 
on author’s own illustration 

The zone-to-slack4 (z2s) PTDF describes how the change in Net Position in a 
bidding zone results in flows on certain CNECs. Because of the model’s linearity, 
the effect of a flow change between two bidding zones is the difference of the

4 The slack node is the reference point for PTDFs relative to a slack (e.g. node-to-slack or zone-to-
slack PTDFs). The slack node is a necessary mathematical construct, but the choice of slack does 
not influence the result. All PTDFs for the slack itself are zero (flow from slack to slack). 



66 R. Kaisinger and I. Bertelli

effects of the flow changes between each of the zones and the slack node. This 
can be represented as a matrix composed of one column per bidding zone and one 
row per CNEC. In flow-based market coupling, zone-to-slack PTDFs are provided 
to the market coupling algorithm. 

If BZ A exports an extra 100 MW to BZ B, on which CNECs will this power 
flow? Subtracting the column corresponding to BZ B from the column representing 
BZ A will give us a new column showing the answer to this question. This column 
is called zone-to-zone (z2z) PTDF, describing which CNEC’s power flows are 
caused by an exchange between two bidding zones. 

How is the zone-to-slack PTDF obtained? The starting point is the Grid Model, 
composed of its nodes, transmission elements, generators, and loads. The Genera-
tion and Load Shift Keys (GLSKs) relate a change at the nodal level to the overall 
change in Net Position. Therefore, the zone-to-slack PTDF can be obtained from 
the node-to-slack (n2s) PTDF using the GLSKs (technically, the z2s matrix is 
obtained from the inner product of the n2s matrix with the GLSK matrix). The 
node-to-slack PTDF describes how a change in generation/load at a certain node 
translates to flows on certain CNECs. 

The flow-based domain holds one row for each CNE (or CNEC), one PTDF 
column per bidding zone, and one column for the RAM. The number of dimensions 
of a flow-based domain is given by the number of bidding zones encompassing a 
CCR. Note that the number of dimensions can be reduced by one because the sum 
of all net positions within a given CCR must equal zero. 

The flow-based approach is especially beneficial in highly meshed power sys-
tems. In a cNTC approach, TSOs must split cross-zonal capacities between highly 
mutually impacted oriented bidding zone borders. In flow-based allocation, “the 
market” decides where the capacity is allocated. 

Chapter 16 provides more information on the transparency of the relevant 
methodologies, processes, and input and output data. 

3.1.7 Ever-Evolving Capacity Calculation Methodologies 

With the first round of approved capacity calculation methodologies (CCMs), 
things have not come to a halt. During the implementation of the CCMs, 
inconsistencies, and other issues were identified that constituted hurdles for 
implementation. In some cases, TSOs requested amendments to the CCMs and 
submitted them to NRAs for approval. So far, amendments to CCMs have been 
approved in several CCRs already—and this is going to continue. 

Another aspect many CCMs had to incorporate after their first approval was 
the requirements of the 70% min MACZT rule (European Commission, 2019) 
and (ACER, 2023). By mid-2019, when the Clean Energy Package entered into 
force, many CCMs had already been approved. Catering to this new rule meant 
requesting an amendment.
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Further changes are already on the horizon. With ACER’s proposal for a 
“CACM 2.0”, the 70% rule might also apply in the intraday timeframe. Reconfigu-
ration of CCRs or bidding zones and new (HVDC) interconnectors call for further 
improvements, and the integration of new features into the CCMs means that there 
will not be a “steady state” situation. 

3.2 Illustrative Examples from Day-Ahead Capacity 
Calculation in Core CCR  

In June 2022, the Core Day-ahead flow-based capacity calculation process went 
live. At the time of writing, this is the only flow-based process in operation, with 
intraday flow-based capacity in Core CCR and day-ahead flow-based capacity cal-
culation in Nordic CCR expected to go-live soon. See Chap. 11 for a first analysis 
of the results after Core FBMC go-live and Chap. 12 for specific information on 
the Nordic flow-based implementation. 

Figure 3.9 provides an overview of the steps of the Core Day-ahead flow-based 
capacity calculation process, which are further described below. 

1. Input File Delivery 
• Each TSO delivers to the Core Capacity Calculation tool (CCCt) a series of 

input files: 
– Day-2 individual grid models (one per hour) 
– Generation and Load Shift Keys (GLSKs) 
– List of Critical Network Elements and N-1 Contingencies (CNECs) 

including FRM 
– Available non-costly remedial actions (RA) 
– External Constraints or allocation constraints on the maximum import 

and/or export net position 
• Other inputs are: 

– Long-Term Allocations (LTAs) are provided by JAO, resulting from 
long-term allocated cross-zonal capacities in the yearly and monthly LT 
auctions. 

– Long-Term Nominations (LTNs) are provided by JAO for BZBs with 
Physical Transmission Rights (PTRs) (as of the end of 2023, used only 
on HR-SI Croatia—Slovenia) 

– Additionally, the CCC obtains the Day-1 individual grid models from 
TSOs, not in Core CCR and the Continental European synchronous area.

Fig. 3.9 Steps of the flow-based day-ahead capacity calculation process in Core CCR. Source 
Author’s own illustration based on ENTSO-E website 
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2. Merging and Data Quality Check 
• The CCC checks the IGM data for quality. Afterwards, the IGMs are aligned 

and merged into one CGM (Common Grid Model). Then, CCCt performs 
quality checks of the other TSO inputs (GLSKs, CNECs, RAs, etc.) 

3. Initial FB computation and CNEC selection 
• The CCCt computes the initial flow-based parameters (PTDF and RAM for 

each CNEC). Then, a CNEC selection is performed (per timestamp), remov-
ing any CNEC with zone-to-zone PTDF lower than 5%5 on any exchange 
combination within Core CCR. This means all CNECs not significantly 
affected by cross-zonal exchanges between any two bidding zones within 
Core are removed from the computation. Approximately 60,000 CNECs are 
typically provided, of which 15,000 CNECs have PTDF above 5% and are, 
thus, selected. 

4. Non-costly Remedial Action Optimization 
• The CCCt tries to enlarge the flow-based domain by coordinating and 

optimizing the use of non-costly remedial actions (see 3.1.3 for details). 
5. Intermediate FB computation 

• The CCCt computes the intermediate flow-based parameters, now including 
the selected remedial actions. Additionally, it modifies the previous cal-
culation to (attempt to) satisfy requirements regarding minimum levels of 
cross-zonal capacities. 

• If needed, the RAM is increased by the Adjustment for Minimum RAM 
(AMR) to meet the requirement of: 
– 20% of Fmax for exchanges within Core CCR (‘20% minRAM’) 
– 70% of Fmax for cross-zonal exchanges (both within and outside Core 

CCR) (‘70% minMACZT’). 
– Note: This second requirement effectively implements the considera-

tion of the 70% rule as introduced by Regulation 2019/943 (Regulation 
(EU) 2019/943 of the European Parliament and of the Council of 5 June 
2019 on the internal market for electricity) 

6. Validations 
• The TSOs can validate and, if needed, correct calculated cross-zonal capac-

ities to ensure the grid’s operational security. Before reducing cross-zonal 
capacities, all available remedial actions must be used. 

• At the time of writing, the validation step is performed by TSOs individ-
ually or in consortia. A coordinated validation approach is expected to be 
implemented in the coming years 

7. Pre-final FB computation 
• If validation adjustments have been applied during the previous step, 

the CCCt computes the FB domain again. Otherwise, the result of the 
intermediate FB computation is retained.

5 A CNE(C) satisfying a maximum for zone-to-zone PTDF 5% is considered significantly influ-
enced by cross-zonal exchanges. 
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Fig. 3.10 Non-costly remedial action optimization. By applying Remedial Actions (RA), the 
flow-based domain is enlarged by increasing the RAM on certain CNECs and reducing it on others. 
Source Based on authors’ own illustration 

8. Final FB computation 
• Upon receipt of both long-term allocated capacities (LTAs) from year-ahead 

and month-ahead allocation and long-term nominations (LTNs), the final 
flow-based parameters are computed. The flow-based and LTA domains are 
shifted to LTN (i.e. to account for already allocated cross-zonal capacity). 

9. Publication & DA Market Coupling (SDAC) 
• The final FB and LTA domains are published on the JAO publication tool 

and provided to SDAC. The SDAC market coupling algorithm uses the Core 
flow-based domain, LTAs and allocation constraints when performing market 
coupling. 

3.2.1 Non-costly Remedial Action Optimization 

After the initial computation of cross-zonal capacities based on forecasts, the Core 
Capacity Calculation tool tries to enlarge the flow-based domain by attempting 
to increase the RAM on the CNEC(s) with lowest relative RAM, then repeating 
the process until the RAM cannot be increased further on any CNEC (Fig. 3.10). 
This is done by coordinating non-costly remedial actions (such as tapping phase-
shifting transformers or applying topological remedial actions). This process is 
further constrained by monitored network elements that cannot be loaded further 
and a loop-flow threshold.6 

Both RCCs (Coreso and TSCNet) perform the non-costly remedial action opti-
mization (NRAO) separately, using different algorithms. The best result per MTU 
is selected and used in the subsequent computation steps.

6 The loop-flow threshold is defined in Article 16 of the Core DA CCM (ENTSO-E, 2024). 
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3.2.2 Validations in Core CCR 

After the intermediate computation of the flow-based domain, each Core TSO has 
the right to validate it. If overloads persist despite the use of all available remedial 
actions, a Core TSO may reduce the RAM on CNECs in its control area/bidding 
zone to ensure operational security. 

At the time of writing, there is no single way of assessing grid secu-
rity. Each TSO (or consortia of TSOs) has developed its own methodology. 
These methodologies describe how Core TSOs individually validate cross-zonal 
capacities. 

Reductions of cross-zonal capacities as individual validation adjustments (IVAs) 
can be applied in case of: 

• Exceptional contingency or forced outages. 
• When all costly and non-costly remedial actions are not sufficient to ensure that 

operational security limits are respected. 
• Mistakes in input data resulting in overestimation of cross-zonal capacities. 
• Potential need to cover reactive flows. 

The size of the IVAs and the frequency with which they are used differ between 
TSOs. Figure 3.11 shows applied IVAs relative to Fmax for Core in 2022. 

Fig. 3.11 Use of Individual Validation Adjustments by Core TSOs between June and December 
2022. Source Author’s own illustration based on ACER Monitoring Report 2023
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3.2.3 Evolved Flow-Based in Core CCR 

In recent years, high-voltage direct current (HVDC) interconnectors have been 
used more frequently as subsea connections between regions (e.g. Germany to Nor-
way) and to connect asynchronous AC grids (e.g. Continental Europe and Nordic). 
An example of an HVDC interconnector between two bidding zones within Core 
is ALEGrO, connecting Belgium and Germany, commissioned in 2020. 

The flow-based approach inherently considers that changing the power flow on 
one network element in a synchronous AC network results in the modification of 
flows in the whole grid (progressively smaller changes for lines further away). On 
the other hand, an HVDC interconnector is not part of an AC network, as it is 
connected to two AC/DC converter stations. Because of this, the power flow on an 
HVDC line must be set explicitly. 

The Evolved Flow-Based (EFB) approach is one way to include these character-
istics into the flow-based process. This approach essentially builds on modelling 
the two converter stations as two virtual bidding zones, such that they work as 
Bidding Zones for the capacity calculation and allocation algorithms (i.e. two addi-
tional columns in the zone-to-slack PTDF matrix). Note, however, that no market 
bids can be placed in the virtual bidding zones. 

An exchange from zone A to zone B over an HVDC interconnector is expressed 
as a trade from A to the virtual hub representing the sending end of the HVDC 
interconnector plus a trade from the virtual hub representing the receiving end 
of the interconnector to zone B. In the case of ALEGrO, a trade from Belgium 
to Germany is modelled as BE →AL_BE + AL_BE →AL_DE + AL_DE→ DE 
(with the bidding zones containing “AL” being the virtual bidding zones). 

The combined net positions of the two virtual bidding zones must be equal 
to zero, such that the net positions of the two virtual bidding zones have equal 
magnitude and opposite sign. 

EFB is included in market coupling by sending the virtual bidding zones to the 
SDAC algorithm and setting the transmission capacity between the virtual bidding 
zone and the actual bidding zone to the physical capacity of the interconnector. 
If needed, losses (both at the AC/DC converter stations and on the interconnector 
itself) are considered during market coupling, while they are ignored during capac-
ity calculation. Similarly, ramping constraints (i.e. the maximum change in power 
flow between consecutive MTUs) are communicated to SDAC but disregarded 
during capacity calculation. 

3.2.4 Advanced Hybrid Coupling in Core CCR 

In cross-zonal capacity calculation, exchanges on bidding zone borders not 
attributed to the CCR in question but in the same synchronous area (so-called 
“external bidding zone borders”) need to be modelled to account for the impact of 
these exchanges on the cross-zonal capacities within the CCR in question. There 
are two common modelling approaches:
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Standard hybrid coupling (SHC) entails including the forecasted exchanges 
with external bidding zones as fixed inputs (as generators/loads for the fore-
casted imports/exports). This approach is currently implemented in the Core 
day-ahead flow-based capacity calculation process. 
Advanced hybrid coupling (AHC) goes one step further. This approach treats 
the external Core bidding zone borders similarly to internal ones. The converter 
station at the Core-end of an HVDC interconnector is modelled as a virtual bid-
ding zone. The net position of this virtual bidding zone represents the flow over 
the interconnector. The flow-based capacity calculation and allocation processes 
include the virtual bidding zone. Note that for external bidding zone borders, 
two (independently computed) sets of cross-zonal capacities are provided to 
SDAC: First, the cross-zonal capacities from the “native” CCR of the external 
bidding zone border (e.g. for NL-DK1 this would be Hansa CCR, providing 
NTCs), Second, the extended flow-based domain with PTDFs for every CNECs 
for the virtual bidding zone (e.g. for NL-DK1, the virtual bidding zone in the 
Netherlands in case of Core flow-based or the virtual bidding zone in DK1 in 
case of Nordic flow-based). Note that AHC only works for bidding zone borders 
for which cross-zonal capacity calculation is performed in SDAC. For example, 
AHC is not an option for HVDC interconnectors between Continental Europe 
and Great Britain, as Great Britain is no longer coupled with SDAC. 

3.2.5 cNTC Capacity Calculation in South Western Europe 

The CCR South-Western Europe (SWE), comprising the bidding zone borders 
Portugal-Spain and Spain-France, applies the coordinated NTC approach to cal-
culate cross-zonal capacities (ENTSO-E, 2022). Because of the intrinsic grid 
topology (radial, not meshed), using a flow-based approach in this CCR would 
bring about limited benefits, as the influence of bidding zone border exchanges 
from one on the other is small. 

In addition to the inputs listed in Sect. 3.1.2, for the cNTC process in SWE, a 
few extra details apply: 

• The reliability margin is defined per-border as the maximum between a fixed 
value (200 MW on FR-ES, 100 MW on PT-ES) and a percentage of the Total 
Transmission Capacity (7.5% on FR-ES, 10% on PT-ES). 

• No Allocation Constraints are used. 
• A sensitivity analysis (performed once per year) is used to select CNECs sig-

nificantly influenced by cross-zonal exchanges. Only CNECs with sensitivity 
above 10% are monitored during the CC process (with few exceptions that 
must be justified to the SWE NRAs). 

The capacity calculation process in SWE (applied both in the day-ahead and intra-
day timeframes) consists of an iterative computation starting from the coordinated 
schedule in the common grid model. The coordinated capacity calculator tests
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several levels of cross-zonal exchange by using Generation and Load Shift Keys 
and determines if this level of exchange respects operational security limits on 
all the monitored critical network elements after the occurrence of all the mon-
itored contingencies. Available remedial actions are applied when necessary. At 
each calculation step, the Remedial Action Optimization monitors the maximum 
flows, voltage levels, and the maximum voltage phase angle differences defined 
by the TSOs on all the CNEs. 

3.2.6 Allocation Constraints 

Allocation constraints constitute additional constraints that the market coupling 
algorithm must respect (see Sect. 3.1.3). Figure 3.12 depicts the application of 
two types of allocation constraints in the day-ahead market coupling algorithm. 

A. Use of Allocation Constraints in SDAC. The HVDC interconnectors over 
which ramping constraints apply are highlighted in red. 

B. Schematics of Net Position allocation constraints. It is reduced if the Net 
Position calculated by the CC algorithm is larger than the NP allocation 
constraint. 

C. Schematics of Ramping constraints. If the rate of flow change between con-
secutive MTUs is larger than the maximum flow difference, it is reduced. The 
per-MTU requested and realized flows are shown in dashed black and solid 
red, respectively.

Fig. 3.12 Depicting the application of two types of allocation constraints in the day-ahead market 
coupling algorithm. Source Author’s own illustration 
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Italy North and Poland use net position constraints on the SDAC net position, 
and the Netherlands uses net position constraints on the CCR net position. Bel-
gium phased out their respective net position constraint in November 2023. The 
Netherlands is in the process of phasing out its respective net position constraints.7 

Ramping constraints are used on the majority of HVDC interconnectors, for 
which cross-zonal capacity allocation is done in SDAC. 

3.2.7 History of Coordinated Capacity Calculation 

The introduction of the Third Energy Package or the CACM Guideline did 
not initiate coordination in cross-zonal capacity calculation. Prior to the CACM 
Guideline’s entry into force, several voluntary initiatives existed. 

As one example, day-ahead flow-based capacity calculation and allocation was 
operational in Central-West Europe (CWE). Having gone live in May 2015, the 
CWE region, formally not a CCR, pioneered the flow-based capacity calculation 
and allocation. Initially, the TSOs of Belgium, France, the Netherlands, and Ger-
many (except 50 Hertz) worked on implementing CWE flow-based. Discussions 
with Swissgrid were held about joining, but the exclusion of Switzerland from day-
ahead market coupling (not SDAC at that time) wiped the idea off the table. Later, 
the Austrian TSO, APG, joined the consortium, then still in the common German-
Austrian bidding zone border. The introduction of cross-zonal capacity allocation 
on the German-Austrian bidding zone border in 2018 was implemented in CWE, 
showing that the system could be extended by additional bidding zone borders. 
CWE flow-based capacity calculation and allocation was operational until June 
2022, when Core day-ahead flow-based capacity calculation and allocation went 
live and superseded this first operational flow-based initiative in Europe. Com-
pared to CWE, Core incorporated many lessons learned, reduced individual TSO 
discretion, further centralized the capacity calculation process, and streamlined the 
overall process. 

Further south, the TSOs adjacent to the Italy North bidding zone, namely RTE, 
Swissgrid, APG, Eles, and Terna, had developed a concept for coordinated NTC 
computation along the “roof of Italy” (the Italian border, stretching from France 
to Slovenia). The initiative was driven by the 2006 European blackout and the 
development of Italy towards a (net) importing country. The NTC capacity calcu-
lation concept focused on maximizing imports to Italy. After initially focusing on 
the day-ahead timeframe, the intraday timeframe followed suit. With the introduc-
tion of the CACM Guideline, the coordinated NTC capacity calculation process 
in Italy North was formalized—both through the creation of the CCR (which for-
mally does not include Swissgrid) and the approval of the capacity calculation 
methodology through regulators.

7 See public consultation on 3rd Request for Amendment of the Core Day-Ahead Capacity Calcu-
lation Methodology (ENTSO-E, 2024). 
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Other cooperations and coordinations existed in addition to the examples men-
tioned above. Poland used to compute its NTC on a profile spanning Germany, the 
Czech Republic, and Slovakia. The Nordic TSOs have long cooperated when com-
puting their NTCs. Initiatives for explicit day-ahead flow-based processes were 
launched in Central-East Europe (which merged with CWE to form Core) and 
South-East Europe. 

3.3 What Does the Future Hold for Capacity Calculation 
Methodologies Across Europe and Its CCRs? 

A few key points can be highlighted. 
There is a trend to have fewer and, consequently, larger CCRs. The most likely 

future changes are the attribution of the France-SEM bidding zone border to Core 
CCR and the merger of the Italy North and Core CCRs (provisionally referred to 
as “Central Europe” CCR). 

Implementing a flow-based capacity calculation approach in areas with a highly 
meshed grid would be highly beneficial. Important examples are Italy North and 
countries in the Western Balkans (once joining SDAC). 

Improving the consideration of non-EU countries in the capacity calculation 
methodologies would improve the accuracy and overall quality of the capacity 
calculation processes. It is not unusual for flows computed in a CCR to be realized 
in countries outside that CCR. Notable examples are Switzerland (involved in flows 
between France, Austria, Italy, and Germany) and Serbia and Bosnia Herzegovina 
(involved in flows between Romania/Bulgaria and Croatia). 

Next to geographic extensions, other timeframes than day-ahead gain more 
traction, namely long-term, intraday, and balancing. Other ongoing implementa-
tion processes, such as intraday auctions, long-term flow-based allocation, and the 
balancing platforms, call for emphasizing other timeframes to deliver cross-zonal 
capacities to benefit European consumers while maintaining operational security. 
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4Role of TSOs in the European Market 
Coupling Operations 

Marius Schrade 

Abstract 

This chapter presents the high-level overview of pan-European procedures of 
Single Day-Ahead Coupling (SDAC) and the Single Intraday Coupling (SIDC) 
in which TSOs are directly or indirectly via service providers or NEMOs 
involved. In general, all procedures are separated in three steps starting from 
pre-coupling, to coupling and finally to post-coupling processes. Each of these 
steps are backed by procedures that cover normal, back-up and fallback oper-
ations. As these procedures have a tremendous impact on secure market and 
system operations, they are reviewed and updated on a regular basis. All pan-
European market procedures are published (at least in parts) on TSOs and 
NEMOs websites. 

4.1 Introduction 

European day-ahead and intraday market coupling processes are the backbone of 
the functioning of European electricity markets. TSOs fulfil their role of ensur-
ing safe grid operations and maintaining the stability of electricity supply across 
Europe not only by providing robust grid capacities to the central market coupling 
algorithms, but also by actively participating and shaping them. 

Since market coupling involves many parties, from TSOs and NEMOs which 
are directly responsible for the operations, to market parties from across Europe, a 
clear and stable framework is needed that addresses the “clear weather” scenarios 
when everything is according to plan, but also prescribes steps when there are
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failures within the systems, and the ultima ratio on how to decouple certain bidding 
zones or even the whole European market area for a process step. 

The day-to-day robust, reliable, and under normal conditions successfully cou-
pled European electricity markets are highly complex. Ensuring the efficient and 
reliable operations of market coupling is hence of very high importance, because 
in case of a failure certain bidding zones (often entire countries) or even all might 
be decoupled from each other, leading to drastic loss of welfare and security of 
supply. 

For that reason, TSOs and NEMOs have introduced operational procedures 
for Single Day-Ahead Coupling (SDAC) and Single Intraday Coupling (SIDC), 
including Intraday Auctions (IDAs). The focus of the operational procedures is 
to ensure that the processes are robust and in case of hazardous conditions clear 
instructions for the involved operators exist with regards to timings (e.g. until when 
does a process needs to be finished), communication channels (e.g. telephone, 
email), and who must contact whom. 

Although this chapter focuses on operations, it touches upon many concepts that 
are discussed in more detail in other chapters of this book. For example, building 
upon the previous discussion in Chap. 3 on capacity calculation, the procedures 
begin with the process of TSOs submitting the calculated capacities to the market 
coupling central systems. While our focus here is on TSOs, the subsequent chapter 
(Chap. 5) shifts attention to the role of Regional Coordination Centres (RCCs). 
For an in-depth understanding of the underlying algorithms and IT systems that 
facilitate market coupling, Chaps. 6 and 7 explore the auction-based algorithms 
of day-ahead and intraday markets and the mechanisms of continuous intraday 
trading, respectively. The utilization of market coupling results for physical and 
financial scheduled exchanges is comprehensively covered in Chaps. 8 through 
10. Finally, Chap. 14 discusses the legal framework of market coupling in which 
the procedures are also embedded. 

NEMO-only procedures are not covered in this chapter due to the fact that 
many key procedural steps of the Market Coupling Operator (MCO) and between 
NEMOs are not made available to the public. 

This chapter also does not cover secondary procedures, for example, for differ-
ent CCRs, cross-regional, regional (e.g. Core CCR), bilateral procedures, or any 
other procedure that does not apply to the whole SDAC area. 

4.2 Operational Procedures in Single Day-Ahead 
Coupling 

Table 4.1 provides an overview of the operational procedures within the SDAC 
framework. The procedures are categorized into Normal, Back-Up, Fallback, 
Other, and Special categories.

Normal Procedures are the “clear weather” scenarios, meaning if each step is 
followed and there are no anomalies as outcomes of the market coupling processes,



4 Role of TSOs in the European Market Coupling Operations 81

Table 4.1 Overview on single day-ahead coupling procedures in production relevant to TSOs 

Category Name Index 

Normal Cross-zonal capacities and allocation constraints submission SDAC_NOR_01 

Final confirmation of the results SDAC_NOR_02 

Market coupling results and scheduled exchanges transfer SDAC_NOR-03 

Back-up Cross-zonal capacities and allocation constraints submission SDAC_BUP_01 

Final confirmation of the results SDAC_BUP_02 

Fallback Incident management SDAC_FAL_01 

Full decoupling SDAC_FAL_02 

Partial decoupling SDAC_FAL_03 

Others SDAC procedures Reading instructions SDAC_OTH_01 

Internal and external communications SDAC_OTH_02 

Norwegian bidding area change SDAC_OTH_04 

Modification of maximum clearing price SDAC_OTH_06 

Special Impact of second auctions SDAC_SPE_01 

Impact of price limits in Nordic-Baltic reached SDAC_SPE_02 

Source ENTSO-E A

no further actions are needed. The processes described in the normal procedures 
are usually highly automated with little to no human intervention. 

The naming of the normal and back-up procedures follows a logic. With each 
process step described in the normal process 01 to 03 there are certain risk cases 
associated with, for which possible actions are prescribed in the back-up proce-
dures 01 to 02. There is no back-up procedure for the transfer of market coupling 
results and scheduled exchanges. 

All SDAC procedures are the guiding process manuals to which all regional or 
local procedures must be aligned to. 

4.2.1 Normal Procedures 

The normal procedures deal with the relevant steps for market coupling operations 
in a situation without any disturbances. 

4.2.1.1 Submission of Cross-Zonal Capacities and Allocation 
Constraints (SDAC_NOR_01) 

The cross-zonal capacities (CZCs) and allocation constraint (AC) submission is 
the first step and hence also the first procedure. After the TSOs have finished their 
capacity calculation processes this procedure starts with the transfer of the CZCs 
and ACs from the TSOs pre-coupling Systems to the NEMO pre-coupling mod-
ules. It ends when the data is successfully received. Afterwards they are published
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by the relevant parties, among others, on the ENTSO-E Transparency Platform and 
the JAO publication tool. 

The target time until when CZCs and ACs, sometimes also called network data, 
data should be sent to the coupling systems is 10:30. After that that the respective 
back-up procedure (SDAC_BUP_01) will be followed. 

There are different kinds of interconnectors:

• Single submission interconnectors: only one TSO sends its information to a 
single NEMO.

• Double submission interconnectors: both TSOs sent the cross-zonal capacities 
to the PMB. The CZCs are then matched (cross-checked) by the two counter-
part TSOs (prior to sending to the NEMOs) and then by the two counterpart 
NEMOs.

• Multi-submission interconnectors: interconnectors for which the CZCs are sent 
to the PMB by the concerned regional NEMOs and cross-checked in PMB, 
even if the CZCs are provided by a single TSOs. 

With more and more capacity calculation done on a regional level, see for example, 
Core CCR, TSOs move to the direction to build regional tools that provide the CZC 
in a single flow to the NEMOs. 

There are certain risk cases associated with submission of the CZC in a normal 
process. All of them are tackled in the respective procedure SDAC_BUP_01. For 
example, CZCs are not available, or cannot be sent before the Target Time, or 
NEMO pre-coupling modules cannot receive the flows or rejects them. 

The procedure is considered finished and in its “final state” if the CZCs and 
ACs files are well received. Then SDAC_NOR_02 is started. 

4.2.1.2 Final Confirmation of the Results (SDAC_NOR_02) 
After the day-ahead algorithm EUPHEMIA has determined the market coupling 
results, the TSOs verify them in their verification systems against the cross-zonal 
capacities and in case submitted, allocation constraints, to ensure safe system oper-
ations. For example, if the global net position of a bidding zone was constrained 
by an allocation constraint to a certain value, the TSO verification systems check 
that this number was not exceeded. The TSO verification systems have in total 
12 min for submitting the “Final Confirmation of the Market Coupling Results” to 
the NEMO coupling systems. After this final confirmation of the market coupling 
results published either as preliminary or not at all or are considered final and the 
publication is updated. Following the publication, the market coupling results are 
considered firm. 

The same as for the CZC and allocation constraint submission, there are also 
certain risk cases associated with the final confirmation of the results. 

Risk cases that result in triggering BUP_02 are, for example, verification sys-
tems on either site either cannot receive and/or send the results or confirmations, 
or technical failure of the verification.
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If a TSO (or any party entitled by the TSOs) rejects the market coupling results 
an Incident Committee according to FAL_01 is started. 

This process is finished when all systems of the relevant parties have sent a 
global confirmation of the market coupling results. They are now considered as 
firm and NOR_03 starts. 

4.2.1.3 Market Coupling Results and Scheduled Exchanges 
Transfer (SDAC_NOR_03) 

The last step according to the normal procedures is to distribute market coupling 
results to the respective NEMO clearing and settlement systems and to the Con-
gestion Income Distribution System operated by the Joint Allocation Office (JAO) 
for TSOs. From a market coupling point of view an issue in this process step is 
the least impactful as the main coupling has been performed and the results have 
been confirmed. However, this step is still important as the distribution triggers 
the post-coupling processes. Here risk cases usually refer to the failure of send-
ing or receiving of involved IT systems for which local back-up procedures were 
developed to mitigate any failure. 

The post-coupling system calculates the Scheduled Exchanges for the relevant 
Bidding Zones and sends it to the NEMOs clearing and settlement systems and to 
the Congestion Income Distribution System (CIDS) handled by JAO. 

This process step is completed when the Scheduled Exchanges are received by 
the NEMOs clearing and settlement systems and the CIDS, and when the Market 
Coupling Results are received by the CIDs. 

4.2.1.4 Trading Confirmation and Scheduled Exchanges 
Notification (SDAC_NOR_04) 

This procedure deals with the sending of the trading confirmation from the NEMOs 
clearing and settlement system to the CCP shipping system and the sending of the 
Scheduled Exchanges Notification from the CCP shipping systems to the TSO 
back-end systems. 

In the Core CCR, the Core Capacity Calculation Tool (CCCt) is used to send 
the scheduled exchanges to the NEMOs clearing and settlement systems. 

It is completed when the scheduled exchanges notification has been successfully 
received by the TSO back-end systems according to the notification deadlines of 
each TSO. 

4.2.2 Back-Up Procedures 

Two back-up procedures guide the operators on necessary steps when unforeseen 
difficulties occur during the submission of CZCs and ACs or the confirmation of 
the final market coupling results. In general, there are two outcomes of the back-
up procedures: either the issue is solved, then the subsequent normal procedure 
is applied or if it cannot be solved by a certain target time, then the fallback 
procedures apply.
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4.2.2.1 Cross-Zonal Capacities and Allocation Constraints 
Submission (SDAC_BUP_01) 

This procedure describes all back-up cases and solutions with regards to problems 
in the pre-coupling phase, which might impact the timely submission of the CZCs 
and optional ACs from TSO to the NEMO systems. In principle, the party that 
either encounters or observes an issue should inform the other party as soon as 
possible. 

In total the back-up procedure details seven risk cases and possible solutions:

• CZCs and ACs are not available at target time (10:30) due to technical/ 
calculation issue: The concerned TSOs or party entitled by the TSO applies 
its own back-up procedures in order to solve the issue. If the issue cannot be 
solved by 11:00 an Incident Committee will be launched.

• TSO pre-coupling systems cannot send the CZCs and ACs at target time 
to the NEMO pre-coupling system or the respective NEMO system cannot 
receive it: The TSO pre-coupling system operator needs to send the files in the 
back-up mode according to local procedures, and the relevant NEMO uploads 
it in accordance with these procedures.

• NEMO pre-coupling module rejects the CZCs and allocation constraints: 
The respective TSO and NEMO operators call each other to identify the root 
cause and if possible the files are sent once again via local back-up modes. If 
the problem is solved, then normal procedures are followed again. If not solved 
by 11:00 an Incident Committee will be launched according to procedure.

• CZCs and AC need to be updated: An update of capacity data is always possi-
ble until target time. However, after 11:00 any update is not possible due to the 
day-ahead firmness deadline of capacities in accordance with CACM Article 70 
(European Commission 2015). If by 11:30 the integration of the updated CZCs 
and ACs in the NEMO systems fails, then the CZCs and Allocation constraints 
are set in accordance with local procedures. Either the earlier CZCs are used, 
the CZCs are put to zero (de facto decoupling) or no capacity allocation is 
done on the interconnector. Market participants are informed through external 
communication.

• Issues regarding the CZCs for the double-sided submission interconnectors: 
The main risk for double-sided submission interconnectors is that there are 
mismatches in terms of CZCs between the relevant NEMOs for the same inter-
connector. As TSOs might find different solutions depending on their specific 
situation, these are usually described in regional/local procedures.

• Network data file rejected by the NEMO central system: Since the exchanged 
data files formats are fully standardized any deviation might lead to an error 
in the generation of the aggregated network file that is used by EUPHEMIA 
to run the market coupling. If there are errors in the submitted files the TSO 
pre-coupling systems need to correct the CZC file and provide a new version 
to all relevant NEMOs, using the regular method of communication. If there is 
still no valid network data file by 11:00, then an IC will be launched according 
to SDAC_FAL_01. If by 11:15 there is still no valid network data file provided
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to the NEMO central system, the regional parties and the market participants 
will be informed about the risk of decoupling of the concerned interconnectors 
from SDAC in accordance with the external messages in procedure OTH_02. 
If there is no valid network data file by 11:30, partial decoupling procedure is 
applied (SDAC_FAL_03). 

4.2.2.2 Final Confirmation of the Results (SDAC_BUP_02) 
This back-up procedure deals with the situation when the market coupling results 
cannot be confirmed by TSOs due to several reasons, for example, system issues in 
receiving, sending, or verifying the results. If the final confirmation is not received 
within the timespan allocated to it (currently 12 min), the relevant NEMO and TSO 
operators inquire about the confirmation. There is the possibility to apply deemed 
acceptance during an Incident Committee call if all NEMOs have confirmed the 
results already and it is not expected that the confirmation can be generated in 
time. This is to ensure that local issues in the verification step do not spill-over to 
other parties and the market coupling is ensured. 

4.2.3 Fallback Procedures 

The fallback procedures are key to ensure that all parties and operators have a 
clear guide on the next steps in situations under immense pressure, namely, when 
an incident occurs and even partial or full decoupling of the whole SDAC area 
need to be performed. All parties work under the principle to do their utmost to 
uphold market coupling. 

4.2.3.1 Incident Management (SDAC_FAL_01) 
As soon as an incident occurs that prevents the timely allocation of the CZCs via 
the implicit allocation process and/or timely publication of the market coupling 
results, an Incident Committee (IC) is organized. Based on the rotational scheme 
of the NEMOs, the IC is organized and convened by the central NEMO coordinator 
and operator respectively. During the IC the relevant participants identify the issue, 
assess and agree on potential fallback solutions, these being either Full Decoupling 
(SDAC_FAL_02) or Partial Decoupling (SDAC_FAL_03). 

To ensure robustness and predictability of the market coupling process, ICs can 
only be triggered until a certain time, also called latest time to start an incident 
committee, depending on the risk of a potential decoupling case. 

Another important deadline is the time until the risk of partial decoupling needs 
to be communicated externally and in line with SDAC_OTH_02 procedure. This 
communication is very important because JAO needs it in order to activate the 
Shadow Auction processes, but also so that market participants can prepare their 
internal procedures to place their bids for the shadow auctions. Finally, if a certain 
deadline is reached without a solution has been found, the IC needs to declare the 
decoupling and the relevant messages need to be sent externally.
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The IC has the right to perform all necessary measures, including the declara-
tion of partial or full decoupling. Within an IC exist also different roles. So-called 
“full right participants” to analyse the incident and assess as well as agree on 
the solution for the incident, which might also be the declaration of a decoupling. 
Full right participants are the central NEMO system coordinator and operators, the 
algorithm provider, and the TSOs and/or NEMOs that are either directly responsi-
ble or able to contribute to the solution of the incident. In case of risk of decoupling 
all participants are full right participants. Full right participants must join the IC 
call within 5 min after the invitation was sent. If this is not the case the party will 
be contacted, but the IC will start anyway. 

To ensure transparency the IC is minute and a report on the incident needs to 
be prepared that is then also shared with all NEMOs and TSOs. In case of risk 
of full decoupling or realized decouplings, an ad-hoc SDAC Operational Steering 
Committee will be organized on the same working day to ensure that also project 
experts can contribute to the incident analysis and prevent a similar incident in the 
next day-ahead market coupling session. 

4.2.3.2 Full Decoupling (SDAC_FAL_02) 
A full decoupling is the most extreme situation that can occur in the market cou-
pling process. It means that it was not possible to allocate the CZCs via the implicit 
allocation process and all bids are only matched within a bidding zone but there 
is no exchange between bidding zones. 

In general, full decoupling can be distinguished in two cases:

• Case FD1—the Full Decoupling occurs during the market coupling session.
• Case FD2—the Full Decoupling known in advance. 

In FD1, the critical issue leading to the Full Decoupling occurs during the Daily 
Market Coupling session. In this case, the full decoupling will be declared at 14:00 
or earlier if the Incident Committee can unanimously agree to do so (risk of full 
decoupling will be declared at 13:30). The necessary communication steps are 
described in SDAC_OTH_02. 

Regarding case FD2, the critical issue leading to the Full Decoupling is already 
known in advance because the issue caused the Full Decoupling for the previous 
market coupling session. In this case, the Full Decoupling could be declared either 
in the afternoon of the day before, or during the Daily Market Coupling Session 
until 14:00 if the Incident Committee considers the issue to be too severe to be 
solved until the deadline of Case FD1. 

Depending on the Full Decoupling case, different actions need to be carried 
out:

• Inform the market once there is a delay in the publication of the results (FD1) 
with the message ExC_02: Delay in Market Results Publication.

• Inform the market once there is a risk of Full Decoupling (FD1 & FD2) with 
the message ExC_03b: Risk of Full Decoupling.
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• Inform the market once the Full Decoupling is declared (FD1 & FD2): At 
the respective Full Decoupling deadline, external communications are sent 
“ExC_04b: Full Decoupling or ExC_05b: Full Decoupling known in advance)” 
according to SDAC_OTH_02. 

TSOs then send a message to Market Participants, informing them that the nomina-
tion deadlines are extended. Depending on the border, different fallback solutions 
may be used: capacity simply is not allocated in day-ahead but released for 
intraday, there are shadow auctions organized via JAO, or regional coupling is 
performed. 

Final State of the Full Decoupling is reached when the Full Decoupling is 
officially declared by informing the Market Participants or in case the issue has 
been solved before the Full Decoupling deadline. 

4.2.3.3 Partial Decoupling (SDAC_FAL_03) 
A partial Decoupling is a situation where it is not possible to allocate the CZCs 
via the implicit allocation for one or several areas and/or interconnectors before 
the relevant partial decoupling deadline. 

In addition to the case when the Partial Decoupling is known in Advance (PC3) 
that is similar to the case of Full Decoupling known in Advance (FD2), for partial 
decoupling we distinguish between two cases:

• PD1: partial decoupling for CZC-related reasons (PD1) with a deadline at 
11:30.

• PD2: partial decoupling for reasons not related to CZCs (PD2) with a deadline 
at 12:40. 

With regards to PD1 the latest deadline for an Incident Committee is 11:00 at the 
latest. An Incident Committee shall be triggered to handle the issue according to 
SDAC_FAL 01. If at 11:15 the CZCs and AC are still not successfully submitted 
by TSO systems to the central NEMO system, then the risk of partial decoupling 
is externally communicated via the relevant message and the local fallback allo-
cation processes are activated. At 11:30 if the CZCs and ACs are still missing, 
the partial decoupling of the agreed interconnectors is declared by the concerned 
NEMOs in the Incident Committee, according to local procedures. At 12:00 the 
order books are closed according to the normal procedure. For the remaining cou-
pled areas and/or interconnectors, the normal procedures will be followed, while 
for the decoupling areas and/or interconnectors the predefined decoupling values 
will be used for the CZCs. It should be noted that in case the CZCs have been 
calculated but their value is zero and the file has been received by NEMOs by 
11:30, this is not a decoupling case. 

With regards to PD2 another reason for a partial decoupling not related to the 
CZCs is that a NEMO might have local IT problems and hence cannot partici-
pate in the regular processes of market coupling. Since in Europe there are several
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NEMOs active with the IT infrastructure to run a successful market coupling pro-
cess, an IT issue of one NEMO can be mitigated by the other NEMOs, especially 
in multi-NEMO bidding zones because market participants simply can transfer 
their bids from one NEMO trading system to the other. Therefore, the deadlines 
for declaring partial decoupling due to non-CZC-related reasons is later and only 
starts at 12:40 with a communication towards market participants that there is a 
risk of partial decoupling. However, if there is an issue within a bidding zone 
where only one NEMO is active, so-called monopoly NEMO, then this bidding 
zone needs to be decoupled because the market participants do not have the pos-
sibility to submit their bids through the trading systems of another NEMO. For 
remaining coupled areas and/or interconnectors the normal SDAC procedures will 
be applied, even though the timings are delayed accordingly. For the decoupled 
areas and/or interconnectors the local procedures are followed accordingly. 

A note on fallbacks: Article 44 (EC 2015) mandates that there should be 
fallback procedures in case of a decoupling event in order “to ensure efficient, 
transparent, and non-discriminatory capacity allocation”. The current standard fall-
back procedure to be applied in such a situation are the so-called Shadow Auctions. 
During the shadow auction process explicit auctions for the cross-zonal capacities 
are organized via the Joint Allocation Office (JAO), and in general replicate the 
explicit allocation process as performed in Europe before the market coupling 
implementation and hence the implicit allocation of CZCs. However, in the situa-
tions when shadow auctions were organized, they were hardly utilized, leading to 
criticism by market participants or regulators. Dierenbach et al. (2022) assessed 
the shadow auction mechanism in light of this criticism and found that the “prob-
ability of a trader holding Long Term Transmission Rights (LTTRs) to allocate 
cross-border capacity in Shadow Auctions (SA) significantly reduced compared 
to those traders not holding LTTRs”. Further, the “LTTR remuneration based on 
market spreads significantly reduces the incentives to take part in the SA for LTTR 
holder”. Due to the missing economic incentives of LTTR holders to participate 
in shadow auctions and introduction of intraday auctions in June 2024, it could be 
discussed whether the intraday auctions are better suited to achieve the goal of an 
efficient fallback mechanism than the current set-up of the shadow auctions. 

4.2.4 Other and Special Procedures 

The normal, back-up, and fallback procedures are the most important guidelines 
for the daily market coupling operations. Nevertheless, there are also additional 
procedures that regulate special situations and communications. While OTH_01 
provides a useful introduction to day-ahead market coupling and how to read 
the procedures, OTH_02 standardizes the internal and external communication 
messages to ensure especially during non-clear weather scenarios the efficient 
and robust operation of market coupling and the needed transparency for TSOs, 
NEMOs, and market participants.
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The modification of maximum clearing price procedure (OTH_06) is a direct 
translation of a legal requirement into a daily market coupling procedure and that 
was also discussed quite extensively during the energy crisis in Europe in 2022. 
The procedure regulates how the maximum clearing prices, currently at −500 e/ 
MWh and 4000 e/MWh, should be increased in accordance with the “harmonized 
maximum and minimum clearing prices for SDAC” (HMMCP for SDAC) method-
ology that was amended by an ACER decision in January 2023 (ACER, 2023). 
Originally, the clearing prices were supposed to be adjusted in 1000 e/MWh in 
case the clearing price is above 60% of the price limits in at least one market 
time unit in one bidding zone. This was first reached on 4th April 2022 in France 
with prices of 2720 e/MWh and 2990 e/MWh and resulted in an adjustment of 
the maximum bidding price from 3000 e/MWh to 4000 e/MWh. On 17 August 
2022, this threshold was again reached by a maximum clearing price of 4000 e/ 
MWh in the Baltics. However, after the April incident a new HMMCP methodol-
ogy was consulted to incorporate this critical and new situation by, among other 
measures, adjusting trigger conditions to 2 market time units of price spike over 
at least 2 days in a rolling 30 days period instead of 1 price spike on 1 day. The 
new methodology was adopted via the ACER decision on 10th January 2023. 

4.2.5 An Example of Partial Decoupling 

Thankfully, in over 10 years of operations a full decoupling of the whole SDAC 
area has not occurred. But partial decouplings triggered by local issues of par-
ties can happen from time to time. One such example is the partial decoupling 
of the Slovak bidding zone due to an IT and configurational issue at OKTE, the 
Slovak NEMO, on 10th May 2022 (SDAC 2022). The Market Coupling Steering 
Committee published a report on the incident on 8th June 2022. The root cause 
of the issue was the configurational change due to the adjustment of the maxi-
mum and minimum prices (see previous section) in the local trading system of 
OKTE. Unfortunately, this incident happened before the roll-out of the flow-based 
capacity calculation methodology in the capacity calculation region Core in June 
2022 and as such the problem not only affected the Slovak borders but also spilled 
over to the German-Czech and German-Polish borders. Shadow auctions were run 
on the affected borders via JAO, while for the remaining SDAC borders the nor-
mal procedures were followed. The local auction in Slovakia was completed on 
the same day at around 13:20. MCSC parties conclude that “procedures were fol-
lowed correctly, and the communication was performed in line with those, using 
the agreed messages”. Although the incident was managed well, MCSC parties 
acknowledge that the increasing number of coupled parties with large numbers of 
different systems and complexity of operations also increases the risk for partial 
decouplings.
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4.3 Operational Procedures in Single Intraday Coupling 

SIDC operates as a continuous trading process, unlike SDAC. Trading starts 
shortly after the day-ahead market closes—beginning at 15:00 CET—and con-
tinues until one hour before electricity delivery. The central tool used is XBID, 
comprising the Shared Orderbook (SOB), Capacity Management Module (CMM), 
and Shipping Module (SM), see Chap. 7 for an overview on the XBID solution 
from a service provider point of view. 

Due to interactions with the day-ahead market and the need for capacity recalcu-
lations, some cross-border lines are not opened for cross-zonal trading until 22:00 
CET on the day before delivery (D-1). Throughout the day, TSOs may overwrite 
capacities or halt cross-border lines without affecting intra-zonal trading. Unlike in 
SDAC, TSOs cannot actively verify every trade impacting cross-zonal capacities; 
instead, XBID automatically ensures capacities are not violated when offers are 
matched. 

Because of its continuous processes SIDC lacks a fallback capacity allocation 
mechanism, which is why maintaining XBID’s 24/7 availability is crucial. Despite 
best efforts, system malfunctions can occur, so TSOs and NEMOs follow back-up 
and fallback procedures. In serious cases, an Incident Committee and possibly an 
ad-hoc Operations Subcommittee (OPSCOM) are convened. 

Post-coupling in SIDC is similar to that in SDAC, but due to time constraints, 
some TSOs do not receive explicit cross-border nominations from NEMOs and 
instead prepare schedules on their behalf using XBID data—a process known as 
“nomination on behalf”. Continuous trading does not result in a single price within 
bidding zones, so TSOs currently do not collect congestion income in SIDC. To 
correctly value scarce transmission capacity, TSOs and NEMOs are introducing 
three intraday auctions (Table 4.2).

Generally, SIDC and SDAC distinguish the same three phases—pre-coupling, 
coupling, and post-coupling—as well as the same modes: normal, back-up, and 
fallback. In this section, we focus on the differences between the operational 
procedures in SDAC and SIDC to avoid repetition. 

Unlike the procedures in SDAC Sect. 4.2, there are explicit procedural 
differences between joint operations and TSO-only operations, indicated by spe-
cific prefixes. In addition to the fallback procedure, two additional exceptional 
procedures are followed when operating in fallback mode (Table 4.2). 

There are four key deadlines: the submission of CZCs and allocation con-
straints, the allocation deadline, the cross-border nomination deadline, and the 
publication of results. As long as these deadlines are met—whether in normal or 
back-up mode—coupling proceeds as usual. If any deadline cannot be respected, 
it is considered an incident, triggering operations to enter fallback mode. 

Unlike in SDAC—where systems can be updated and maintained during periods 
outside the day-ahead coupling process—the continuous trading in SIDC neces-
sitates additional rules for configuration changes and maintenance windows. This 
requirement leads to an extra category of procedures.
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Table 4.2 List of joint and TSO-only procedures in SIDC 

Category Name Index 

Normal Submission of cross-zonal capacities XBID_ 
TSO_NOR_ 
01 

Distribution of allocation information XBID_ 
JOINT_ 
NOR_02 

Nomination XBID_ 
JOINT_ 
NOR_03 

Nomination on behalf XBID_ 
JOINT_ 
NOR_04 

Back-up Submission of cross-zonal capacities XBID_ 
TSO_BUP_ 
01 

Distribution of allocation information XBID_ 
JOINT_ 
BUP_02 

Fallback Incident management XBID_ 
JOINT__ 
FAL_01 

Others Procedures reading instructions XBID_ 
JOINT_ 
OTH_01 

Internal and external communications XBID_ 
JOINT_ 
OTH_02 

Maintenance window Local TSO system XBID_ 
JOINT_ 
OTH_04 

System maintenance XBID_ 
JOINT_ 
OTH_05 

Planned maintenance Window local Shipper system XBID_ 
JOINT_ 
OTH_06 

Algorithm monitoring XBID_ 
JOINT_ 
OTH_07 

Transit shipping XBID_ 
JOINT_ 
OTH_08

(continued)
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Table 4.2 (continued)

Category Name Index

Configuration Shipping module configuration XBID_ 
JOINT_ 
CFG_01 

Capacity management module—balancing group and user 
management 

XBID_ 
TSO_CFG_ 
01 

Capacity management module—master data management XBID_ 
TSO_CFG_ 
02 

Source ENTSO-E B

4.3.1 Cross-Zonal Capacity Submission (XBID_TSO_NOR_01) 

Additional to the submission of CZCs to the XBID system, TSOs or the Coordi-
nated Capacity Coordinator submit the already allocated capacities (AAC) from 
previous timeframes (long-term and day-ahead) to the XBID system for all inter-
connectors. This is to ensure that only firm capacities are available for the market 
and no overallocation of capacities could occur that would endanger system opera-
tions. The AACs are also crucial for the accurate calculation of ramping constraints 
on certain interconnectors. Both CZCs and AACs can be continuously updated by 
sending new files to the XBID system up until 15 min prior the respective capacity 
management module contract. Especially the updates of CZCs for certain market 
time units could happen on a more frequent basis than in day-ahead due to a 
more frequent capacity calculation process and the reaction of TSOs to changes in 
forecasts or outages. 

Depending on local agreements between the TSOs on the border, they can agree 
who submits the relevant capacity information to the XBID system. XBID needs 
to integrate the CZC and AAC within 5 min and sends back an acknowledgement 
to the TSOs. Upon gate opening time the CZCs and AACs are activated. 

4.3.2 Distribution of Allocation Information (XBID_JOINT_ 
NOR_02) 

After the trade for a specific market time unit closed according to the gate closure 
time, XBID aggregates the confirmed trades for all borders at the same time to 
ensure consistent allocation state for the whole region. 

This step generates various data flows for TSOs, including implicit allocation 
results (capacity rights), scheduled exchanges (cross-border nomination informa-
tion), shipper hub nomination information, and assigned transit hub volumes. Net 
cross-border allocation information is also used to create physical schedules on 
some interconnectors. Shipping agents receive similar information, along with
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financial details such as CCP-shipper clearing information for source and sink 
areas, and shipper-shipper clearing information for each border and transit area on 
the allocation path. 

All this information must be sent to TSOs’ post-coupling systems, shipping 
systems, and CCP systems within 5 min after gate closure. Due to the tight time-
frame and potential high market activity, local procedures address any delays. Not 
all files need to meet this deadline; separate deadlines can be specified in local 
arrangements. 

4.3.3 Nominations (XBID_JOINT_NOR_03) 

This procedure outlines the nomination process by the Scheduling Agent of the 
Shipping Agent or Central Counterparty (CCP). Each Shipping Agent or CCP can 
act as or appoint a Scheduling Agent to provide schedules to TSO post-coupling 
systems. Only nominations without a “nomination on behalf” arrangement are 
concerned; where such an arrangement exists, shipping systems do not send 
nominations. 

Nominations must be sent to the TSOs’ post-coupling systems before the nom-
ination deadline and can be updated until then. The TSO post-coupling system 
sends an acknowledgment upon receipt. TSOs verify the scheduled exchanges and 
may send back the nominated net positions. If multiple files are submitted, the 
one with the highest version number received before the deadline and positively 
acknowledged by TSOs is considered. 

Risk cases include failures in sending nominations automatically, receiving no 
or negative acknowledgments, discrepancies in cross-border nominations at TSOs, 
or TSOs being unable to send aligned nominated positions back to the Scheduling 
Agent. If issues occur during transmission to the TSO’s post-coupling system, 
incident calls are triggered. If problems arise in aligning schedules or receiving 
nominated positions back, local back-up procedures may apply. 

The procedure concludes when the nominations are successfully received by 
the TSO’s post-coupling systems, and confirmation is received by the Scheduling 
Agent from the TSOs as per local arrangements. 

4.3.4 Nomination on Behalf (XBID_JOINT_NOR_04) 

This procedure outlines how TSOs transform information received from the central 
XBID system into nominations within their post-coupling systems on behalf of 
shipping agents, CCPs, or explicit market participants. Only TSOs can implement 
“nomination on behalf”; third parties cannot. Each TSO decides locally whether to 
use this procedure or the standard nomination process (XBID_JOINT_NOR_03— 
Nomination), based on the type of allocation and nomination solution in place. 

The process distinguishes between ex-ante and ex-post nominations. Depend-
ing on local market rules, some nominations are mandatory ex-ante, while others
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can be ex-post. Generally, “nomination on behalf” is applied only to ex-ante 
nominations. 

Unlike the normal nomination process, TSOs’ post-coupling systems create the 
nominations used in the TSO-to-TSO alignment and verification process. Once 
these nominated positions are aligned, they are sent to the Scheduling Agent of 
the Shipping Agent or the scheduling agent of CCPs active in the TSO’s scheduling 
area. 

The procedure concludes when all required nominations on behalf are created 
in the TSOs’ post-coupling systems. 

4.3.5 Cross-Zonal Capacity Submission (XBID_TSO_BUP_01) 

Comparable to the SDAC procedures, the back-up procedures provide an overview 
of possible risk cases in the process steps and offer applicable back-up solutions 
to the operators. As a general principle, if a back-up procedure cannot resolve the 
issue in time, operators refer to fallback procedures. If there are service provider-
related issues in the central XBID system then also the predefined response time 
is specified in the fallback procedure (FAL_01). 

We can distinguish between three main risk cases during the submission of 
CZCs and ACs:

• Case 1: The AACs and CZCs cannot be calculated by TSOs: Accurate con-
sideration of AACs in the XBID system is crucial to prevent overallocation of 
capacities. Local trading within the bidding zone can continue. If AACs cannot 
be delivered before the scheduled Gate Opening of the concerned intercon-
nector(s), the opening will be postponed, and the market will be informed via 
a predefined message. Once AACs become available, the market will receive 
another message announcing the delayed Gate Opening.

• Case 2: TSOs’ pre-coupling systems either cannot send the CZCs and AACs 
or don’t receive acknowledgement for the submission: If the TSO operator 
detects an IT problem preventing the sending of CZC & AACs from the pre-
coupling system, back-up channels like email or manual file upload through the 
capacity management module’s graphical user interface can be used. TSOs can 
also support each other by having another TSO upload the capacities after an 
official request. The interconnector may be closed and reopened via messages, 
while local trading can continue.

• Case 3: The XBID system cannot receive or integrate the CZCs and AACs 
files, might send a rejection or does not activate/update the CZCs and AACs: 
If the XBID system cannot integrate the electronically sent AAC files—result-
ing in no AACs appearing due to a central system issue—a ticket is created. If 
the problem isn’t resolved before Gate Opening, cross-border trading won’t be 
possible, but local trading will continue. A market message will announce the 
postponement of the interconnector opening using a predefined message.
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The process proceeds to the next step when the CZCs and AACs are successfully 
received, integrated, and activated by the XBID system. 

4.3.6 Distribution of Allocation Information (XBID_JOINT_ 
BUP_02) 

The Shipping Module (SM) and Capacity Management Module (CMM) of the 
XBID system transfer physical shipping information to TSO post-coupling sys-
tems, shipping systems, and CCPs’ clearing systems. This information includes 
capacity rights and nomination data, which TSOs use to create cross-border and 
hub nominations on behalf of the Shipping Agent. 

Risk cases to be anticipated include central system failures (CMM or SM 
downtime), the XBID system not receiving acknowledgments, or TSO, Shipping, 
or CCP clearing systems not receiving allocation information, rejecting it, or send-
ing negative acknowledgments. Since CMM or SM downtime affects the entire 
system, it triggers Incident Management according to procedure FAL_01. 

TSO-related risk cases and possible next steps include:

• Case 3: If the TSO post-coupling system or shipping system does not receive 
allocation information in time, an alarm message is triggered, incident manage-
ment tickets are created, and the helpdesk is contacted.

• Cases 4 and 5: If the post-coupling system, shipping system, or CCP clearing 
system fails to integrate the allocation information, or if XBID doesn’t receive 
acknowledgment for it, the XBID system automatically resends the nomination 
information files via back-up communication channels after a predefined time.

• Cases 6 and 7: If the TSO post-coupling system, shipping system, or CCP 
clearing system rejects the allocation information or sends a negative acknowl-
edgment, the XBID system displays an error message in the shipping modules. 

The process proceeds to the next step once the physical shipping information is 
successfully received and integrated by the TSO post-coupling system, shipping 
system, and CCP clearing system. 

4.3.7 Incident Management (XBID_JOINT_FAL_01) 

As well as in SDAC, there is also an IC in SIDC that. 
This fallback procedure outlines the handling of incidents, including the oper-

ation of the Incident Committee (IC) and the application of fallback solutions 
such as closing and reopening interconnectors (XBID_JOINT_EXC_01), markets, 
delivery areas, or trading services according to local procedures. 

An incident requiring an IC occurs when issues cannot be resolved through local 
back-up procedures and may breach a Single Intraday Market Coupling (SIDC) 
deadline (e.g. gate closure or opening). Incident management refers to unwanted
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events in the XBID system, local NEMO or TSO systems connected to XBID, or 
the communication channels between them. 

When such an incident impacts any SIDC processes, an IC is initiated by the IC 
Single Point of Contact (SPOC). The IC participants assess and agree on potential 
solutions. Clear guidelines define when an IC should be triggered and outline 
participants’ roles, responsibilities, and the sequence of actions during the IC. 

An IC is only triggered for managing critical or major incidents in the XBID 
system or Transit Shipping Agent Systems. The triggers include XBID system-
related incidents and other issues requiring IC attendance. 

To request an IC, the incident reporter must first determine the incident’s crit-
icality. For critical and major incidents experienced by a NEMO or TSO, the 
reporter contacts the service provider and logs a ticket in the management tool. 

Incident severity levels are defined as:

• Critical: Highest severity with severe functional or performance impact, such 
as users being unable to access essential functionality or services required for 
critical business processes.

• Major: Significant impact affecting non-critical business processes, where users 
cannot access certain functions or services, leading to errors in non-critical 
processes.

• Minor: Moderate impact on non-critical business processes, where issues can 
be bypassed with reasonable effort and do not affect critical operations. 

Any proposed solution during the IC must be unanimously accepted by all affected 
parties. If not accepted, the service provider continues investigating solutions. Par-
ties rejecting the solution must clearly explain their reasons. If consensus cannot be 
reached, the IC SPOC escalates the issue to an ad-hoc Operations Subcommittee 
(OPSCOM), which may not convene until the next business day. 

A special case within the fallback procedure is the case a transit shipping 
agent’s system unexpectedly goes down and cannot fulfil timely nomination obli-
gations and the agent might then request the closure of interconnectors via the IC 
SPOC. In case a transit shipping agent system is having an unexpected outage and 
the transit shipping agent can no longer fulfil its obligations for timely nomination 
the transit shipping agent may request for closure of interconnectors. This is to be 
done via the IC SPOC. The IC SPOC then requests as soon as possible the rele-
vant TSOs to close the relevant interconnectors by sending messages. In case not 
all relevant borders are closed after 5 min since the IC invitation was sent, all IC 
participants should agree on if and when the XBID system trading service will be 
set to halt until all relevant borders are closed. If XBID System trading service is 
to be halted. If the respective Shipping Agent has restored its system, the relevant 
TSOs apply the process of reopening of interconnectors. 

Similarly to the transit shipping system incident, the default of a Shipping Agent 
leads to any party affected by this to request an IC. Immediate actions to effectively 
isolate the defaulting party by closing relevant borders immediately. If the relevant 
borders are not closed after 5 min after the IC invitation, the IC participants should
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agree on if and when the XBID system trading service will be set to a halt until 
all relevant borders are closed. After the issue is solved, all IC participants apply 
the process of reopening interconnectors. 

4.4 Outlook 

Day-ahead and intraday market coupling apply robust but challenging processes 
due to the tight timing and the high number of parties and systems involved. If 
market coupling fails, this results in decoupling which causes significant welfare 
losses and system operation risks. To ensure process robustness and minimize 
risk of decoupling, TSOs and NEMOs draft, test, implement, review, and update 
operational procedures on a regular basis. 

As Intraday Auctions (IDAs) only go live in June 2024 procedures are neither 
provided nor explained in this chapter. Moreover, based on the past experiences 
of the SDAC and SIDC go-lives it should be assumed that IDA procedures will 
undergo several (ad-hoc) procedural refinements within the first year of operations, 
especially as IDAs have for the first time been applied at once in all European 
countries. Hence, a future revision of this chapter or other publications must take 
a closer look at IDA procedures. This has most likely further relevance as it can 
be assumed that with the introduction of IDAs SDAC and SIDC procedures will 
be (further) harmonized by TSOs and NEMOs. 
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5Regional Coordination Centres 
and Their Role in European Market 
Coupling 

Jakub Władysław Glegoła 

Abstract 

This chapter describes the significant transformation of Regional Coordination 
Centres from their initial voluntary inception to their formal establishment in 
2022 building upon the mandates of the Regional Security Coordinators. The 
chapter then goes on to describe the role of Regional Coordination Centres in 
the EU electricity system. Regional Coordination Centres are now essential in 
addressing the complex challenges that transcend national borders. The chapter 
describes them as well positioned to carry out a range of tasks from capacity 
calculation, coordinated security analysis, and short-term adequacy assessment 
to outage planning coordination and common grid model creation. The chapter 
concludes by describing the roles of Regional Coordination Centres in market 
coupling. 

5.1 History and Background 

The energy policy objectives of the European Union are geared towards the estab-
lishment of a fully integrated internal energy market. Given the high degree of 
interconnectivity in the European electricity system, the influence of one coun-
try’s power grid extends beyond its borders, creating an impact on neighbouring 
nations. 

Historically, regional cooperation and coordination among TSOs have been 
instrumental in fortifying grid stability. This practice of coordination was pre-
viously voluntary in nature. However, recognizing the imperative to advance the
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Regional Coordination Centers in Europe 
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SEleNe CC (2021) - Thessaloniki 
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**SCC remains as an RSC as they are outside the EU governance 

RCCs have a legal mandate to 
function as autonomous 
entities, even though they are 
owned by a group of TSOs as 
shareholders. 

New tasks and responsibilities 
are added to RCCs as per Clean 

Energy Package as of 2022 

Coreso (2008) 
TSCNET (2008) 

SCC (2015) 

Nordic RCC (2016) 

Bal�c RCC (2016) 

SEleNe CC (2020) 
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Fig. 5.1 Regional coordination centres in Europe. Source Adapted from ENTSO-E (2024) 

EU’s energy ambitions, the implementation of a mandatory regional coordination 
framework was identified as essential. This evolution culminated in the establish-
ment of Regional Coordination Centres (RCCs) as of July 2022, building upon 
the mandates of the Regional Security Coordinators (RSCs), as stipulated by the 
System Operation Guideline.1 

RCCs have undergone a significant transformation over the years (see Fig. 5.1) 
from their initial voluntary inception. They have evolved into a vital legal entity, 
playing a pivotal role in upholding the security of the European grid and ensur-
ing the efficient operation of the European internal energy market. Beyond their 
mandated duties outlined in energy packages and network codes, RCCs serve a 
crucial purpose in regional harmonization, preventing duplication of efforts among 
Transmission System Operators (TSOs). 

The evolution of regional coordination entities has been marked by shifts in 
scope and nomenclature. Initiatives for Regional Coordination in Europe began as 
voluntary endeavours long before they became legally obligatory. Initially referred 
to as joint offices and technical coordination centres, these voluntary initiatives 
paved the way for the formalization of the concept. During the European Network 
of Transmission System Operators for Electricity (ENTSO-E) assembly in late 
2015 (ENTSO-E, 2015), TSOs endorsed an all TSO Multilateral Agreement for 
the Regional Security Coordination Initiative (RSCI)—a testament to TSO collab-
oration. The System Operation Guideline codified the term RSC and defined it as 
an entity owned or controlled by TSOs. The conceptualization of RCCs originally 
emerged as Regional Operational Centres (ROCs) in an early draft of the Electric-
ity Regulation 2019/943, as part of the Clean Energy for All Europeans Package, a

1 Commission Regulation (EU) 2017/1485 of 2 August 2017 establishing a guideline on electricity 
transmission system operation. 
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proposal that did not ultimately find its place in the final text. However, the enact-
ment of the Clean Energy Package in 2019 mandated the establishment of RCCs, 
leading to the transformation of RSCs into RCCs by 1st July 2022 (Commission 
Regulation (EU) 2019/943). 

5.1.1 The Role of RCCs in the EU Electricity System 

TSOs are responsible for the secure and coordinated operation of Europe’s elec-
tricity grid. While TSOs have a pivotal role in managing the electricity system, 
there are certain activities that TSO cannot effectively perform on their own, due 
to the cross-border nature of these activities. This is where RCCs step in to bridge 
the gap and facilitate crucial functions that require collaboration beyond individual 
TSO capabilities. 

Presently, RCCs carry a wide array of responsibilities spanning system oper-
ations, system development, and market-related tasks. These include the creation 
of a common grid model, regional capacity calculation, regional security assess-
ments, evaluations of TSOs’ defence and restoration strategies, coordination of 
outage planning, and thorough post-operation and post-disturbance analyses. 

These RCC services and the collaborative framework facilitated by RCCs 
empower TSOs to make well-informed operational decisions. With their compre-
hensive regional perspective of the grid, RCCs enhance operational efficiency, 
curbing the risks of widespread incidents like brownouts or blackouts. This 
results in reduced costs by optimizing the availability of transmission capacity 
for market participants. Furthermore, TSO coordination can yield economies of 
scale—enabling all TSOs to utilize a shared IT system for specific tasks. RCCs 
are adept at addressing region-specific issues, underscoring the fact that not all 
challenges require resolution at the EU or ENTSO-E levels. 

Activities that RCCs are better positioned to conduct include:

• Market Operations: Determining available transmission capacity across bor-
ders is a complex task that involves multiple TSOs and requires harmonization. 
RCCs are instrumental in setting out coordinated actions for capacity calcula-
tion to ensure efficient electricity flow and market operation. According to the 
Electricity Regulation 2019/943, RCCs must carry out the regional sizing of 
reserve capacity and facilitate the regional procurement of balancing capacity.

• Operational Security Assessment: Ensuring the operational security of the 
electricity grid demands close cooperation among TSOs. RCCs enable devi-
ations from standard procedures for operational security reasons, allowing for 
flexibility in grid management.

• Data Facilitation: Efficient data management is essential for grid operation and 
market functioning. Presently, there is no comprehensive financial incentive that 
is applicable for all TSOs to improve their data facilitation tasks. RCCs can play 
a role in incentivizing and optimizing data exchange among TSOs.
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• Cross-Border Coordination Support: When activities of RCCs overlap in 
a System Operation Region (SOR), TSOs decide on the appropriate course 
of action. RCCs facilitate procedures to consult TSOs, other RCCs, and 
stakeholders regarding cross-border issues and coordination. 

In summary, RCCs are essential in addressing the complex challenges that tran-
scend national borders in the European electricity system. They provide the 
framework and coordination needed for TSOs to efficiently operate the European 
electricity grid. 

5.1.2 Legal Background 

As per Commission Regulation (EU) 2019/943, part of the Clean Energy for all 
Europeans Package, RSCs have been formally referred to as Regional Coordination 
Centres (RCCs) since July 2022. The RCCs’ responsibilities and tasks are specified 
in Art. 37(1) of the Regulation 943/2019 (see Chap. 1 for a general introduction 
to the legal framework). 

The Clean Energy for all Europeans Package enabled the working arrangement 
and governance of RCCs to evolve as an autonomous entity under direct oversight 
of NRAs and ACER. Now, RCCs need to be more transparent. Just like ENTSO-
E has legally mandated reporting requirements, each of the RCCs has multiple 
reporting requirements and must publish performance indicators of its work. RCCs 
must develop procedures for consulting TSOs, other RCCs and stakeholders, and 
NRAs. RCCs must take account of the recommendations of Member States and 
regional forums and consult with them when needed. 

The most noticeable change is the incorporation of RCCs as limited liability 
companies under the Company Law Directive.2 Previously the Nordic RCC and 
Baltic RCC worked as a joint office of its shareholders but since 1st July 2022 both 
became independent companies. Other RCCs were already created as independent 
companies. Even though other RCCs are independent companies, shareholders 
have a key role in adopting statutes, appointing management boards, and other 
such tasks. By design, TSOs are the main shareholders of RCCs which is meant to 
cement the tightly-knit relationship between both parties, as they are the recipients 
of the legally mandated services. This creates an interesting dynamic, as RCCs are 
expected to act as independent companies, while TSOs remain embedded in their 
company structures. 

In summary, the Network Codes as required by the 2009 3rd Energy Package 
created the precursor to RCCs with mandates for key tasks. However, it was the 
Clean Energy for all Europeans Package which really empowered RCCs to play a 
key role in the EU energy system.

2 Directive (EU) 2017/1132 of the European Parliament and of the Council of 14 June 2017 relating 
to certain aspects of company law (codification). 
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5.2 RCC Tasks 

At the ENTSO-E Assembly in late 2015, the TSOs approved and signed an all 
TSO Multilateral Agreement for Regional Security Coordination Initiative (RSCI), 
based on TSO cooperation. With this mandatory contractual framework, TSOs 
across Europe committed to establishing regional coordination services and setting 
up or appointing Regional Security Coordinators (RSCs) to perform services. This 
agreement also required that every TSO within the European interconnected area 
be part of an RSC. Later, the Network Codes not only proposed the creation of the 
RSCs but also legally mandated RSCs, as of 2022 referred to as RCCs following 
the Electricity Regulation 2019/943, to offer the following 5 services (see Fig. 5.2): 

1. Coordinated Capacity Calculation—CCC 
2. Coordinated Security Analysis—CSA 
3. Short-Term Adequacy—STA 
4. Outage Planning Coordination—OPC 
5. Common Grid Model—CGM 

5.2.1 Common Grid Model (CGM) 

The Common Grid Model Methodology (CGMM) (ENTSO-E, 2016) defines an 
Individual Grid Model (IGM) as “a data set describing power system charac-
teristics (generation, load and grid topology) and related rules to change these 
characteristics during capacity calculation, prepared by the responsible TSOs”. 
These IGMs, one for each control area, are then combined into a Common
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Fig. 5.2 Mandatory services provided by RCCs. Source Zimmerman (2019) 
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Grid Model (CGM) which the CGMM defines as “a Union-wide data set agreed 
between various TSOs describing the main characteristic of the power system 
[…]”. 

The main purpose of the CGM is to provide a common data model representing 
the power system in the European area, which can be used for performing further 
analysis through the services performed by the RCCs, in order to ensure a secure 
power market and security of supply. 

The CGMs are created for different time horizons from a near real-time repre-
sentation of the grid, to one and two days ahead, and all the way up to year-ahead 
models. The different time horizons have different purposes and provide input data 
for different services. 

When the TSOs build IGMs for the different time horizons, they ensure that 
the model represents the real power system as closely as possible. The TSOs make 
sure that the equipment model is up-to-date and incorporate topological changes 
during the different periods by applying an outage plan. 

The TSOs then use forecasts for load, consumption, net position in each bidding 
zone and the flow on the different DC lines to ensure that the flow in the grid is 
as accurate as possible. 

The RCC service starts when the IGMs are received from the TSOs. The IGMs 
are imported to the CGM system where the RCC validates that the models follow 
a set of rules including the convergence behaviour of the IGMs. In case IGMs are 
missing, invalid or do not converge in terms of power flow calculation, the RCC 
will follow defined issue resolution and fallback procedures. After having merged 
the IGMs into a CGM, the model is again validated to ensure that it can be used 
for the subsequent business processes. Finally, the CGM is made available for the 
TSOs as well as the services at the RCCs using the CGM as input data. 

The following steps are performed for the CGM process (see also Fig. 5.3): 

1. TSOs create IGMs for the specific timeframes based on the harmonized data 
format.
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on IGMs 
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Fig. 5.3 Common grid model process by RCCs. Source Own illustration
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2. The IGMs are exchanged via the Physical Communication Network (PCN), 
supported by ENTSO-E’s Operational Planning Data Environment (OPDE) 
platform. 

3. RCCs receive the IGMs from TSOs and perform quality and consistency 
checks. 

4. RCCs merge the IGMs to create the CGMs. 
5. CGMs are used for performing various RCC services such as OPC, CSA, CC, 

etc. 

5.2.2 Capacity Calculation 

RCCs have a dedicated role in the market coupling process, which can be separated 
into three different phases: pre-coupling, coupling, and post-coupling. Next to their 
responsibilities as a data intermediary, in the pre-coupling phase RCCs carry out 
the Capacity Calculation service for one or multiple Capacity Calculation Regions 
(CCRs), or parts of individual CCRs, depending on which RCC was nominated as 
the CCC for a respective TSO in a CCR. Capacity Calculation processes produce 
the foundational input for the market coupling process in the form of maximum 
cross-border capacity available to the market (see Chap. 3). 

In the Capacity Calculation process, with the inputs provided by TSOs, RCCs 
calculate the amount of capacity available for trading between bidding zones at a 
specific timeframe, while optimizing and ensuring the grid’s security. The Capacity 
Calculation process aims to maximize the transmission capacity offered to the 
market. Depending on the regional methodologies, RCCs use Net Transmission 
Capacities (NTC)3 -based approach or a Flow-based (FB) methodology to calculate 
the amount of capacity available for trading. 

As per the legal mandates (Network Code FCA4 and CACM5 ), the CCC ser-
vice is requested for the following timeframes: day-ahead, intraday, and long-term 
(yearly and monthly). The recently consulted capacity calculation methodologies 
in the balancing timeframe (BT) don’t strictly foresee a role for RCCs, therefore 
as of 2023, it remains to be seen if RCCs will be involved. 

The CCC service is carried out in three simplified steps: (1) Input data provision 
and validation; (2) Capacity Calculation; and (3) Capacity provision to the Market 
Coupling process (See Fig. 5.4).

3 Net Transfer Capacities and Net Transmission Capacities are used interchangeably.
4 Commission Regulation (EU) 2016/1719 of 26 September 2016 establishing a guideline on 
forward capacity allocation. 
5 Commission Regulation (EU) 2015/1222 of 24 July 2015 establishing a guideline on capacity 
allocation and congestion management. 
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Fig. 5.4 Capacity calculation by RCCs. Source Own illustration 

5.2.3 Coordinated Security Analysis (CSA) 

The Coordinated Security Analysis (CSA) is a critical process aimed at identi-
fying and mitigating operational security risks in the power grid. These analyses 
are performed for the detection of violations against the operational security of 
the network for both intraday and day-ahead timeframes. The RCCs perform this 
analysis on the merged Common Grid Model. In addition, the most efficient and 
cost-effective coordinated remedial actions are proposed to TSOs to address the 
identified constraints. All affected TSOs in the region (CCR) are included in the 
coordination process so that they can evaluate the impact of the proposed reme-
dial action on their grid before agreeing to activate it. Where remedial actions 
agreed upon within one CCR have a significant impact on physical flows in another 
CCR, a cross-regional coordination process between these CCRs ensures that the 
violations in the overlapping zones are addressed. 

The CSA service is a game-changer to maintain the security of supply in a 
meshed European Grid. With the CSA process, the operators in the national control 
room get an accurate assessment of the grid incidents and events in neighbouring 
zones. 

The System Operation Guideline and its relevant methodology on Regional 
Operational Security Coordination (ROSC) provides relevant guidelines for the 
CSA process in each region.6 

The following shows how CSA is performed (see also Fig. 5.5):

6 Commission Regulation (EU) 2017/1485 of 2 August 2017 establishing a guideline on electricity 
transmission system operation; Article 76.1—Common provisions for regional operational security 
coordination. 
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Fig. 5.5 Coordinated security analysis process by RCCs. Source Own illustration 

1. Data Exchange (i.e. data provision, consolidation, and validation): The CSA 
process involves the sharing of information related to the power grid, including 
Common Grid Models (CGMs), contingencies, power transfer corridors (PTC), 
limits, and system integrity protection schemes (SIPS). This data is essential 
for conducting a meaningful security analysis. 

2. Security Analysis: The heart of CSA lies in the security analysis itself. It 
involves simulating various scenarios, including fault situations where one or 
more grid elements are connected or disconnected. The focus is on identifying 
limit violations within the power system. 

3. In Case Security Analysis Yields Limit Violations: 
(a) Remedial Action Optimization—Preventive and Curative: If limit viola-

tions are detected, CSA recommends remedial actions. These actions can be 
either preventive or curative. Preventive actions aim to proactively address 
potential issues, while curative actions are taken to mitigate ongoing or 
impending problems in the grid. 

(b) Remedial Action Coordination—Exchange of Remedial Actions: CSA 
involves the exchange of information regarding the suggested remedial 
actions between relevant parties. Coordination is key, and this informa-
tion sharing ensures that the necessary measures are taken to enhance grid 
security. 

(c) Final Validation Session: Following the Remedial Action Optimization 
and Coordination, the results shall follow a final validation by all relevant 
parties. 

By performing these steps, CSA helps TSOs, and other stakeholders, proactively 
assess and enhance the security of the power grid, ensuring its reliability and 
stability in the face of various operational challenges.
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5.2.4 Short-Term Adequacy 

The Short-Term Adequacy (STA) assessment establishes if there is sufficient reli-
able available production capacity to meet the consumption, given the transmission 
capacity constraints in the grid. This assessment is done daily for the next seven 
days’ time frame and provides the TSOs with an STA forecast. 

The forecasts for the production, consumption, and the transmission capacities 
in the grid are delivered by the TSOs. 

A part of the consumption (e.g. private households) and some of the renewable 
production systems (e.g. wind and solar) are weather dependent in the short term. 
Thereby, the uncertainty of the forecasts decreases the closer to the operational 
day. 

The production possibilities of some of the renewables, e.g. the hydro power 
plants with big water reserves, can depend on the weather situations during the past 
year. If it has been a dry period, the reservoir capacity can be low in a country or 
part of a country. 

One of the inputs to the adequacy assessment is the capacities in the grid, 
and the STA assessment is thereby connected to the Outage Planning Coordina-
tion (OPC) service and the planned availability of the grid. This cross-service 
dependency is incorporated into the STA service. 

On a European level, the STA assessment is carried out daily as well as for the 
next seven days. If any adequacy issues are seen, procedures to coordinate and, if 
possible, reduce the consequences of the lack of adequacy exist. 

The STA service is described in System Operation Guideline in Article 81 and 
Articles 104–107. It is illustrated in Fig. 5.6. 
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Fig. 5.6 Short-term adequacy process. Source Own illustration
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5.2.5 Outage Planning Coordination (OPC) 

Planning each individual outage is the TSOs responsibility. However, since local 
actions in one area can have significant and possibly problematic effects on neigh-
bouring areas, there is a strong need to share the information among all impacted 
stakeholders and to assess the overall compatibility of these outages. 

This is the role of the regulated Outage Planning Coordination (OPC) service 
performed by RCCs to preserve the reliability of the interconnected power system. 

This OPC service aims to identify Tie-Lines Inconsistencies (TLI) at a pan-
European level but also Outage Planning Incompatibilities (OPI) per region. The 
OPC service then proposes solutions to TSOs to relieve these incompatibilities 
and coordinates remedial actions with the other RCCs. In terms of solutions, the 
OPC service can propose at least non-costly remedial actions and adaptations of 
availability and outages’ planning (firstly on grid elements, and secondly on other 
elements if no solution is available). 

During the OPI process, RCCs determine whether the outage planning of TSOs 
is secure. In case incompatibilities between relevant assets (grid elements, gen-
erators, or loads whose availability status has cross-border impact) are detected, 
RCCs shall propose remedial actions and perform a security assessment to verify 
whether the grid is secure after the remedial actions have been applied. 

This service is requested for the year-ahead and week-ahead timeframes. 
Updates are done up to one week-ahead based on TSO requests for planning 
modification or significant changes to the expected operational conditions. 

The following steps are performed (see also Fig. 5.7): 

TSOsRCCs 
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Merge outages and 
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outage planning for 
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Perform regional 
assessments to 

identify 
incompabilities 

Propose solutions 
Update final outage 

plans 

Fig. 5.7 Outage planning coordination process. Source Own illustration
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1. TSOs provide input data (Element list, Outage plans, etc.). 
2. RCCs merge the outages to create a common outage planning snapshot for 

quality check. 
3. RCCs perform regional assessments to identify incompatibilities. 
4. RCCs propose solutions (topology changes, change in outage plans, etc.) in 

order to relieve the identified incompatibilities. 
5. Based on the RCC proposals, TSOs update the final outage plans. 

5.2.6 Other RCC Tasks and Responsibilities 

Besides the five aforementioned tasks as per the Third Energy Package, the Clean 
Energy Package (CEP) introduced several additional tasks for RCCs to perform:

• Training and certification of RCCs staff.
• Coordination and optimization of regional restoration.
• Post-operation and post-disturbance analysis and reporting.
• Regional sizing of reserve capacity.
• Regional procurement of balancing capacity.
• Optimization of inter-TSOs settlements.
• Identification of regional electricity crisis scenarios.
• Seasonal adequacy assessments.
• Maximum entry capacity available for the participation of foreign capacity in 

capacity mechanisms.
• Supporting TSOs in the identification of system needs (in the context of 

TYNDP). 

It is important to note that some of the tasks will only be performed by RCCs 
upon request by TSOs or delegated by ENTSO-E. 

Regarding the Training and Certification of RCC staff, this is a unique task 
as it is not designed to be a service towards external stakeholders. Instead, it is 
a task that RCCs should execute for their own benefit. Specifically, RCCs are 
expected to implement a scheme for training their staff ensuring the continued and 
evolving qualifications necessary to fulfil their mandated tasks. ENTSO-E submit-
ted a proposal to ACER, who subsequently issued a decision on the underlying 
methodology in 2022. This decision contains provisions on several related topics, 
including explaining the roles and responsibilities of the RCC training coordi-
nator, setting key aspects to be covered by the RCC training programme, RCC 
joint training modules and joint training programmes and defining the organiza-
tion, structure, and requirements for the certification of staff. The implementation 
of these provisions by the RCCs is currently underway.
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The task of supporting the consistency assessment of TSOs’ system defence 
plans and restoration plans was already introduced by Article 6(3) of the Emer-
gency and Restoration Network Code (NC ER7 ). The TSOs define measures and 
RCCs assess them for consistency within and between neighbouring synchronous 
areas. These relate to inter-TSO assistance and coordination in emergency state, 
frequency management procedures, assistance for active power procedure and 
top-down re-energization strategy. This task is already established. 

In 2022, a proposal from ENTSO-E with a decision from ACER was issued 
also for the RCC task of post-disturbance analysis. This prescribes the involve-
ment of RCCs in the drafting of the ex-post incident reports if a specific regional 
relevant threshold was met. The implementation of this task by the RCCs has been 
finalized. 

For the tasks of Regional sizing and Procurement of Balancing capacities, 
ACER approved the methodologies on 19th July 2023 and requested ENTSO-E, 
TSOs, and RCC to initiate the implementation. The Regional Sizing task requires 
RCCs to assess short-term availability of sharing reserves and determine the min-
imum reserve capacity at the relevant SOR, every year. The scope of the regional 
procurement of balancing capacity by RCCs aligns with the role of TSO in the 
procurement of balancing capacity. The RCCs’ facilitation role in the procurement 
of balancing capacity at the regional level consists of the calculation of the avail-
ability of non-contracted balancing energy bids at the European platforms per type 
of reserve, direction, and validity period. 

The Maximum Entry Capacity task is related to capacity mechanisms, which 
are (in the current regulatory framework) one instrument that can be introduced in 
case of adequacy concerns. It is thus tied to the adequacy assessments performed at 
European (ERAA) or national (NRAA) level. Computing maximum entry capacity 
available for participation of foreign capacity allows for cross-border collabo-
ration. The underlying methodologies for this task have been drafted, and the 
implementation by the RCCs is currently underway. 

At the time of writing, the following tasks do not yet have a published method-
ology: supporting restoration, inter-TSO settlement, identification of regional 
electricity crisis scenarios, seasonal adequacy assessments, and supporting the 
identification of needs for new infrastructures. 

The Clean Energy Package introduced new concepts regarding how RCCs per-
form their appointed tasks, including coordinated actions, recommendations, and 
deviation from coordinated actions. For tasks such as CC, OPC, or CSA, the RCC 
issues coordinated actions that the TSOs in the region implement. However, if a 
coordinated action would lead to a violation of the operational security limits, the 
respective TSO shall report the detailed reasons to the RCC and the other TSOs 
within the region. In turn, the RCC assesses the impact and may propose a different 
set of coordinated actions.

7 Commission Regulation (EU) 2017/2196 of 24 November 2017 establishing a network code on 
electricity emergency and restoration. 
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Fig. 5.8 The simplified process of coordinated actions and recommendations issued by RCCs. 
Source Author’s own illustration 

For the other tasks defined in Article 37(1) of the Electricity Regulation, the 
RCC issues recommendations to the TSOs. In this case, TSOs decide whether to 
implement the recommendation. If a TSO decides to deviate from the recommen-
dation, it has to report the detailed reasons to the RCC and the other TSOs within 
the region. 

The process of issuing coordinated actions and recommendations is illustrated 
in Fig. 5.8. For any coordinated action or recommendation issued by the RCC, one 
or more TSOs within the region can request a review, after which the RCC shall 
either confirm or modify the measure. 

In the case of capacity calculation, a particular type of coordinated action is 
defined: the coordinated action to reduce the cross-zonal capacities. RCCs may 
propose this action if the minimum capacity values would lead to violations of 
operational security limits. This concept is similar to the “coordinated validation” 
step from the Core CCR day-ahead capacity calculation methodology, which at 
the time of writing, is yet to be implemented. However, other capacity calculation 
methodologies may not have been drafted and processes were not designed to 
accommodate this step. 

5.3 RCCs in Market Coupling 

RCCs perform important roles in the pan-European market coupling as well as on 
system operation and capacity calculation on regional level.
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5.3.1 RCCs as CCCs 

RCCs have a particular role in European Market Coupling, as they prepare the 
system-operation-related input (i.e. execute the capacity calculation) to enable the 
European Market Coupling for both the Day-Ahead Market, as well as the Intraday 
Market. Most notably, the output generated by RCCs during pre-coupling deter-
mines how much cross-border capacity can be made available to the European 
internal energy market(s) (see Fig. 5.9 for an overview). 

Of course, vice-versa, individual RCC services and tasks are dependent on 
Market Coupling processes. Following the closure of Market Coupling in the Day-
Ahead Market, the results are used as input data for the CSA service. With the 
pending go-live of Intraday Auctions (IDAs) in the EU in June 2024, the IDAs 
might also be used as input data for CSA in the future. 

In their role as CCC, an RCC must interact with TSOs within the CCR, other 
RCCs, JAO, or with NEMOs. Within a CCR that has more than one RCC nom-
inated as CCC, the involved RCCs can perform the role of CCC either on a 
rotational basis or by splitting of the tasks. The RCC as CCC also interacts with 
the TSOs from the CCR throughout the pre-coupling phase, or with the NEMOs 
when getting closer to the market coupling phase. These interactions mostly relate 
to the usual flow of information, such as receiving individual inputs from TSOs 
and providing them with the processed files, or sending input files to NEMOs. 
Additional interactions are essential in so-called non-happy flows, i.e. when some-
thing goes wrong in the process, such as a delay in a process step or a missing/ 
incorrect file. In these situations, the RCCs (Shift Operator in charge) as CCC 
follow predefined fallback procedures to mitigate the issue and prevent it from
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own illustration 
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Fig. 5.10 Simplified overview of RCC dependent processes related to market coupling. Source 
Author’s own illustration 

causing a failure of the whole process. Figure 5.10 shows a simplified overview 
of the RCC dependent processes related to market coupling. 

5.3.2 Role of RCCs Within SOR and CCR 

In the context of the European electricity market(s), there exists a distinction 
between System Operation Regions (SORs) and Capacity Calculation Regions 
CCRs, each serving a unique role in the efficient functioning of the electricity 
grid. 

5.3.2.1 System Operation Regions 
System Operation Regions (SORs) are geographical areas where the daily opera-
tional coordination of the electricity system is managed by a TSO or a group of 
TSOs. These regions primarily focus on real-time grid management, ensuring the 
secure and reliable flow of electricity within their boundaries. RCCs play a crucial 
role in the operation of SORs within a power grid. Their primary function is to 
monitor, control, and coordinate the operation of the power system within their 
designated regions. With the legally mandated tasks from the 2009 3rd Energy 
Package and Clean Energy for all Europeans Package, RCCs play a key role in 
SORs by performing:

• System Monitoring: RCCs continuously monitor the status and performance 
of the power system within their region.

• Optimization: RCCs have the task to optimize the operation of generators, 
transformers, and other equipment within their region. They can suggest adjust-
ing power flows and generation levels to maintain system stability and meet 
demand.

• Emergency Response: In case of contingencies, disturbances, or emergen-
cies, RCCs are responsible for supporting appropriate actions to restore system 
stability.
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• Communication Hub: RCCs serve as communication hubs, facilitating coor-
dination and information exchange between different entities within their 
region. This includes communication with local power utilities, generators, and 
neighbouring control centres.

• Coordination with other RCCs: Since a power grid is often divided into mul-
tiple SORs, RCCs collaborate with each other to ensure coordinated operation 
across regions. This involves sharing information about power transfers between 
regions and addressing any issues that may impact the overall system.

• Grid Planning and Analysis: RCCs are involved in long-term planning and 
analysis of the power system within their region. They assess future demand 
trends, plan for infrastructure upgrades, and ensure the reliability and adequacy 
of the power supply. 

In essence, RCCs act as the nerve centre for managing coordination of the power 
grid within their designated regions, contributing to overall system reliability and 
efficiency. It is important to mention, however, that RCCs do not take an active 
role in controlling the grid, but rather as facilitating parties to support stable grid 
operation. 

On the other hand, CCRs encompass areas where capacity calculation method-
ologies are harmonized to optimize the allocation of cross-border transmis-
sion capacity. CCRs facilitate the efficient use of interconnection infrastructure, 
enabling electricity to flow seamlessly across borders. 

5.3.2.2 Capacity Calculation Regions 
Capacity Calculation Regions (CCRs) define the geographical areas where coor-
dinated cross-border capacity calculation, capacity allocation, and congestion 
management are applied (CACM Regulation, Article 2 defines CCRs). At least 
one RCC shall act as a Capacity Calculation agent for each CCR. RCCs can pro-
vide their services to multiple CCRs, which on such a regional level encompass 
the CCC and CSA services. 

In Fig. 5.11 it is easily discernible that, while CCRs have a focus on facili-
tating market operations and SORs on system operations, they share a relevant 
geographical connection. RCCs are playing a pivotal role to ensure this connection.

5.4 Outlook 

RCCs have come a long way since their voluntary start. Now as a legal entity, they 
play a key role in maintaining the security of supply; supporting the stable oper-
ation of the European grid; and ensuring the functioning of the European internal 
energy market. Apart from their legally mandated tasks, RCCs also work to ensure 
harmonization and to avoid duplicity of activities among TSOs. The current focus 
for the evolution of RCCs is on maintaining and improving the quality and stabil-
ity of the current services, as well as implementing the remainder of the legally 
mandated tasks.
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Fig. 5.11 Overview of SORs and CCRs in the EU. Source ENTSO-E (2024)

The following are the key RCC themes to look upon in future: 

1. On-Time Implementation of Legal Obligations: RCC obligations from the 
2009 3rd Energy Package are not fully implemented yet; however, obliga-
tions for the 4th Energy Package (Clean Energy for all Europeans Package) 
are already added on top. RCCs have a challenge in hand to develop IT tools, 
processes, and practices to fulfil obligations as per the legal deadlines. 

2. Navigating a Complex Regulatory Environment: With periodic updates of 
Network Codes (CACM 2.0, SO GL, etc.) and capacity calculation methodolo-
gies, the introduction of consultations and new reporting obligations, RCCs 
must ensure ongoing compliance with the complex regulatory environment. 
They shall also ensure the goal to carry out tasks where their regionalization 
brings added value compared to tasks performed at national level. However, in 
the current legal and regulatory framework, RCCs are not the ones “holding the 
pen” in making proposals for the tasks that they perform. To achieve this, RCCs 
could proactively engage stakeholders and raise in relevant forums which areas 
of improvement or added value which could result from their involvement. The 
introduction of new concepts such as coordinated actions, recommendations, 
and deviation from coordinated actions further add to the challenge, as existing 
processes and methodologies would have to be adapted. When RCCs progress 
to the extent of having their services fully established and running consistently, 
it might prove to be a worthwhile effort to challenge this paradigm, for instance, 
in such a way where RCCs themselves might be conceptualizing new tasks to 
support managing the grid more efficiently. 

3. Data Use Strategy: Thanks to more than a dozen of legally mandated tasks, 
RCCs collect an enormous amount of grid and market data. There is a huge 
potential for leveraging this data to enhance market transparency and develop
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insights and intelligence to support different stakeholders such as TSOs, 
ENTSO-E, and others. 

4. Attracting Talent: The skills and expertise required in RCCs are scarce in the 
job market. As a relatively new entity compared with TSOs or other utility 
companies, RCCs have a real task to build a brand and create new strategies to 
attract and retain talent. 

5. Streamlining ICT Strategy: Information and Communications Technology 
(ICT) Tools and Infrastructures of RCCs are interconnected with multiple 
stakeholders (including TSOs in Europe, other RCCs, ENTSO-E, Joint Allo-
cation Officer (JAO). It is important for RCCs to streamline the ICT strategy 
and infrastructure to avoid double and/or redundant investments. RCCs are 
expected to utilize initiatives like ENTSO-E ICT Committee or other regional 
IT working platforms to streamline investments and development, thus simul-
taneously ensuring both the current and future functionalities of each platform 
and interoperability. 

6. RCC Specializations: Currently, RCCs are meant to implement all legally man-
dated services. However, from an operational efficiency point of view, the set-up 
of all RCCs providing the same services may be challenged. As already men-
tioned, all RCCs implemented task splitting or rotational principles in service 
provision in certain regions, due to TSOs being allowed to request services from 
one or multiple RCCs. Therefore, it remains to be seen if certain unique spe-
cializations manifest at individual RCCs, for which they might be considered 
the preferred service providers for specific tasks in the future. 
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6Day-Ahead and Intraday Auctions 
Market Coupling Algorithm 

Mehdi Madani and Martin Starnberger 

Abstract 

This chapter presents the high-level functioning of the market coupling algo-
rithm used in the Single Day-Ahead Coupling (SDAC) and for Intraday 
Auctions (IDA) of the Single Intraday Coupling (SIDC). The fundamentals 
underlying market coupling calculations, lying at the intersection of power sys-
tem economics and mathematical optimization, are reviewed and illustrated by 
examples that do not require any specific technical background. The topics cov-
ered include the equivalence between welfare maximization and competitive 
equilibrium in markets coupled via flow-based or available transfer capacity 
network representations. Finally, it is briefly highlighted how the energy transi-
tion may impact the design and functioning of the market clearing algorithm in 
the near future in Europe, as well as in both Japan and India. 

6.1 Introduction 

The fundamentals of market coupling calculations are at the intersection of power 
system economics and mathematical optimization. They can be traced back to 
the seminal work of Paul Samuelson (Nobel Memorial Prize in Economic Sci-
ences 1970), who first established the equivalence between the maximization of 
the welfare in coupled markets (described as a linear optimization problem), and
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Table 6.1 Orders by market 
participants 

Bids Quantity (MW) Limit price (e/MWh) 

A—buy bid 20 300 

B—buy bid 11 200 

C—sell bid 15 40 

D—sell bid 10 100 

the notion of “spatial price equilibrium”, thanks to linear optimization duality 
(Samuelson, 1952). 

We cover these elements via examples illustrating the key concepts and which 
do not require any specific technical background. Some technical elements and 
references are also provided for professionals willing to have a deeper look into 
the underlying concepts. 

6.2 Welfare Maximization, Competitive Equilibria, 
and Marginal Pricing Principles 

Determining market prices based on the merit order and the intersection of the 
demand and supply curves is a classic economic principle (Pindyck & Rubinfeld, 
2017). We review here how the “marginal pricing principle” is derived from the 
concept of competitive market equilibrium, equivalent in a precise sense, to welfare 
maximization (under specific conditions such as the absence of so-called “non-
convexities” introduced, for instance, by block orders, and on which we come 
back in Sect. 6.5)1 as seen in (Coase, 1946). 

This equivalence between welfare maximization and competitive equilibria 
holds in very general contexts (for instance, with advanced hybrid flow-based 
market coupling) and is at the core of market clearing algorithms. 

We first illustrate the concept based on a simple example. Market orders in the 
example are given in Table 6.1. 

Given these market orders, we can depict the supply and demand curves on 
Fig. 6.1. The supply curve is here an increasing step curve and the demand curve 
is a decreasing step curve. We can see that the demand and supply curves cross at 
the so-called market clearing price; here at a value of 200 e/MWh.

The clearing price (optimal price supporting a competitive equilibrium) is here 
200e/MWh because otherwise if the price is below 200e/MWh (for instance, 
100e/MWh), the market participant B would prefer that its demand bid be fully

1 A classic paper in the early general economic literature on marginal pricing and the challenges 
appearing in the presence of “decreasing returns to scale” (for instance, due to start-up costs or 
other sources of non-convexities) is (Coase, 1946). 
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Fig. 6.1 Welfare maximization example. Source Author’s own illustration

matched instead of being partially accepted, while if the price is above 200e/ 
MWh, it would prefer not to be matched at all. In the context of “inelastic demand” 
(that is to say, which is price-insensitive), similar considerations would essentially 
lead to the rule that the last accepted MW of supply needed to meet demand 
is setting the price (leaving aside considerations where there are so-called “price 
indeterminacies” as discussed in Sect. 6.7). 

Under normal competitive conditions without strategic bidding (assuming no 
market power, i.e. that bidders truthfully bid their utility/cost), the limit price of 
demand orders represents the marginal utility of the demand; that is, the marginal 
value for the buyer of a marginal increase of consumption (or procurement of 
energy). On the supply side, the limit price corresponds to the marginal cost of 
supply; that is, the marginal cost increase resulting from a marginal increase of 
supplied energy. 

The welfare maximization problem takes these inputs and finds the matching 
of bids that maximizes the welfare: the total utility on the demand side minus 
the costs of production. Thus, the welfare corresponds to the area between the 
demand curve and the supply curves going from 0 up to the matched power given 
by the point where the curves cross. Note that in a set-up where the demand is 
fully price-insensitive, this corresponds to the problem of serving a fixed load at 
minimum cost. 

We can formulate the welfare maximization problem as a so-called linear opti-
mization problem having a linear objective function corresponding to the welfare 
and linear constraints corresponding to the balance condition (the naming q of the 
variables stand for “quantity”).
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maxqA,qB,qC ,qD300qA + 200qB − 40qC − 100qD (welfare objective function) 
subject to: 
qA + qB = qC + qD [Market Clearing Price (MCP) given by the shadow 

price] 

0 ≤ qA ≤ 20 

0 ≤ qB ≤ 11 

0 ≤ qC ≤ 15 

0 ≤ qD ≤ 10 

Optimal Solution: 

q∗
A = 20 MWh, q∗

B = 5 MWh, q∗
C = 15 MWh, and q∗

D = 10 MWh. 

When there are hundreds of thousands of market orders in different bidding 
zones, finding the optimal solution to the welfare maximization requires to solve a 
large-scale linear optimization problem (or a quadratic problem when so-called 
interpolated curves, also called piecewise linear bid curves, are in scope), a 
job done by a dedicated optimization software library called a “solver”. Top 
commercial solvers are, for example, IBM CPLEX, FICO XPRESS, or GUROBI. 

If we now drop the balance condition qA + qB − qC − qD = 0, but subtract 
from the welfare objective the left-hand side of this balance condition multiplied 
by some price ‘p’, one gets: 

maxqA,qB,qC ,qD300qA + 200qB − 40qC − 100qD − p(qA + qB − qC − qD) 

subject to the remaining constraints: 

0 ≤ qA ≤ 20, 

0 ≤ qB ≤ 11,
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0 ≤ qC ≤ 15, 

0 ≤ qD ≤ 10 

This directly leads after rearrangement to an individual profit maximization 
problem per market participant: 

max0≤qA≤20(300 − p)qA for A; 
max0≤qB≤11(200 − p)qB for B; 
max0≤qC≤15(p − 40)qC for C; 
max0≤qD≤10(p − 100)qD for D 

These problems have a direct interpretation. For example, for the market partici-
pant C, it consists in choosing the optimal production given that the market price 
is p and its marginal cost is 40 e/MWh. 

In a situation of competitive equilibrium, the matched quantities, which sat-
isfy the power balance conditions by construction, are also optimal for the market 
participants facing the market price p and seeking to optimize their profits. Thus, 
there is a competitive equilibrium if demand and supply are equal, and considering 
this price p as a given, the consumptions and productions are the “best responses” 
to the price, in the sense of solving the individual profit maximization problems 
obtained above after rearrangement. If this holds true, it means that given the mar-
ket prices, no market participant has an incentive to prefer another set of matched 
quantities than the one centrally determined by the welfare maximization problem. 

The problem of finding an optimal price minimizing the sum of these profits 
obtained as “best response to the price” (neglecting balance conditions during 
this process) is called in mathematical optimization theory a (Lagrangian) dual 
of the welfare maximization problem, in which the balance conditions have been 
“dualized”. It takes the form: 

LD = minp

[
max0≤qA≤20,0≤qB≤11,0≤qC≤15,0≤qD≤10(300 − p)qA + (200 − p)qB 
+(p − 40)qC + (p − 100)qD

]

A fundamental result in mathematical optimization is that, perhaps surprisingly, 
for an optimal price ‘p*’ (that will be the market price), the corresponding sum of 
these individual profits will be equal to the maximum welfare obtained by solving 
the initial welfare maximization problem. We say that there is no duality gap, a 
fact called “strong duality” in mathematical optimization. More importantly, the
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welfare maximizing solution (given by q∗
A = 20 MWh, q∗

B = 5 MWh, q∗
C = 

15 MWh, andq∗
D = 10MWh) provides for each market participant an optimal 

solution to its profit maximization problem if it considers the optimal market price 
‘p*’ as a given. 

A competitive equilibrium can hence be found by optimizing the welfare to 
obtain quantities satisfying balance conditions and optimizing a dual problem 
to obtain market prices. Theory then guarantees that, under certain conditions, 
the matched quantities are optimal for market participants; that is, we reach a 
competitive equilibrium.2 

These principles directly extend to set-ups with multiple bidding zones and 
multiple time periods. When considering multiple bidding zones, specific market 
participants (Transmission System Operators) offer to transport energy from one 
location to another thanks to transmission resources such as lines and other critical 
network elements. Time periods could, for instance, have hourly or quarter-hourly 
time-resolution. Note that specific line or bid constraints—like ramp constraints 
on lines or block bids spanning multiple periods—can “couple the periods”, in 
which case it is not possible to solve the problem as a collection of independent 
sub-problems per period. The next section addresses the topic of market coupling 
where multiple connected bidding zones are considered. 

6.3 Market Coupling: Multiple Bidding Zones, Spatial 
Price Equilibria, and Congestion Rents 

The notions covered in the previous section extend naturally to the context of 
market coupling, where electricity is traded across multiple locations such as bid-
ding zones. Market coupling refers to the fact that multiple markets are integrated 
together by considering transmission of electricity between these markets, corre-
sponding in SDAC to a situation where cross-border trades can take place. Note 
that some countries such as Italy and Sweden contain multiple bidding zones and 
borders (meaning in our context bidding zone borders). 

We first discuss in this section market coupling from an economics standpoint. 
The fundamental underlying economic concept is the notion of spatial price equi-
librium. The algorithmic approaches for calculating market coupling results are 
like those previously evoked: one needs to solve linear/quadratic optimization 
problems and their “dual” (which are also linear/quadratic optimization problems) 
relying on a “solver” (e.g. IBM CPLEX). In practice, however, multiple volumes 
and/or market prices can be compatible with the requirements, and some additional 
elements are required to select a single market coupling solution among multiple 
possible alternatives according to some predefined criterion ensuring uniqueness 
of the final solution. This topic of indeterminacies is further discussed in Sect. 6.7.

2 A technical exposition of the relation between “strong duality” and competitive equilibrium in 
a general setup is given, for instance, in the Appendix A in (Torbaghan, et al., 2021). Similar 
considerations can be tracked back as far as (Rockefeller, 1970). 
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Table 6.2 Bids by market participants in bidding zones A and B 

Bids Quantity (MW) Limit price (e/MWh) Location 

A—buy bid 20 300 Area B 

B—buy bid 11 200 Area B 

C—sell bid 15 40 Area A 

D—sell bid 10 100 Area A 

Let us consider the same bids as in the simple example of Sect. 6.2, but  
now located in two separate bidding zones, Area A and Area B, connected by 
a transmission line (Table 6.2). 

We have to adapt the linear optimization problem accordingly. In each bidding 
zone, the sum of accepted demand minus the sum of accepted supply defines 
the net position of the bidding zone. Thus, we use here the convention that an 
importing bidding zone has a positive net position and an exporting bidding area 
has a negative net position. The flows on the lines between bidding zones are 
modelled using flow variables which are restricted by the capacity constraints of 
the lines.3 To ensure the balancing of the bidding zone, we have to ensure that 
imported energy minus exported energy (i.e. the sum of the ingoing flows minus 
the sum of the outgoing flows) equals the net position of the bidding zone. 

maxqA,qB,qC ,qD300qA + 200qB − 40qC − 100qD 

(1)qA + qB = NetPosAreaB[
The shadow price is the MCP in Area B

]
(2) − qC + qD = NetPosAreaA[
The shadow price is the MCP in Area A

]
(3)NetPosAreaA = flowB→A − flowA→B 

(4)NetPosAreaB = flowA→B − flowB→A 

(5)flowA→B ≤ CAPA→B, flowB→A ≤ CAPB→A

3 Note that using one flow variable for each direction enables one to model losses on the lines. In 
our simple case here, we could have instead used a single variable for both directions. 
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0 ≤ qA ≤ 20, 0 ≤ qB ≤ 11, 0 ≤ qC ≤ 15, 0 ≤ qD ≤ 10 

Intuitively, if the transmission capacity is sufficiently large, both coupled markets 
will behave as a single market and the outcome will be identical to the outcome 
described in Sect. 6.2. Now suppose the transmission line’s capacity is 10 MW 
(case 2 on Fig. 6.2). In that case, bid A can only be partially accepted, exporting 
10 MWh to Area B, leading to a market price of 40 e/MWh in Area A (otherwise, 
the acceptance of bid A is not optimal for the market participant). For similar rea-
sons, the market price in Area B is 300 e/MWh. The price spread corresponds 
to the marginal value of transmission capacity: an additional MW of transmission 
capacity would enable to generate a welfare increase of (300–40) = 260 e. The 
revenue of the transmission system operator is 10 x (300–40) = 2600e and is 
called the “congestion income” (the “congestion rent” corresponds to the conges-
tion incomes minus network costs—for instance, tariffs—included in the market 
model, which are absent here). 

Fig. 6.2 Welfare maximization with multiple bidding zones. Source Author’s own illustration
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In a competitive equilibrium, the usage of the transmission capacity is optimal 
given the locational marginal prices (i.e. it optimizes the congestion rent or in 
the language of economists, the profits of the economic agents offering network 
resources). All these facts are just generalizing the ones presented in Sect. 6.2 and 
they result from the same underlying principles. 

6.4 Network Models 

The network constraints in the European grid are modelled using a hybrid version 
of the so-called ATC model and a flow-based network model. The ATC model 
corresponds to the previous section where bidding zones are connected with lines 
having capacity constraints; the flows on these lines have to be at most the available 
transfer capacity (ATC). This model allows to include other types of constraints 
such as ramping constraints which limit the change of flow on a line from one 
period to the next, or losses and tariffs. 

The other basic type is the flow-based network model, where the transfer 
between bidding zones is constrained by linear constraints for critical network 
elements (CNE) using power transfer distribution factors (PTDF) and remaining 
available margin (RAM). Critical network elements have limited capacity that has 
to be considered in the market clearing process, the remaining available margin. 
The flow through such a critical network element is approximated by multiplying 
the net exports of the bidding zones with the power transfer distribution factor 
of the bidding zone for the specific critical network element. Thus, given bid-
ding zones indexed by “bz” (denoting by ‘BZ’ the set of all bidding zones in the 
“balancing area”), and with “cnec” indexing the critical network elements,4 the 
following equations have to be satisfied (one constraint per “cnec”):

∑
bz∈BZ 

NEXbzPTDFbz,cnec ≤ RAMcnec ∀cnec ∈ CNEC. 

An important difference to ATC models is that flows on the network can appear 
non-intuitive to market participants. While a market participant may assume that 
energy will always flow from bidding zones with a smaller market price to bidding 
zones with a higher market price in order to increase welfare, this is not necessarily 
the case in flow-based network models. In flow-based network models, the flows 
between bidding zones cannot be understood by looking at the individual bilateral 
trades. Instead, the flow from a bidding zone with high prices to a bidding zone 
with low prices might enable another flow from a bidding zone with low prices to

4 CNEC stands for “critical network elements and contingency”, as in practice, a so-called “N-1” 
criterion is used to manage contingencies. 
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Fig. 6.3 Flows between 
bidding zones. Source 
Author’s own illustration 

a bidding zone with high prices leading to an overall welfare increase. A simple 
example is illustrated in Fig. 6.3. 

In the hybrid version that is used in Europe, there can be multiple flow-based 
areas each containing multiple bidding zones. For the net exports considered in 
the flow-based constraints only the exchanges within the flow-based area are con-
sidered. The bidding zones cannot only be connected to bidding zones within the 
same flow-based area but also to bidding zones in other flow-based areas or bid-
ding zones outside of flow-based areas. Such connections and connections between 
bidding zones outside of flow-based areas can be modelled using the constraints 
available in the ATC model. 

On another hand, network domains given to the day-ahead market clearing 
process must satisfy a “simultaneous feasibility test” condition to ensure that the 
congestion incomes collected in the day-ahead are large enough to cover payments 
to holders of Long-Term Transmission Rights (Financial Transmission Rights 
whose payoff depends on the price spread between two locations). Euphemia 
implements an LTA Inclusion mechanism5 to ensure that such simultaneous 
feasibility test conditions are satisfied (N-SIDE, 2022).6 

5 Another (less scalable) LTA Inclusion mechanism based on so-called “virtual branches” was 
previously part of capacity calculation processes. The Extended LTA Inclusion mechanism imple-
mented in Euphemia was designed in the frame of the Euphemia Lab to reach sufficient scalability 
for the introduction of Evolved Flow-based in the Central Western Europe region and incidentally 
enabled to operate a “tight LTA inclusion” in the CORE capacity calculation region. 
6 For details on how the Extended LTA Inclusion is performed in Euphemia to ensure that these 
conditions are satisfied in practice, we refer to: (N-SIDE, 2022).



6 Day-Ahead and Intraday Auctions Market Coupling Algorithm 129

Fig. 6.4 Welfare maximization with block orders. Source Author’s own illustration 

6.5 Bidding Product Overview and Challenges 
with Advanced Bidding Products (Block Orders 
and Complex Orders) 

Besides classic bid curves, products such as block orders are used to represent 
technical constraints and cost structures of generation units (or more generally, 
portfolios of generation assets), and their analogue on the demand side. These 
advanced products introduce so-called “non-convexities” precluding in general the 
existence of a competitive equilibrium. 

In the example shown on Fig. 6.4, we briefly review why block orders prevent 
the existence of a competitive equilibrium. The example is like the examples in 
Sect. 6.2 but we changed prices and volumes of the orders. Additionally, bid C 
became a so-called block order. We assume that bid C has a minimum acceptance 
volume of 11 MWh, while offering 12 MWh in total. That means that in every 
feasible solution 0 MWh of bid C are accepted or any value between 11 and 12 
MWh.7 

If we could accept any value of bid C then the optimal solution with a welfare 
of 2400 EUR would be at the point where the supply and demand curve meet and 
where we accept 10 MWh of bid C, which is of course not possible. The optimal 
allocation is depicted on the right-hand side and has a welfare of 2370 EUR. Bid

7 This condition leads to a non-convexity as the solution space is not convex anymore. For the solu-
tion space to be convex it must contain all convex combinations of any two solutions in the solution 
space (intuitively, the line segment joining the two feasible points), meaning that if two solutions 
defined by vectors a and b exist then for each α in [0,1], a solution corresponding to vector α a 
+ (1-α) b exists. The entries of the vectors defining a solution are the values of the variables of 
the problem. For our example that means that if a solution with bid C being rejected exists and a 
solution with bid C being fully accepted exists then there has to be at least one solution for each 
acceptance ratio of bid C, which is not the case. If the objective function of the maximization prob-
lem is concave and the solution space is convex then the problem is a convex optimization problem, 
a class of optimization problems that contains for instance linear optimization discussed before. 
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C helps to generate significant welfare with the first 10 MWh, such that it is worth 
accepting the minimum volume of 11 MWh that must be matched from C in case 
of acceptance, even if the additional MWh requires to also match 1 MWh from 
bid B which negatively impacts welfare (see the red area between B and C). 

In this example, one can easily verify that it is not possible to find prices for the 
welfare maximizing solution such that no bid is losing money. Note also that stan-
dard marginal pricing where the marginally accepted bid B would set the market 
price to 10 e/MWh does not enable bid C to recover its costs (marginal pricing 
does not support here a competitive equilibrium). 

The design choice adopted in Europe, India, and Japan is to reject bid C, or 
more generally to reject the candidate allocation in such cases where marginal 
pricing would lead to block orders which are “paradoxically accepted”. In our 
example, rejecting bid C would lead to accepting bid A fully, accepting 10 MWh 
of bid D, and 0 MWh of bid B leading to a welfare of 2000 EUR. 

Block orders can also cover multiple periods or have a parent–child relationship 
with other block orders; in this case, the child block order can only be accepted 
if the parent block order is accepted too.8 However, block orders are only one 
example of more complex types of bids that enable the market participants to 
express their constraints. 

We review below the different types of orders in SDAC, leaving aside so-called 
PUN9 orders used in Italy which will be phased out as a prerequisite for the 
introduction of 15 min Market Time Units in SDAC. 

6.5.1 Hourly Orders and Simple Orders 

The term “hourly order” refers to the simplest type of orders that (a) are fully 
divisible, and (b) span a single Market Time Unit which as of today is one hour 
in all bidding zones. Market Time Units will be allowed to span 15 min instead 
of a full hour after the go-live of the 15 min Market Time Units scheduled in the 
first quarter of 2025. In the rest of this section, we hence refer more generally to 
simple orders, sometimes also called curve orders.

8 Information on various types of block orders available in SDAC can for instance be found in All 
NEMO Committee. ( 2020). Euphemia Public Description. Available online at: https://www.nemo-
committee.eu/assets/files/euphemia-public-description.pdf (Accessed Friday May 10, 2024), and 
in HUPX. Linked block orders—Exclusive group block orders. Available online at: https://hupx. 
hu/uploads/Kereskedes/Keresked%C3%A9si%20rendszer/DAM/Smart%20Blocks%20of%20H 
UPX%20DAM.pdf (Accessed Friday May 10, 2024). 
9 The National Single Price in Italy (Prezzo Unico Nazionale, PUN) for consumption units is pub-
lished as the weighted average of the bidding zone prices in Italy in the day-ahead market (Gestore 
dei Mercati Energetici (2024): Spot Electricity Market, https://www.mercatoelettrico.org/En/Mer 
cati/MercatoElettrico/MPE.aspx (Accessed Friday May 10, 2024). 

https://www.nemo-committee.eu/assets/files/euphemia-public-description.pdf
https://www.nemo-committee.eu/assets/files/euphemia-public-description.pdf
https://hupx.hu/uploads/Kereskedes/Keresked%C3%A9si%20rendszer/DAM/Smart%20Blocks%20of%20HUPX%20DAM.pdf
https://hupx.hu/uploads/Kereskedes/Keresked%C3%A9si%20rendszer/DAM/Smart%20Blocks%20of%20HUPX%20DAM.pdf
https://hupx.hu/uploads/Kereskedes/Keresked%C3%A9si%20rendszer/DAM/Smart%20Blocks%20of%20HUPX%20DAM.pdf
https://www.mercatoelettrico.org/En/Mercati/MercatoElettrico/MPE.aspx
https://www.mercatoelettrico.org/En/Mercati/MercatoElettrico/MPE.aspx
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Fig. 6.5 Piecewise linear bid curves lead to quadratic welfare maximization problems. Source 
Author’s own illustration 

Simple orders denote the simplest bidding products consisting of so-called 
price-quantity pairs: a given buy or sell quantity, and a limit price. More gen-
erally, market participants can submit a demand or supply curve that can consist 
of multiple steps (stepwise demand or supply curves), or multiple line segments. 
Examples of stepwise curves can be found on Fig. 6.4 above, while an illustration 
of a piecewise linear bid curve and why it leads to a (convex) quadratic welfare 
maximization problem is given on Fig. 6.5. 

A demand curve must be non-increasing, while a supply curve must be non-
decreasing. These conditions are needed to ensure that the total welfare function 
to be maximized is a concave function (i.e. that the underlying optimization prob-
lem is a convex optimization problem if we relax the binary conditions, that is 
when binary orders described below are considered divisible during some inter-
mediate algorithmic computations, or when their binary acceptance is considered 
fixed during specific pricing calculations). 

6.5.2 Block Orders 

Regular block orders are binary orders with so-called “fill-or-kill” conditions, i.e. 
fully indivisible orders. The volumes at the different periods which are associated 
with a regular block order, and which must be either fully cleared or fully rejected, 
can be period-specific and determine the “profile” of the block order. 

Curtailable block orders are semi-indivisible orders in the sense that if they are 
accepted, a same “minimum acceptance ratio” is enforced at each period spanned
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Fig. 6.6 Regular and curtailable block orders. Source Author’s own illustration 

by the block order. Concretely, if the minimum acceptance ratio is 40% and applies 
to a block order offering 100 MW in period 1 and 200 MW in period 2, if the block 
is accepted, at least 40 MW must be cleared in period 1 and 80 MW in period 2. 
Regular and curtailable block orders are described in Fig. 6.6. 

Several variants of this base binary order exist in practice: “linked” (a block 
can be accepted only if the parent is accepted), “exclusive” (only one block in 
the group can be accepted, or the total acceptance ratios cannot exceed 1), etc. 
We refer to the Euphemia Public Description (All NEMO Committee, 2020) for 
a comprehensive description of the block order variants, to EPEX market rules 
(EPEX Spot, 2023) for technical conditions or restrictions applicable to them, and 
to a technical document from HUPX (HUPX, 2014) for additional information on 
linked and exclusive block orders. 

As discussed in the beginning of this section, such orders introduce non-
convexities usually precluding the existence of a competitive equilibrium supported 
by uniform prices and the market rules applicable in Europe, Indian, and Japanese 
markets require to consider block order selections (or more generally non-convex 
order matchings) such that no block order is paradoxically accepted (i.e. accepted 
despite being out-of-the-money) according to the resulting marginal prices (The 
marginal prices are obtained after considering the block order selection as a given, 
fixing the corresponding binary acceptance variables to the value they take in the 
considered bid matching, and computing classical marginal prices associated with 
the resulting “convex” optimization problem). 

The next sections discuss how to find solutions for market instances where such 
rules apply. 

6.6 Skeleton of the SDAC Market Clearing Algorithm: 
Implicit Enumeration (Branch-And-Bound) 

Products like block orders or scalable complex orders are modelled using binary 
variables that can only take the values 0 or 1. These variables express the accep-
tance of the corresponding order. If the value is 0 then the order is rejected, and if
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Fig. 6.7 Branch-and-bound method. Source Author’s own illustration 

the value is 1 then the order is fully or partially accepted. The existence of such 
binary variables in the welfare maximization problems causes non-convexities as 
we discussed above and requires the usage of mixed-integer programming (MIP) 
algorithms for solving the welfare maximization problem. 

For welfare maximization, introducing new binary variables to the Linear Pro-
gram (LP) or Quadratic Program (QP) transforms the problems into mixed-integer 
linear problems (MILP) or mixed-integer quadratic problems (MIQP). Such prob-
lems can be solved by combining the branch-and-bound method together with an 
algorithm for solving quadratic problems like the simplex method.10 The branch-
and-bound method is not a simple enumeration of all binary assignments to the 
binary variables but uses a tree structure and allows a more efficient search using 
upper and lower bounds as shown in Fig. 6.7. 

Relaxation: The idea behind the branch-and-bound method is to first relax all 
binary variables. Thus, the binary variables can take fractional values. The optimal 
objective value to a relaxed maximization problem is always at least as large as 
the optimal objective value of the original problem and thus provides an upper 
bound. The reason is that relaxation allows additional solutions while keeping all 
solutions prior to the relaxation. 

Branching: When a binary variable has a fractional assignment in the optimal 
solution to the relaxation then we can branch on that variable as the solution 
cannot be accepted for the original problem. That means that we can select one 
binary variable that has a fractional assignment and create two child problems to 
the relaxation. In one child, the selected binary variable is set to 0, and in the other 
one it is set to 1. This branching creates the tree structure, and each sub-problem

10 While for many specific mixed-integer problems with simple structures dedicated algorithms 
with better performances do exist, the complex structure of market clearing problems with many 
different types of constraints leads to the use of generic algorithms that could be applied to any 
MILP or MIQP. However, there are in general many ways to formulate or approach a specific 
problem which can have a significant impact on algorithm performances when using such generic 
algorithms. 
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is a node in the tree. We can continue selecting nodes for branching as long as 
they do not satisfy any of the following conditions: 

1. We already branched on that node. 
2. All binary variables have binary values in the optimal solution of the node that 

was found (i.e. the node provides a feasible solution). 
3. The node is infeasible (i.e. the node does not have any solution). 
4. The welfare of the node’s optimal solution is below the welfare of some feasible 

solution we already found (i.e. we can prune that node). 

Once all nodes satisfy these conditions the algorithm terminates, and we found an 
optimal solution or showed that no solution exists. The branch-and-bound method 
always provides us with a lower bound, which is the maximum objective value 
of all feasible solutions (assuming that at least one exists), and an upper bound, 
which is the maximum objective value of all nodes that have no child nodes or 
have child nodes that were not yet solved. The distance of the upper bound (on the 
best achievable welfare) to the lower bound (given by the best solution found so 
far), is the so-called optimality gap. It indicates by how much at most the quality 
of the solution could be improved if the search is further continued, and gives a 
certificate of near-optimality when this gap is considered small enough. However, 
this is just an indication, as the upper bound can still improve when the tree is 
further explored. When no more nodes are available for branching, the optimal 
solution has been found and the gap is zero. 

As not all conditions on a final solution can be modelled efficiently in an MIQP, 
some conditions can be validated only when finding a feasible solution. Should 
some condition be violated (e.g. no paradoxically accepted order), the feasible 
solution can be rejected by adding a new constraint and the node is available for 
further branching. 

Figure 6.8 provides an example of the branch-and-bound method. The root node 
has an objective value of 13,500 EUR but still contains three relaxed binary vari-
ables with fractional assignments (x7, x15, x20). Following the internal branching 
strategy, the first relaxed binary variable we branch on is x7. We have now two 
branches with x7 equals zero or x7 equals one.

The internal node selection strategy decides on which node to explore next. 
However, in both cases there are still some relaxed binary variables with fractional 
assignments and the branching has to continue. 

Following the next branching we end up with the following four cases when 
exploring the new nodes: (1) all binary variables have binary assignments and we 
thus obtain a feasible solution, which also provides us with a lower bound of 9500 
EUR; (2) some relaxed binary variables still have fractional assignments but we 
cannot prune this branch and have to continue exploring it as the objective value 
of 9800 EUR is above our lower bound (this part of the search space could still 
contain better solutions than the one with a welfare of 9500 EUR); (3) the branch 
does not contain any feasible solution; (4) the objective value is at 9300 EUR and
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Fig. 6.8 Example of the branch-and-bound method. Source Author’s own illustration

we can thus prune that branch as the value is below our lower bound of 9500 EUR 
(no improving solution could be found in that part of the search space). 

More technical details on custom algorithms applicable to European-like market 
rules can be found in the literature, such as (Madani, 2017) and (Müller, 2014). 
Note however that these references do not deal with PUN orders currently present 
in Italy. They also do not cover the full set of algorithmic elements present in state-
of-the-art production-grade market clearing software for market rules like the ones 
used in Europe, India, and Japan. 

6.7 Managing Volume and Price Indeterminacies 

Optimization problems can have multiple optimal solutions, and the convex opti-
mization problems encountered in day-ahead electricity markets may have no 
solution, a single solution, or infinitely many optimal solutions, as could be 
observed, for instance, on Fig. 6.9 where the green segment on the left-hand side 
shows corresponds to a range of possible matchings, with different total cleared 
volumes but the same total optimal welfare.

Figure 6.9 also displays market clearing problems with step curves that have 
price indeterminacies, and thus infinitely many possible prices. 

This section discusses how such situations can be addressed so as to uniquely 
determine a single market outcome according to the market rules. Similar rules 
exist, for instance, for lifting indeterminacies in scheduled exchange calculations 
(alternative optimal solutions for flows on cross-border lines) which we do not 
cover in this chapter.
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Fig. 6.9 Volume indeterminacy (left-hand side) and price indeterminacy (right-hand side). Source 
Author’s own illustration

In case of volume indeterminacy, the horizontal segments of the supply curve 
and the demand curve overlap. The overlapping orders are at the money and have 
zero utility in any case, no matter if they are selected or not. In case of price 
indeterminacies, the vertical segments overlap. Thus, for two distinct market prices 
the prices of all accepted supply orders are below these market prices and all 
accepted demand orders have prices above these market prices. 

Consequently, those market prices and all market prices in between are valid 
considering all market participants. In both cases, infinitely many optimal solutions 
to the welfare optimization problem (or its dual giving the market prices) exist and 
it follows that secondary objectives beside welfare optimization should be selected 
to choose the best solution for market participants. 

For volume indeterminacies, the maximization of the accepted volume is 
favoured. A quadratic objective can help here to reach a well-defined volume per 
bidding area in case of volume indeterminacies in multiple bidding areas. We can 
select here a strictly convex objective function that is guaranteed to find a unique 
optimal solution, and which tend to maximize the traded volume.11 

For price indeterminacies, the distance to the midpoint of the feasible price 
interval can be selected as optimality criterion. However, other optimality criteria 
like the smallest price could also be chosen. As for volume problems, a quadratic 
objective can help to deal with indeterminacies in multiple bidding areas. 

While both types of indeterminacies could be avoided by the selection of 
interpolated curves without horizontal or vertical segments, such restrictions on 
orders can lead to other challenges to market participants and the algorithm itself. 
Curve segments with a small but positive slope can, for instance, cause numerical 
problems and lower precision of solutions.

11 Having the maximization of the traded volume as a secondary objective is not sufficient to ensure 
that the market outcome is uniquely defined, because traded volume maximization is technically a 
“linear objective”, which is not sufficient to guarantee that there will be a unique optimal solution. 
Instead, a “strictly convex” quadratic objective is used, ensuring uniqueness, which in corner cases 
may not fully maximize the traded volume as a secondary objective. 
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Another source of indeterminacies are the flows between bidding areas and 
between NEMOs. These indeterminacies require other dedicated problems with 
their own objectives that ensure that a unique optimal solution exists for each 
selection of binary orders. 

6.8 Outlook 

The design and operation of efficient coupled day-ahead electricity markets, incre-
mentally implemented over the past two decades in Europe, is a formidable 
achievement that necessitated an impressive degree of coordination among stake-
holders, as this entailed the design of methodologies for cross-border capacity 
calculations, bidding product design, the common market clearing algorithm, fall-
back procedures, and a wide range of other procedures supporting operations 
taking place on a daily basis today at a massive scale. 

Day-ahead electricity markets around the world will also evolve in the coming 
years, to cope with the energy transition challenges, and ensure that their design 
continues to support the functioning of efficient markets. For instance, how to 
best incorporate in the market design the flexibility provided by new storage tech-
nologies, or from smart network resources, constitute interesting topics to further 
explore. 

From an algorithmic perspective, while new challenges may lie ahead, past 
achievements allow us to look to the future with confidence. 
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7Continuous Intraday Market 
Coupling Algorithm 

Suzanna Vogeler 

Abstract 

This chapter begins by describing the background to how existing European 
intraday markets were finally brought together via a pan-European solution 
known as Single Intraday Coupling. The chapter introduces the IT-solution (M7 
XBID) for the Single Intraday Coupling, which enables continuous intraday 
trading of energy contracts for the physical delivery of electricity 24 h a day, 
365 days a year across Europe. More details on the technical modules of M7 
XBID, as well as the data flows including the upstream and downstream sys-
tems are provided. The chapter closes with a simplified description of the Single 
Intraday Coupling continuous trading algorithm. 

7.1 Introduction 

Single Intraday Coupling is the result of the liberalization of the energy markets in 
the European Union. Liberalization led to the establishment of energy exchanges 
and market coupling operators and ultimately single intraday market coupling (see 
Chapters 1 and 2), as we know it today. 

Until 2018, the intraday markets were still in a type of regional coupling 
state with Germany, France, the Netherlands, and Switzerland coupled via EPEX 
Spot’s intraday trading system (M7 Trading) and Nord Pool Spot coupling the 
Scandinavian intraday markets with their solution known as ELBAS. 

In 2018, the existing European intraday markets were finally brought together 
via a pan-European solution known as Single Intraday Coupling.
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The relationship between Deutsche Börse AG, the TSOs, and the NEMOs for 
the establishment of a central IT platform and infrastructure for pan-European 
intraday coupling dates to 2012 when a competitive Request for Proposal (RfP) 
was issued by the power exchanges APX-ENDEX Power B.V., BELPEX NV, 
EPEX Spot SE, Nord Pool Spot AS, OMI Polo Español, S.A., and OTE, a.s. 

The objective of the RfP was to establish a common cross-border implicit con-
tinuous intraday trading solution across Europe, with the allocation of cross-border 
capacities after the European-wide day-ahead market coupling. 

In 2015, Deutsche Börse AG was mandated with the development, maintenance, 
technical operation, and hosting of the IT-solution (M7 XBID) for the single intra-
day coupling (SIDC), which was launched in June 2018. It enables continuous 
intraday trading of energy contracts for the physical delivery of electricity 24 h 
a day, 365 days a year across 25 EU Member States. This means that an offer 
submitted in Italy could be matched with a bid submitted in Norway, depending 
on the bid prices and the available transmission capacity. 

With the ever-increasing amount of variable renewable production, pan-
European cross-border intraday trading and the delivery of the electricity on the 
same day gives market participants the opportunity to balance their positions after 
the closing of the single-day-ahead market (SDAC). It also makes it easier for mar-
ket participants to allow for unexpected changes in consumption and outages thus 
limiting their shortfalls or surpluses. Overall, such a mechanism reduces reliance 
on reserves and the associated costs (ENTSO-E, 2023a, 2023b) and enables a more 
efficient utilization of the generation resources across Europe (Single Intraday 
Coupling, 2021). 

Since the launch, SIDC has become truly pan-European and, as of early 2024, 
includes 14 NEMOs: BSP Energy Exchange LLC, Croatian Power Exchange Ltd., 
EPEX Spot SE, ETPA Holding B.V, Gestore dei Mercati Energetici S.P.A., Hel-
lenic Energy Exchange S.A, HUPX Hungarian Power Exchange Company Limited 
by Shares, Independent Bulgarian Energy Exchange, Nord Pool European Market 
Coupling Operator AS, OKTE a.s., OMI—Polo Español S.A., Operatorul Pieţei de 
Energie Electrică şi de Gaze Naturale “OPCOM” S.A., OTE a.s., and Towarowa 
Gielda Energii S.A. This geographical expansion occurred in 4 waves from 2018 
to 2022 with a fifth wave in 2023 as illustrated in Fig. 7.1.

Since the establishment of the European Energy Exchange (EEX) in Frank-
furt in 20 Deutsche Börse AG has helped shape energy trading (Deutsche Börse 
Group, 2023a, 2023b). In addition to M7 XBID, its M7 product portfolio includes 
M7 Trading—a trading system for continuous intraday power trading markets, 
M7 Auction—an auction service for CO2 allowances and Grid Loss as well as 
M7 Capacity—a capacity management system for intraday cross-border capacity 
allocation. This is illustrated in Fig. 7.2.

In general, power must be produced and consumed simultaneously and cannot 
be easily stored. Moreover, the frequency of the transmission grid must remain 
stable at all times and, thus, consumption must be equal to production at all times. 
This makes the 24 ×7 operation, availability and resilience of short-term power 
markets and the corresponding trading solutions essential. Solutions, such as M7
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Fig. 7.1 SIDC evolution timeline. Source Author’s own illustration
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Fig. 7.2 The M7 product family. Source (Deutsche Börse Group, 2023a, 2023b)

XBID, help provide electricity where it is needed even across borders by allowing 
market participants to balance their positions close to real-time. Between mid-
June 2018 and the end of February 2023, 242 million trades have been executed 
on M7 XBID, with an average technical annual availability of 99.97% in 2022 
(ENTSO-E, 2023a, 2023b).



142 S. Vogeler

The development of the market and the geographical extension have contributed 
to the overall increase in order and trade volumes in the Single Intraday Market 
Coupling and, thus, to the performance needs of M7 XBID. 

7.2 Modules and Data Flows 

7.2.1 Modules 

M7 XBID, the pan-European single intraday coupling (SIDC) platform, is a mod-
ular, integrated matching IT-solution which is monitored continuously and has 
been uplifted since its inception to handle the increased volumes (All NEMO 
Committee, 2023a, 2023b). 

The number of orders and trades has grown from less than 500,000 per day with 
the launch in 2018 to approximately 2 million orders per day in January 2021 to 
over 4 million per day in January 2023 and to over 7 million per day in July of 
2023 as shown in Fig. 7.3. 

The solution is based on the Shared Order Book (SOB), the Capacity Manage-
ment Module (CMM/CMI) and the Shipping Module (SM) as well as the Central 
Reference Data Module (ENTSO-E, 2023a, 2023b). This performant, modular 
architecture provides for greater flexibility, scalability, and maintainability as well 
as adaptability to changing requirements. Figure 7.4 depicts the XBID solution.

7.2.1.1 Trading Module—Shared Order Book 
The Shared Order Book (SOB) of the Trading Module contains the base func-
tionality for continuous trading, such as order entry, order management, and order 
matching. The shared order book concept enables orders entered in one market
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Fig. 7.4 The XBID solution. Source Adapted from (ENTSO-E, 2023a, 2023b)

area to be displayed in connected market areas if there is sufficient transmission 
capacity between them. 

The M7 XBID solution enables multiple power exchanges (NEMOs) to connect 
to the central SOB module as illustrated in Fig. 7.5. Market participants cannot 
connect directly to the SOB, but instead connect to one or more power exchanges 
(local trading solutions). Orders are entered in the local trading solutions by the 
market participants, which in turn connect to the SOB module via the public mes-
sage interface. Matching of two orders (for a global contract) entered for the same 
delivery area is performed in the SOB. The trading activities are documented in 
reports, which are made available to the NEMOs and transmission system opera-
tors (TSOs). Global products and contracts refer to those which are set-up in the 
M7 XBID Solution and which are eligible for matching. Local products and con-
tracts are those which are not set-up in M7 XBID and which are therefore not 
matched in the M7 XBID solution. They are set-up and matched on the respective 
local trading solution.

The SOB module maintains a consolidated order book for all global contracts 
(not local contracts) based on the available transmission capacity between market 
areas, which is maintained in the Capacity Management Module (CMM). It con-
tains all bid and ask orders with their prices, volumes, delivery area, and contract. 
The orders are arranged based on their prices; the bid (ask) order with the highest 
(lowest) price is at the top of the order book as these are the orders that are likely 
to get matched first (Shinde, 2023). 

Orders submitted to the SOB module are either executed immediately or entered 
in the order book. This means that the order is stored in the system and made 
visible for other users with respective rights until the order is either deleted or 
deactivated or a matching order is submitted.
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Fig. 7.5 Multiple NEMOs connecting to the central SOB module. Source Author’s own illustra-
tion

For each contract there is one consolidated order book; however, orders in the 
order book can only be executed against each other if they are entered for delivery 
areas of the same market area or entered for areas which are connected via cross-
border trading. In other words, when market participants submit orders for different 
delivery areas, they can only be matched if there is enough available transmission 
capacity between the respective areas (ENTSO-E, 2023a, 2023b). 

In a cross-border scenario, the orders that are visible for each delivery area can 
differ, based on the transmission capacity situation. The Order book data displayed 
by the SOB module is not simply a collection of all orders entered for a contract, 
but rather it contains the sum of all orders (local orders and orders from connected 
delivery areas) that can be executed in the selected delivery area. The selection
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of the route between delivery areas is referred to as routing and calculated by the 
routing engine based on the available transmission capacity. 

7.2.1.2 Capacity Management Module 
The Capacity Management Module (CMM) provides the Transmission System 
Operators (TSOs) with functionality for managing the transmission capacity 
between all areas. CMM communicates with the SOB Module via a message inter-
face. An interested reader is invited to see more details about the role of the TSOs 
in Chapter 4. 

M7 XBID allows for both implicit and explicit capacity allocation, which are 
handled in the same way by M7 XBID. 

Implicit capacity allocation or trading refers to the simultaneous allocation of 
transmission capacity and the corresponding quantity of power, whereas explicit 
capacity allocation refers to the allocation of only the transmission capacity in a 
specific direction on a specific interconnector. 

In the case of explicit capacity allocation, whereby the two commodities capac-
ity and power are traded in two separate, independent transactions, there is a lack 
of information about their prices. This may lead to lack of price convergence, less 
social welfare, more adverse flows and, in general, inefficient use of the intercon-
nectors. Explicit allocations may be performed by Explicit Participants on two 
borders (as of Q1 2024: French–German and Croatian–Slovenian) by entering 
direct capacity requests via the M7 XBID CMM GUI or message interface. 

The standard procedure on the majority of the M7 XBID borders is implicit 
capacity allocation during the matching process in the Trading Module. Specif-
ically, this means that when cross-border trades are performed in the trading 
module, CMM implicitly allocates the required cross-border capacity. In this case, 
the capacity and the energy are priced together in one transaction. This ensures 
more efficient use of the interconnectors and minimizes congestion. 

7.2.1.3 Shipping Module 
The Shipping Module (SM) prepares data required for the nomination and schedul-
ing of power as well as the financial settlement. The Shipping Module receives 
data about all trades from the SOB module and then enriches it. The enriched 
information is then provided to parties such as the NEMOs and TSOs and Central 
Counterparties (CCPs). An interested reader is invited to see more details about 
Shipping in Chapter 8. 

7.2.1.4 Central Reference Data Module 
The Central Reference Data Module contains master data such as balancing 
groups, members, users, products, contracts, etc., which is necessary for the 
operation of the SIDC.
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Fig. 7.6 M7 XBID data flows. Source Adapted from (ENTSO-E, 2023a, 2023b) 

7.2.2 Data Flows 

M7 XBID is connected to various upstream systems that provide input data as well 
as downstream systems to which it provides data resulting from orders, trades, and 
transmission capacity allocations (ENTSO-E, 2023a, 2023b). An interested reader 
is invited to see more details on the data flow in Fig. 7.6 below. 

7.2.2.1 Upstream Systems 
The upstream systems send data to the M7 XBID solution. These upstream systems 
include the local trading solutions, the TSO systems as well as the explicit partici-
pants. The TSO systems provide M7 XBID with the available transmission system 
capacity on the respective interconnectors. Without this information cross-border 
trading cannot take place. 

The transmission capacity is processed by CMM and made available to the 
other technical modules. 

M7 XBID receives orders from the Market Participants via the Local Trading 
Solutions, which are operated by the NEMOs. M7 XBID receives explicit alloca-
tion requests for transmission capacity from the explicit market participants. These 
requests are processed by CMM. In addition, the NEMOs, in their role as market 
administrators, input the master data via the reference data module. 

7.2.2.2 Downstream Systems 
M7 XBID sends data to the downstream systems as a result of orders, trades, and 
explicit capacity allocations. Once an order has been received by M7 XBID it is
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processed by the Trading Module and, if a trade is concluded, the matching results 
are sent back to the local trading solution, which in turn provides the market par-
ticipant with a trade confirmation. In the event of an explicit capacity allocation, 
the explicit participant receives confirmation of the allocation. Data on trades and 
allocated capacity is enriched by M7 XBID and sent via various files and inter-
faces to the downstream systems of the TSOs, NEMOs, and Central Counterparties 
(CCPs) for further processing. 

7.3 Trading Model 

The European single intraday coupling is based on continuous trading as opposed 
to the European Single Day-Ahead Coupling which is based on an auction mar-
ket model. In mid-2024, however, the single intraday coupling continuous trading 
model will be complemented with Intraday Auctions (IDA). The purpose of these 
implicit intraday auctions is to harmonize the calculation of the cross-border capac-
ity and also to price it, thereby sending an adequate price signal to the market. 
An interested reader is invited to see more details about the Single Day-Ahead 
Coupling as well as IDA in Chapter 6. 

In single intraday coupling continuous trading, the market participants can place 
orders to buy or sell electricity 365 days a year, 24 h a day. The single intraday 
coupling encompasses the continuous trading of contracts/products for the phys-
ical delivery of electricity on day D starting with gate opening on day D-1. The 
contracts have predefined delivery periods of 15, 30, and 60 min depending on 
the bidding zone (ENTSO-E, 2023a, 2023b). An interested reader is invited to see 
more details about the timeline of the markets in Chapter 2. 

The market operates continuously, and orders are executed as they match with 
opposite orders in the order book. Orders are executed on a first-come first-served 
principle, where the highest buy price and the lowest sell price get served first 
(Terna, 2021). 

The prices in continuous trading are determined by the ongoing supply and 
demand in the integrated European market. They fluctuate frequently as orders are 
matched in real-time. 

Such continuous matching provides the market with real-time price and trade 
information, allowing the market participants to see the current state of the market 
and make decisions accordingly. This ability to balance positions shortly before 
delivery is beneficial not only for the market participants but also for the power 
systems. It reduces the need for reserves and the associated costs while allowing 
enough time for carrying out system operation processes and for ensuring system 
security (EPEX, 2023). This is especially important in the power markets, where 
prices can be influenced by factors such as supply availability, fuel costs, and 
transmission constraints as well as renewable energy, which can be difficult to 
predict. 

Continuous trading can, however, lead to more price volatility than in an auc-
tion, as prices are constantly adjusting based on the supply and demand scenario.
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Nevertheless, continuous trading promotes liquidity by providing opportunities for 
buyers and sellers to transact. This liquidity is essential for the efficient function-
ing of the integrated European market. By being able to adjust their positions in 
real-time, market participants can respond to market volatility and hedge against 
price fluctuations, thus reducing their exposure to risk. 

The continuous matching algorithm for trading in power is more complex than 
algorithms for trading tangible assets such as marketable securities. During the 
matching process, the single intraday coupling continuous trading algorithm must 
take the physical constraints of electricity and the associated infrastructure, such 
as the transmission grid into consideration. An interested reader is invited to see 
more details on constraints in Chapter 4. 

During the single intraday coupling continuous order matching process, con-
straints such as execution restrictions, validity restrictions, market area/delivery 
area, available transmission capacity, and ramping constraints, among others, must 
be included in the calculation before a trade is concluded.

• Order execution restrictions refer to the conditions placed on the order by the 
market participant, such as Immediate or Cancel (IOC) and Fill or Kill (FOK). 
Orders with type IOC are never entered into the order book. They are either 
executed fully against one other order or cancelled. FOK orders are executed 
fully against one or multiple other orders or cancelled. FOK orders are also 
never depicted in the order book (PSE, 2021).

• Validity restrictions refer to when an order should be deleted by the system, 
such as at contract expiration or at an explicitly defined date and time (PSE, 
2021)

• Market areas and delivery areas refer to bidding zones and scheduling areas, 
respectively. A market area may contain multiple delivery areas between which 
there is unlimited transmission capacity. The assumption is that transmission 
capacity between market areas is subject to congestion. An interested reader is 
invited to see more details about the zonal model in Chapter 1.

• Available transmission capacity refers to the available transmission capacity 
between two connected delivery areas. An interested reader is invited to see 
more details about the capacity calculation in Chapter 3.

• Ramping refers to a change in power flow from one time unit to the next. 
Ramping restrictions limit the allowed net flow variations on consecutive hours 
on specific interconnectors (Nordpool Group, 2023). 

7.4 Outlook 

The single intraday coupling has harmonized the European intraday markets, 
increased the overall market liquidity and allowed market participants to balance 
their positions shortly before delivery, without large price swings thus, increasing 
market efficiency. This is exemplified in Fig. 7.7, which depicts the increasing
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Fig. 7.7 Share of intraday traded volumes according to domestic vs. cross-zonal(border) nature of 
trades in Europe and yearly continuous intraday traded volumes 2019–2022 (% and TWh). Source 
(European Commission, 2023) 

Fig. 7.8 Yearly churn rates in major European intraday markets by type of trade from 2020 to 
2022. Source (European Commission, 2023) 

share of intraday cross-border (cross-zonal) trading in relation to the overall con-
tinuous intraday trading volumes in Europe since the inception of SIDC (European 
Commission, 2023). 

The increase in liquidity can be seen via the churn rates, depicted in Fig. 7.8. 
The churn rates indicate the number of times electricity generated in a market is 
subsequently traded (Glowacki Law Firm, 2021). The churn rates or factors have 
increased since 2020, by 6% in 2021 and by 16% in 2022 (European Commission, 
2023). 

Looking forward, in June 2024, IDA will be implemented to efficiently allocate 
and price the transmission capacity, thus reflecting their shortage and sending an 
adequate price signal to the market. It remains to be seen how these auctions will 
play out and the impact that they will have on the continuous intraday trading.
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8Cross-Zonal Shipping 
and Nominations 

Jean-Michel Reghem 

Abstract 

This chapter provides the reader with an overview of physical clearing and set-
tlement processes needed for market coupling. Cross-zonal physical shipping is 
described in detail, including the roles of Nominated Electricity Market Opera-
tors, Central Counter Parties and Shippers. Different shipping arrangements are 
discussed, including the situation where multiple Nominated Electricity Mar-
ket Operators are active in the same bidding zone. Examples of shipping and 
scheduling both in day-ahead and intraday auctions, and intraday continuous 
trading, are illustrated and explained. Finally, the TSOs matching and schedul-
ing process, which is initiated after each auction or continuous trading gate, is 
described. 

8.1 Introduction 

Article 68 of the CACM Guideline (European Union, 2015) deals with clearing 
and settlement for single day-ahead and intraday coupling. There are two aspects 
to clearing and settlement of market coupling: physical and financial. This chapter 
covers the clearing and settlement of market coupling with a focus on the physical 
clearing and settlement which is better known as “cross-border and local nomi-
nation processes” towards TSOs systems. Chapter 9 deals with financial clearing 
and settlement with a focus on Nominated Electricity Market Operator (NEMO) 
processes. The difference between physical and financial clearing and settlement 
is briefly illustrated in Sect. 8.2.4.
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To describe the cross-border and local nomination processes, the chapter starts 
with an introduction to TSO Scheduling, followed by a discussion on the difference 
between explicit and implicit allocation. For info, actual allocations are available 
on ENTSO-E’s Transparency Platform (ENTSO-E, 2024). The important role of 
NEMOs, Central Counter Parties (CCPs) and Shippers (or Shipping Agents) are 
also described in the context of market coupling and nominations. 

While monopolistic NEMO arrangements are acceptable in Bidding Zones, 
Article 45 and 57 in the CACM Guideline provide for the concept of “Multiple 
NEMO Arrangements” (MNA). NEMO arrangements are important for the cross-
zonal shipping and nominations process and are introduced in detail in Sect. 8.2.5. 
It is also relevant to note that Multiple NEMO Arrangements can generate quite 
complex shipping arrangements which are illustrated in this section. 

For the interested reader, shipping and scheduling in day-ahead auctions, intra-
day auctions, and intraday continuous trading are illustrated in Sect. 8.3. In  
addition, the matching and scheduling process of TSOs is also illustrated with 
some worked examples. 

For reference, these topics are covered in Articles 43, 45, 49, 56, 57, 60, 61, 
68, and 80(4) of the CACM Guideline. 

8.2 Cross-Zonal Shipping 

The following section introduces the different elements of cross-zonal shipping 
including why it is needed, the TSO responsibilities, and the responsibilities of 
other market stakeholders. The difference between physical and financial shipping 
is also explained. 

8.2.1 The Basis of TSO Scheduling 

Each TSO operates its grid operations and schedules with its own nomination and 
scheduling systems and processes as well with the specific local rules applying 
to its Balance Responsible Parties (BRP). There are several differences for each 
TSO, however a principle is common: it is crucial for TSOs to have access to the 
“balanced net position” of its control area and of each BRP, both in the Day-ahead 
and Intraday timeframes. 

At BRP level, this balanced net position reflects the combination of injection 
nominations and offtake nominations from power units, industries, and Distribu-
tion System Operators (DSOs) that are part of the BRP perimeter. Additionally, 
it includes local hub nominations, which represent internal commercial trade 
schedules between BRPs, and cross-zonal nominations (external commercial trade 
schedules) (Figs. 8.1 and 8.2).

Local hub offtake and injection nominations play a crucial role in enabling 
the TSOs to monitor the balance status of each BRP and anticipate grid flows.
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Fig. 8.1 TSO control area and role of BRP. Source Author’s own illustration 

Fig. 8.2 Perimeter of a BRP. 
Source Author’s own 
illustration
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However, it is equally essential not to overlook the significance of cross-zonal 
nominations, as they are vital for the TSO’s scheduling system. 

A control area (or balancing area) is a geographical region within an electricity 
grid managed by one TSO or a group of TSOs. Each control area is responsible 
for maintaining the balance between electricity generation and consumption within 
its boundaries. The balanced net position of the control area is the aggregation of 
all external commercial trade schedules and determines whether the TSO’s con-
trol area will experience a net import or export position after the Day-ahead and 
Intraday timeframes. This information becomes invaluable for conducting security 
analyses, initiating redispatching processes, and ensuring smooth grid operations 
by resolving potential congestion issues. 

In the case of explicit allocation, BRPs are directly responsible for nominating 
cross-zonal transactions to the TSO. However, when implicit allocation is in effect 
(as explained in the next section), a specific type of BRP known as shipping agent 
or shipper takes on the responsibility of managing the cross-zonal nomination 
process in collaboration with the TSO.
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8.2.2 Explicit and Implicit Allocations 

The process of cross-zonal (or cross-border (XB)) transactions allocation could be 
realized either via explicit or implicit allocations, as explained in Fig. 8.3. 

8.2.2.1 Explicit Allocation 
Explicit allocation involves a two-step approach per border: 

1. the auctioning of available cross-border transport capacity 
2. and a separate energy transaction where traders buy or sell the energy separately 

on local markets. 

This process is illustrated in Fig. 8.4. In this example, BRP 1 owns a production 
and a consumption asset in its perimeter. Let’s consider that we are in the Day-
ahead timeframe. For a specific imbalance settlement period (ISP), the production 
asset is expected to produce some energy represented in Fig. 8.4 by a small rect-
angle. The consumption unit however expects to consume more energy than what 
will be produced by the production asset (represented by the bigger rectangle). 
In order to balance its perimeter, BRP1 buys additional energy from BRP2. This 
exchange is materialized via a local nomination to the TSO between BRP2 and 
BRP1.

However, BRP1 is still in imbalance for the specific period, represented by 
the chopped rectangle. BRP1 will explicitly import this missing energy from the 
neighbouring area. In order to do so, BRP1 will first buy a piece of the cross-
border capacity between the 2 zones via an auction organized by JAO, the Joint 
Allocation Office, operating the explicit auctions on behalf of the TSOs. After the

• Auctioning of XB transport capacity 
between 2 zones 

BRPx get via the auction a 
part of available 
interconnector capacity – 
100MW – of the electricity 
“pipe” from BE to FR

• Traders buy/sell the energy 
separately on local markets 

BRPx buys 100MWh from 
Engie in BE and sells 
100MWh to BRPy in FR 

Explicit auctions 

Example 

Example

• (one step) Auctioning of Energy at 
PX of one of the NEMOs in the whole 
region

• No separate auctioning of capacity

• Capacity is made implicitly 
available to the market participants 
via an organized market/exchanges 
together with the energy 

BRPx sell 100MWh to EPEX 
in BE and BRPy buys 
100MWh from EPEX in FR 

Implicit auctions 

Example 

Fig. 8.3 Explicit vs implicit allocations. Source Author’s own illustration 
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Fig. 8.4 Explicit allocation. Source Author’s own illustration

result of the auction, if BRP1 bids the requested quantity with a price allowing 
him to be part of the winners of the auction, it will pay the clearing price and will 
get in exchange a “right” to use this capacity. 

This is not enough however: BRP1 will also have to buy locally from BRP3 the 
missing energy in the neighbouring area, using another local BRP account for this 
area. Eventually, BRP1 will nominate cross-border the “chopped rectangle” energy 
between the 2 zones, using the acquired rights. Once nominated, this additional 
capacity imported from the neighbour zone will balance the perimeter of BRP1 
for this specific period. Besides local and cross-border nominations, BRP1 had to 
pay BRP2 and BRP3 for the required energy. BRP1 also paid the clearing price to 
the TSOs on either side of the border, covering the requested capacity. 

The explicit cross-border allocation process was then done in two steps: first 
the acquisition of a right on the capacity, via an auction, and then the purchase 
of energy in the neighbouring area before its transmission via a cross-border 
nomination. 

8.2.2.2 Implicit Allocation 
Implicit allocation, in contrast, streamlines the capacity allocation process into a 
single step. Energy and capacity available on the borders are auctioned together. 
There is no separate auctioning of capacity, and it is made implicitly available 
(along with energy) to the market participants through organized markets via the 
power exchange of one NEMO. 

As illustrated in Fig. 8.5, BRP1 is operating in a day-ahead timeframe as in 
the previous example: the chopped rectangle energy is still missing in order for 
BRP1 to be balanced, and it needs to be imported cross-border. This time however, 
BRP1 will buy this missing energy via an implicit allocation process organized by 
its NEMO in its area. BRP1 provides a bid requesting to buy energy equal to the
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Fig. 8.5 Implicit allocation. Source Author’s own illustration 

chopped area at a specific condition (for instance maximum price it is ready to 
pay). 

The local NEMO is coupled with another NEMO hub in another zone. A 
NEMO hub can be a separate local market of the same NEMO or a different 
NEMO entity. BRP3 entered a sell bid (offer) on this other NEMO hub for a 
compatible amount of energy and price. Both bids are matched by the coupling 
algorithm. 

BRP1 gets its missing energy, pays its NEMO for this energy at the local 
clearing price defined by the market coupling algorithm. BRP3 will get the local 
clearing price defined by the market coupling algorithm in exchange for the energy 
sold to its NEMO. The price spread (equal to the difference of clearing prices in 
both zones) is transferred to JAO on behalf of the relevant TSO, as congestion 
rent. Finally, a shipper is transferring the energy between the 2 NEMOs of the 2 
zones, via cross-border import nominations and export nominations to both TSOs. 

For BRP1 and BRP3, the process is simple and done in one step. They do 
not know who is the seller or who is the buyer, and BRP1 does not know if 
the energy is coming from another country or from its own local zone, via another 
BRP customer of the NEMO. In this example the capacity was allocated implicitly 
together with the exchange of energy. 

Central Counter Parties (CCPs) and Shippers of the involved NEMOs are 
responsible for transferring the electrical energy (nominations to the TSOs = phys-
ical settlement) and the money (financial settlement) between market participants 
and TSOs, where applicable. NEMOs (and associated sub-roles) are therefore key 
players in Implicit Allocation schemes.
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8.2.3 Market Coupling and Nominations: The Role of NEMOs, 
CCPs and Shippers 

In the CACM Guideline, NEMOs are responsible for the Market Coupling Oper-
ator (MCO) function. The CACM Guideline defines the different missions of the 
NEMO separated into 3 major roles: the NEMO itself, the Central Counter Party 
(CCP), and the Shipping Agent (SA—or also called Shipper), where the roles of 
CCP and SA can be operated either by the NEMO (or delegated to a third party 
entity) or by a TSO (appointed by a member state). In some countries (for instance 
where NEMOs are monopolistic and regulated entities), this task is assigned to a 
TSO. CCPs and SAs are the entities involved in the process of local or cross-
border nominations, in direct interaction with the TSOs, BRPs, and other SAs, as 
illustrated in Fig. 8.6. 

The mission of the NEMO consists notably of “receiving orders from market 
participants, having overall responsibility for matching and allocating orders in 
accordance with the single day-ahead and intraday coupling results, publishing 
prices and settling and clearing the contracts resulting from the trades according 
to relevant participant agreements and regulations”. 

The Central Counter Party (CCP) is the entity with the task of entering into 
contracts with market participants, by novation of the contracts resulting from the 
matching process, and of organizing the transfer of net positions resulting from 
capacity allocation with other central counter parties or shipping agents. In other 
words, the CCP is then the “BRP of the NEMO”, which will nominate locally to 
the local BRPs the results of the market coupling. 

The Shipping Agent (or Shipper) is the entity with the task of transferring net 
positions between different CCPs. The shipper is a special BRP associated mostly 
with the NEMO or the CCP, but also sometimes to a TSO of the zone or operating

NEMO/TSO 
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Agent XB nominations 

Other 
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Agents 

Local 
nomination 

BRPs
Local 
nominations 

Individual results 
of market coupling 

Cross-border flows 
of market coupling 

Fig. 8.6 NEMO, CCP, and SA roles, and their interactions with BRPs and other SAs. Source 
Author’s own illustration 
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Fig. 8.7 The role of a shipping agent in cross-border nominations between CCPs. Source Author’s 
Own Illustration 

a border. It enables the transfer of energy in an implicit allocation between CCPs 
via cross-border nominations to the TSOs, as illustrated in Fig. 8.7. 

8.2.4 Difference Between Physical and Financial Settlement 

Physical settlement is the action to exchange energy between CCPs of different 
zones (cross-zonal cross-CCP exchanges) or in the same zone (intra-zonal cross-
CCP exchanges). In other words, this is the cross-border nomination to TSO 
systems of the cross-border energy flows between NEMOs and Bidding Zones 
or the local nominations between CCPs in the same zone. This action is linked 
to balancing responsibility of the CCP as a BRP, because the local nomination 
from the shipping agent to the CCP allows the CCP to be balanced with the local 
nominations to the market parties (see Fig. 8.8).

On the other hand, financial settlement is the action to transfer the money asso-
ciated with the exchange of energy. This is the settlement of cross-CCP payments 
and payments between each CCP and its participants. 

Under a preferred shipper approach, which is the default situation (see 
Sect. 8.2.5), the financial and physical flows are following the same path, but 
in opposite direction and settled by the NEMOs/CCPs themselves, as illustrated in 
Fig. 8.9.



8 Cross-Zonal Shipping and Nominations 163

CCP BCCPCCP BBRPx CCP BCCP BCCPBRPyCCP 
Shipper Shipper 

CCP 

Sc
he

du
lin

g 
Area border 

Scheduled exchanges (energy shipped) Internal schedules (or buy/sells)Internal schedules (or buy/sells) 

CCP is balanced, increased with shipper nomination 
and reduced with nominations to BRPy 

CCP is balanced, reduced with shipper nomination 
and increased with nominations from BRPx 

BRPx in the source scheduling area is reduced with 
a part of the total net position of hubs corresponding 
to the energy shipped 

BRPy in the destination scheduling area is 
increased from a part of the total net position of 
hubs corresponding to the energy shipped 

LOCAL HUB Nominations XB Nominations LOCAL HUB Nominations 

Shipper pp 

Fig. 8.8 Local and cross-border nominations for the physical settlement of energy. Source 
Author’s Own Illustration
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Fig. 8.9 Physical and financial settlement paths. Source Author’s own illustration 

8.2.5 Multiple NEMOs: MNA and Shipping Arrangements 

In the CACM Guideline, Articles 45 and 57 introduced the concept of “Multi-
ple NEMO Arrangements” (MNA), requiring TSOs to develop proposals for the 
day-ahead and intraday timeframes describing how more than one NEMO could 
be active in the same bidding zone. These arrangements are national, but “MNA 
countries” in the same regions managed to define common rules allowing the inter-
operability and the cross-border exchanges, deemed necessary for the cross-border 
nominations in day-ahead and intraday timeframes. 

Not all bidding zones are in MNA configuration. The so-called “monopolistic 
NEMO areas” where a single NEMO is active and regulated by a local national 
regulator, had also to be connected to the neighbouring bidding zone in the MNA 
set-up. The process to introduce MNA within the different bidding zones but also 
on bidding zone borders in each region and on borders between regions has been 
in progress since 2016 and is expected to be completed in Single Day-Ahead Cou-
pling (SDAC) and Single Intraday Coupling (SIDC) in 2025 based on the current 
configuration. However, it is useful to note that this process could be reopened
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Fig. 8.10 Intra-hub settlement in MNA set-up: concept of NEMO hub. Source JM Reghem/B. 
Lematayer/Elia/RTE 

each time a country opens to NEMO competition, for new borders or if a new 
NEMO enters a MNA country where the MNA set-up has not been implemented 
yet. 

Under a multiple NEMO context, the settlement of energy exchanges within a 
zone and between zones becomes more complex than in a set-up where a single 
NEMO/CCP/Shipper is active: 

Intra-Hub Settlement:

• The concept of NEMO Trading Hub (or NEMO Hub) has been created in the 
different local MNA implementations. A NEMO Trading Hub means, for the 
day-ahead and/or intraday timeframe(s), the place where a NEMO collects the 
bids from the members of the power exchange it operates, on a bidding zone 
level (or, if applicable, scheduling area). Figure 8.10 illustrates this concept.

• Locally, the settlement between market participants of a Trading NEMO Hub 
and CCP/NEMO of that Trading Hub is unchanged and principles remain the 
same (whether one or more NEMOs are active in a BZ/SA): NEMOs act as 
central counterparty (CCP) to market participants for all matched orders on 
their hubs (financial settlement) and nominate volumes of matched orders per 
BRP (local hub nominations) to TSOs (physical settlement).

• Even though the TSO must integrate more than one NEMO/CCP active in the 
bidding zone, the situation is also quite transparent for the system operator.

• For each timeframe, each NEMO Hub has a net position which is the position 
covered by matched bids on other NEMO Hubs, within the same zone (Intra-
Zonal) and/or cross-border (Cross-zonal) 

Intra-Zonal Settlement:

• MNA introduces this new situation, when there is more than one NEMO Hub 
in the same zone. Consequently, there is a need to organize the settlement of
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Fig. 8.11 Intra-zonal physical and financial settlement. Source JM Reghem/B. Lematayer/Elia/ 
RTE

energy exchanges between NEMO Hubs within this zone (Bidding Zone or 
Scheduling Area).

• NEMOs act as CCP to other CCPs within the bidding zone (or Scheduling 
Area in Germany). These exchanges, illustrated in Fig. 8.11, consist of 
– Physical settlement of volume exchanged between hubs through relevant 

BRP 
– Financial settlement with other CCPs and/or Shipping Agents

• Each CCP performs physical and financial settlements according to scheduled 
exchanges resulting from market coupling of the specific timeframe. For the 
TSO, these exchanges are materialized with local nominations between CCPs 
and/or between CCPs and Shipping Agents. 

Cross-Zonal Settlement

• Cross-zonal exchanges can occur either (a) between bidding zones or (b) 
between scheduling areas and a bidding zone, or (c) between scheduling areas 
and other bidding zones. These exchanges involve not only the CCPs, but also 
the shipping agents, where applicable, as such entities are responsible for the 
settlement of energy exchanges between NEMO Hubs of adjacent zones.

• In Fig. 8.12, the different actors involved in the financial settlement and the 
different steps for the physical settlement are illustrated in an example with 2 
different NEMO Hubs in 2 adjacent Bidding zones.

• Fig. 8.13 illustrates another example between a Bidding Zone 1 and its single 
Scheduling Area A containing 3 NEMOs and one single shipping agent SA1, 
and a Bidding Zone 2 containing 2 Scheduling Areas B and C, each of them 
containing 3 NEMOs with the same single shipping agent SA2. Cross-zonal 
exchanges between the 2 scheduling areas of Bidding Zone 2 are performed 
by SA2, while cross-zonal exchanges between Scheduling Area B (or C) and 
Bidding Zone 1/Scheduling Area A are performed by SA1 and SA2 on both 
sides of the interconnectors.



166 J.-M. Reghem

Scheduling area / 
bidding zone A 

Scheduling area / 
bidding zone B 

Hub A1 (Source) 

Hub A1 (Sink) 

CCPA1 
SAA1 

TSOA 

CCPA1 
SAA1 

TSOA 

CCPA1 
SAA1 

TSOB 

CCPA1 
SAA1 

TSOB 

Physical 
Settlement 

CCPA1 
SAA1 

CCPA1 
SAA1 

CCPB1 
SAB1 

Scheduling area / 
bidding zone A 

Scheduling area / 
bidding zone B 

Cross Border Shipping 
CCPA1 

Buyers 
HubA1 

CCPA1 
Sellers 
HubA1 

CCPB1 

Sellers 
HubB1 

CCPA1 
Buyers 
HubB1 

Financial 
Settlement 

Fig. 8.12 Cross-zonal financial and physical settlement. Source JM Reghem/B. Lematayer/Elia/ 
RTE

Bidding Zone 1 

Scheduling Area A 

CCP1 

SA1 

CCP2 CCP3 

Bidding Zone 2 

Scheduling Area B 

CCP1 

SA2 

CCP2 CCP3 

Scheduling Area A 

CCP1 

SA2 

CCP2 CCP3 

* 

* 

Internal Trades 
External Trades 

Fig. 8.13 Example of cross-zonal exchanges. Source JM Reghem/B. Lematayer/Elia/RTE

• By default, on borders between MNA areas, the “preferred shipper” approach 
is used. Each NEMO assigns a preferred Shipping Agent (pSA) for its NEMO 
hub within each Bidding zone. By default, each NEMO selects its own CCP as 
its own preferred shipper. 
– The preferred shipper performs physical and financial settlement according 

to scheduled exchanges resulting from coupling.
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Fig. 8.14 Example of “preferred shipper approach” between 2 MNA zones. Source JM Reghem/ 
B. Lematayer/Elia/RTE 

– In the intraday continuous markets the preferred shipper of the source zone is 
responsible for physical settlement in the source and sink zone and between 
zones. 

– The preferred shipper of the source zone performs the financial settlement 
in the sink zone with the sink CCP. 

– With the preferred shipper, the physical and financial settlement follow the 
same path. 

– It is the NEMO/CCP which decides its own shipper, if it is not obliged to 
use a dedicated single shipper on the border. 

This concept is illustrated in Fig. 8.14, where CCP1 and CCP2 are using their own 
preferred shipper for cross-zonal exchanges, where CCP3 is using the same pSA2 
as CCP2, via a specific agreement for cross-zonal exchanges. 

On some borders (for example on commercial interconnectors or on borders 
with a zone of a monopolistic NEMO), other specific shipping arrangements than 
“preferred shipping approach” can be predefined and must then be followed by 
NEMOs operating in the zones connected by this interconnector. Figure 8.15 illus-
trates three of the more common arrangements which could be configured on a 
border.

On borders between a MNA and a non-MNA area, even if these three situations 
could be encountered, with a single shipper in the MNA area operating the cross-
zonal settlement for all NEMOs, there could also be a hybrid preferred shipper / 
dual shipper situation where there is a single shipper in the non-MNA zone and 
multiple preferred shippers in the MNA zone (Fig. 8.16).
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Fig. 8.16 Hybrid preferred shippers: dual shipper. Source Author’s own illustration 

In some of these cases and in accordance with Article 68(6) of the CACM 
Guideline, the shipping agents are the TSOs operating the zones. For instance, on 
the border Austria-Hungary, MAVIR (Hungarian TSO) is performing the shipping 
agent role on the Hungarian side of the border.
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8.3 Illustrative Examples 

8.3.1 Shipping and Scheduling in Day-Ahead and Intraday 
Auctions 

The outputs from the Euphemia algorithm in the day-ahead market coupling (or 
intraday auctions) are the price, the net positions and the flows on HVDC intercon-
nectors. To implement the physical and financial settlements, TSOs and NEMOs 
need to know the commercial flows, which are the scheduled exchanges on each 
bidding zone/scheduling area borders for each market time unit. 

In the simplified example illustrated in Fig. 8.17 and involving four bidding 
zones, the algorithm has provided for each of the 4 zones a price and a net import/ 
export position for a specific market time unit. Following this, a second step 
involves the bilateral scheduled exchanges (SEC) process. This process utilizes 
mathematical optimization to minimize the exchanges between zones (represented 
by the arrows). The mathematical optimization model for energy flows relies on 
linear and quadratic coefficients for each border as shown in Eq. 8.1. Linear coeffi-
cients emphasize shorter paths and influence flow allocation across interconnectors 
(prioritization of one interconnector versus another one), while quadratic coef-
ficients manage congestion costs and deter loop flows between regions. When 
multiple routes share the same length and quadratic cost, the flow is evenly dis-
tributed without favouring any specific route, promoting a balanced and efficient 
energy exchange. 

It is important to note that while these SEC represent commercial flows, they 
do not directly reflect physical flows. The physical limits were considered dur-
ing the allocation (and the price/net position definition) but not for the scheduled 
exchanges calculation which is basically used only for the settlement process and 
will be translated into cross-border nominations made by shipping agents to the 
TSOs’ systems. The only constraint is that the flows must not exceed the Available 
Transmission Capacity (ATC), which governs the flows on HVDC interconnectors. 
The purpose of these commercial flows is to establish cross-border schedules that
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help balance the positions of the bidding zones. Subsequently, security analysis, 
based on the net positions obtained (and thus not on the commercial flows), will 
be conducted to forecast the actual physical flows. 

Scheduled Exchanges Calculation(∑
lci,hϕi,h +

∑
qci,hϕ

2 
i,h

) (8.1) 

With:

• lci,h = linear cost associated to line i for period h
• ci,h = quadratic cost associated to line i for period h
• ϕi,h = flow on line i for period h 

Once the SEC between bidding zones are determined, they are further divided into 
SEC between scheduling areas (specifically for Germany which has 4 scheduling 
areas in its Bidding Zone as of 2024), utilizing fixed pro-rata rules. 

Additionally, the algorithm calculates the SEC between NEMO Hubs (NH) as 
part of the third step in the SEC process. This step takes into account the pre-
calculated flows between bidding zones and the net positions of each individual 
NH following the auction. The algorithm ensures that the flows between NH align 
with the flows between bidding zones, maintaining the same direction. These cal-
culated flows between NH are crucial for the cross-border nominations made by 
shipping agents of the NEMOs (in the case of preferred shipper) or the designated 
shipping agent (in other shipping arrangements) to the border’s respective TSOs. 

8.3.2 Shipping and Scheduling in Intraday Continuous 
Trading 

Unlike in auctions where the net positions are the output of the implicit cross-
border allocation, in continuous trading the output of the allocation is the 
individual trade which has its own price and own path within the whole SIDC 
zones as illustrated in Fig. 8.18.

The path of a trade where Belgium is the source and Sweden is the sink could 
follow for instance the route BE -> FR -> DE -> DK -> SE. On each border there is 
a predefined shipping arrangement (or preferred shipper), where the trade is linked 
through the Cross Border Intraday (XBID) platform to a particular shipper and in 
each zone to an intermediate CCP (for the financial and the physical shipping). 

Even if the trades are occurring continuously at any time, the shipping mod-
ule of XBID provides to TSOs at each trade gate closure time, 60 min before 
real-time, the summary of the shipping of each border, i.e. the netted flows that 
each shipper must nominate for the considered market time unit (MTU), being 
the sum of all individual trades crossing the border and using this shipper for the
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considered MTU. On each border, gates are closing either 24, 48 or 96 times per 
day, depending on the resolution of the SIDC continuous MTU (15, 30 or 60 min) 
offered for the interconnector and the Operational Time Unit (OTU). Once the 
TSOs receive this information, the nomination is done immediately by the shipper 
or by the TSOs (nomination on behalf of the shipper). 

The shipping handover process, which depends on the configured preferred 
shipper or the shipping arrangement on the border, involves:

• the selection of the incoming shipper in a zone,
• the interim CCP,
• and the outgoing shipper to the subsequent zone. 

In MNA areas, where multiple NEMOs coexist within each bidding zone and 
scheduling area, the preferred shipper principle serves as the default shipping 
arrangement established in the XBID platform. Taking the example of a trade 
between Spain and Romania, XBID selects the shipper at each border and des-
ignates the intermediate CCP within each zone. For instance, if Nordpool/EMCO 
acts as the CCP in France, it will employ its own shipping agent to nominate to 
itself as shipper and CCP in Germany (Fig. 8.19).

When borders connect an area with a single active NEMO, typically a single 
or dual shipper scheme is implemented. In such cases, the handover from a MNA 
area to a non-MNA area follows a straightforward process utilizing the predefined 
shipping arrangement of the border. Let’s consider an example involving Austria 
and Hungary. If, in Austria, the involved CCP is EPEX and ECC is the delegated 
shipping agent, then ECC will handle the shipment to the shipper of HUPX, which 
is the sole NEMO operating currently in Hungary as shown in Fig. 8.20.
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When it comes to the opposite direction, where a trade occurs from a sin-
gle NEMO area to a multiple NEMO area, the decision-making process becomes 
more intricate. The single NEMO must determine how to choose among the multi-
ple active NEMOs in the other area. This is where the concept of a transit shipper 
comes into play. To address this complexity, a rotational basis is established, typ-
ically on a three-month cycle between the shipper of NEMOs active in several 
MNA areas (as of early 2024, EPEX and Nordpool). For instance, let’s refer to 
our previous example, but in the opposite direction as shown in Fig. 8.21. If ECC  
(delegated shipping agent of EPEX) is designated as the transit shipper, MAVIR 
will handle the shipping and subsequently hand it over to Austria with ECC as the 
selected shipper. After three months, when a similar situation arises, MAVIR will
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automatically choose NP/EMCO as the shipper for the shipping handover in Aus-
tria. This rotational approach ensures fairness and equal opportunities for different 
NEMOs to act as transit shippers, enabling efficient trade between single NEMO 
and multiple NEMO areas. 

8.3.3 Matching and Scheduling Process of TSOs 

After each auction or continuous trading gate, and once the TSOs receive the cross-
border nominations from the shippers (or from Balance Responsible Parties in the 
case of explicit allocations), a matching process is initiated between the neighbour-
ing TSOs. During this process, they exchange their versions of the cross-border 
nominations and validate that they both have the same results. If there are no 
issues and the nominations align, the process proceeds smoothly. However, if any 
discrepancies or problems arise, a manual process between the two operators is 
undertaken to resolve the issue before the actual energy delivery takes place. This 
validation and matching procedure ensures the accurate and coordinated trans-
mission of electricity across borders and helps to prevent potential operational 
challenges or imbalances. 

After the matching process is completed and the cross-border nominations are 
validated, the verified flows are transmitted to the Energy Management Systems 
(EMS) of the TSOs. These validated flows are then utilized in the creation of 
the Individual Grid Model (IGM) for subsequent iterations of regional capacity 
calculations and local security analysis. Additionally, the validated flows are also 
employed in the security analysis conducted by Regional Coordination Centers 
(RCCs).
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Once the matching process is completed, the pan-European verification process 
is initiated. In this process, each TSO sends its matched schedules to its desig-
nated regional verification platform (VP), such as the Regional Continental Europe 
Verification platform (RG CE VP) or verification platforms for Nordic countries, 
among others. Each VP collects the schedules for each border of the region, per-
forms additional verification checks to ensure accuracy, and then aggregates the 
information on cross-border flows within its region (Fig. 8.22). 

The regional verification platforms then send this aggregated information on 
cross-border flows to the Pan-European Verification Function (PEVF), where 
further verification and aggregation takes place for flows between regions. Simul-
taneously, RCCs are working on merging the IGMs from each TSO into regional 
Common Grid Models (CGMs). When RCCs combine all the CGMs into one com-
prehensive grid model for the entire Europe (European Merging Function—EMF), 
they rely on the output from PEVF to validate that the net position of each area 
aligns with the scheduled commercial flows (Fig. 8.23).

This pan-European verification and merging process ensures the consistent 
and reliable management of energy transmission across interconnected regions, 
maintaining grid stability, and security throughout Europe. 

8.4 Outlook 

The process of physical shipping, including local and cross-border nominations to 
the TSOs is becoming more and more important and challenging as the number of 
nomination gates closer to real-time increase. 

In continuous trading, automatic cross-border nomination agreements on behalf 
of the shippers are implemented more and more by the TSOs. These automatic 
cross-border nomination agreements use allocation results from the continuous 
trading platform to speed up the process of collecting schedules on the borders.
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Once this is complete, the process of matching and verification of schedules as 
well as the grid security assessments can commence. 

Considering the upcoming projects like the European balancing platforms asso-
ciated with a specific new balancing timeframe capacity calculation (ACER, 2024), 
it would be valuable in the future to continue the integration, simplification, and 
automatization of the matching and verification process. This could be done for 
instance by moving the bilateral matching, performed border by border by the 
TSOs, to a central (regional) matching process, performed by the regional verifi-
cation platforms themselves or the regional capacity calculations platform, using 
results directly from the XBID platforms. 
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9Clearing and Settlement 

Robert Wand 

Abstract 

This chapter introduces financial clearing and settlement processes in local 
power spot markets as well as an overview of existing financial clearing and set-
tlement arrangements between NEMOs or their Central Counter Parties (CCP). 
The first sections describe the generic risk management foundations as well 
as specific clearing and settlement tasks in the context of European Market 
Coupling. Thereafter, clearing and settlement arrangements between different 
NEMOs and CCPs from a practitioner’s perspective are described. Finally, the 
lessons learned and recommendations derived for the evolution of clearing and 
settlement in European power spot markets are discussed. 

9.1 Introduction 

This chapter provides an overview of financial clearing and settlement. Readers, 
who are interested in the specificities of physical shipping, are recommended to 
look at Chapter 8 of this book. 

9.1.1 Power Trading and Risk Management 

Large consumers or energy supply firms act as net buyers in power markets. They 
build and manage a portfolio of transactions, which mirrors their forecasted own 
or end consumer demand. Securing power demand volumes and hedging prices
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is usually reached by “structured procurement” of contracts with different deliv-
ery time horizons. Delivery horizons can range from long-term derivative contracts 
with contract duration of several years to short-term power spot transactions. Like-
wise, power producers aim to hedge their production and secure long-term prices 
for a share of their produced energy, but also sell short-term power contracts for 
portfolio optimization or to manage planned or unplanned deviations. In addition 
to “physical” market players (market participants with physical consumption or 
production), “financial” market players act as trading companies with the aim to 
gain profit in long- and short-term power trading. They contribute to liquidity in 
power markets, which ensures that a counterparty for a transaction can be found 
at a market price. 

Power spot markets play an important role for derivative markets. It is the day-
ahead market clearing price or a day-ahead system price,1 which usually serves 
as an underlying index against which power futures or option contracts are settled 
in Europe. Hence, liquid power spot markets are the foundation for functioning 
derivative markets. Moreover, increasing shares of fluctuating renewable gener-
ation elevate the need for short-term portfolio optimization due to deviations in 
short-term energy production and thus increase the importance of power spot 
markets further. 

In 2022, the SDAC traded volume reached a cleared volume of 1,683 TWh. 
Each SDAC market coupling session managed an average social welfare of 9.9 
Be per session.2 Hourly prices strongly fluctuated, ranging from -222.36 to 4,000 
e/MWh and even average prices per bidding zone deviated between 25 and 150 
e/MWh (All NEMO Committee, 2023). The magnitude of transactions processed 
in European Market Coupling, the volatility of clearing prices compared to other 
commodities and the close interaction between different trading venues show the 
significance of proper risk management for resilient power spot markets. 

9.1.2 The Role of Clearing and Settlement 

Power trading in liberalized electricity markets entails systemic risk. This risk 
cannot be eliminated (e.g. through diversification), since it is inherent to the entire 
market. However, several additional risks, such as counterparty, payment, delivery, 
currency, legal and concentration risks, also need to be addressed and can be man-
aged in different ways. Bilateral or uncleared broker trading (“over-the-counter”,

1 Two examples of day-ahead system prices are the Nordic system price as a recalculation of the 
SDAC results without transmission constraints in the Nordic region (Nord Pool, 2022) and  the  
National Single Price in Italy (Prezzo Unico Nazionale, PUN) for consumption units. The PUN 
is published as the weighted average of the bidding zone prices in Italy in the day-ahead market 
(Gestore dei Mercati Energetici, 2024). 
2 Social welfare, welfare or economic surplus (as used in the CACM Guideline) is determined as 
the sum of (1) consumer surplus and (2) producer surplus in all coupled bidding zones and (3) the 
total congestion rent on all coupled bidding zone borders. 
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Fig. 9.1 Bilateral trading and central clearing. Source Author’s own illustration 

OTC) requires market participants to manage these risks for each counterparty 
individually. Despite some level of standardization (e.g. framework agreements), 
bilateral trading requires constant evaluation and monitoring of a multitude of 
risks for each counterparty. Potential losses need to be reflected in a market par-
ticipant’s risk bearing ability and result in economic limits for each counterparty. 
If economic exposure to a risk exceeds a specific limit, mitigation measures might 
need to be taken. 

Alternatively, trades can be matched on the exchange while cleared and set-
tled through a central counterparty (CCP). Each trading participant holds a single 
membership at the CCP, which becomes the seller to every buyer and the buyer to 
every seller (see Fig. 9.1). 

A market participant’s trading volume, trading portfolio structure, counterpar-
ties and risk appetite determine the need for central clearing. Also, the type of 
products determines the resulting exposure to risk. Derivative contracts (usually 
referred to as contracts with more than two days until expiration) yield higher 
risks than spot contracts, since the time span between payment and delivery or 
cash settlement of the derivative product is longer than for spot contracts. Spot 
contracts refer to products with a duration of up to two days between contract 
closure and settlement. Products auctioned or continuously traded in the Single 
Day-Ahead Coupling (SDAC) or Single Intraday Coupling (SIDC) qualify as spot 
products. Moreover, all products traded and cleared in European Market Coupling 
are physically settled. This means that the seller of the transaction (or the CCP on 
behalf of the seller) effectuates the delivery of the traded power contract through 
nomination with the respective TSO or imbalance settlement operator. Therefore, 
all participants have to hold valid Balance Responsible Party (BRP) agreements 
with the relevant TSOs or imbalance settlement operators or need to arrange for 
delivery by a third party BRP. 

9.1.3 Costs and Benefits 

Trades cleared and settled through a CCP are agreed on exchange or registered 
through an exchange for clearing. Whilst this comes at a higher cost (membership 
and connection, volume fees, deposited collateral to meet margin requirements),
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central clearing offers a variety of benefits to market participants. In power spot 
markets, CCPs take over three key services for their members: delivery, payment 
and risk management. Although the risk-minimizing benefits might be more obvi-
ous for financial derivatives trading (and clearing of exchange traded derivatives 
through a CCP is required by regulation), these benefits also apply to spot market 
clearing with physical delivery of the traded commodity. A CCP should adequately 
identify, assess, evaluate and mitigate the following risks to prevent its members 
from any spill-over effects:

• Counterparty risk: The CCP should guarantee the delivery of the traded com-
modity (in power spot markets for the delivery of power through TSOs). Hence, 
CCPs should collect margins in the form of eligible collateral from their par-
ticipants and hold other funds to ensure that all relevant risks in case of 
non-delivery by the seller (or non-payment by the buyer) are always sufficiently 
covered. It should also have adequate arrangements to suspend the participant 
from further trading and clearing without undue delay.

• Payment risk: A CCP should provide secure financial settlement solutions 
through final (i.e. non-disputable) payments to the seller. The CCP should also 
provide risk management in case the payment agent (e.g. commercial settlement 
bank) should be unavailable for economic or technical reasons.

• Physical delivery risk: In addition to the “commodity value” based on the 
clearing price of the traded commodity the CCP should also cover potential 
additional risks stemming from a participant’s curtailment by the TSO. In case 
the CCP does not benefit from alternative mitigation measures (e.g. priority 
nomination rules, after-market trading), this might result in additional margins 
to cover resulting imbalances. 

Although risk management for its members is one of a CCP’s core function, central 
clearing and settlement yields further benefits and services:

• Single access to counterparty network: a multitude of counterparties can be 
reached through a single CCP membership. The CCP’s network effect and 
standards also reduce the complexity of trade connections, contractual arrange-
ments, delivery and payment solutions and risk management approaches for its 
members.

• Non-discrimination and transparency: all members, who meet the CCP’s mar-
gin requirements, are allowed to trade, clear and settle independently from 
their credit worthiness. Margin calculation methodologies, accepted types of 
collateral and other clearing conditions are transparent.

• Anonymity is often appreciated by market participants regarding their trading 
strategies and positions.

• Capital efficiency: various products and positions are netted and can reduce the 
volume of payments (payment netting). Depending on the number and scope 
of cleared products, a client might also benefit from cross-margining effects 
across different market venues, timeframes, locations or asset classes. These
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benefits result from different long and short positions, which—depending on 
their historic correlation of market prices—can be partially offset against each 
other and result in reduced exposure to risk and margin requirements.

• Reporting and additional services: CCPs might offer additional services, 
such as regulatory reporting, foreign exchange management solutions in case 
of different settlement currencies or data provision (e.g. clearing prices and 
volumes). 

9.2 Clearing and Settlement in European Market 
Coupling 

9.2.1 Clearing and Settlement: Definition and Set-Up Under 
the CACM Guideline 

Implicit capacity allocation is reached through the simultaneous matching of mar-
ket participants’ bids and offers with available cross-border capacities. Since the 
CACM Guideline foresees this model as a standard approach (see Chapter 3), 
cross-border power spot trading is only possible on NEMO-licenced power spot 
exchanges as central market venues.3 Market participants must become member 
at a NEMO marketplace to trade SDAC or SIDC products. According to Article 
6(1)(i) of the CACM Guideline, a NEMO “[…] shall be able to provide the nec-
essary clearing and settlement services” as a designation criterion. However, the 
description of these clearing and settlement services towards the NEMO’s mem-
bers is limited to very few elements mentioned in Article 68(1) and 68(2) of the 
CACM Guideline (the remainder of Article 68 refers to the exchange of energy 
between different CCPs or shipping agents): 

1. “The central counter parties shall ensure clearing and settlement of all matched 
orders in a timely manner. The central counter parties shall act as the counter 
party to market participants for all their trades with regard to the financial rights 
and obligations arising from these trades. 

2. Each central counter party shall maintain anonymity between market partici-
pants”. 

After orders have been matched on exchange the trade is transferred to the 
CCP, legally either through “novation” of the transaction or as “open offer” (see 
Fig. 9.2). Novation requires the termination of an existing contract between the 
buyer and the seller, which is replaced by two contracts with the CCP. The CCP 
as the new party between the two market participants steps into the contractual 
chain and inherits all benefits and liabilities of the initial contract. In contrast,

3 As an exception “explicit capacity allocation”, where SIDC capacities are offered separately from 
continuous trading, is offered for single bidding zone borders in the intraday timeframe. 
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Fig. 9.2 Exchange and 
clearing transactions. Source 
Author’s own illustration 

Exchange 

CCP 

open offer models result in two contracts being directly concluded between the 
seller and the CCP and the buyer and the CCP after matching of the orders. The 
CACM Guideline (Article 2 (42)) defines a CCP only with reference to the nova-
tion of contracts resulting from the matching process, but practically both concepts 
occur. 

“Clearing” usually refers to all activities from the point in time a commitment 
for a transaction is made until it is settled. This comprises

• The assumption of counterparty risk as a CCP
• Risk management and mitigation measures (pre-trade limit and member stop 

processes, monitoring activities)
• Termination and default management 

“Settlement” comprises all activities related to

• Netting of payments
• “Physical settlement” through TSO nominations
• “Financial settlement” through central or commercial bank payment transac-

tions
• Reporting, invoicing and support services (the latter often being offered 24/7 

for continuous power spot trading) 

It becomes obvious that the CACM Guideline does only describe a minor share 
of clearing and settlement services as NEMO designation criteria. Consequently, 
the CACM Guideline does not provide further guidance to the NRAs for a joint 
understanding of the CCP function. Absent further coordination, NRAs in dif-
ferent member states apply deviating legislative or regulatory requirements for 
the provision of clearing and settlement activities. The application of different 
NEMO designation criteria to evaluate whether a NEMO effectively operates or 
procures clearing and settlement services in conjunction with the European pass-
porting principle (Article 4(5)) and NEMO competition (Article 4(6)) have led to 
partially different understandings of the scope and depths of “clearing and set-
tlement” services. As a result different CCP requirements have been established 
and coexist —not only between different EU member states, but due to European 
NEMO passporting also in the same member state or bidding zone.
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The possibility to delegate all or part of any task assigned to a NEMO (Article 
81) has also resulted in different organizational models for clearing and settlement. 
Some NEMOs operate all NEMO and CCP activities in the same legal entity. Other 
NEMOs have procured their CCP services from a third legal entity in accordance 
with Article 81 of the CACM Guideline. In some cases different NEMOs have 
also procured CCP services from the same CCP legal entity. 

9.2.2 Local and Cross-CCP Clearing and Settlement 

The previous chapter focused on clearing and settlement services provided for a 
NEMO’s or CCP’s own participants. Coupling these local markets through SDAC 
or SIDC requires additional interaction between NEMOs, TSOs or their delegates. 
Irrespective of the type of organization or the level of delegation for CCP services, 
a distinction should be made between 

1. Local clearing and settlement between the participants trading at a certain 
NEMO or NEMO Trading Hub and 

2. Cross-CCP clearing and settlement (shipping) between different NEMO entities 
or NEMO Trading Hubs. 

Figure 9.3 shows some of the characteristics, regulatory foundations and principles 
of local and cross-CCP clearing and settlement in European Market Coupling. 

Legally cross-CCP transactions (sometimes also referred to as “inter-NEMO 
flows” or “cross-clearing volumes”) can occur between different types of enti-
ties. As previously described, NEMOs can either provide CCP services on their
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own or delegate these activities to a separate CCP entity. As a third option “ship-
ping agents” can act as a counterparty between different CCPs in accordance with 
Article 68(6) of the CACM Guideline. This is also reflected in CACM Guideline 
(Article 2(42)), defining a CCP as an entity “[…] organising the transfer of net 
positions resulting from capacity allocation with other central counter parties or 
shipping agents”. In practice, if shipping is not done by the NEMO or its CCP, 
TSOs act as shipping agents on selected bidding zone borders. All of the men-
tioned entities (NEMOs, delegated CCPs, TSOs in their role as shipping agents) 
are active as counterparties for the exchange of energy between coupled markets. 

After each pan-European matching of SDAC or SIDC transactions (coupling 
phase) the exchange of energy between different NEMOs or NEMO Trading Hubs 
(i.e. a specific NEMO’s market in a specific bidding zone) has to take place. These 
activities are also be referred to as “post-coupling activities” and comprise the 
following tasks for CCPs and/or shipping agents: 

1. Clearing and settlement between local market participants. This activity is 
executed by CCPs in accordance with their own clearing rules. Shipping agents 
may become local market participants at the relevant NEMOs and CCPs, who 
buy or sell the shipped cross-border volumes at the determined market clearing 
price. 

2. Clearing and settlement between CCPs in accordance with SDAC and/or 
SIDC market coupling results. Where applicable. 

3. Scheduled exchanges are calculated in accordance with the relevant method-
ology and determine the volumes, prices, and counterparties for the settlement 
of cross-CCP transactions. Depending on the involved entities, clearing and 
settlement can occur between different parties, as shown in Fig. 9.4.

4. Collection and transfer of congestion income if market clearing prices between 
bidding zones differ. Since price differences are needed for the collection of 
congestion income, it can only result from (i) cross-border flows (i.e. not for 
intra-zonal cross-CCP handovers) and (ii) SDAC auctions or SIDC intraday 
auctions (i.e. not from continuous SIDC trades). According to Article 68(8) of 
the CACM Guideline, CCPs or shipping agents are responsible for the trans-
fer of congestion income to the TSOs or their delegates in accordance with 
the market coupling results within the defined timings. The distribution of con-
gestion income between TSOs in accordance with the respective congestion 
income distribution methodology (cf. Chapter 10) is a TSO task instead. 

Various configurations for the exchange of energy between different NEMOs or 
CCPs exist. They can be characterized by the involved entities. Either the same 
CCP can ship energy between different NEMO Trading Hubs (e.g. two local mar-
kets in different bidding zones operated by the same NEMO) or shipping can take 
place between two different CCPs directly. Alternatively, a shipping agent may act 
as a third party between CCPs. Figure 9.4 shows the different types of handovers 
for an exemplified bidding zone border.
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Fig. 9.4 Cross-border shipping configurations. Source Author’s own illustration

Another differentiation can be made between cross-border and intra-zonal han-
dovers. Whilst the former refers to the exchange of energy across a bidding zone 
border, the latter describes cross-CCP handovers “inside” a bidding zone. The 
technical concepts to enable NEMO competition4 have established solutions for 
parallel operations of more than one NEMO in the same bidding zone. This also 
comprises the need for intra-zonal exchange of energy between the NEMOs or 
CCPs. The combination of the type and the number of involved shipping entities 
has resulted in different technical terms for shipper configurations or concepts: 
single shipper, dual shipper, multiple shipper, directional shipper, preferred ship-
per and other concepts or configurations have been established and are described 
further in Chapter 8. 

9.2.3 Post-coupling: Shipping Path Determination in SDAC 
and SIDC 

The calculation of “inter-NEMO flows” (INFC) determines the volumes, which 
have to be exchanged between different NEMO Trading Hubs, the applicable 
clearing prices and the respective shipping entities in the post-coupling phase.

4 These multi-NEMO arrangement (MNA) concepts have been developed and implemented in 
accordance with Articles 45 and 57 of the CACM Guideline in EU member states, which are open 
to NEMO competition and do not apply an exemption in accordance with Article 5. 
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The INFC for SDAC and SIDC intraday auctions differs from the determination 
of shipping transactions in SIDC continuous markets. 

For SDAC and SIDC auctions the market coupling results (net positions, mar-
ket clearing prices) on bidding zone level are stepwise disaggregated and bilateral 
exchanges (“flows”) between adjacent NEMO Trading Hubs are computed for 
cross-border and—in case of several NEMO Trading Hubs in the same bidding 
zone or scheduling area—intra-zonal scheduling. This approach optimizes flows 
based on the outcome of one single auction and determines inter-NEMO flows 
between adjacent NEMO Trading Hubs. The calculation of flows has to take into 
account the topology of shipper configurations for each handover or bidding zone 
border. For instance a topology with a single shipper on one side of the bidding 
zone border interacting with n shippers on the other side of the bidding zone bor-
der (1:n configuration) requires the INFC to determine the optimal distribution of 
flows between the n shippers. This local distribution of flows is determined by 
the global objective to minimize total financial exposure5 between all participat-
ing CCPs per SDAC session. At the same time additional constraints such as the 
avoidance of financial “loop flows” for the minimization of financial exposures or 
active allocation constraints are taken into consideration. The principles, optimiza-
tion target function, constraints and process steps for the calculation of inter-CCP 
flows are laid down in the SDAC scheduled exchange calculation methodology 
and its annexes.6 A comparable approach applies to the pan-European SIDC intra-
day auctions. In contrast to the shipping solution in continuous SIDC markets, this 
model does not necessitate shipping by the same shipper entity along a shipping 
path to transfer energy between non-adjacent NEMO Trading Hubs. 

SIDC continuous markets follow a different transaction model. The shipping 
module of the XBID System determines a specific price and a set of trades/flows 
from source to sink for each matched transaction. Depending on the location of 
source and sink and available cross-border capacity the shipping path can be in the 
same, two adjacent or across several scheduling areas or bidding zones. This results 
in a “chain” of shipping trades. Since the initial go-live of the SIDC project the 
“preferred shipper” principle has been applied. It foresees that each source NEMO 
assigns its own shipper and ensures delivery until the sink of the transaction. The 
extension of the SIDC continuous matching to additional EU member states with 
respective shipper configurations has resulted in a situation that NEMOs could not 
procure shipping by their “preferred shipper” in all coupled bidding zones.7 This

5 Financial exposure is determined as the volume exchanged between two CCPs multiplied by the 
applicable market clearing price in the bidding zone where the handover is located. Multiple loca-
tions of handovers between two CCPs can exist. Optimization is done for the number of market 
time units of the respective auction. 
6 See ACER (2023), Decision No 10/2023 of 30 May 2023 on the amendment of the methodology 
for calculating scheduled exchanges resulting from single day-ahead coupling. 
7 The coupling of non-adjacent markets with a national legal monopoly for trading services and 
designation of a single shipper per country in combination with the reciprocity principle for 
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caused the need to further develop the SIDC shipping solution and establish “tran-
sit shipping” for some combinations of matched SIDC trades. It involves a third 
party, which takes title to the power and money of the matched SIDC transaction 
between two NEMOs or CCPs. Transit shipping has been introduced since the 
SIDC project’s “second wave” go-live in 2019. 

Further information on the determination of inter-NEMO flows, shipping paths 
and different shipping topologies in the day-ahead and intraday timeframes is 
provided in Chapter 8 of this book. 

9.3 Market Coupling Arrangements in Practice 

9.3.1 Legal Framework for Cross-CCP Clearing 
and Settlement 

A hierarchical system of multilateral agreements between NEMOs and TSOs 
defines the legal framework for European market coupling. Separate agreements 
for the day-ahead and intraday timeframes exist. These contracts, separately or 
jointly concluded between NEMOs and TSOs, are the legal foundations for the 
practical cooperation between the different market coupling parties and oper-
ationalize the described provisions and methodologies laid down in CACM 
Guideline. Figure 9.5 provides an exemplified overview of these agreements, the 
contractual parties and governed activities or assets with a focus on All NEMOs’ 
operational agreements for the SDAC and SIDC continuous initiatives. SIDC 
intraday auctions are governed by a separate set of contracts.

Pan-European Day-Ahead and Intraday Coupling Operations Agreements 
(SDAC DAOA and SIDC IDOA) represent the highest contractual level for the 
cooperation between NEMOs and TSOs. These contracts also include a set of oper-
ational procedures, which can be further detailed in regional agreements (e.g. the 
Nordic Day-Ahead Market Coupling Operations Agreement).8 Due to their multi-
lateral character these procedures usually describe joint NEMO-TSO cooperation 
tasks. For the post-coupling phase these procedures particularly describe the trans-
fer, reception and confirmation of market coupling results, scheduled exchanges 
(where applicable), required nominations and the collection and transfer of conges-
tion income (for SDAC and SIDC intraday auctions only). Operational procedures 
for normal state as well as backup and fallback situations exist.9 The described 
multilateral NEMO-TSO cooperation agreements and procedures form the legal

monopolistic and competitive NEMOs, according to Articles 4 and 5 of the CACM Guideline, 
resulted in the need to find a shipping solution between certain non-adjacent bidding zones.
8 The European-wide SDAC DAOA and SIDC IDOA agreements and the related operational pro-
cedures are publicly available at the websites of ENTSO-E ( www.entsoe.eu) and the All NEMO 
Committee (www.nemo-committee.eu). 
9 Chapter 4 of this book also provides further information on market coupling procedures. 

http://www.entsoe.eu
http://www.nemo-committee.eu
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Fig. 9.5 Central agreements and assets for SDAC and SIDC continuous initiatives. Source 
Author’s own illustration

foundation for bilateral clearing and settlement agreements, which can be grouped 
into three categories. 

1. Settlement Link Agreements/Shipping Agreements/Clearing and Settlement 
Agreements are bilateral and private contracts, which provide the legal basis 
for cross-CCP settlement of SDAC and/or SIDC transactions. These agree-
ments exist either between two CCPs or a CCP and a shipping agent. They 
cover a multitude of aspects related to the main contractual duties for physical 
and financial settlement of transactions in accordance with the market coupling 
results, risk management and governance as visualized in Fig. 9.6. Depending 
on the number and location of bidding zones or bidding zone borders covered, 
these Settlement Link Agreements can have local to pan-European scope.

2. Congestion Income Settlement Agreements provide the contractual basis for 
the collection and transfer of congestion income between NEMOs, their desig-
nated CCP or shipping agents on the one hand and TSOs or the entity appointed 
by the TSOs on the other hand. Practically, the Joint Allocation Office S.A. has 
been appointed by the TSOs as the congestion income distribution agent for 
most bidding zone borders. These contracts are closely linked to the regional 
Day-Ahead Coupling Operations Agreements and—depending on the region— 
usually based on generic terms and conditions for all relevant NEMOs, CCPs 
or shipping agents with individual bilateral participation agreements. 

3. (Shipper) Balance Responsible Party Agreements and/or Imbalance Settle-
ment Agreements are the legal foundation for the physical settlement of market 
coupling transactions through nominations to the respective TSO or imbalance 
settlement operator. These agreements are designed as standard balance respon-
sible party (BRP) agreements and cover admission requirements, nomination
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Fig. 9.6 Exemplary topics of shipping agreements and stakeholders. Source Author’s own illus-
tration 

procedures and timings for intra-zonal (“local”) and cross-border nominations 
as well as priority rules, liabilities in case of imbalances due to wrong, late or 
non-nomination and collateral requirements. Specific TSO rules or side letters 
for NEMOs or their CCPs might exist.

In addition to the listed contractual framework CCPs adhere to a broader reg-
ulatory framework—inter alia determined by the CACM Guideline and other 
network codes or guidelines, NEMO licence requirements, NRA decisions, Anti-
Money-Laundering legislation, tax law and regulations, national specific legal 
provisions, corporate by-laws and statutes. Also, some CCPs in European mar-
ket coupling are directly governed by financial market regulation, such as the 
European Market Infrastructure Regulation (EMIR) and are supervised by Euro-
pean or national financial regulatory authorities as part of the European System of 
Financial Supervision.
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9.3.2 Physical Settlement 

Physical settlement encompasses all activities associated with the delivery of elec-
tricity exchanges through nomination. This requires CCPs or shipping agents to 
set up and maintain legal arrangements and technical connections with 

1. the NEMO (in case of delegation) or the SDAC/SIDC infrastructure to receive 
relevant market coupling results for scheduling and 

2. relevant TSOs or imbalance settlement operators as a BRP, including the 
posting of collateral if requested by the TSO. 

TSOs or imbalance settlement operators in the SDAC/SIDC domain have different 
requirements regarding technical connectivity (nomination formats and systems, 
technical protocols), operational timings and gate closure times for nominations 
within a scheduling area (“internal commercial trade schedules”) and nominations 
crossing a scheduling area (“external commercial trade schedules”). Due to TSOs’ 
scheduling and balancing processes shippers must usually meet stricter deadlines 
and requirements for cross-border schedules than for intra-zonal schedules and 
submit these nominations within the set timings unless “nomination on behalf” 
is agreed between the CCP and TSO. Nomination on behalf signifies a situa-
tion where TSOs nominate flows themselves. With few exceptions nomination 
on behalf is applied in SIDC continuous markets, where TSOs retrieve the market 
coupling results and relevant shipping information (trades, flows) from the XBID 
shipping module and no active nomination by the CCP is needed. 

Each CCP is fully liable towards its own members for fulfilment of the matched 
trades. Hence, a balanced net position (means the sums of all buy and all sell vol-
umes are equal) is key for each CCP. Since this is only possible with reliable buy 
or sell transactions with its local members and its partner CCPs in the context of 
SDAC or SIDC, full liability for imbalances due to late, wrong or non-nomination 
between CCPs is needed. These arrangements are usually stipulated in the bilateral 
Settlement Link Agreements. 

In many scheduling areas TSOs apply special priority nomination rights for 
CCPs (i.e. their nomination values prevail over the nomination values of market 
participants in case of nomination value mismatches) or CCPs provide single-sided 
nominations for their members. However, if two CCPs nominate energy volumes 
between them, special rules need to be agreed for the provision of priority rules 
and mismatch management between them. For most scheduling areas these prin-
ciples are either defined in the national multi-NEMO arrangements or standard 
BRP rules of the TSO or imbalance settlement operator. Direction dependent pri-
ority nomination rules or lesser rules are common arrangements for cross-CCP 
nominations. 

The risk of imbalances due to member suspension by the TSO, missing pri-
ority nomination rules or capacity curtailments determine the so-called “delivery 
risk” for a CCP and the resulting margin requirements to cover this risk (“delivery
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risk margin”). It reflects the usually higher imbalance prices compared to day-
ahead or intraday clearing prices and should cover potential loss. Since a CCP’s 
members have to deposit additional capital as delivery margin, CCPs try to mit-
igate these risks in constant dialogue with the TSOs. Closely coordinated BRP 
suspension arrangements with the respective TSOs are sought by the CCPs. Also, 
CCP-specific priority nomination rules or side letters between individual TSOs 
and CCPs have been agreed to ensure that no additional delivery risks occur for a 
CCP and cost-efficient margin requirements for the CCPs’ members can be imple-
mented. These arrangements are the result of a constant and long alignment and 
negotiation between the TSO and CCP(s) in each scheduling area. Still, they have 
not been implemented in all European power spot markets. An EU-wide miti-
gation measure has been found on the risk of capacity curtailment in case of 
implicit capacity allocation. Article 72 of the CACM Guideline stipulates that 
TSOs will not hold CCPs or shipping agents to account for any imbalances asso-
ciated with the curtailment of cross-border capacities in the event of force majeure 
or emergency situations. 

9.3.3 Financial Settlement 

Financial settlement between CCPs or shipping agents covers payments as well as 
associated financing, accounting, reporting and invoicing activities for the deliv-
ery of cross-CCP electricity exchanges. These arrangements depend on local legal 
requirements, regulatory needs and CCPs’ individual rules and regulations. The 
decentralized bilateral settlement links between different CCPs in Europe are 
suited to address these local and individual specificities, but also have proven to 
be points for discussion and negotiation absent appropriate cost recovery for CCPs 
or shipping agents. 

All SDAC and SIDC products are denominated in euro currency and so 
are payments between CCPs or shipping agents. For most cross-CCP payments 
infrastructure solutions from commercial banks are used. The market coupling 
counterparties’ commercial “house banks” might either directly interact with each 
other or a joint settlement bank might be selected and contractually bound by 
a trilateral side agreement to the Settlement Link Agreement. In some cases, 
commercial banks might need to fulfil specific contractual or membership require-
ments at a CCP. For CCPs, who have access to the real-time gross settlement 
payment system operated by the Eurosystem (T2), the processing and settlement 
of cross-CCP payments in central bank money is possible.10 

Since NEMOs/CCPs or shipping agents settle high financial volumes, netting 
of settlement amounts is similarly important for risk management and procedural

10 Only central banks and financial institutions established in the European Economic Area can 
directly access and submit payment orders in euro to T2. Hence, a CCP must be licenced as a 
financial institution to be able to access this system as a payment solution. 
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efficiency. Netting means combining or aggregating different financial obligations 
to a net obligation with the goal of reducing financial risks and settlement amounts 
between parties. Practically, netting of cross-CCP transactions and payments take 
place in different process steps in SDAC and SIDC auctions. Bid and ask offers by 
a CCP’s members are matched and settled by each CCP locally and only the resid-
ual net position of the market is settled with other market coupling counterparties. 
As described further above scheduled exchanges are calculated with the goal of 
minimizing total financial exposure between CCPs per market coupling session. If 
more than one settlement link between two CCPs exists (e.g. handovers in differ-
ent markets or on more than one border), the described optimization also implies 
that gross payments for the exchange of energy are reduced to one net exposure, 
which is minimized. In addition CCPs or shipping agents, who are active in both 
timeframes, aggregate cross-CCP payments from SDAC and SIDC (auctions and 
continuous) transactions to one single payment per settlement. 

The timespan between trading and financially settling a product is called the 
settlement period or settlement cycle. Financial settlement cycles between CCPs 
should be as short as possible to minimize the buildup of exposure (risk of 
unpaid transactions) and reduce associated margin requirements. In case of devia-
tions in financial settlement cycles between CCPs they need to agree which party 
determines the cycle and arrange pre-financing credit facilities to bridge the gap. 
Additionally, Settlement Link Agreements also contain provisions on operational 
timings, technical and economic default in case of late or non-payment, arrange-
ments on bank holidays, invoicing and accounting requirements, reporting needs, 
bank fees and interest and revenue or cost allocation as well as boilerplate provi-
sions. Also, local requirements regarding tax or customs and the associated need 
for pre-financing or currency conversion (in case of non-euro tax payments) are 
covered, where applicable. These local provisions, if not harmonized between 
countries participating in SDAC or SIDC, can become important external cost 
drivers for CCPs or shipping agents and increase the cost of trading and clearing. 

9.3.4 Congestion Income Collection and Transfer 

For SDAC and SIDC intraday auctions, market clearing prices between bidding 
zones can differ if the demand for commercial cross-border flows cannot be met 
by sufficient available cross-border capacities (commercial congestion). Conges-
tion income arises as a result of cross-border energy being bought on one side and 
sold on the other side of a bidding zone border at deviating market clearing prices 
in these bidding zones. Hence, due to the absence of clearing price differences con-
gestion income does not occur in case of intra-zonal exchange of energy between 
market coupling counterparties or in continuous SIDC trading. Where congestion 
income occurs, the shipping configuration also determines the need for contractual 
arrangements. Where a single shipper is active on both sides of the border it has 
full liability for the collection and transfer of congestion income. Where more than 
one shipper exists, one shipping party might collect the entire congestion income
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or a direction-dependent congestion income collection and transfer to the TSOs (or 
their congestion income distribution agent) might be agreed. This allows the CCPs 
involved on a specific bidding zone border to allocate the responsibilities for con-
gestion income collection and transfer, which they have according to Article 68(8) 
of the CACM Guideline, between them. The principle, which party (importing or 
exporting shipper) should collect and transfer congestion income, might also be 
agreed on the level of a Capacity Calculation Region. 

Each CCP (or where required shipping agent) collecting and transferring con-
gestion income has a respective agreement with the relevant TSO or congestion 
income distribution agent. The capacity calculation and allocation methodology 
also impacts the congestion income collection and transfer. Bidding zone borders 
with coordinated Net Transfer Capacity (cNTC) capacity calculation methodology 
have a minimum available capacity of zero (no allocation of commercial trans-
mission capacity in the respective market time unit). Moreover, INFC always 
calculates flows from the lower price area to the higher price area. This results 
in a positive (at minimum zero) congestion income payment from the collector to 
the TSO. The introduction of flow-based capacity calculation in some Capacity 
Calculation Regions has changed this set-up since non-intuitive flows (from high-
price to low-price areas) can occur, which can lead to negative congestion income. 
This results in the need to cater for special arrangements in the congestion income 
settlement agreements since the direction of payment could reverse from the TSO 
or congestion income distribution agent to the CCP or shipping agent in specific 
cases.11 Hence, existing congestion income transfer agreements needed to be fur-
ther developed due to the introduction of plain flow-based capacity calculation and 
allocation. Today, bi-directional payments between the TSOs and CCPs/shipping 
agents with subsequent effects on liabilities, payment timings, bank arrangements, 
invoicing and reporting as well as default management are agreed for regions with 
flow-based capacity calculation. 

9.3.5 Risk Management 

Risk Management is an integral part of the cross-CCP clearing and settlement 
arrangements. It might be counterintuitive that CCPs collateralize their exposures 
from cross-CCP transactions if they already collateralize their exposures with their 
respective local clients. However, it is the specific set-up of CCPs in power spot 
markets with

11 Please refer to Chapter 10 for more information on congestion income collection and distribution 
under flow-based capacity allocation. 
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• Strong interconnectedness by means of shared order books and resulting inter-
NEMO flows

• Deviating risk management approaches between NEMOs/CCPs without regu-
latory minimum risk management standards

• Each CCP remaining fully liable towards its own clients for the fulfilment of 
matched trades while it has no influence on its market coupling counterparties’ 
risk management practices. 

That requires CCPs to calculate margin requirements and collateralize their expo-
sure towards each other. Where a third party (e.g. TSO) acts as shipping agent 
between two CCPs,12 the shipping agent might need to fulfil margin requirements 
as a standard member of the respective CCPs. Special arrangements on collat-
eral provision between some NEMOs/CCPs and TSOs in their role as shipping 
agent might exist, reflecting their “trading” profile (settlement of market coupling 
results) and economic strength as (often state-backed) critical infrastructure oper-
ators. For these reasons and as an exception to the rule, risk management between 
some shipping agents might be agreed in other forms than in the form of margin 
calculation and collateral requirements. A full picture of the applied practices can-
not be drawn, since bilateral agreements between shipping agents and CCPs are 
not public. Usually, bilateral cross-CCP agreements include provisions on 

1. The applicable margin methodology, which determines the margin needed to 
cover cross-CCP exposures 

2. The type of acceptable collateral (often cash or bank guarantees) to cover 
calculated margin requirements 

3. Operational timings and definition of default situations (e.g. under-
collateralization) when collateral can be utilized for outstanding payments 
and exposures and Settlement Link Agreements can be terminated (exceptions 
might apply in force majeure and technical default events). 

It must be considered a sector specific characteristic that NEMOs or their CCPs 
are competitors and collaborate on Market Coupling Operator functions, including 
post-coupling activities, at the same time. This has resulted in distinct cross-CCP 
risk management principles, but also revealed some adverse incentives on set-
ting the right level of risk management. On the one hand, many CCPs apply the 
same risk management methods (margin model, acceptable type of collateral) to 
their own members and market coupling counterparties. This approach ensures 
non-discrimination between CCPs and prevents the market coupling counterparties

12 Depending on the shipper configuration one shipping agent (e.g. an interconnector TSO) or two 
shipping agents (one TSO on each side of the bidding zone border) might operate between two 
NEMOs or their CCPs for the exchange of energy. 
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from asking too conservative margin requirements from each other. In other words, 
competition prevents a CCP from being asked excessive margins to collateralize 
the settlement of inter-NEMO flows. On the other hand, the CACM Guideline does 
not provide any minimum risk management standards for NEMOs/CCPs in power 
spot markets. With the aim to become more attractive to the market participants 
in NEMO competition, a “race to the bottom” between competing NEMOs/CCPs 
with regard to their security standards could occur and increase systemic risk in 
European market coupling. 

Whilst ex-ante collateralization can be considered as a preventive risk manage-
ment measure, timely and effective decoupling procedures as curative measures 
in case of a CCP or shipping agent default are similarly important. Decoupling 
contains and effectively isolates counterparty risk and thus prevents the intercon-
nected NEMOs/CCPs from a spill-over of these risks and associated knock-on 
effects between them. 

Depending on the time, cause and severity, different SDAC decoupling cases 
(partial vs. full decoupling) are procedurally defined and technically foreseen. For 
each of these decoupling cases applicable regional fallback methodologies apply. 
These might differ and range from shadow auctions to fallback regimes with main-
tained coupling between NEMOs and CCPs in the Nordic and Baltic Capacity 
Calculation Regions. Today, the design of the Nordic and Baltic fallback solutions 
prevents effective decoupling between NEMOs or their CCPs in these regions. 
This comes with increased risks for knock-on effects and the possibility of conta-
gion between different NEMOs or CCPs. For SIDC auctions the SIDC continuous 
market shall be the fallback solution. For a decoupling of the SIDC continuous 
market no fallback solution is foreseen. 

9.4 Outlook 

The initiated review of the CACM Guideline has shown different proposals for fur-
ther development of clearing and settlement in power spot markets. The discussion 
between relevant stakeholders included suggestions ranging from the evolution of 
existing decentralized clearing and settlement arrangements to a complete overhaul 
of the current architecture and full centralization of Market Coupling Operator 
activities, including shipping, in a single legal entity. Absent a detailed cost–bene-
fit analysis the evaluation of such centralization remains unclear and the need for 
and prioritization of these far-reaching governance changes in relation to the com-
pletion and further development of European market coupling is strongly debated 
between different regulatory and industry bodies. Some elements seem to be of 
no regret to maintain or further improve the resilience and efficiency of European 
market coupling with regard to clearing and settlement: 

1. Clear responsibilities and mandates for regulatory bodies to set a framework for 
cross-CCP clearing and settlement requirements are needed, including imple-
mentation monitoring, cost management and recovery for non-controllable cost
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items. Some of the most contentious points in past market coupling projects 
have been related to cross-CCP clearing and settlement and resulted in repeated 
escalations and in some cases project delays. This was caused by regulatory 
uncertainties under the CACM Guideline with missing focus and accountability 
for the regulation of financial settlement and risk management aspects and miss-
ing or insufficient cost recovery. Post-coupling activities are particularly prone 
to high operational costs being incurred on the NEMOs or CCPs and shipping 
agents due to collateral and pre-financing costs, which are determined by sev-
eral external and to a large extent non-controllable factors: market coupling and 
inter-NEMO flow calculation results, structural flow patterns between bidding 
zones or Capacity Calculation Regions, interest rate levels, third parties’ mar-
gin and collateral requirements, the number of market coupling counterparties 
and non-energy related legal requirements (e.g. value added tax). 

2. The narrowness of the existing framework for clearing and settlement of power 
spot products is in stark contrast with the close interconnectedness of the 
respective power exchanges and their clearing entities. Introducing minimum 
risk management standards to prevent a “race to the bottom” between CCPs 
regarding their security standards is needed. Competition between NEMOs and 
their CCPs is a core principle of the CACM Guideline and should be pre-
served, but an improved and coordinated regulatory framework for NEMO 
designation including clear criteria for sound clearing and settlement should 
be implemented. The magnitude of transactions, strong interlinkage of markets 
and importance of short-term power trading for system security calls for an 
improved focus on financial risk management and reduction of systemic risk. 
Improving the resilience of coupled power spot markets also requires further 
development of fallback solutions in some Capacity Calculation Regions to 
ensure timely and effective decoupling as curative risk management measures. 

3. NEMOs, CCPs and market participants, who are operating as balance respon-
sible parties in multiple markets or regions, are faced with a multitude of local 
TSO requirements. Harmonizing these requirements for CCPs, taking their legal 
status and rules into account, contributes to lower margin requirements for 
CCPs’ members. The Europe-wide roll-out of priority nomination rights for 
CCPs and a close interaction between TSOs and CCPs regarding BRP suspen-
sion can reduce delivery risks and associated margins for clearing participants. 
Also, an exemption for CCPs from BRP collateral requirements due to their 
balanced position in market coupling would help to decrease costs. Moreover, 
further streamlining technical nomination formats, protocols and processes 
between TSOs and imbalance settlement operators would reduce operational 
complexity and costs for CCPs and would lower market entry barriers for 
NEMOs or CCPs. 

4. The sharing of orderbooks is a necessary precondition for trading in coupled 
day-ahead and intraday markets and has the positive effect of increasing liq-
uidity in these timeframes. However, opening national legal monopolies for 
trading services to competition between NEMOs is still pending. On the trading
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layer, opening monopolistic markets could further incentivize product innova-
tion and reduce trading and technology costs by providing a choice for market 
participants. For clearing they could benefit from a broader network of clearing 
partners, netting effects across different products and asset classes and addi-
tional services. Nevertheless, enabling innovation within a set market coupling 
and risk management framework also requires regulators to leave potential for 
differentiation between NEMOs and CCPs next to the shared orderbooks, where 
no differentiation is possible. 

5. The CACM Guideline focuses on providing a regulatory and governance frame-
work for market coupling in the power sector. This chapter has shown that 
additional aspects beyond the power sector need to be taken into consideration 
for a level playing field between NEMOs/CCPs and for efficient post-coupling 
arrangements. Hence, needed evolutions in the market coupling framework and 
reforms in other sectors need to go hand in hand. This holds particularly true for 
non-EU countries’ reform processes as part of the EU accession process such 
as, but not limited to, the Value-Added-Tax (VAT) legislation in line with the 
EU international reverse charge mechanisms. This cross-sectoral legal harmo-
nization of non-technical aspects is particularly important prior to the upcoming 
extension of market coupling to the Energy Community Contracting Parties as 
further described in Chapter 13. 

9.5 Summary 

Although several possibilities for trading in liberalized power markets exist, mar-
ket participants need to access a NEMO with central clearing if they want to trade 
cross-border power spot markets in Europe. Hence, the importance of exchange-
based trading as well as central clearing and settlement is set by the CACM 
Guideline as the regulatory framework. However, there are also clear benefits a 
NEMO (in its CCP-role) or its designated clearing house provides to its clients, 
such as a single access to a wide network of counterparties, anonymity, capital 
efficient collateralization and management for a multitude of risks and services. In 
addition to their own clients, CCPs also clear and settle with each other in the post-
coupling phase of the SDAC and the SIDC. Either CCPs or TSOs in their role as 
shipping agents enable the exchange of energy between coupled markets in accor-
dance with the market coupling results and collect and transfer congestion income 
where needed. The decentralized contractual and technical set-up of settlement 
links between them allows to take specificities into account, but joint principles on 
cross-CCP clearing and settlement have developed as a de facto standard. These 
contracts are embedded in and governed by a multitude of other market coupling 
contracts between NEMOs and TSOs. 

CCPs, by the nature of their business, are a focal point for financial risk man-
agement in the market and operate many interfaces with other actors in European 
market coupling: market participants, who become members of the CCP; NEMOs 
for the reception of market coupling results; TSOs in order to enable physical
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settlement by means of nominations and where TSOs act as shipping agents; con-
gestion income distribution agents for the transfer of congestion income. CCPs 
are also interacting with the financial sector to enable financial settlement and 
risk management through collateral. Hence, CCPs play an important role for and 
beyond power spot markets and often need to handle requirements from different 
sectors and regulatory frameworks. 

Risk management in European market coupling is key and should play an even 
more important role with the aim to increase the resilience of short-term power 
spot markets. The price spikes in the recent past triggered by the gas supply crisis 
have underlined the importance of proper risk management in market coupling 
and beyond. In particular the number of state interventions and support needed to 
stabilize some market participants showed that more and continued emphasis on 
risk management is needed. With regard to the CACM Guideline this should cover 
clear NRA responsibilities for clearing and settlement, minimum requirements for 
CCP safety standards as well as curative risk management measures with effective 
decoupling as fallback solutions in all regions. 
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10Congestion Income Distribution 

Karel Sebesta and Martin Palkovsky 

Abstract 

This chapter introduces Congestion Income (CI) and the process of Conges-
tion Income Distribution (CID), including the history and evolution of the 
process and how Congestion Income is regulated. An overview of the Con-
gestion Income Distribution methodology for day-ahead allocation is provided, 
followed by the principles of the methodology. Negative Congestion Income 
linked to non-intuitive flows is discussed, as well as efforts by Transmission 
System Operators to deal with such occurrences. The important role of slack 
hubs is introduced, as well as the situations leading to remuneration inconsisten-
cies and the impact of reserving some of the day-ahead capacity for balancing 
purposes. Finally, challenges associated with cross-Capacity Calculation Region 
Congestion Income transfers are presented. 

10.1 Principles of Congestion Income Distribution 

Congestion income arises in the European electricity market when the transmission 
capacity between bidding zones is not sufficient to fully couple supply and demand 
in connected market areas, resulting in different clearing prices in both markets.1 

The following Congestion Income Distribution (CID) among TSOs is an inte-
gral part of the market coupling process. In this chapter we will discuss the concept 
of Congestion Income Distribution, its evolution, challenges, impact, and strategies 
for optimization during recent years.

1 The functioning of market coupling is described in detail in Chaps. 1 and 2. 
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CID is a system of rules and procedures to ensure that the congestion income 
generated from cross-zonal capacity allocation is distributed fairly and efficiently 
among the involved TSOs. 

In Europe, electricity is bought and sold in different bidding zones (BZs)/ 
countries. The goal of market integration that has been under implementation for 
the last decade is to facilitate optimal trade across countries. Ideally, in the case of 
sufficient transmission capacity, cross-zonal capacities are made available for use 
free of charge. However, due to insufficient interconnection between zones, the 
congestion management had to be introduced. Therefore, the trades compete for 
the transmission capacity in a market-based manner and the capacity is “priced” 
as a result. 

Congestion Income Distribution is a system which ensures that income gener-
ated from cross-zonal capacity allocation is distributed fairly among relevant TSOs 
(ACER, 2023). 

We have different types of cross-zonal capacity pricing for different types of 
cross-zonal trading. The pricing in Day-ahead Market Coupling, which is directly 
linked to the pricing of transmission capacity, has already been explained in pre-
vious chapters. In case there is enough cross-zonal capacity, the coupled zones 
become a single price zone. In the opposite case, the offered cross-zonal capacity 
cannot fulfil all demand and prevents the markets from converging on their prices. 
The spread (price difference) between these two zones corresponds to the price of 
the cross-zonal capacity. 

The situation is different for Intraday Market Coupling where bids are matched 
continuously, and capacity is allocated simultaneously while observing cross-
border constraints as described in previous chapters. As a consequence of 
pay-as-bid system, cross-border capacity is not priced as we discover congestion 
only after matching is already done. As payment cannot be requested retroactively 
from market participants, no congestion income arises from continuous trading. 
To address the missing congestion income in single intraday coupling (SIDC), 
hybrid system with three intraday (implicit) auctions (IDAs) will be introduced. 
To conduct these auctions, continuous trading must be temporarily on hold to avoid 
double allocation of cross-zonal capacity and resulting congestion income will be 
generated and distributed as it is with single day-ahead couple (SDAC). 

For congestion income itself, the same basic equation (Eq. 10.1) for its 
calculation can be always applied. 

Congestion Income(e) = Price
( e 

MWh

)
∗ Quantity(MWh) 

Congestion Income (10.1) 

By applying this formula (in diverse processes of varying complexity) we get 
revenues stemming from cross-zonal capacity usage representing the congestion 
income to relevant TSOs. Since the capacity is allocated based on underlying 
trades and anticipated benefit from the inter-zonal trade, the Congestion Income 
indicates how much market participants value the possibility for cross-border
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trade. Congestion Income can be generated from different Capacity Allocation 
timeframes, e.g. forward, day-ahead, intraday or balancing and different capacity 
allocation mechanisms, i.e. explicit or implicit. 

The concept of Congestion Income Distribution has been evolving over the 
years. With more and more complex capacity allocation moving from bilateral net 
transfer capacity (NTC) to regional flow-based principles, the congestion income 
distribution has become complex too. New rules and methodologies have been 
developed to ensure that the costs and benefits of modern congestion management 
are shared fairly. 

10.2 History and Evolution 

The CID has been a very simple process for a long time. With the NTC calculation 
and allocation, and generally only two TSOs owning the cross-zonal lines, the 
congestion income was derived directly from the allocation at that border and 
was shared equally for each side of the border. Sometimes, specific keys must 
be defined for situations where ownership stakes need to be considered, as well 
as participation of more than two TSOs at one bidding zone border (BZB), and 
others. These specific rules do not affect TSOs outside the relevant BZB and their 
definition therefore depends only on the relevant TSOs and NRAs. This system, 
where the BZB CI is distributed equally, has been in place for decades. 

Implementation of capacity calculation and allocation developed under the 
CACM Guideline (European Union, 2021) brought new dimensions into the CID: 
the congestion that limits the exchange between the zones may not be on their 
interconnection, the flow on the border may not always follow the positive price 
spread (i.e. from lower to higher price) and there may be constraints other than net-
work constraints (e.g. ramping, allocation constraints). Even if these factors have 
been addressed locally on individual borders, their relevance has been revealed 
only when the TSOs had to combine them into a single European methodol-
ogy with the anticipated go-live of the Core Flow-based capacity calculation 
methodology. 

In 2016, based on the CACM Guideline (Article 73), all TSOs started dis-
cussing and drafting a new methodology to reflect anticipated changes of capacity 
allocation in the day-ahead timeframe—flow-based market coupling in the Core 
region. As part of this, the CID Methodology should serve the objective of pro-
moting effective competition in the trading and supply of electricity. It should aim 
to ensure non-discriminatory access to cross-zonal capacity. By laying down objec-
tive criteria and solutions for the distribution of CI to be applied by all involved 
TSOs, the Methodology should create a solid basis for CI distribution for the first 
time at European level. Simultaneously, it is also essential to ensure that the rules 
and regulations governing CID are clear and easy to understand, while keeping the 
necessary freedom for individual approaches, as each region is somewhat unique. 

After several months all TSOs drafted a congestion income distribution method-
ology and submitted it to the regulatory authorities for approval in August 2016.
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The fundamental principles of CID were fine, but the methodology was consid-
ered too extensive and not detailed in some aspects. This first draft was therefore 
not accepted by all regulatory authorities, and they filed a request for change in 
February 2017. 

It did not take long for all TSOs to come up with a corrected 2nd draft of the 
methodology in April 2017. This draft triggered a formal approval process and 
many consultations and teleconferences between all regulators, TSOs and ACER. 
Since the NRAs were not able to reach a conclusion, the Agency became respon-
sible for a decision concerning the submitted proposal.2 In December 2017, the 
Agency issued a decision including an improved version of the CID methodol-
ogy, generally as we know it until today. However, we did not yet know what 
new knowledge and controversial individual interpretation of the rules would be 
brought by the subsequent years of implementation of the target model of the 
electricity markets coupling. 

During implementation TSOs realized in 2021 that a major revision of the 
methodology was needed. This amendment was initially triggered by the TSOs 
of the Core region who were exploring the positive implications of the Multi 
Slack hub approach when implementing FBMC. During the work on the amend-
ment, additional needs for adjustments resulting from experience with regional 
implementations and legislative developments were identified. Other changes were 
associated with proper inclusion of the intraday timeframe into the scope with the 
Intraday Capacity Pricing Auctions, consistency with the FCA CID Methodology 
and to cover the possible occurrence of negative CI on the level of the whole CCR 
under specific circumstances. However, even after this revision, many questions 
remained open mainly due to insufficient time to fully decide on final solutions. 
Therefore, another amendment has been made at the end of 2023 introducing uni-
versal solutions for non-intuitive flows irrespective of their causes, changes due to 
balancing exchange cross-border capacity reservations, and switching to 15 min 
resolution in day-ahead timeframe. 

Due to decisions on long-term flow-based capacity calculation and allocation 
in the Core and Nordic CCR in 2021, the TSOs started discussing the CID 
Methodology also based on the FCA regulation framework (European Union, 
2013). 

10.3 Congestion Income Distribution Methodology 
for Day-Ahead Allocation 

The first step is always the collection of CI resulting from the relevant trading 
mechanism. Central Counter Parties or Shipping Agents collect the Congestion 
Income arising from the Single Day-Ahead Coupling and from the Single Intra-
day Coupling (intraday auctions only) and shall ensure that collected Congestion

2 Based on the provisions of Article 9(12) of the CACM Guideline.
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Incomes are transferred to the TSOs, or entities appointed by TSOs, no later than 
two weeks after the date of the settlement.3 

The main task of CID is to determine amounts of CI for each BZB—where we 
apply the well-known equal distribution for each side of the border. This appears 
to be an easy task as we seem to know all information—i.e. prices in each BZ that 
can be translated into price spreads on relevant BZBs and resulting commercial 
flows on each BZB. 

While the CID methodology is straightforward for CNTC allocation, more 
challenges arise when applying flow-based allocation. 

In the Flow-based allocation we witnessed that many evolutions of the electric-
ity market introduced very challenging questions into the CID methodology: 

• How to deal with non-intuitiveness? 
• Is there a need for slack hubs? 
• When more regions meet—how to manage allocation constraints? 
• When it comes to interactions over different timeframes, is balancing stealing 

money? How to manage the inconsistency of LT and DA methodologies and 
LTTRs remuneration? 

10.4 Overview on the Underlying Formulae and Process 

In this chapter, we describe the current CID principles in a simplified way as an 
overview that you can refer to in other chapters. Although the methodology is 
at the level of All TSOs this is mainly for harmonization purposes, as the actual 
implementation and calculation is then at the CCR level. 

Within CID we operate with a pot of actually generated CI collected via Central 
Counter Parties or Shipping Agents. The main task is to distribute this pot between 
the individual BZBs of the CCR. CCR generated CI can be calculated using results 
from the SDAC i.e. Net Positions (NP) (netted import/export result) of each BZ 
times its price (P). 

CI CCR = −  
NBZ∑
j=1 

NPj ∗ Pj 

CCR generated congestion income (10.2) 

Calculation of CI in absolute value for each BZB comes from the resulting com-
mercial flow on a BZB times relevant market spread (i.e. the difference between 
the BZ prices on both sides of the BZB). For the CNTC approach, commercial flow 
is equal to allocated cross-zonal capacities, which are directly resulting from the 
SDAC. For Flow-based, commercial flow needs to be calculated using contribu-
tions from each BZ NP multiplied with the PTDF factor transforming the resulting

3 More details on clearing and settlement can be found in Chaps. 8 and 9. 
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trades into actual physical flows on BZBs, which we call additional aggregated 
flow (AAF). 

AAFi =
∑
j,k∈i 

NPj ∗ PTDFj, k 

CIBZBi,calculated = commercial flowi ∗ market spread i 

Calculating Commercial Flow under Flow-based Approach (10.3) 

The pot of calculated CI of a CCR is then the sum of all BZB CIs in the 
CCR. Next, we need to match this calculated CCR pot to the generated CCR pot 
using proportional adjustment. The ratio between these two pots will determine the 
correction factor by which calculated CI for each BZB is multiplied. This process 
is illustrated in Fig. 10.1. The core calculation can be seen in Eq. (10.4). 

CICCR calculated = 
NBZ∑
i=1 

CIBZBi,calculated 

CI 
BZBi,final= 

CICCR generated 
CICCR calculated 

∗CIBZBi ,calculated 
Congestion Income Core Calculation (10.4) 

Fig. 10.1 Process overview congestion income distribution. Source Author’s own illustration
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10.5 Negative Income 

The coupling algorithm aims to maximize the welfare of the coupled bidding 
zones. In 2019, we introduced so-called plain flow-based evaluation. Given the 
focus on the bidding zone borders (inherited from NTC world), we expect that the 
underlying commercial flow follows the price spread. However, we may experience 
that the flow goes against the spread. An intuitive flow is from a cheaper BZ to a 
more expensive one, creating a surplus of money on their border. A non-intuitive 
flow is the opposite—a flow from a more expensive BZ to a cheaper BZ. 

A non-intuitive flow can occur through market optimization when there are 
multiple BZ affecting a network constraint—typically in the Flow-based approach. 
Accepting a non-intuitive flow can have a relieving effect on other elements in the 
grid that, thanks to netting of counter flows, form a greater economic welfare 
than the lost economic welfare due to the non-intuitive flow. Similar situations 
may happen in case there are allocation constraints, such as ramping limits of an 
interconnector or export/import limitations on a BZ. For the former, the cross-zonal 
flow against the spread yields a lower loss than the optimization of the individual 
BZ. For the latter, the formation of a price does not correspond to the network 
constraints. In case the BZ is used for transit, a non-intuitive flow may be seen on 
some borders that leads to a negative CI. 

The best example of this is the case where the export/import allocation con-
straint is set to zero, and therefore, the BZ de facto does not participate in the 
SDAC. The price of such a BZ is then made up of purely domestic supply and 
demand and all cross-border flows are transits ignoring this price. 

Albeit negative results appear on single BZBs, the global optimization is 
designed to increase the welfare of the coupled CCR and positive CI is present in 
the whole coupled area. But how should we interpret such signals? We see that the 
distribution of the total CI pot to the individual borders does not reflect the under-
lying optimization of the flow-based allocation. Therefore, some borders gain more 
benefit (CI) than others. TSOs have tried to find out a logic and rational economic 
theory to deal with negative CI on BZBs. A simple yet effective improvement was 
introduced in the CACM Guideline’s CID Methodology to deal with non-intuitive 
flows which is an absolute value calculation of BZB CI. This leads to non-negative 
output on each BZB. This absolute calculation keeps information for each BZB 
reflecting its contribution to the whole economic welfare. However, the sum of 
individual CI is greater than the CI collected. Therefore, each BZB CI is adjusted 
proportionally in order to match the total CI generated by cross-border electricity 
exchanges within a CCR. This way each BZB has non-negative CI and the overall 
CI is shared among all BZBs. 

The proportional adjustment approach with the absolute CI at BZB (BZB CI) as 
a basic factor became universal for other issues as well—it represents each TSOs‘ 
share on the total CI pot generated within the CCR. This approach is then used 
for all adjustments of the total CI pot and simplifies all relevant processes.
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Fig. 10.2 Visualization of one or two slack hubs (SZ) for CCR Core with assigned net position 
(NP) and price (Psz). Source Adapted from ENTSO-E (2021) 

10.6 Slack Hubs 

In the Flow-based allocation, the sum of flows on intraregional BZBs can be lower 
than the net position of the relevant BZ. This is because of physical laws, when 
electricity also flows over BZBs that fall into another CCR. Such flows leave 
and re-enter the CCR using external borders. This flow has a value, but we miss a 
unique BZ price outside of the CCR to calculate the CI. Therefore, a virtual zone— 
a slack hub is created to resolve all external flows (as included in Fig. 10.1 and 
also illustrated in Fig. 10.2). Its net export–import position is always zero and we 
only need to calculate the price for it. This is calculated as a fitting price creating 
the minimum CI on the respective external borders. However, this calculation can 
also create a discrepancy between the CI calculated and that actually generated, so 
the principle of proportional adjustment works here as well. 

A single slack hub approach can be unsuitable for some CCRs and the results 
can favour the external BZB and be to the detriment of the internal BZB. A multi-
ple slack hubs approach should be always possible to achieve better or equal results 
as we split slack hub price optimization to more sub-tasks. A new determination of 
the number of slack hubs and their associated bidding zones was introduced in the 
CACM Guideline’s CID Methodology which is unambiguous for each CCR from 
its specific topology. Currently two slack hubs are applied for Core Flow-based 
Market Coupling (FBMC). 

10.7 Remuneration Inconsistency 

The CID in the day-ahead timeframe is linked closely to other timeframes as 
well. The main link is to the long-term transmission rights (LTTR) with financial 
remuneration. An LTTR owner has a right to remuneration of the day-ahead BZB 
capacity price. This principle was well established in the NTC world for single
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BZBs, where it was working in a straightforward way. If the day-ahead market 
“offered capacity” was the same or greater than the LTTRs, the resulting day-
ahead CI should always be sufficient to cover remuneration. Individual BZBs did 
not influence each other and the BZB approach was working well. With the advent 
of shared constraints and, more recently, the Flow-based allocation, this delicate 
balance was disrupted, and we now witness the collision of two worlds (LT and 
DA) with different principles. 

As described above, the TSOs strive to distribute the total CI pot to individ-
ual BZBs. The LTTRs are still determined and allocated for individual BZBs, 
so the remuneration is held by the respective TSOs from their day-ahead BZB 
CI. A problem emerges when we combine the border-only approach with shared 
constraints. This means that congestion on such shared constraints may cause a 
commercial flow on a BZB lower than the allocated LTTRs. An example is illus-
trated in Fig. 10.3 where from 200 MW allocated LTTRs from A to B we can end 
only with 120 MW flow in FBMC using the same “trade”. This breaks the balance 
that the CI at a BZB is always the same or greater than the LTTR remuneration. 
As a result, the TSOs at the concerned BZB must pay more than they receive from 
the day-ahead allocation. 

This already occurred in the NTC world because of the so-called techni-
cal profiles that connected multiple borders with one capacity limit (mainly 
PL <> CZ+DE+SK and PL <> DE(50 Hz)+CZ). On a much larger scale, this prob-
lem emerged in the Core Flow-based market coupling. As mentioned earlier, with 
Flow-based, all BZBs within the CCR are linked and influence each other. Thanks 
to so-called Long-Term Allocation (LTA) inclusion that ensures the day-ahead 
capacity domain is at least the same as the LTTRs, it is ensured that the total CI 
pot within the CCR covers the total LTTRs remunerations (in Fig. 10.3 ensured

Fig. 10.3 Breakdown of 
market flow into physical 
flows in FBMC. Source 
Author’s own illustration 
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by CI created by 60 MW and 20 MW flows). However, no border is guaranteed 
a collection of enough congestion income in day-ahead trading to cover its remu-
neration of LTTRs. An example with basic CI calculation for this challenge is 
illustrated in Fig. 10.4. 

CID should ensure that the costs and benefits of market coupling are shared 
fairly, not only among market participants but also among TSOs. Since several 
TSOs had negative balance on some or even all BZBs, discussions among the 
TSOs about mutual compensation started. However, the question of fairness did 
not appear so clear and there were different opinions among TSOs around the 
scenarios and levels of compensation. 

In fact, the topic of compensation of LTTRs was already in the scope of 
the methodology according to Article 61 of the FCA—the remuneration shall be 
shared based on the above-mentioned principle—proportionally to the BZB CIs. 
Nonetheless, the TSO struggled to find consensus on the topic of remuneration. 

However, even in the case of agreement on compensation, there were multiple 
options. It was primarily a matter of deciding between full compensation or only

Fig. 10.4 Example of the creation of missing income for the remuneration of LTTRs. Source 
Author’s own illustration 
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up to zero, to ensure that no one will have net negative CI. In addition, there were 
a few more complex proposals on the spectrum between these two options, but 
even with up-to-zero compensation there was a question of whether to include 
income from long-term auctions or not. The possibilities of tracing the reallocated 
capacity were also analyzed meaning the question of who should pay to whom. 
Should all TSOs contribute to compensation or only some? However, at least with 
FBMC, the system is so complex that any tracing seems impossible. 

The question of the adequacy of the size of LTTRs was also raised. At the time 
when the issues first arose, the amount of long-term capacities offered was based 
on bilateral agreements on the respective BZBs because the Core LT Capacity 
Calculation methodology would not be implemented until 2024. This might lead 
to freeriding because of lacking coordinated calculation. 

Therefore, several months of discussions and numerous analyses by TSOs fol-
lowed in order to create a first draft of this methodology. The topic was strongly 
discussed both with individual regulators and with ACER, and in the end also 
with the European Commission. TSOs finally put together the methodology pro-
posal in April 2020 which once again started an intensive consultation period. 
ACER published its decision and a revised version of the methodology in Octo-
ber 2020. However, this decision was appealed and the entire methodology was 
revised again. The final version approved by ACER in October 2021 included an 
up-to-zero compensation using a proportional division among all other BZBs in 
the region with a positive day-ahead CI. Albeit in force, this methodology is only 
applicable with a Core LTCC methodology in operation, which is anticipated as 
of 2025. Until then, the Core TSOs have not unanimously agreed on the form 
of mutual compensation. With the already functional FBMC in the Core region, 
there are several BZBs that do not earn enough CI in daily allocation to cover the 
LTTRs remuneration. 

10.8 Reservation of Capacity for Balancing 

The balancing market processes have always been considered rather independent 
of the power market. With the Electricity Balancing Guideline (EBGL), cross-
border exchange of balancing capacity or sharing of reserves became optional 
for TSOs. TSOs can reserve part of the day-ahead capacity for balancing purposes 
and thus remove this capacity from the power market without removing obligations 
linked to this capacity. Both the market-based allocation process and the Allocation 
process based on economic efficiency analysis mean that part of the day-ahead 
offered capacity is allocated outside of the market coupling. If it is done efficiently 
and in line with the EBGL regulation it brings more welfare to the entire electricity 
market. 

While drafting the corresponding EBGL methodologies, several CI experts 
noted that this can lead to a situation where the CI generated in the day-ahead 
market coupling is lower than the LTTR remunerations—available capacity for 
day-ahead market is lowered below LTA inclusion. This would represent a major
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problem especially in the Core region where only some TSOs would reserve capac-
ity for balancing—the missing CI from the DA market would not be recovered 
equally in the balancing market. Therefore, both balancing and CI experts needed 
to update all concerned methodologies and processes and work on solutions to 
consider and distribute CI from balancing exchanges as CI from the day-ahead 
market. 

10.9 Cross-CCRs Congestion Income Transfers 

Other extensions around negative income issues are allocation constraints and 
Advanced hybrid coupling (AHC). We will discuss these two specific types in 
one section, as their implications are similar since both are ultimately about shar-
ing of congestion income from common constraints / mutual influences between 
multiple borders. However, the main difference here is the aspect of crossing the 
boundary of a single CCR. 

In the evaluation of day-ahead trading, we still try to reach a solution with 
the maximum economic welfare value. However, the optimization algorithm 
(Euphemia) optimizes the whole SDAC and not individual CCRs. Normally, we 
do not have to consider the impact of trading across regions on CI, but the situ-
ation may change with shared allocation constraints. For BZs applying allocation 
constraints located inside the CCR (e.g. Italy North) no impact on CI arises. The 
induced non-intuitive flows and allocation restrictions remain within a single CCR 
and these discrepancies always fall under the mechanism of proportional adjust-
ment. However, for a BZ having allocation constraints affecting BZBs of more 
CCRs (e.g. limiting total export/import of the outer BZ), the CI distribution does 
not correspond to the CCR needs—one CCR gains more CI than the other. 

AHC has a very similar impact, however it is not a constraint tied to an individ-
ual BZ, but directly selected BZBs. For adjacent CCRs where one applies FB and 
the other NTC we can observe strong interactions between BZBs even if they are 
not together in the same CCR. This mutual influence is then taken into account by 
the AHC application. The influence of realized NTC transactions on the physical 
margins of the critical branches in the FB model are taken into account during 
allocation and vice-versa. 

This problem therefore requires a cross-CCR solution at the all TSOs level 
going beyond the current definitions and rules in the CACM Guideline’s CID 
methodology. There is thus a clear need to amend the methodology and introduce 
a legislative obligation to coordinate CID at the level of at least all interdependent 
BZBs across CCRs. There are primarily two possible solutions to this problem. 

The first solution is to extend proportional adjustment to more than one CCR to 
cover all interdependent BZBs. This is an effective and easy-to-understand solu-
tion. In implementation, all interdependent BZBs would have to be part of one 
CID calculation, which goes hand in hand with the contractual conditions with 
the relevant entities mediating the CID calculation. A theoretical disadvantage of 
this solution could be an unfair distribution of congestion income as we would
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combine FB and NTC allocation mechanisms. The second solution focuses more 
on identification and valuation of transit and cross-CCR flows and their effects on 
CID. Using robust mathematical interpretation backed up by extensive simulations, 
results with filtered-out effects of the cross-CCR allocation constraint can be cal-
culated. The resulting additional pot is distributed between the borders and slack 
hub borders of the bidding zone in the same direction as the active cross-CCRs 
allocation constraint. 

In the current CACM Guideline’s CID Methodology the problem is known and 
solution based on the second approach described. The TSOs from CCRs mutu-
ally affected by allocation mechanisms with cross-CCR impact shall now jointly 
develop, test and validate the algorithms, tools and procedures for the cross-CCRs 
mechanisms defined in this methodology. Until then, the cross-CCR compensation 
is done on a voluntary basis based on a simplified formula close to the approved 
solution (with very few operational cases currently occurring). 

10.10 How is CI Regulated? 

Congestion income is not negligible and can reach tens to hundreds of millions 
of euros annually. Moreover, the size of these profits is closely linked to the size 
of the capacity offered for trading. It is therefore appropriate to monitor the CID 
processes and to keep an eye on the abuse of the offered capacity to increase 
profits. However, the main topic here is how TSOs should use this revenue as it 
should primarily eliminate the cause of its origin—to increase the capacity limiting 
commercial transactions. 

Rules for the use of congestion income are established by Article 19 of Regula-
tion (EU) 2019/943 of the European Parliament and of the Council of 5 June 2019 
on the internal market for electricity. In accordance with Article 19(4) transmis-
sion system operators drafted a methodology, which was approved by ACER on 
23 December 2020. The methodology was applied to congestion income collected 
from 1 January 2021. 

The methodology for the use of congestion income describes cost categories 
contributing to priority objectives either with Article 19(2) (a) and/or Article 19(2) 
(b) of Regulation (EU) 2019/943 for which congestion income can be allocated to. 
Allocation of the congestion income to individual cost categories is subjected to 
ex-ante communication between the TSO and their National Regulatory Authority 
(NRA). If priority objectives are deemed fulfilled by the relevant NRA, remaining 
congestion income can be used for calculating network tariffs or fixing network 
tariffs, or both. The residual revenues shall be placed on a separate internal account 
line until such a time as it can be spent on the priority objectives. 

The legally defined priorities mentioned above are aimed at:
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• guaranteeing the actual availability of the allocated capacity including firmness 
compensation; or 

• maintaining or increasing cross-zonal capacities through optimization of the 
usage of existing interconnectors by means of coordinated remedial actions, 
where applicable, or covering costs resulting from network investments that are 
relevant to reduce interconnector congestion. 

Generally speaking, congestion income should be used to eliminate the cause of 
its origin, to increase the capacity limiting commercial transactions i.e. to maintain 
or to increase cross-zonal capacities considering both CAPEX (investments) and 
OPEX (redispatches and compensation) oriented solutions. 

10.11 Outlook 

The concept of CID is important for ensuring that electricity markets remain effi-
cient and competitive. By sharing the costs and benefits of market coupling fairly, 
CID helps to ensure that electricity is bought and sold at the most economical 
prices. In addition, CID helps to reduce the overall cost of electricity as it pro-
vides incentives to reduce bottlenecks in the grid. However, it can also have a 
negative impact on market competition if it is not implemented properly. For the 
future of CID, it is important to keep the processes and legislation up-to-date and 
monitor and evaluate market results on a regular basis. 
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Abstract 

This chapter starts with a brief overview of flow-based capacity calculation and 
market coupling. A comparison of the results from the Net Transfer Capacity 
approach compared to flow-based market coupling highlights the differences 
regarding social welfare, net positions, and price convergence. The chapter also 
analyzes the market coupling results from the perspective of topics such as 
active constraints, shadow prices and price spreads. The chapter concludes with 
an assessment of the social welfare gains, as well as consumer and producer sur-
plus, generated following the application of the flow-based capacity calculation 
and market coupling.
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11.1 Introduction 

11.1.1 Flow-Based Capacity Calculation and Market Coupling 

The flow-based (FB) method introduces a completely new approach with the 
coordinated capacity calculation, in accordance with Article 20(2) of the CACM 
Guideline, compared to the well-known bilateral calculation method—i.e. Net 
Transfer Capacity (NTC) (ENTSO-E, 2000). It is the first concept to have intro-
duced the modelling of the superposition effect of the power flows over network 
elements resulting from the simultaneous commercial energy trades. By doing so, 
it is possible to calculate the available margin (MW) for each modelled individ-
ual critical network element and contingency (CNEC) which will act as potential 
limiting constraints to the market. The main aim of the flow-based method is 
to maximize the available cross-zonal capacity for the electricity market while 
respecting operational security limits. Thus, the social welfare maximization by 
means of energy exchanges can be achieved. In addition, the flow-based coordi-
nated capacity calculation has paved the way for the introduction of transparent 
and harmonized operational processes which will help to bring the physical and 
commercial aspects of the energy grid closer. For a general introduction to capacity 
calculation see Chap. 3. 

The implementation of the Day-Ahead Capacity Calculation Methodology 
(ENTSO-E, 2019) has proven to be an extremely complex task. The method intro-
duces certain controversial aspects, such as the minimum capacity requirement, 
according to Article 17 of the Day-Ahead Capacity Calculation Methodology (DA 
CCM), which has given one of the most difficult tasks to TSO experts as to what 
risk it can pose for the grid security. In the project’s life, one of the major achieve-
ments was to be able to compute and generate the first flow-based domain back 
in early 2020. The flow-based domain can be characterized as a n-dimensional 
convex polyhedron shape while an NTC domain, given its nature of bilateral coor-
dination with independent limit per border/direction, is usually modelled as several 
independent two-dimensional rectangles. 

With the successful go-live, TSOs, market participants and various expert 
groups have had the long-awaited opportunity to gain experience and knowledge 
of the operational results. Unlike the test (external parallel run) phases, in the oper-
ational process after the go-live, the market coupling results have been based on 
real supply and demand bids from the energy traders. This has offered the unique 
opportunity to study the results of the capacity calculation in combination with 
the market coupling while the global energy supply and markets have been going 
through extreme circumstances especially in Q3-Q4, 2022. 

In order to give a good understanding of the capacity calculation, hereafter 
referred to as the pre-coupling and the market coupling, it is important to first 
introduce the basics of the flow-based capacity calculation method. This includes 
definitions, modelling of the grid, the mathematical formulas and the methodolog-
ical steps. The main flow-based parameters for the market coupling are described 
in the form of domain limiting linear constraints with their capacity (Remaining
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Available Margin—RAM) and sensitivity (Power Transfer Distribution Factors— 
PTDF). Based on the CNECs as domain limiting constraints, the cross-zonal 
capacity can be calculated for allocation during the market coupling. While the 
pre-coupling step produces the domain limiting constraints, the market coupling 
outcome lists the active constraints which are effectively limiting the market direc-
tion—i.e. market clearing point (MCP). The MCP in the balanced n-dimensional 
domain can be described as a vector of net positions of the bidding zones. Net 
position in the FB context should be read as the net position of a market given 
the market exchanges via the meshed network. The active constraints, a subset 
of the domain limiting constraints, play a key role in the price formation of the 
bidding zones. These identified constraints are associated with their shadow prices 
(EUR/MW) which show how sensitive the market direction to a certain constraint 
is. The higher the associated shadow price is, the greater the impact of the active 
constraint on the bidding zone price results is. As a result of the allocated cross-
zonal capacity, key indicators, such as bidding zone prices, net positions, active 
constraints with associated shadow prices are generated. These indicators are used 
for analysis and simulations in order to better understand the linkage between the 
domain limiting constraints and the outcome of the market coupling optimization 
algorithm. 

In sum, the chapter aims to provide a good insight into the basic definitions of 
flow-based methodology in Sect. 11.1.1. In Sect. 11.2.1, a comparison of the pre-
go-live results from the NTC era and the market coupling results is provided, with 
an overview of social welfare, the net positions, and the price convergence in the 
Core region (Fig. 11.1). Furthermore, the chapter focuses on the demonstration of 
the analyzed market coupling results, e.g. active constraints, shadow prices, price 
spread from the operational process in order to have a good understanding of what 
has been learned and concluded by the various experts since the go-live of the first 
operational business day (Sects. 11.2.2, 11.2.3 and 11.2.5). 

Fig. 11.1 Map of the core CCR. Source Author’s own illustration
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11.1.1.1 Pre-coupling 
The pre-coupling stage consists of the steps necessary for preparation and 
calculation of the final flow-based (FB) domain that is sent to the market coupling. 

The Core DA FB CC business process can be summarized with the following 
steps: 

1. Delivery of input for capacity calculation: 
a. Common Grid Models (CGMs): Individual grid models provided by each 

TSO are merged into CGMs. They include a forecast of both the grid topol-
ogy and power generation and consumption within the TSO’s control area 
based on the reference day. The CGM encompasses the synchronous conti-
nental ENTSO-E grid. It is needed to model the physical influences of these 
grids with two days ahead congestion forecast—i.e. D2CF CGM. 

b. Critical Network Elements (CNEs) with Contingency (N-k) (CNECs): It is 
the list of network elements with associated contingency. These network 
elements can be various elements, e.g. AC power lines, transformers defined 
with their characteristics. 

c. Generation and Load Shift Key (GLSK): GLSKs are a list of generation 
and load factors that define how a change in net position is mapped to the 
generating units and loads in a bidding zone. 

2. Capacity Calculation with CNEC selection and Remedial Action Optimiza-
tion: 
a. Flow-based domain generation: The flow-based domain can be described by 

the FB parameters. Of the FB parameters, the Remaining Available Margin 
(RAM) and Power Transfer Distribution Factors (PTDF) factors determine 
the domain limiting constraints. 
i. RAM: specifies the available margin for the market exchange in MW. 
ii. PTDF: PTDFs are sensitivities of CNECs to the changes of net positions 

of bidding zones. PTDF factors are calculated using GLSKs and a sen-
sitivity calculation based on the CGM. It represents an incremental flow 
of 1 MW net position change between two bidding zone A and B on a 
CNEC. 

During the sensitivity calculation, the zonal PTDFs are calculated for each CNEC 
in order to determine which CNEC can be a domain limiting constraint based on 
the zone-to-zone PTDF threshold criterion. According to Article 15 of Core DA 
CCM, the PTDF threshold for CNEC selection is currently 5%. 

The general form for domain limiting constraints: 

N∑

i=1 

ptdfi · npi ≤ RAM 

N∑

i=1 

npi = 0 

(11.1)
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Fig. 11.2 Two-dimensional slice of FB domain. Source Based on (NEMO, 2019) 

whereby N is the number of considered zones (hubs), npi are variables in the 
balance search space, ptdf i and RAM are the corresponding FB parameters of the 
considered constraints. 

The calculated RAM is relative to the reference point in the balance search 
space. The reference point in the balance space is defined by a vector of net 
positions. In Fig. 11.2 the reference point is the origin point of the domain area. 

Figure 11.2 illustrates a two-dimensional slice of the balanced domain. The 
secure domain is defined by limiting constraints. 

The flow-based constraints define a search space for the net positions to be 
determined within the market coupling. In the Core region, there are 14 bidding 
zones. This means that the search space for the net positions is defined by a 
fourteen-dimensional balance space.1 

The RAM before capacity validation can be described by the following formula: 

RAM = Fmax − FRM − (F0,core + �Fref ) + AMR (11.2)

1 Because the sum of the net positions equals zero, one net position can be written as a combination 
of the remaining ones. Due to this balance constraint, when considering n zones, the space of the 
independent variables has actually a dimension of n-1. 
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whereby Fmax is the maximum admissible allowable flow of the CNEC expressed 
in physical capacity, FRM is the flow reliability margin to cover modelling uncer-
tainties, F0,core is physical flow resulting from Core zero-balance2 reference point,
�Fref is the incremental physical flow resulting from the shift from Core zero-
balance to the D2CF CGM reference point, AMR is the adjustment for RAM based 
on the minimum capacity requirement set out in Article 17 of the DA CCM. AMR 
is calculated relative to the total zero-balance3 reference point, which means that 
all D2CF based reference market exchanges of all bidding zones of Continental 
Europe are set to zero. The physical flow resulting from the total zero-balance ref-
erence point is the F0,total . The purpose of shifting the domain reference point to 
Core zero-balance is to ensure the minimum RAM through the AMR calculation. 

The introduction of AMR (MW) is linked to Article 16 of Regulation (EU) 
2019/9434 (EU, 2019) for the implementation of the minimum capacity require-
ment which serves the purpose of addressing the requirement of Article 21(1)(b)(ii) 
of the CACM Guideline. The target value of the minimum RAM which must be 
fulfilled by 1 January 2026 by means of a linear trajectory is 70% of Fmax for 
each domain limiting constraint. As a result, there are various minimum RAM val-
ues applied to CNECs in today’s operational process. These values will have been 
increased to at least 70% of Fmax by 2026. By applying AMR value to the RAM, 
TSOs commit to ensuring capacity on the CNEC that is physically not available in 
the grid. This is why it is referred to as virtual capacity which undoubtedly carries 
an increased risk of compromised grid security. Figure 11.2 illustrates the enlarged 
area of the domain due to AMR. 

The remedial action optimization expands the domain area around the fore-
casted market clearing point by increasing the RAM over the CNECs. The type of 
remedial actions can be preventive (pre-fault) and curative (post-fault) by means 
of phase-shifting transformers and/or topological measures. The availability of the 
remedial actions is provided in the input data by the TSOs. 

3. Capacity Validation (TSO): During the capacity validation step, TSOs assess 
if the calculated RAM per CNEC can be provided to the market coupling while 
the grid security is ensured. TSOs individually perform the validation by assess-
ing multiple likely market clearing points. In case all available remedial actions 
are not able to secure the likely market clearing point, TSOs might have to 
resort to reducing the RAM by applying the individual validation adjustment 
(IVA). This leads to a loss of domain area as illustrated by Fig. 11.2. 

Given the minimum capacity requirement, there has been an increased emphasis 
on the grid security during the capacity validation phase.

2 Core zero-balance means the situation when all market exchanges among the Core bidding zone 
borders inside Core CCR are set to zero. 
3 Total zero-balance means the situation when market exchanges among all bidding zones of 
Continental Europe are set to zero. 
4 Also known as Europe’s Clean Energy Package (CEP).
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4. Final Capacity Calculation: After the input from the capacity validation step is 
received by the central capacity calculation (tool) process, the final FB domain 
is calculated. The reference point of the final domain is shifted to Core zero-
balance. Thus, the RAM after validation for the market coupling is calculated 
as follows: 

RAM = Fmax − FRM − F0,core + AMR − IVA (11.3) 

whereby IVA is the individual validation adjustment according to Article 20 (5) of 
DA CCM for the implementation of which can be calculated and applied by each 
Core TSO to the RAM of their own CNECs in order to ensure grid security, thus 
making these CNECs limiting constraints. Limiting constraints with IVA have a 
higher probability of becoming active constraints. 

The final FB parameters determine the domain limiting constraints, while the 
redundant constraints are identified as illustrated by Fig. 11.2. 

There is an important distinction that needs to be made between the domain lim-
iting constraints and the active constraints as pointed out earlier in the chapter. The 
limiting constraints are a set of constraints that give the bounded domain. How-
ever, only a subset of these limiting constraints in fact limit the market clearing 
point inside the final FB domain. These constraints are called the active con-
straints which are focused on with regard to shadow prices and price spreads in 
the remainder of the chapter. 

11.1.1.2 Market Coupling 
The Market Coupling (MC) process involving a group of sellers and buyers from 
different areas is an initiation of the European Power Exchanges organizations in 
order to integrate different energy markets into one coupled market for the purpose 
of liquidity (see Chaps. 1 and 2 for a more detailed introduction). Geographically, 
the electricity market in the European Union (EU) is based on the “zonal model”. 
The zonal model implies that there is one single price per bidding zone (and market 
time unit). In SDAC, the market time unit (MTU) is 60 min. The iterative clearing 
algorithm defined in (Singh Gill, et al., 2022), developed for solving the problem 
associated with the coupling in SDAC, is known as EUPHEMIA (Nordpool Group, 
2020) (see also Chap. 6). The main objective of EUPHEMIA is to maximize the 
social welfare that is calculated as the sum of the consumer surplus, the producer 
surplus and the congestion income across the region—i.e. total market value. In 
this chapter, the social welfare gain attributed to flow-based market coupling in 
comparison to the NTC regime is demonstrated in Sect. 11.2.1. 

The market coupling process applying the flow-based model receives the 
final FB constraints from the central capacity calculation process. The final FB 
constraints are given by means of two components, namely RAM and PTDFs. 

The constraint that is imposed is the following: 

PTDF · np ≤ RAM (11.4)
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whereby np is the vector of net positions which are subject to the flow-based 
constraints. Each constraint corresponds to a single row in the PTDF matrix and 
has one corresponding RAM value. 

The sum of the bidding zone net positions in Core CCR must equal zero. A net 
position with a positive sign means exports and a negative sign means imports. 

11.1.1.3 Market Coupling Results 
EUPHEMIA returns, among other results, the BZ net positions, BZ prices (market 
clearing prices), scheduled exchanges and active constraints with their associated 
shadow prices. The balanced market coupling net positions are used to adjust the 
RAM of CNECs. In doing so, the new RAM represents the RAM on the CNEC 
after the net positions of the FB MC are applied. 

The identification of the active constraints with their positive (p) zone-to-zone 
PTDFy→z,k (Eq. 11.5) (Dufour, 2007) reveals the limit to the market exchange 
direction inside the FB domain. The contribution to the price spread depends on 
the shadow price and zone-to-zone PTDFy→z,k . The trend in price spread among 
the bidding zones is analyzed in detail in Sect. 11.2.5.2. 

pPTDFy→z,k = max(PTDFy,k − PTDFz,k , 0) (11.5) 

where: 

PTDFy: zonal PTDF of zone y of constraint k. 

PTDFz: zonal PTDF of zone z of constraint k. 
An active constraint in combination with its shadow price has the maximum 

contribution to the price spread of the two corresponding BZ borders having the 
maximum zone-to-zone PTDFs. The maximum positive (p) zone-to-zone PTDF 
for the constraint k with its shadow price can be calculated by any combination of 
the bidding zone borders from the Core CCR.5 

pPTDFz1→z2,k = (PTDFz1,k ) − (PTDFz2,k ) (11.6) 

If EUPHEMIA finds a welfare maximizing solution inside the FB domain, this 
implies that none of the FB constraints are active. As a result, all clearing prices 
should fully converge. When EUPHEMIA finds a solution on one of the edges of 
the domain, one or more constraints will be active. As a result, clearing prices will 
differ. Figure 11.2 illustrates the example of active constraints. Active constraints 
show the network congestion in the form of RAM = 0 MW relative to the market 
clearing point. The quantity used for the representation of the market sensitivity 
to a constraint is the shadow price. Shadow prices in the FB model represent the 
increase in social welfare caused by making 1 MW more capacity (RAM) available 
to the market (Kristiansen, 2020). In a FB model, price differences (spread) among

5 Any combination of bidding zone borders does not necessarily mean it is a physical border.
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bidding zones are the result of shadow prices on all congested CNECs. The general 
formula that gives the relation between the overall price spread and the shadow 
prices, including all congested active constraints, can be expressed in the following 
way: 

Pz − Py =
∑

k 

(PTDFy,k − PTDFz,k )shadow pricek ≥ 0 (11.7) 

whereby zones z and y are a subset of all Core bidding zones, Pz is price in 
zone z, PTDFy,k is influence from zone z on constraint k. The price spread is 
proportionate to the sensitivity (i.e. shadow price) and the difference in PTDFs 
(Kristiansen, 2020). 

In general, it can be concluded that if there is no active constraint, the full price 
convergence (i.e. all bidding zone prices in the Core CCR) can be obtained. 

Although the objective of this chapter is to focus on the flow-based domain con-
straints exclusively, it is important to note that EUPHEMIA in the SDAC market 
coupling for the Core CCR models the Long-Term Allocation (LTA) inclusion in 
combination with the Flow-Based model. LTA inclusion is modelled with the LTA 
domain which includes the long-term capacities allocated explicitly for the Core 
borders. Given the convex combination of the FB domain and the LTA domain, the 
market clearing point is always found inside the computed convex hull (N-Side, 
2022). Thus, there can be active constraints from both the FB domain and the LTA 
domain that can limit the market. If there are active constraints purely from the FB 
domain, it means that the market clearing point is constructed by the constraints 
of the FB domain. A variable (i.e. alpha = [0..1]) is introduced for the level of 
usage of the FB domain. If the alpha variable is 1, then the bidding zone net posi-
tions from the market coupling are given by the FB domain. Distribution of alpha 
factor is shown in Fig. 11.2. Figure 11.3 illustrates the convex combination of the 
FB domain and the LTA domain. It is important to point out that there are active 
FB constraints with RAM > 0 MW relative to the MCP when the market clearing 
point in between the FB domain and the LTA domain. The FB active constraint 
(1) has a non-zero shadow price even though the constrained MCP is not posi-
tioned on the boundary line of constraint (1) because shifting the constraint (1) to 
(1’) would enlarge the convex hull, thus allowing the MCP to move further inside 
the convex hull. The FB domain limiting constraint (2) with RAM increased by 
the AMR during the capacity calculation is an active constraint (2′) with negative 
RAM at the MCP due to the enlarged convex hull by the LTA domain inclusion.
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Fig. 11.3 Illustration of the convex combination of the FB domain and the LTA domain. Source 
Author’s own illustration 

11.2 Analysis and Results 

11.2.1 Comparison of NTC and FB MC (EXT//RUN) Results 

Prior to the implementation of FB MC in the Core CCR, the period of exter-
nal parallel run (ext//run) was a demonstration and test phase, which ensured the 
smooth change of the basis of the single day-ahead market coupling and extended 
the complex logic of FB MC to 14 BZs. During this period the key input parame-
ters and results were published on (JAO, 2021). The external parallel run began in 
October 2021 and lasted until the go-live on June 8th, 2022. The analysis included 
in the Appendix shows the results of the period of 01.10.2021–17.04.2022, with a 
total of 139 business days, where there were available and sufficient results both 
for the parallel run and the historical (or production) run with NTC. 

The advantage of the comparison of these two scenarios is that we can have the 
opportunity to get a deep insight into the impact of the FB MC compared to the 
NTC based capacity calculation. In that sense, the TSOs used this referred period 
to analyze the results and implement further changes in the procedures before the 
go-live date. Due to this experimental aspect of the parallel run, we cannot con-
clude that the results we present below show the most accurate impact of the FB 
MC for the present days as well. However, the key messages are clear and visible.
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As the Polish TSO (PSE) regularly applies allocation constraint,6 we excluded the 
PL region from the analyses in order not to distort the results (therefore for this 
chapter Core CCR refers to 12 BZs without Poland and the HVDC zone between 
BE and DE). For this chapter we introduce the abbreviation of Prod which refers to 
the historical NTC based results. Historical data for the comparison was produced 
by the Simulation Facility environment. Simulation Facility is a test environment 
of the EUPHEMIA, therefore the results are very comparable to the historical 
day-ahead market results, but still minor differences can be observed. 

11.2.1.1 Social Welfare 
From the perspective of social welfare, the external parallel run results confirmed 
the expectations as the sum of the consumer and producer surplus increased with 
application introduction of FB MC during the external parallel phase. 

Social welfare is the sum of the consumer surplus, the producer surplus and the 
congestion income of TSOs based on EUPHEMIA Public Description (NEMO, 
2019), however under this chapter we focused only on the consumer and the pro-
ducer surplus. The reason for this is twofold; first, Simulation Facility does not 
calculate congestion income for bidding zones and TSOs, as this is a separate 
post-coupling process, second, the volume of the regional congestion income is 
negligible (around 0.05% of total social welfare) compared to the volume of the 
consumer and the producer surplus. 

With the application of the FB MC, the consumer surplus increased by 0.89% 
and the producer surplus did by 1.08%. Overall, a total gain of 0.92% was gen-
erated in social welfare during the external parallel run period. In general, the 
majority of the social welfare is gained from the consumer surplus, which was 
about five times greater than the producer surplus. This rate has not changed 
significantly after the FB MC go-live. 

With regard to a certain accepted (demand) bid, the consumer surplus is equal 
to the bid price minus the market clearing price for 1 MWh. Otherwise, the price 
difference should be multiplied by the accepted volume of the certain bid in order 
to obtain the whole surplus. If there is a price-taker demand (buy) bid, which 
means that the bid price is the technical maximum, then the consumer surplus is 
the difference between the technical maximum and the market clearing price for an 
accepted price-taker bid of 1 MWh. During the time of the external parallel run, 
the technical maximum was 3000 EUR/MWh. On the other edge of the curve, 
the technical minimum price level is −500 EUR/MWh. If there is a price-taker 
offer, the producer surplus is the market clearing price minus the −500 EUR/ 
MWh for an accepted bid of 1 MWh. Due to the level of the average prices, the 
consumer surplus is typically much higher than the producer surplus. As a result, 
the absolute sum of the surpluses is fundamentally influenced by the volume of the

6 Polish allocation constraint: Regulation (EU) 2015/1222 establishing a guideline on capacity 
allocation and congestion management (EU, 2015) introduces the term of allocation constraints. 
Allocation constraints are regularly used by the Polish TSO to limit the import and export volumes 
via cross-border capacity limitations. 
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Fig. 11.4 Social welfare gain due to the FB (FB-Prod) in EUR from 01.10.2021 to 17.04.2022. 
Source Author’s own illustration 

Fig. 11.5 Sum of the social welfare in EUR based on FB external // run results from 01.10.2021 
to 17.04.2022. Source Authors own illustration 

price-taker bids. Thus, showing the zonal distribution with the absolute values can 
be misinterpreted. However, for the purpose of the whole context, it is necessary 
to show the absolute values because in the case of Croatia, the extreme increase 
in percentage, in itself, with the application of the FB MC would be misleading. 
See Figs. 11.4 and 11.5. 

11.2.1.2 Net Positions 
During the external parallel run, the average net positions changed greatly in the 
DE bidding zone. The average German export position jumped from 3.8 GW to 
5.2 GW due to the FB MC, while the second largest change occurred in the FR 
bidding zone as the import position of France increased by 1.3 GW to 3.5 GW. 
With respect to the other bidding zones, the average change (independent from 
the direction) was 0.23 GW and the lowest impact occurred in Austria (where NP 
decreased by only 12 MW) (Fig. 11.6).
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Fig. 11.6 Average SDAC net position changes (FB-Prod) in MW from 01.10.2021 to 17.04.2022. 
Source Author’s own illustration 

11.2.1.3 Prices and Spreads 
Regarding prices, the external parallel run showed that the average daily prices 
with the FB MC scenario increased slightly compared to the Prod scenario (see 
Fig. 11.7). As a result, the price convergence weakened. The frequency of the 
total price convergence, when all the bidding zones in the Core CCR have the 
same price for a certain hour, dropped to 4.02% from 5.10% with the application 
of the FB MC, while the frequency of the high spreads (above 200 EUR/MWh) 
increased significantly. The spread of the Core region is the difference between 
the maximum and the minimum price for a certain hour. 

Fig. 11.7 Frequency changes of the Core CCR spread (EUR/MWh) based on FB external // run 
results from 01.10.2021 to 17.04.2022. Source Author’s own illustration
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Fig. 11.8 Change of the average daily day-ahead Core CCR price (EUR/MWh) with the applica-
tion of FB MC during the FB external // run from 01.10.2021 to 17.04.2022. Source Author’s own 
illustration 

The average daily (or base-load) prices were most often at roughly the same 
level with the two types of methodology. Nevertheless, the FB MC results fre-
quently showed slightly higher prices than the Prod scenario during the parallel 
run period (Fig. 11.8). 

Figure 11.9 shows statistical changes in the daily minimum, maximum and aver-
age prices (with and without outstanding data points). The widest range occurred 
at daily maximum prices, where the difference between the two scenarios reached 
+306.90 EUR/MWh and the average change was +36.02 EUR/MWh with the 
specific application of FB MC. The changes in the minimum prices remained in 
a narrower range of −78.19 and 126.23 EUR/MWh including the outstanding dif-
ferences, while the most moderate changes occurred at the average prices (due to 
the leverage effect of averaging).

Despite the results showing that the FB MC caused increasing prices and wors-
ening price convergence, we cannot conclude that this impact is purely due to 
the FB MC. During the external parallel run period, TSOs had the opportunity to 
learn more and gain first-hand experience with the FB MC methodology in oper-
ation. Statistical analysis showed a period of an intensive application of IVA by 
TSOs during the external parallel run which is understood to have influenced the 
price spreads of FB MC negatively. Although it is not possible to have a one-to-
one comparison of the two methodologies (NTC and FB) on the basis of capacity 
results due to their fundamentally different approaches, this comparison still pro-
vides a good insight into understanding the results of the two scenarios with the 
same set of supply and demand bids from the market participants. 

Even though the average price increased and the price convergence weakened 
with the application of the FB MC during the external parallel run, in Sect. 11.2.1.1 
it is demonstrated that the social welfare increased with the FB MC. It was also 
demonstrated that the sum of the consumer surplus is five times higher than the 
producer surplus, which could induce lower social welfare in combination with 
higher market prices in general. However, the reason behind the increase of social 
welfare is that more demand and supply bids were accepted in DE BZ leading
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Fig. 11.9 Changes of the daily Core CCR minimum, average and maximum prices in EUR/MWh 
with and without outstanding points with the application of the FB MC during the FB external // 
run from 01.10.2021 to 17.04.2022. Source Author’s own illustration

to double the consumer and producer surpluses. This explains the sum of the 
increased social welfare for all the Core BZs. 

11.2.2 Price Convergence from the Go-Live 

Examining the price spreads during the year of the go-live with the right approach 
can be difficult due to the energy price spikes and the energy crisis over the course 
of the year 2022 in combination with the sharp change at the beginning of 2023, 
when prices started to subside. The high volatility of the market is visible in 
Fig. 11.10, where a maximum price is close to 3 000 EUR/MWh (which latter
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Fig. 11.10 Average day-ahead prices and the daily price range in the Core CCR in 2022 and 2023. 
Source Author’s own illustration 

was the technical maximum value within the SDAC at that time) can be observed. 
Even though BZ prices during 2023 were mainly moderate, there is also a price 
limit at the other end of the range with −500 EUR/MWh. In parallel, the average 
prices also represent the situation quite well. Before FB MC go-live, the average 
day-ahead price across all BZs in Core CCR was 204.63 EUR/MWh for the year of 
2022, while the average price reached 301.97 EUR/MWh after the FB MC go-live 
in 2022. The hectic time of these price changes is clearly shown by the base-load 
price for 2023 which dropped to 101.09 EUR/MWh. 

Due to the hectic market movements, we normalized the Core spread (difference 
between the maximum and the minimum bidding zone price) with the hourly Core 
average price (for each hour) in order to get a comparable dataset and to be able 
to analyze the spread changes. With these normalized values the frequency of the 
highest spreads narrowed with the application of the FB MC as shown in Fig. 11.11 
below. In the case of spread rates above 80%, the frequency dropped from 16 to 
11% during the external parallel run and 13% after the go-live while the frequency 
rate of spreads above 60% (including the category of 80% < ) decreased from 25 to 
17%. Regarding the full price convergence of the Core bidding zones, it appeared 
in 20% of the hours before the go-live in 2022. This rate jumped to 28% in 2022 
after the go-live and 27% in 2023. The cases in the “low spread” category (0–20% 
in the legend) did not change with the go-live in 2022 (it was 25% for both halves 
of the year). However, the frequency of the “low spread” category increased to 
31% in 2023. As a result, the frequency of the hours in which the spread range 
was maximum 20% (including convergence) increased from 45% (before go-live 
in 2022) to 58% (2023).

On the whole, even despite the extreme situations on the day-ahead markets, the 
analysis results are in line with the expectations that the positive contribution of the 
FB MC have been confirmed through the frequency of the full price convergence 
and the “low spread” category occurrence.
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Fig. 11.11 Frequencies of day-ahead spreads normalized by hourly average prices in the Core 
CCR in 2022 and 2023. Source Author’s own illustration

11.2.3 Analysis of Parameters Affecting the Market 

The figures mentioned in this section are included in the Appendices and focus 
on demonstrating the flow-based parameters which have the most direct impact 
on the key indicators of the market coupling results. The IVA analysis aims to 
highlight the CNECs which are the most frequently subject to capacity reduction 
(Fig. 11.25). The RAM reduction makes the domain limiting constraints well posi-
tioned to become active constraints for a certain market direction. Therefore, the 
statistical analysis on the IVA associated with the simultaneous shadow price pro-
vides an insight into the impact of the capacity reductions on the price convergence 
(Fig. 11.28). In addition to the IVA and shadow price indicators, the usage of vir-
tual capacity (AMR, LTA) at the market clearing point is analyzed in order to see 
to what extent the market makes use of the capacity that is beyond the physical 
Fmax of the CNEC (Fig. 11.29). The virtual capacity definition in the extended 
LTA context constitutes the AMR from the minimum RAM requirement and the 
margin related to the enlarged convex hull by the LTA domain inclusion. 

11.2.4 Statistics of Active Constraints 

Active constraints, CNECs, with flow-based domain shadow price are the subset 
of domain limiting elements which in fact limit market exchanges, illustrated in 
Fig. 11.2. 

In what follows, a general overview of active constraints is presented through 
the statistics of limiting elements (see in Fig. 11.27), appearing in at least 14 MTUs 
(0.1% of time) from the go-live until December 31st 2023.
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The raw data for the active constraint analysis is also publicly available on 
(JAO, 2021). 

In the panels of Fig. 11.27, the average values of active constraints per TSO and 
per CNE with their occurrence are presented. Only shadow prices higher than 10 
EUR/MW are considered in the analysis. Active constraints appearing in less than 
14 MTUs were filtered out as well. During a period of 17 months, only 163 net-
work elements were part of the list of active constraints out of about 1700 network 
elements considered in the Core DA FB MC. This means that about 10% of CNEs 
limited the market. Considering separately, we learned that 15% of 510 cross-
border elements and 7% of about 1200 internal CNEs have been active constraints 
in more than 14 MTUs, each having at least 10 EUR/MW shadow price. 

11.2.5 Price Spread Contribution of Active Constraints 

The most significant limitation appears between two bidding zone borders to which 
the active constraint has the maximum positive zone-to-zone PTDF. Nonetheless, 
active constraints with any zone-to-zone PTDF contribute to the market limitation 
shown in the price spread. 

In this section we present case studies that show the effect of flow-based domain 
active constraints on price spreads. First, we focus on the price spread contribution 
of one particular active constraint, and second, we show examples of the calcula-
tion of price spreads of bidding zones taking into account each active constraint 
with their associated shadow price. 

Shadow price data higher than 10 EUR/MW were analyzed from the go-live 
until December 31st, 2023 and were linked to DA market clearing prices. 

11.2.5.1 Cross-Border Network Element 
The active constraint selected for this study was the cross-border element [CZ-D8] 
Hradec–Rohrsdorf 445 [OPP] [D8] with N-1 Hradec–Rohrsdorf 2 contingency, 
limiting trades from DE to CZ bidding zones as its maximum zone-to-zone PTDF 
shows. According to the analysis shown in Fig. 11.27, this element is one of the 
top 15 most frequent active cross-border constraints. 

The timeline showing below in Fig. 11.12 shows a short period of time in which 
the price spread appeared between bidding zones DE and CZ due to the active 
constraint. The market clearing price (MCP) in the CZ BZ increased compared to 
the price in the DE BZ.

The price differences of the two analyzed bidding zones to the Core average 
prices are plotted in correlation with the shadow prices. We can see that the spread 
increases with the shadow price (Fig. 11.13). However, the price difference is not 
symmetrical with regard to the two bidding zones. In this particular case, the slope 
of the price decrease in the DE bidding zone is higher than the increase rate of the 
CZ prices.

Although the maximum positive zone-to-zone PTDF represents the maximal 
impact of an active constraint, the very same constraint with its other positive
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Fig. 11.12 DA market clearing prices (DA MCP) of CZ and DE bidding zones with Core average 
prices and epochs of shadow prices higher than 10 EUR/MW for BDs 20231209-11 in the case 
of [CZ-D8] Hradec–Rohrsdorf 445 [OPP] [D8]/N-1 Hradec–Rohrsdorf 2 CNEC. Source Author’s 
own illustration

zone-to-zone PTDFs can have significant limiting impacts on other trades. This 
is presented below (Fig. 11.14) as the distribution of the zone-to-zone PTDFs of 
the active constraint. It is clearly shown that in addition to the DE-CZ border, the 
CNE limits market trades more significantly from DE to AT, from AT to CZ among 
many other market directions. It should be noted that the zone-to-zone PTDF with 
a negative sign to the market direction, e.g. CZ-AT, has the positive sign to the 
opposite market direction, e.g. AT-CZ.

Further price spread analysis shows that this single active constraint can con-
tribute to the price decoupling of the entire Central and Eastern part of the Core 
region, including CZ, SK, HU, SI, HR, RO bidding zones. 

11.2.5.2 Internal Network Element: Example 1 
The active constraint selected for this study was the internal element [SK-SK] 
V.Dur - Levice 1 [DIR] with N-1 V.Dur - Levice 2 contingency from SEPS TSO 
grid, limiting trades mostly on CZ-HU market direction, given its maximum zone-
to-zone PTDF. According to the analysis shown in Fig. 11.27, this element is one 
of the top 15 most frequent active internal constraints. 

As our long-term analysis shows in Fig. 11.15, this network element can lead to 
a noticeable 280 EUR/MWh price spread in CZ-HU direction in extreme shadow 
price cases. With regard to the average Core price compared to HU BZ price, 
this active constraint can even cause a price difference of 190 EUR/MWh. It can 
also be observed that this active constraint most of the time is subject to IVA
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Fig. 11.13 Correlation of shadow prices and price decrease/increase of from hub DE/to hub CZ 
prices from Core average prices represented by x-axis based on max zone-to-zone PTDF of active 
constraint in the case of [CZ-D8] Hradec–Rohrsdorf 445 [OPP] [D8]/N-1 Hradec–Rohrsdorf 2 
CNEC. Statistic is based on 215 MTUs when max zone-to-zone PTDF was from DE-CZ direction. 
Source Author’s own illustration

Fig. 11.14 Higher than 1.5% zone-to-zone PTDF distributions of active constraint [CZ-D8] 
Hradec–Rohrsdorf 445 [OPP] [D8]/N-1 Hradec–Rohrsdorf 2, analyzed from go-live until 31st Dec 
2023. Statistic is based on 215 MTUs when max zone-to-zone PTDF was from DE-CZ direction. 
Source Author’s own illustration
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Fig. 11.15 Correlation of the shadow prices and price decrease/increase of from hub CZ/to hub 
HU prices from Core average prices represented by x-axis based on max. zone-to-zone PTDF of 
active constraint, for the entire analyzed period in the case of [SK-SK] V.Dur - Levice 1 [DIR]/ 
N-1 V.Dur - Levice 2 CNEC. Statistic is based on 274 MTUs when max zone-to-zone PTDF was 
from CZ-HU direction. Source Author’s own illustration 

application, which even increases the probability of becoming an active constraint 
with a higher shadow price. 

The distributions of the positive zone-to-zone PTDFs demonstrate that this 
active constraint has a significant limiting impact over most of the HU import 
from all market directions. As a result, statistical analysis shows that the HU BZ 
can experience price decoupling from the rest of the Core BZs due to the electrical 
characteristics of a single active constraint (Fig. 11.16).

11.2.5.3 Internal Network Element: Example 2 
The selected internal element [RO-RO] TR Rosiori 400/220 1 [DIR] with N-1 
Rosiori - Gadalin contingency from Transelectrica TSO grid, is an interesting 
active constraint from its geographical location point of view. Given its highest 
positive zone-to-zone PTDF mainly from SK to RO and HU to RO direction shown 
in Fig. 11.18, this network element can contribute to the price decoupling of the 
RO BZ from the rest of the bidding zones in the Core region. According to the 
analysis shown in Fig. 11.27, this element is among the top 3 of the most frequent 
active internal constraints.
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Fig. 11.16 Higher than 1.5% zone-to-zone PTDF distributions of active constraint [SK-SK] 
V.Dur - Levice 1 [DIR]/N-1 V.Dur - Levice 2, examined from go-live until 31st Dec 2023 (* 
indicates the CZ-HU maximum zone-to-zone PTDF). Statistic is based on 274 MTUs when max 
zone-to-zone PTDF was from CZ-HU direction. Source Author’s own illustration

As shown in Fig. 11.17 this network element can lead to as high a price spread 
as 430 EUR/MWh in between RO and SK bidding zones direction. With regard 
to the average Core price compared to SK BZ price, this active constraint can be 
attributed to a price decoupling of 380 EUR/MWh for the RO BZ. It can also 
be observed that in addition to this active constraint, there can be other active 
constraints that cause a price increase in the SK bidding zone compared to the 
average DA MCP. These other active constraints in the Core CCR in combination 
with the RO internal element even further aggravate the price decoupling of the 
RO BZ from the rest of the Core BZs. Figures 11.27 and 11.28 also show that this 
RO internal network element is among the top internal network elements with high 
frequency of IVA application which can be attributed to being among top internal 
active constraints in combination with the simultaneous reduction of RAM by IVA.

11.2.6 Calculation of Price Spreads Based on Shadow Prices 
of FB Active Constraints 

Based on Eq. (11.7) from Sect. 11.1.1.3, the contribution of any price spread made 
by a certain active constraint can be calculated. The following examples show this 
calculation process with active constraints of the FB domain limiting the market 
from further exchanges in the selected hours. It is worth noting that for the cal-
culation of the spreads, zone-to-zone PTDFs are needed, which can be obtained 
using zonal PTDFs. Figure 11.19 via the table columns show the breakdown of 
the overall contributions to the selected price spread at active constraint level. In
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Fig. 11.17 Correlation of the shadow prices and price decrease/increase of from hub SK/to hub 
RO prices from Core average prices represented by x-axis based on max zone-to-zone PTDF of 
active constraint in the case of [RO-RO] TR Rosiori 400/220 1 [DIR]/N-1 Rosiori-Gadalin CNEC. 
Statistic is based on 651 MTUs when max zone-to-zone PTDF was from SK-RO direction. Source 
Author’s own illustration

general, it can be noted that a high positive zone-to-zone PTDF with a low shadow 
price does not necessarily have higher contribution to the price spread than a lower 
positive zone-to-zone PTDF with a high shadow price.

The necessary inputs (active constraints with their associated shadow price and 
zonal PTDFs, are available on JAO Publication Tool, Core CCR (JAO, 2024), 
“ShadowPrices” page, while the DA BZ prices are published on ENTSO-E Trans-
parency Platform (ENTSO-E, 2024) on page “Day-ahead Prices”. It should be 
noted that when the alpha variable is not equal to 1, then the spread contribu-
tion is the combination of active constraints from the FB domain and the LTA 
domain. The sum of the increasing and decreasing contributions gives the overall 
price spread between two given bidding zones. Therefore, the contribution rate of 
a certain constraint to the overall price spread can exceed 100% when the overall 
price spread is based on a combination of increasing and decreasing contributions. 
The breakdown of the contributions shows which one of the active constraints has 
either an increasing or a decreasing contribution to the overall price spread. A cer-
tain active constraint with a decreasing contribution has a zone-to-zone PTDF with 
a negative sign to the corresponding bidding zone border (Figs. 11.20 and 11.21).
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Fig. 11.18 Higher than 1.5% zone-to-zone PTDF distributions of active constraint [RO-RO] TR 
Rosiori 400/220 1 [DIR]/N-1 Rosiori–Gadalin, examined from go-live until 31st Dec 2023. (* 
indicates the SK-RO maximum zone-to-zone PTDF). Statistic is based on 651 MTUs when max 
zone-to-zone PTDF was from SK-RO direction. Source Author’s own illustration

The examples show that several active constraints from different TSOs can 
make significant contributions to the price spreads. The overall impact of each 
active constraint to the price spread from DE to CZ market exchange is shown 
by Fig. 11.22 for a period of 17 months from the go-live. Cases with lower than 
10 EUR/MWh spreads and lower than 1% contribution to the total price spread 
were excluded from the statistical analysis. Finally, active constraints appearing in 
at least 50 MTUs (0.36% of time) were plotted in the heat maps below. The sign 
of contribution indicates whether the constraint increases or decreases the spread. 
For example, a CNE with a positive contribution rate increases the spread between 
two certain bidding zones.

As Fig. 11.22 shows, one of the most significant positive rate contributions in 
terms of the average value is represented by [CZ-D8] Hradec–Rohrsdorf [OPP] 
[D8] with respect to the DE-CZ border. Its positive contribution rate to the over-
all price spread is over 50% around 15% of the time while the average positive 
contribution rate is around 60%. The results are in line with expectations as this 
network is a 400 kV double circuit cross-border element between DE-CZ bidding 
zones. Its parallel line as contingency makes this network element limiting most 
of the time. 

In Fig. 11.23 the number of active constraints limiting contributing to the CZ 
and HU direction is shown. The most significant positive contribution rate can 
be assigned to the 400 kV [SK-SK] V.Dur – Levice 1 [DIR] internal CNEC. Its 
positive contribution rate to the overall price spread is around 90% around 15% 
of the time while the average positive contribution rate is around 60%. There are
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H19 23.11.2023; alpha = 1 

Network element name Contingency name 

FB Shadow 

price 

(EUR/MW) 

DA price (EUR/MWh) PTDF 
Contribution to 

spread 

DE CZ DE CZ DE-CZ 

(1) (2) (3) (4) (5) 
(6) = (4) - 

(5) 
(7) = (1) * (6) 

[CZ-D8] Hradec -

Rohrsdorf 445 [OPP] 

[D8] 

N-1 Hradec - 

Rohrsdorf 2 
133,07 70,63 114,63 0,126 -0,151 0,276 36,77 

[SK-HU] Levice - God 

[DIR] [HU] 

N-1 Felsozsolca - 

Sajoivanka 
191,81 70,63 114,63 0,109 0,122 -0,013 -2,42 

[NL-D2] Meeden-Diele  

380 Z [OPP] [NL] 

N-1 Diele - Meeden 

WEISS/W 
745,19 70,63 114,63 0,010 0,003 0,007 5,19 

[NL-NL] Krimpen a/d 

IJssel-Geertruidenberg 

380 W [DIR] 

N-1 Krimpen a/d 

IJssel-Geertruidenberg 

380 Z 

203,53 70,63 114,63 0,022 0,006 0,017 3,40 

[D8-PL] Mikulowa 

PST1 [OPP] [PL] 

N-1 Hagenwerder - 

Mikulowa 1 
16,58 70,63 114,63 0,146 0,083 0,064 1,05 

Sum of contributions = CZ - DE spread = (3) - (2) : 44,00 

H16 20.12.2023; alpha = 1 

Network element 

name 
Contingency name 

FB Shadow 

price 

(EUR/MW) 

DA price (EUR/MWh) PTDF 
Contribution to 

spread 

DE CZ DE CZ DE-CZ 

(1) (2) (3) (4) (5) 
(6) = (4) - 

(5) 
(7) = (1) * (6) 

[CZ-D8] Hradec -

Rohrsdorf 445 [OPP] 

[D8] 

N-1 Hradec - 

Rohrsdorf 2 
60,71 73,49 88,00 -0,013 -0,293 0,280 16,99 

[NL-D2] Meeden-

Diele  380 Z [OPP] 

[NL] 

N-1 Diele - Meeden 

WEISS/W 
153,18 73,49 88,00 -0,049 -0,058 0,009 1,37 

[RO-RO] TR Rosiori 

400/220 1 [DIR] 
N-1 Rosiori - Gadalin 247,31 73,49 88,00 0,000 0,001 -0,001 -0,24 

[SK-SK] V.Dur - 

Levice 1 [DIR] 
N-1 V.Dur - Levice 2 160,43 73,49 88,00 0,001 0,023 -0,023 -3,61 

Sum of contributions = CZ - DE spread = (3) - (2) : 14,51 

Fig. 11.19 DE-CZ Price spread calculation examples (with alpha = 1). Source Author’s own 
illustration

several other active constraints mainly cross-border network elements, e.g. 400 kV 
[SK-HU] Levice – God 1 [HU] closely following with comparable mean value.

In Fig. 11.24 the price spread between RO and SK bidding zones is shown. 
The geographical location of the RO BZ inside the Core CCR well reflects the 
positive contribution rate with respect to the RO-SK price spread. The top 9 active 
constraints can have over a 90% increasing contribution to the RO-SK price spread 
over 30% of the time. This shows that much of the price formulation in the RO 
BZ is influenced by a single active constraint. In other words, the contribution to 
the overall price spread with respect to the RO BZ can be determined by a single 
active constraint. This observation is confirmed by the figure below with respect 
to [RO-RO] TR Rosiori 400/220 1 [DIR].
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H16 29.12.2023; alpha = 1 

Network element name Contingency 
name 

FB Shadow 
price 

(EUR/MW) 

DA price (EUR/MWh) PTDF Contribution to 
spread 

CZ HU CZ HU CZ-HU 

(1) (2) (3) (4) (5) (6) = (4) 
- (5) (7) = (1) * (6) 

[CZ-D8] Hradec -
Rohrsdorf 445 [OPP] 
[D8] 

N-1 Hradec -
Rohrsdorf 2 86,87 31,00 75,06 -0,12 -0,01 -0,118 -10,24 

[NL-D2] Meeden-Diele  
380 Z [OPP] [NL] 

N-1 Diele -
Meeden 
WEISS/W 

358,36 31,00 75,06 0,00 0,00 0,003 0,90 

[D8-PL] Mikulowa 
PST1 [OPP] [PL] 

N-1 Hagenwerder 
- Mikulowa 1 14,66 31,00 75,06 0,07 0,00 0,074 1,09 

[SK-SK] V.Dur - Levice 
1 [DIR] 

N-1 V.Dur -
Levice 2 255,22 31,00 75,06 0,17 -0,04 0,205 52,31 

Sum of contributions = HU - CZ spread =
 (3) - (2) : 44,06 

H17 29.12.2023; alpha = 1 

Network element name Contingency 
name 

FB Shadow 
price 

(EUR/MW) 

DA price (EUR/MWh) PTDF Contribution to 
spread 

CZ HU CZ HU CZ-HU 

(1) (2) (3) (4) (5) (6) = (4) 
- (5) (7) = (1) * (6) 

[NL-D2] Meeden-Diele  
380 Z [OPP] [NL] 

N-1 Diele -
Meeden 
WEISS/W 

283,29 21,68 72,28 0,003 0,001 0,003 0,72 

[SK-SK] V.Dur - Levice 
1 [DIR] 

N-1 V.Dur -
Levice 2 243,62 21,68 72,28 0,167 -0,038 0,205 49,88 

Sum of contributions = HU - CZ spread = 
(3) - (2) : 50,60 

H18 29.12.2023; alpha = 1 

Network element name Contingency 
name 

FB Shadow 
price 

(EUR/MW) 

DA price (EUR/MWh) PTDF Contribution to 
spread 

CZ HU CZ HU CZ-HU 

(1) (2) (3) (4) (5) (6) = (4) 
- (5) (7) = (1) * (6) 

[NL-D2] Meeden-Diele  
380 Z [OPP] [NL] 

N-1 Diele -
Meeden 
WEISS/W 

256,23 24,09 62,35 0,003 0,001 0,003 0,66 

[RO-RO] TR Rosiori 
400/220 1 [DIR] 

N-1 Rosiori -
Gadalin 73,27 24,09 62,35 0,063 0,062 0,001 0,06 

[SK-SK] V.Dur - Levice 
1 [DIR] 

N-1 V.Dur -
Levice 2 183,61 24,09 62,35 0,167 -0,038 0,205 37,55 

Sum of contributions = HU - CZ spread = 
(3) - (2) : 38,27 

Fig. 11.20 HU-CZ Price spread calculation examples (with alpha = 1). Source Author’s own 
illustration
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H18 18.10.2023; 
alpha = 1 

Network element 
name 

Contingency 
name 

FB Shadow 
price 

(EUR/MW) 

DA price (EUR/MWh) PTDF Contribution to 
spread 

SK RO SK RO SK-RO 

(1) (2) (3) (4) (5) (6) = (4) 
- (5) (7) = (1) * (6) 

[FR-D7] Vigy - Ensdorf 
VIGY2 S [DIR] [D7] 

N-1 Ensdorf - 
Vigy VIGY1 N 154,11 211,20 300,06 -0,008 -0,001 -0,007 -1,15 

[PL-PL] Krosno 
Iskrzynia - Tarnow 
[OPP] 

N-1 Nosovice -
Varin 249,06 211,20 300,06 -0,021 -0,006 -0,015 -3,77 

[D8-PL] Mikulowa 
PST1 [OPP] [PL] 

N-1 Hagenwerder 
- Mikulowa 1 356,98 211,20 300,06 -0,029 -0,003 -0,026 -9,22 

[RO-RO] TR Rosiori 
400/220 1 [DIR] 

N-1 Rosiori - 
Gadalin 945,27 211,20 300,06 0,077 -0,032 0,109 103,01 

Sum of contributions = RO - SK spread = 
(3) - (2) : 88,86 

H06 19.12.2023; alpha 
= 1 

Network element 
name 

Contingency 
name 

FB Shadow 
price DA price (EUR/MWh) PTDF Contribution to 

spread 

(EUR/MW) 
SK RO SK RO SK-RO 

(1) (2) (3) (4) (5) (6) = (4) 
- (5) (7) = (1) * (6) 

[CZ-D8] Hradec -
Rohrsdorf 445 [OPP] 
[D8] 

N-1 Hradec - 
Rohrsdorf 2 57,92 82,67 112,34 -0,010 -0,001 -0,009 -0,54 

[SK-HU] Levice - God 
[DIR] [HU] 

N-1 R.Sobota - 
Sajoivanka 169,83 82,67 112,34 0,175 -0,009 0,183 31,14 

[CZ-PL] Wielopole - 
Nosovice [DIR] [PL] 

N-1 Albrechtice - 
Dobrzen 22,06 82,67 112,34 -0,043 -0,001 -0,042 -0,92 

Sum of contributions = RO - SK spread = 
(3) - (2) : 29,68 

Fig. 11.21 SK-RO Price spread calculation examples (with alpha = 1). Source Author’s own 
illustration
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Fig. 11.22 Top panel: Contribution to the DE-CZ price spread of network elements being active 
in at least 50 MTUs in the order of the average contribution. Only cases with higher than 10 EUR/ 
MWh spreads and higher than 1% contribution rate were plotted. Red dots indicate the average 
contribution rates. On the right y-axis we plot time frequency of cases to accomplish these criteria. 
The bottom panel shows the geographical locations of CNEs with the positive average contribution 
rates, coloured according to their mean contribution rates shown with red dots in the top. Source 
Author’s own illustration
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Fig. 11.23 Top panel: Contribution to CZ-HU price spread of network elements being active in 
at least 50 MTUs in the order of the average contribution. Only cases with higher than 10 EUR/ 
MWh spreads and higher than 1% contribution rate were plotted. Red dots indicate the average 
contribution rates. On the right y-axis we plot time frequency of cases accomplish these criteria. 
The bottom panel shows the geographical locations of CNEs with the positive average contribution 
rates, coloured according to their mean contribution rates shown with red dots in the top. Source 
Author’s own illustration
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Fig. 11.24 Top panel: Contribution to SK-RO price spread of network elements being active in 
at least 50 MTUs in the order of average contribution. Only cases with higher than 10 EUR/MWh 
spreads and higher than 1% contribution rate were plotted. Red dots indicate the average contri-
bution rates. On the right y-axis we plot time frequency of cases accomplish these criteria. The 
bottom panel shows the geographical locations of CNEs with positive average contribution rates, 
coloured according to their mean contribution rates shown with red dots in the top. Source Author’s 
own illustration
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11.3 Conclusion 

With respect to the NTC and FB comparison in Sect. 11.2.1, the consumer surplus 
increased by 0.89% and the producer surplus did as well by 1.08% with the appli-
cation of the FB MC during the period of the external parallel run. Overall, a total 
gain of 0.92% was generated in social welfare, which is a significant positive out-
come. Thus, the substantial benefit of the new FB MC methodology was realized 
during the external parallel run. 

Section 11.2.2 highlights that from the FB MC go-live, the frequency of the 
“low spread” category occurrence and the full price convergence has increased 
in line with the preliminary expectations even despite the extreme situations and 
high volatilities experienced with the day-ahead markets. Furthermore, it can be 
concluded from the statistical analysis of Sect. 11.2.4 in line with Sect. 11.2.5 that 
the contribution of a certain active constraint to the corresponding price spread is 
proportionate to its positive zone-to-zone PTDF value. It can also be observed that 
one single active constraint can contribute to the price spreads of several bidding 
zone borders. As a result, one or even more bidding zones, mainly depending on 
the geographical location inside the Core CCR, can be subject to price decoupling 
from the rest of the bidding zone prices. This phenomenon is particularly linked 
to those bidding zones, e.g. SK, HU, RO that have external borders along the Core 
CCR. 
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Table 11.1 List of business days for the external parallel run (experimental phase) analysis 

Business days of the comparison of NTC and FB MC (external parallel run) results 

01.10.2021 03.11.2021 25.11.2021 18.12.2021 15.01.2022 12.02.2022 17.03.2022 

02.10.2021 04.11.2021 26.11.2021 19.12.2021 16.01.2022 13.02.2022 19.03.2022 

03.10.2021 05.11.2021 27.11.2021 25.12.2021 18.01.2022 14.02.2022 20.03.2022 

04.10.2021 06.11.2021 28.11.2021 26.12.2021 19.01.2022 15.02.2022 23.03.2022 

05.10.2021 07.11.2021 29.11.2021 27.12.2021 20.01.2022 16.02.2022 25.03.2022 

06.10.2021 08.11.2021 30.11.2021 28.12.2021 21.01.2022 17.02.2022 26.03.2022 

07.10.2021 09.11.2021 01.12.2021 29.12.2021 23.01.2022 18.02.2022 28.03.2022 

08.10.2021 10.11.2021 02.12.2021 30.12.2021 24.01.2022 19.02.2022 29.03.2022 

18.10.2021 12.11.2021 03.12.2021 02.01.2022 25.01.2022 20.02.2022 30.03.2022 

19.10.2021 13.11.2021 04.12.2021 03.01.2022 26.01.2022 21.02.2022 01.04.2022 

21.10.2021 14.11.2021 07.12.2021 04.01.2022 28.01.2022 22.02.2022 02.04.2022 

22.10.2021 16.11.2021 08.12.2021 05.01.2022 30.01.2022 24.02.2022 03.04.2022 

23.10.2021 17.11.2021 09.12.2021 06.01.2022 02.02.2022 25.02.2022 11.04.2022 

24.10.2021 18.11.2021 10.12.2021 07.01.2022 03.02.2022 26.02.2022 12.04.2022 

25.10.2021 19.11.2021 11.12.2021 08.01.2022 04.02.2022 27.02.2022 13.04.2022 

26.10.2021 20.11.2021 12.12.2021 09.01.2022 05.02.2022 11.03.2022 14.04.2022 

28.10.2021 21.11.2021 13.12.2021 10.01.2022 06.02.2022 13.03.2022 15.04.2022 

29.10.2021 22.11.2021 14.12.2021 11.01.2022 08.02.2022 14.03.2022 16.04.2022 

01.11.2021 23.11.2021 15.12.2021 12.01.2022 09.02.2022 15.03.2022 17.04.2022 

02.11.2021 24.11.2021 16.12.2021 13.01.2022 11.02.2022 16.03.2022



11 Day-Ahead Flow-Based Capacity Calculation and Market Coupling … 251

Fig. 11.25 Distribution of alpha factor. If the alpha variable is 1, then the bidding zone net posi-
tions from the market coupling are given by the FB domain, while alpha = 0, it is done by the LTA 
domain. Source Author’s own illustration
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Fig. 11.26 Top panel: average IVA values (left y-axes) frequency (right y-axes, blue) and CNE 
count (right y-axis, red) per TSO in decreasing order of frequency. Bottom panel shows the statis-
tics for CNEs appearing in more than 1% of time with higher than 10 MW IVA. Colour codes 
indicate TSO according to the top panel. Data from BD20230719 are excluded from the analysis 
due to large quantity of fallback IVA. Ranking is based on the frequency of IVA application in 
descending order and two groups are separated; first group is for cross-border network elements 
and the second is for internal network elements. Source Author’s own illustration
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Fig. 11.27 Top panel: average flow-based shadow prices (left y-axes) frequency (right y-axes, 
blue) and CNE count (right y-axis, red) per TSO in decreasing order of frequency. Only shadow 
prices higher than 10 EUR/MW were considered. The middle panel show the statistics for cross-
border network elements, while bottom panel for the case of internal network elements. Only 
CNEs limiting in at least 14 MTUs (0.1% of time) with shadow prices higher than 10 EUR/MW 
were considered. Colour codes indicate TSO according to the top panel. Data from BD20230702 
are excluded from the analysis due to extreme, −500EUR/MWh prices. Source Author’s own 
illustration
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Fig. 11.28 Top panel: frequency of simultaneous IVA application and shadow price per TSO in 
descending order. Bottom panel shows the statistics for CNEs appearing in more than 0.1% of time 
with higher than 10 EUR/MW shadow price. Colour codes indicate TSO according to the top panel. 
Source Author’s own illustration
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Fig. 11.29 Maximum and minimum available RAM at market clearing point of CNECs with 
shadow price. Top panel shows per TSO statistics ordered by frequency of negative or zero RAM. 
On the right axis we plot the frequency of negative RAM (red) and the number of CNEs with 
negative RAM (blue). The middle and bottom panel show statistics for cross-border and internal 
network elements with negative RAM higher than 10% of Fmax. Source Author’s Own Illustration
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12.1 Introduction 

In the electricity markets, the transmission grid constrains how much electricity 
can be transferred between any two points in the grid. Even if these limitations 
can be removed by new investments, investments in transmission capacity are cap-
ital intensive and have a diminishing marginal value. Thus unlimited expansion of 
the transmission grid is unrealistic due to economics. This limiting nature of the 
transmission grid creates a need to have a methodology to optimize the utiliza-
tion of the transmission grid according to the demand for electric power, while 
respecting the complex physical limits of the grid. This is also part of the Nordic 
Solutions Report 2022 (Nordic TSOs, 2022), where it mentions: 

“The vision of the Nordic TSO strategy is to have clean and competitive electricity 
that enables a climate-neutral, secure and integrated energy system. In selecting the 
means necessary to reach these goals, three particular areas of action will need to 
be addressed: 

• Adequate infrastructure is needed. 

(a) Build adequate infrastructure including the Baltic Sea and North Sea regions 
(b) Speed up connection to grid 
(c) Optimal utilization and performance of the existing system 
(d) Use the full transmission technology mix for further grid expansion 

• A secure system and integrated markets. 
• Optimized energy infrastructure” 

Optimization will be about developing improved data-based IT solutions for opera-
tional planning and control, such as the implementation of FB market coupling. By 
introducing FB market coupling, an optimized balance between market facilitation 
and TSO system operations can be established: maximum trading opportunities 
for market actors, without sacrificing the operational security of the Nordic power 
system. 

The power system is a non-linear system with endless complexities. However, 
the algorithms used to calculate the electricity prices and volumes are simpli-
fied in order to meet operational requirements. One of the simplifications is the 
representation of transmission grid capacities. In the price calculation algorithm, 
transmission capacities are represented as linear constraints where all constraints 
are modelled as fixed numbers. This gives the TSOs the task of supplying accurate 
information to the algorithm while respecting the constraints on linearity. Another 
simplification is the representation of bidding zones. In reality, a power system 
consists of nodes that are geographically located. In the simplification, a large set 
of nodes are clustered together in a bidding zone and the transmission grid is rep-
resented by bidding zone borders, thus congestions occur on these borders in the 
electricity market, but in reality these congestions could be caused by any internal
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node and/or line and not only at the bidding zone borders. The better the represen-
tation of the transmission grid is in the electricity market, the more accurate the 
TSO can feed physical constraints into the price calculation algorithm. 

The Nordic Capacity Calculation Region (CCR) is responsible for the calcu-
lation of cross-zonal transmission capacity in the Nordic region. The CCR is a 
regional organization consisting of Transmission System Operators (TSOs) from 
Denmark, Finland, Norway, and Sweden. The CCR is responsible for managing 
the coordinated cross-zonal transmission capacity calculation in the day-ahead and 
intraday timeframes. The Nordic CCR is depicted in Fig. 12.1. 

The CCR implements a coordinated capacity calculation methodology to deter-
mine the available cross-border transmission capacity between different bidding 
zones. This flow-based (FB) methodology is a better representation of the trans-
mission grid in the electricity market, than the NTC system used today. The 
methodology is designed to ensure that transmission capacity is allocated in a 
fair and transparent manner, and that market participants have equal access to the 
available cross-zonal capacity. 

The Nordic development of a FB approach was initiated in 2012 due to the 
increasing complexity of the Nordic power system. This complexity makes it more

Fig. 12.1 The Nordic CCR 
(dark green). Source Adapted 
from ENTSO-E (2020) 
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difficult to provide cross-zonal capacities by using the NTC approach, while ensur-
ing efficient grid utilization and operational security. This is, among others, driven 
by the rapidly growing amount of wind, solar, and new large-scale electrification, 
as well as a steady increase of interconnection with the European continent. 

To manage the congestions in the grid, the FB approach will provide tools to 
consider the grid elements and their contribution and limitations to host power 
flows. This is acknowledged in the legislation as well, as the FB approach is 
the default method in the European legislation. The Nordic capacity calculation 
methodology (CCM) (‘Nordic Capacity Calculation Region capacity calculation 
methodology in accordance with Article 20(2) of Commission Regulation (EU) 
2015/1222 of 24 July 2015 establishing a guideline on capacity allocation and 
congestion management’) has been approved by the regulatory authorities (Nordic 
RCC, 2020). 

12.2 Principles and Specificities 

This section will zoom into the CCR Nordic FB specificities, including the use 
of the so-called advanced hybrid coupling and the consideration of power system 
dynamics. 

12.2.1 Advanced Hybrid Coupling in CCR Nordic 

The Nordic region is strongly interconnected with other synchronous areas through 
HVDC links: 10 HVDC links interconnecting the Nordic synchronous area to other 
regions, and 5 HVDC links within the Nordic CCR. Therefore, the proper mod-
elling of the HVDC links within the FB capacity calculation and allocation is 
key. This modelling approach should ensure that the commercial exchange over a 
HVDC link competes for the scarce capacity both on the HVDC link, as well as 
in the AC grid where the converter stations are located. 

Power flows on HVDC interconnections are by nature fully manageable, and 
a radial AC transmission grid has no meshed structure for the power to fan out. 
Thus, in a pure HVDC network, or in a radial AC transmission grid, both the NTC 
and FB perception of the power flows corresponds fully to the real physics of the 
power system. However, in a meshed AC network, the FB approach is the only 
one of the two which can manage real physical power flows. 

In the Nordic countries, all interconnections to adjacent CCRs are either HVDC 
or radial interconnections. These parts of the Nordic transmission grid are by def-
inition a physical embodiment of NTC, and it doesn’t make sense to implement a 
FB approach on these parts of the transmission grid. With this realization in mind, 
the Nordic CCR must apply a hybrid coupling, i.e. both NTC and FB constraints 
to be considered in the allocation mechanism, to integrate with the other CCRs. 

The hybrid coupling might be either the standard hybrid coupling or the 
advanced hybrid coupling as described also in Chap. 3. Before discussing standard
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hybrid coupling and advanced hybrid coupling in the Nordic CCR, it is important 
to bear in mind that when the power flow from another CCR (originating from a 
HVDC or a radial AC interconnection) enters the meshed AC transmission grid, 
the power flow will fan out in the AC transmission grid and will use the scarce 
transmission capacity like all other power flows in the AC transmission grid. 

The distinction between standard hybrid coupling and advanced hybrid coupling 
is the difference in how power flows from another CCR (originating from a radial 
AC or HVDC interconnection) are managed by the market coupling algorithm in 
the meshed AC transmission grid. At a high level, the standard hybrid coupling 
is granting priority access in the meshed AC transmission grid for power flows 
coming from a radial AC or a HVDC interconnection, while in the advanced hybrid 
coupling, these power flows are subject to competition for transmission capacity 
with all other power flows in the transmission system: 

• Standard hybrid coupling: Reserves MWs (margin) in the AC grid for the 
HVDC cable exchanges and Available Transfer Capacity (ATC) exchanges with 
the other CCRs: i.e. ATC exchanges as well as HVDC cable exchanges receive 
a priority access to the grid; 

• Advanced hybrid coupling: The influence of HVDC cable exchanges and ATC 
exchanges on the MWs (margins) in the AC grid in the FB model are taken 
into account during the allocation stage: i.e. Power Transfer Distribution Factors 
(PTDFs) need to be computed that reflect the impact of the ATC exchanges and 
HVDC cable exchanges on the margins of the FB constraints. 

These two approaches are illustrated in Fig. 12.2. 

Fig. 12.2 Standard and advanced hybrid coupling. Source Author’s Own Illustration
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Under the standard hybrid coupling, the TSO needs to apply a capacity split: 
capacity is reserved ex-ante for the flows induced in the AC grid by the HVDC 
cable exchanges. If it turns out, during the allocation process, that not all this 
reserved capacity is used by the energy exchange over the HVDC link, it cannot 
be used anymore to allow for more exchanges in the AC grid. This implies an 
efficiency loss, as scarce capacity cannot always be fully used in this timeframe. 
This issue is mitigated in the advanced hybrid coupling approach. 

The advanced hybrid coupling fits perfectly well with the FB capacity cal-
culation and allocation and establishes true competition between all relevant 
exchanges, including the ones on the HVDC links, for the scarce capacity. The 
Nordic CCR applies the so-called advanced hybrid coupling on the HVDCs 
and radial AC connections to neighbouring CCRs that are subject to the single 
day-ahead coupling. 

In the advanced hybrid coupling approach, a virtual bidding zone—a bidding 
zone without any demand or supply—is introduced at the converter station on the 
Nordic side of the HVDC link. Like for any other bidding zone, the impact of 
an import or export from the virtual bidding zone on the AC network elements is 
assessed and captured in the form of PTDFs. In this way, any commercial exchange 
of power over the HVDC link is competing to make use of the scarce capacity in 
the Nordic AC grid. This implies that the HVDC link becomes subject to FB 
properties. Or in other words: a price differential can occur over a HVDC link, 
while the transmission capacity of the link is not fully utilized. 

12.2.2 Power System Dynamics 

The Nordic power system spans a long North–South distance. This is reflected 
in the power system itself by e.g. the use of series capacitors in the transmission 
lines to limit the voltage drop over the long distances, and the use of power sys-
tem stabilizers in generators to damp the inter-area oscillations. This may also be 
reflected in the congestion management, for example by the fact that Norway and 
Sweden have multiple bidding zones within their country borders, as depicted in 
Fig. 12.3.

This system layout provides specific challenges in terms of power system 
dynamics, as depicted in Fig. 12.4.

With the FB capacity calculation and allocation, the use of the system will be 
optimized. Therefore, power system stability, as part of the operational security 
limits, needs to be properly considered during the FB capacity calculation process 
to safeguard the operation of the grid. 

In the CACM Guideline Article 2(7), operational security limits are defined as 
“the acceptable operating boundaries for secure grid operation such as thermal 
limits, voltage limits, short-circuit current limits, frequency, and dynamic stability 
limits”. 

The list of operational security limits, obtained from offline computations, that 
is applied in the Nordic coordinated capacity calculation, includes:
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Fig. 12.3 The bidding zones 
in the Nordic CCR. Source 
Adapted from ENTSO-E 
(2023)

Fig. 12.4 Categorization of power system dynamics. Source Author’s Own Illustration, adapted 
from (Kumar, 2014)

• Thermal limits are limits on the maximum power carried by transmission 
equipment due to the heating effect of electricity current flowing through the 
equipment. They depend on the physical structure of the equipment and the 
voltage level. Ambient conditions like temperature, wind and the duration of
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overload will influence the limit. Larger power flows may be allowed for a 
short period of time. Thermal limits define the maximum allowed power flow 
on the specific equipment, unless other more restricting limits (e.g. voltage or 
dynamic stability limits) exist. 

• Voltage limits for each substation and its equipment are defined in kVs and/or 
per-unit values. Both maximum and minimum limits for voltages are defined. 
The voltage limits are based on voltage ranges as defined in the Connection 
Network Codes (the Requirements for Generators Regulation, the HVDC Reg-
ulation and, where relevant, the Demand Connection Code Regulation). Power 
flows across the power system have an effect on the voltages; increasing power 
flows decrease voltages. The minimum voltage limit defines for each opera-
tional situation the maximum allowed power flows in the transmission grid to 
avoid too low voltages and the disconnection of the equipment by the protection 
systems. 

• Short-circuit current limits are defined for each substation and its equipment in 
kAs. Both minimum and maximum limits for short-circuit currents are defined. 
The minimum limit is important for selective operation of protection devices, 
so that faults can be cleared selectively and in a timely manner. The maximum 
limit is set to ensure that devices connected to the grid can withstand induced 
fault currents. These limits do not influence the allowed power flows in the AC 
grid but are there to ensure the functioning of protection systems, that devices 
connected to the grid can withstand fault currents, and that the probability of 
cascading faults beyond the N-1 criterion is minimized. 

• Frequency stability limits are based on frequency ranges set in the Connection 
Network Codes and in the System Operation Regulation. Frequency stability 
limits are taken into account during dynamic stability studies to see if the lim-
its would have affected the allowed power flows on the transmission grid. It 
is foreseen that these limits will have more effect in the future system opera-
tion, due to changes in the generation mix including more energy from variable 
renewable sources. 

• Dynamic stability limits consist of voltage and rotor angle stability limits. For 
voltage stability studies, the voltage limits during a fault in the power system 
and after clearance of that fault shall be studied to define the allowed power 
flows within the power system, respecting the voltage limits. For rotor angle 
stability studies, the power flow and generator rotor angle oscillations are stud-
ied for each operational situation to define the allowed power flows within the 
power system with predefined damping coefficients for power and rotor angle 
oscillations. The magnitude of oscillations and their damping depends on the 
structure of the power system and the power flows across the power system. 

The acceptable operating boundary for secure grid operation is defined by the 
maximum flow on a Critical Network Element and Contingency (CNEC). It can 
be written as CNEC (Fumax, u∈{thermal limits, static voltage limits, dynamic 
voltage limits, transient stability limits, and damping limits}). It is monitored in 
the operational security analyses and in real-time operation. It is defined as a MW
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limit for maintaining the voltage and short-circuit current level, frequency and 
dynamic stability within its limits. 

In case operational security limits cannot be transformed efficiently into max-
imum flow on specific CNECs, the TSOs may use the combined dynamic 
constraint, which limits the sum of power flows on a set of network elements, 
for the purpose of respecting the dynamic stability limits. 

Example 12.1 The need to use combined dynamic constraints In the south-west 
part of Norway, there are several production units in remote areas. These are con-
nected with the eastern part (Oslo) where the consumption is high, especially during 
winter. The transmission lines between the production and the consumption area 
can be very long. When a contingency (N-1 situation) occurs, i.e. the forced outage 
of one of the transmission lines, this can cause oscillations on the remaining lines. 
In this example, there are more than 2 lines in parallel serving the Oslo region. In 
some dynamical limitations, there are up to 4–5 lines in which oscillations can occur. 
It is not possible to single out these stability problems to one or two network ele-
ments, due to the production being so distributed and spread over a large area. The 
dynamic limitations are therefore best described as a sum of flows through several 
lines. It also depends on which generators are in operation at a given time, which is 
impacted by many factors such as price in the neighbouring areas and legal limita-
tions regarding hydrological considerations in the water ways. Another example, this 
time in Sweden, which is closely monitored, is related to voltages in the network. 
Large amounts of electricity transferred through long transmission lines consume a 
significant amount of reactive power, which is mostly compensated by generators. 
This is the case in Sweden where most of the production is located in the north, 
and consumption in the south. Large transmission lines from SE1 and SE2 trans-
fer power to SE3 and SE4. Eleven lines are connecting SE3 (Stockholm area) and 
SE2 (see also Fig. 12.3). The voltage limit on these lines can vary depending on 
the dispatch situation (i.e. which generators are in operation) and planned outages. 
Generators operate in different operation modes and with varying reactive power 
producing capabilities and they contribute to voltage control differently. In case of a 
contingency where reactive power consumption increases or reactive power produc-
ing capabilities are reduced, the electricity system may end up in a situation where 
reactive power sources are depleted. This could further reduce the voltage and result 
in a voltage collapse. Voltage collapses can lead to large-scale blackouts, such as 
those which occurred in Sweden in 1983 and 2003. To prevent this, the power flow 
through the corridor (between SE2 and SE3) and possible contingencies need to be 
studied together. The variables used to monitor the voltage limits are the active power 
flow through the north–south corridors. From these, the maximum possible flow that 
can be transferred on all the lines together without leading to a voltage collapse after 
a contingency is calculated and used as an operational security limit in the dispatch 
centre. It is not possible to study the voltage problems by only looking at a subset of 
the 11 lines connecting SE2 and SE3. They must be monitored together.
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In the Nordic CCR, the work on the development of a dynamic Common Grid 
Model (CGM) to be used in the FB capacity calculation process has started, as well 
as the work on a common dynamic analysis. 

12.2.3 Intraday Capacity Calculation 

The Nordic TSOs developed a transitional solution for the calculation of cross-
zonal capacities for the intraday time frame until the single intraday coupling can 
support FB parameters. The transitional solution is a so-called ATC Extraction 
(ATCE) methodology. In general, the ATCE methodology determines the left-over 
capacity after the Day-ahead (DA) stage, and it translates the FB capacity domain 
into an ATC domain. 

The translation from a FB domain to an ATC domain is not straightforward. A 
simple example is shown in Fig. 12.5. Indeed, in this figure, only one possible ATC 
domain—that fits within the FB domain—is depicted; many other ATC domains 
can be extracted without violating the FB domain. Therefore, the Nordic TSOs 
developed an optimization-based approach to extract a single set of optimal ATC 
values. 

As stated before, the translation from a FB domain to an ATC domain is not 
straightforward. Indeed, the ATC concept describes the grid limitations on a higher 
and less-detailed level than FB does. As an example: the ATC capacity is an 
option—it can be used, but is not guaranteed to be used. As such, only the loading 
effect of the use of the ATC capacities can be accounted for on the FB CNECs; 
the relieving effect cannot be considered. This consideration, together with the 
DA being optimized by Euphemia, may lead to a situation where the Intraday 
(ID) gate opening capacity may be very limited. Therefore, the Nordic TSOs have 
designed the ID ATCE methodology such that relaxations can be applied in the

Fig. 12.5 ATC extraction 
from a FB domain, for the 
bidding zone borders A-C 
and B-D. Source Author’s 
Own Illustration 
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Fig. 12.6 Relaxation of the 
FB domain around the DA 
market clearing point 
(working point). Source Own 
illustration 

ATCE process in order to provide as much ID capacity to the market participants 
as possible—from an operational security point of view. This is schematically 
depicted in Fig. 12.6. 

In Fig. 12.6, the amount of MWs that can be used by the market, i.e. the 
Remaining Available Margin (RAM), on some CNECs has been increased, as indi-
cated by the dashed lines. Thereby the FB domain is increased, and the ATCE can 
determine a larger ATC value from the bidding zone C to A. This can be benefi-
cial for the ID market, as the market can now move more power in the preferred 
market direction (i.e. from bidding zone C to A): i.e. the DA market clearing point 
(the “working point” as indicated by the red dot in Fig. 12.6) can move further 
down without violating operational security limits. 

Thanks to this approach, the resulting ID ATC values for the ID gate opening 
trades are always larger than or equal to zero, and capacity may be released on 
CNECs that was not available at the DA stage. Like in any coordinated capacity 
calculation process, a TSO domain validation is applied where capacities may have 
to be reduced—in case potential overloads resulting from the ID ATCE cannot be 
coped with. 

12.2.4 Nordic RCC: More Cooperation and Digitalization 

The Nordic Regional Coordination Centre (RCC) is an independent company 
owned by the four electricity Transmission System Operators (TSOs) in the Nordic 
region (see also Chap. 5 for a more general introduction to RCCs and their tasks). 
The RCC supports the national TSOs in maintaining the operational security of 
the power systems across Finland, Norway, Sweden and Denmark. An RCC does 
many of the same advanced calculations that happen in the TSO control rooms
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Fig. 12.7 Capacity calculation today (NTC world) and when Nordic FB is live. Source Author’s 
Own Illustration 

like capacity calculation and security analysis but on a regional level. The regional 
analyses ensure increased coordination and effectiveness. 

With the introduction of the RCC and the FB capacity calculation, a more 
coordinated and data-centred capacity calculation process has been set up, as can 
be observed from Fig. 12.7. 

12.3 Benefits of Flow-Based Market Coupling 

As of early 2024, the Nordic TSOs are performing an external parallel run (EPR) 
of the new FB capacity calculation methodology. In the next sections an expla-
nation is provided of what this entails, and what the results of the EPR are 
highlighting. 

12.3.1 External Parallel Run 

In the CACM Guideline, Article 20(8), it states: “To enable market participants 
to adapt to any change in the capacity calculation approach, the TSOs concerned 
shall test the new approach alongside the existing approach and involve market 
participants for at least six months before implementing a proposal for changing 
their capacity calculation approach”. This is what is referred to as the “external 
parallel run” (EPR) in this section.
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Fig. 12.8 Overview of parallel run. Source Author’s Own Illustration 

In the EPR, the FB capacity calculation is performed by the TSOs and RCC, 
alongside the operational Net Transfer Capacity (NTC) capacity calculation. While 
the operational NTC values are used in the Single Day-Ahead Coupling (SDAC), 
the FB parameters are used in a FB market coupling simulation, by using the 
order books submitted in the SDAC. This is schematically depicted in Fig. 12.8. 
Therefore, the only difference between the two, is the parameters applied in the 
DA market; thus, it is possible to compute the isolated (static) impact of applying 
FB parameters instead of NTC. 

As such, the FB market results are indicative only, they do not represent a FB 
market forecast. 

The EPR is a learning-by-doing period for all parties involved. A period that 
enables the identification of mistakes, errors, or hiccups, so that they can be mit-
igated before the actual go-live. The Nordic capacity calculation methodology 
decision requires at least 12 months of EPR, of which 6 months are required by the 
CACM Guideline. The Nordic National Regulatory Authorities (NRAs) required 
an evaluation phase of the operational functioning of the Nordic FB during the 
external parallel run, to take place before the last 6 months of external parallel 
run can be conducted and finally the FB capacity calculation can go-live. During 
this consecutive three-month evaluation period, the TSOs had to demonstrate that 
the FB capacity calculation and allocation performed well enough—in terms of 
the quality of the process and the quality of the FB parameters—by measuring 
and reporting on criteria defined by the NRAs. The findings of the three-month 
evaluation period have been captured in a report (Nordic TSOs, 2023) that was 
subject to a public consultation, before submitting it to the NRAs for their assess-
ment. The Nordic TSOs started the remaining 6 months of EPR in July 2023. The 
Nordic DA FB go-live went live in October 2024. 

In the following sections, some of the results from the Nordic three-month EPR 
evaluation report are presented to demonstrate the functioning of the Nordic FB, 
and to highlight some of the changes it will bring. In short, during the three-
month evaluation period (12.12.2022–12.3.2023 (week 52—week 10)), the Nordic 
FB approach has demonstrated the following features: 

• The FB capacity calculation process is stable and functions as planned. 
• The utilization of the Nordic power system has been improved by the FB 

approach. 
• The total socio-economic welfare has increased in the Nordic CCR.
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12.3.2 Results of the Socio-Economic Welfare Computation 

This section presents the DA welfare comparison between the operational NTC 
system and the simulated FB system. The DA results contain simulations from 
the three-months reporting period 12.12.2022–12.3.2023 (week 52–week 10). The 
total change in socio-economic welfare (FB–NTC) and the distribution of its 
components is shown in Fig. 12.9. For the three-month EPR period, the total socio-
economic welfare gain with FB is 73.4 Me in the Nordic CCR. This consists of 
increases in congestion income and producer surplus (PS) and a decrease in con-
sumer surplus (CS). The positive result for FB originates from positive results on 
a day-by-day basis, and not from individual days with extreme results. 

When a Bidding Zone (BZ) price increases/decreases due to the application of 
FB, it means that power is imported or exported differently than with NTC and 
that there is a redistribution of welfare between consumers and producers. This is 
also shown in Fig. 12.10 where the changes in CS and PS are split per BZ. The 
BZs obtaining an increase in CS and a decrease in PS are mainly areas that in NTC 
had high prices, such as southern Norway (NO1, NO2, and NO5), as these areas 
had a decrease in prices with FB. The opposite occurs for northern Norway (NO3, 
NO4) and SE3 that obtained an increase in PS and a decrease in CS as these areas 
saw an increase in prices with FB. The impacts for Denmark (DK1, DK2), Finland, 
but also Northern Sweden (SE1, SE2) and the southernmost Swedish bidding zone 
SE4 are smaller in magnitude.

During the three-months reporting period, there is an overall positive socio-
economic welfare impact for the Nordic CCR, but a decrease in CS. However, as 
shown in Fig. 12.10, some BZs have an increase in the CS, while the others have 
a decrease. The BZs with the initially highest prices typically show a decrease in 
prices, and thereby an increase in CS, with FB. However, these increases have not

Fig. 12.9 Welfare change for the Nordic CCR resulting from shift from NTC to FB. Source Nordic 
TSOs (2023) 
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Fig. 12.10 Change in consumer (top) and producer (bottom) surplus in the Nordic BZs (FB-
NTC). Source Nordic TSOs (2023)

been enough to cover the decreases of CS in other BZs. In the Example 12.2 it 
is illustrated, for two bidding zones, how the slopes of the demand and supply 
curves can impact the CS. The slope of the curves is of significant importance for 
the impact assessment result when more power is exchanged between, initially, 
low-price and high-price BZs. 

SE3 is an area with relatively steep supply order curves, while areas in the south 
of Norway have a lot of flexible hydro production, resulting in flatter bid curves 
on the supply side. When FB increases the available capacity between these areas, 
and the south of Norway is more expensive than SE3, a consequence can be that 
the increase in CS in the south of Norway is not enough to cover the consumer 
loss in SE3. Yet, as Example 12.2 shows, this will still increase the overall socio-
economic welfare for the system. The conclusions do not change if more bidding 
zones were included in the example above, because the key outcome from the 
analysis does not depend on the number of BZs, but the impact of increasing 
exchange possibilities (= capacity) in the power system.
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One of the reasons for the positive socio-economic welfare when introducing 
FB is the possibility to utilize more of the cheaper production in the North and 
save the more expensive production in the South of Scandinavia. 

Example 12.2 In this theoretical example, there is a total socio-economic welfare 
gain from the move of cheap power from a low-price area to the high-price area, 
but the change in total CS is negative. In this example, see Fig. 12.11, the change in 
surplus for the consumers in the low-price area (red area) is larger than the gain for 
the consumers in the high-price area (green area). The changes in CS and PS depend 
on the slope of the bid and ask curves and the bought and sold volumes in each area. 
The imported and exported power is equal, but how much this amount affects the 
prices is different in the two areas. If the bidding curve is steep, a change in produced 
power has a significant impact on the price, and if the bidding curve is flat a change 
in produced power has a small impact on the price. In this example the capacity 
between the low-price area and the high-price area allows a full convergence of the 
prices, but the example holds also if the capacity had been limited. 

Fig. 12.11 Example of exports from low-price area to high-price area. Source Nordic TSOs 
(2023)
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12.4 Outlook 

12.4.1 Implementation Status and Foreseen Go-Live 

As mentioned above, the Nordic capacity calculation methodology decision 
requires at least 12 months of external parallel run, of which 6 months are required 
by the CACM Guideline. The Nordic TSOs started the remaining 6 months of EPR 
in July 2023; the EPR continued until the go-live which happened in October 2024. 

The FB capacity calculation process is stable and functions as planned. The 
challenge before the actual go-live is mainly linked to the integration of all the 
IT systems involved and the testing. Indeed, all the systems involved—those from 
TSOs, RCC, NEMOs, JAO, and ENTSO-E—need to be able to exchange the data 
with consistently good quality and performance, to guarantee a continued and 
reliable SDAC and Single Intraday Coupling (SIDC) operation after the Nordic 
FB DA go-live. Some of the next steps on the implementation timeline are the 
functional integration tests (FIT), system integration tests (SIT), SDAC tests, and 
NEMO member tests. With many projects queuing up to go-live on the SDAC and 
SIDC timelines while considering the summer freeze period, it is needless to state 
that finding a go-live date is not a trivial exercise. 

Twelve months after the DA go-live, the Nordic FB long-term capacity calcu-
lation will go-live. This is followed by the application of the FB Intraday (ID) 
allocations, and the application of the FB approach in the balancing timeframe. 

12.4.2 Stakeholder Involvement 

Stakeholder involvement is key when implementing a fundamental change to the 
market design. The introduction of the FB market coupling is considered to be 
such a fundamental change. 

The Nordic market started as a joint Norwegian/Swedish market in 1996 and 
was fully integrated in 2000. It was based on the NTC system. The NTC system 
brought the market to where it stands today, and the NTC values are the references 
in the mind of all stakeholders acting on the power market. The introduction of FB 
may be viewed with different eyes. “A necessary step to manage the power grid 
while facilitating the market during the energy transition”, from a TSO perspective. 
“An unnecessary change, that is only implemented to follow EU legislation, and 
that makes it more difficult for stakeholders to forecast the market prices”, from 
potential market participants’ perspectives. Indeed, this underlines a clear need 
to listen to one another, hear each other’s arguments and concerns, to have the 
external parallel run as the learning period for all stakeholders involved, and to 
work together in a constructive way towards a successful go-live of the Nordic 
FB. 

The Nordic stakeholder involvement for the preparation of the Nordic FB 
market coupling is depicted in Fig. 12.12.

As indicated in Fig. 12.12:
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Fig. 12.12 Stakeholder involvement in the CCR Nordic. Source Author’s Own Illustration

• All FB parameters of the Nordic FB external parallel run can be found on the 
JAO platform: (JAO, 2024) 

• The flow-based section on the Nordic RCC website provides access to the 
methodology, relevant documentation, simulation results, news and updates: 
(NORDIC RCC, 2024) 
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13The Energy Community 

Lisa-Marie Mohr 

Abstract 

This chapter describes the latest developments which have expanded the Euro-
pean Union’s legal framework to the Energy Community Contracting Parties 
and enabled their integration into the internal market for electricity, in par-
ticular their adherence to the SDAC and the SIDC. This is not only crucial 
for the Energy Community but also for the European Union and its Euro-
pean Green Deal, the success of which is linked to its neighbours and partners. 
The envisaged extension is substantial in size and its implementation requires 
all involved parties to proceed fully committed and coordinated. Hence, this 
chapter introduces the Energy Community, its institutional set-up and legal 
framework, including the Electricity Integration Package. Besides getting to 
know the electricity markets of the Contracting Parties, the reader is famil-
iarized with important implementation steps and preconditions to successfully 
enlarge the SDAC and the SIDC across Europe.
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13.1 The Energy Community 

The Energy Community (EnC, 2024c) is an international organization bringing 
together the European Union and its Eastern neighbours based on a legally bind-
ing framework. It was founded by the Treaty establishing the Energy Community 
(EnC Treaty, 2005), in force since 2006, and aims at extending the European 
Union’s acquis to create a single energy market. The founding members were 
the European Community on the one side and the so-called Contracting Parties on 
the other, namely Albania, Bulgaria, Bosnia and Herzegovina, Croatia, Kosovo1 , 
Montenegro, North Macedonia, Romania and Serbia. Meanwhile, Bulgaria, Croa-
tia and Romania joined the European Union and Moldova (2010), Ukraine (2011) 
and Georgia (2017) acceded to the EnC Treaty. The European Union is a Party 
to the EnC Treaty, represented by the European Commission which serves as per-
manent Vice-President of the organization (Energy Community, 2024c). Armenia, 
Norway and Türkiye are observers to the Energy Community. 

The Energy Community was established to pursue the following key objectives 
as defined in Article 2 of the EnC Treaty (Energy Community, 2024c):

• establish a stable regulatory and market framework capable of attracting 
investment in power generation and networks;

• create an integrated energy market allowing for cross-border energy trade and 
integration with the European Union’s market;

• enhance the security of supply to ensure stable and continuous energy supply 
that is essential for economic development and social stability;

• improve the environmental situation in relation with energy supply in the region 
and foster the use of renewable energy and energy efficiency; and

• develop competition at regional level and exploit economies of scale. 

13.1.1 Institutional Set-Up of the Energy Community 

The Energy Community has different institutions supporting its processes as pre-
sented in Fig. 13.1 and described hereafter (Energy Community, 2024c; Karova, 
2015b, pp. 30–31). The Ministerial Council,2 the highest decision-making body, 
represents each Contracting Party at ministerial level as well as the European Com-
munity and meets once a year. It takes strategic decisions, steering the Energy 
Community and its development, with its presidency rotating annually. The work 
of the Ministerial Council is prepared by the Permanent High Level Group3 

(PHLG) which meets four times a year. The Energy Community Regulatory

1 This Designation Is Without Prejudice to Positions On Status, and Is in Line With UNSC 1244 
and the ICJ Opinion On the Kosovo Declaration of Independence. 
2 Article 47-52 EnC Treaty.
3 Article 53-57 EnC Treaty.
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Fig. 13.1 Institutional set-up of the energy community. Source Author’s own illustration 

Board4 (ECRB) is the coordination body of the national regulatory authorities 
(NRAs). The ECRB advises the Ministerial Council and the PHLG and is enti-
tled to issue recommendations in case of cross-border disputes of two or more 
NRAs. Further, the ECRB may take legally binding decisions if empowered by 
the Ministerial Council. The only permanent institution of the Energy Commu-
nity is the Energy Community Secretariat5 based in Vienna. It is responsible for 
supporting the day-to-day activities of the Energy Community and obliged to mon-
itor and report on the implementation of the EnC Treaty. To that end, the Energy 
Community Secretariat, upon complaint or on its own motion, may initiate dispute 
settlement procedures if a Party to the EnC Treaty does not comply with the acquis 
in force.6 Decisions on the existence of a breach by a Party to the EnC Treaty are 
to be taken by the Ministerial Council.7 Besides, the Parliamentary Plenum8 brings 
together elected representatives of national parliaments and the European Parlia-
ment to address shared challenges while different Fora9 (e.g. Electricity, Gas, Oil) 
support and advise the Energy Community. 

13.1.2 Energy Community Acquis 

The Contracting Parties committed to adopt parts of the European Union’s leg-
islation in the areas of energy, environment, competition and renewables.10 New 
acquis of the Energy Community can be adopted, or existing can be amended,

4 Article 58-62 EnC Treaty.
5 Article 67-72 EnC Treaty.
6 Article 90 EnC Treaty.
7 Article 91 EnC Treaty.
8 Ministerial Council Procedural Act 2015/05/MC-EnC.
9 Article 63-66 EnC Treaty.
10 Article 3(a) EnC Treaty.
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Fig. 13.2 Decision-making processes under the different titles of the EnC Treaty. Source Author’s 
own illustration based on (EnC Treaty, 2005) 

based on the European Union’s legal acts with adaptations to the specific situation 
of each of the Contracting Parties and the Energy Community’s institutional set-
up.11 This concept allows the Energy Community acquis to evolve over time and 
the Contracting Parties to stay aligned with the European Union’s developments. 
To date, this has brought numerous updates and extensions of the Energy Commu-
nity acquis to include new sectors or legislation newly adopted in the European 
Union. 

Respective decisions are generally taken by a majority of the votes cast of 
the Ministerial Council (see Sect. 13.1.1 and Fig. 13.1) based on a European 
Commission’s proposal (Energy Community, 2024a), with each Party to the EnC 
Treaty having one vote.12 However, as summarized in Fig. 13.2, the exact decision-
making process13 required to adopt a proposal depends on its nature and the Title 
of the EnC Treaty under which it is proposed (Karova, 2019, pp. 280–286): Deci-
sions under Title II (extension of acquis communautaire) require a proposal by the 
European Commission, simple majority of the Contracting Parties for adoption 
and are addressed to the Contracting Parties only, not covering the interface with 
Member States. Proposals under Title III (mechanism for operation of network 
energy markets) can be brought forward by the Energy Community Secretariat or 
any Party to the EnC Treaty and are accepted if a two-third majority, including a 
positive vote of the European Community, is in favour of the proposal. Measures 
under Title III are addressed to both the Contracting Parties and the neighbouring 
Member States, as defined in Article 27 of the EnC Treaty. The most extensive 
measures are governed by Title IV (creation of a single energy market), requiring 
a Party to the EnC Treaty to propose and unanimity of all Parties to decide as 
resulting in obligations towards the entire Energy Community, i.e. the Contracting 
Parties and all Member States.

11 Article 5 EnC Treaty.
12 Article 77 EnC Treaty.
13 Article 76-85 EnC Treaty.
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Fig. 13.3 Legal acts incorporated in the energy community acquis by the electricity integration 
package in 2022. Source Author’s own illustration based on (Energy Community, 2024b) 

13.1.3 Electricity Integration Package 

The Ministerial Council Decision 2022/03/MC-EnC, adopted under Title III of the 
EnC Treaty on 15 December 2022, incorporated missing parts to fully align the 
Energy Community acquis with the, at that time,14 applicable legal framework for 
the electricity sector in the European Union. The so-called Electricity Integration 
Package includes nine legal acts as described in Fig. 13.315 (Energy Community, 
2024b). 

By the Ministerial Council’s decisions,16 the Contracting Parties committed to 
bringing into force the laws, regulations and administrative provisions necessary 
to comply with the new provisions17 by 31 December 2023. However, the legal 
deadline has passed and none of the Contracting Parties has transposed the new 
legal framework into national law (Energy Community Secretariat, 2024, p. 2).  

The decision was accompanied by the Ministerial Council Procedural Act18 

2022/PA/01/MC-EnC fostering regional market integration and ensuring reci-
procity between energy sector stakeholders of the Member States and the Con-
tracting Parties. As a novelty of the Electricity Integration Package, ACER (see 
also Chap. 15) was entitled to take decisions on cross-border issues concerning 
both Member States and Contracting Parties, and ENTSO-E (see also Chap. 1)

14 Having in mind the electricity market design reform and the discussions with regards to future 
amendments of Network Codes and Guidelines in the European Union, it is important to note that, 
as explained in Sect. 13.1.2, newly adopted legislation in the European Union is not automatically 
incorporated in the Energy Community acquis. 
15 Directive (EU) 2019/944 and Regulation (EU) 2019/941 were already incorporated by the Min-
isterial Council Decision 2021/13/MC-EnC. However, the Ministerial Council Decision 2022/03/ 
MC-EnC amended parts thereof to reflect and include references to Regulation (EU) 2019/943 
(‘recast’). 
16 Article 2(1) Ministerial Council Decision 2021/13/MC-EnC and Article 2(1) Ministerial Coun-
cil Decision 2022/03/MC-EnC. 
17 Different to the European Union, both Directives and Regulations incorporated in the Energy 
Community acquis need to be transposed into national law of the Contracting Parties (Karova, 
2015a, p. 4). 
18 Besides recommendations and decisions, procedural acts are one of the measures the Energy 
Community can take, having binding force on the institutions of the Energy Community, and, if 
provided, on the Parties to the EnC Treaty (Article 86-88 EnC Treaty). 
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was tasked to assume a similar role for the Contracting Parties as for the Member 
States (Energy Community Secretariat, 2023b, p. 4). Consequently, the Electricity 
Integration Package, subject to transposition in the Contracting Parties, enables 
full market integration of the Contracting Parties into the single European market 
for electricity including inter alia the SDAC, the SIDC and the European platforms 
for the exchange of balancing energy and the imbalance netting process. 

The European Network Codes and Guidelines in the electricity sector include 
subsequent terms and conditions or methodologies (TCMs) to be developed by 
relevant stakeholders such as TSOs and NEMOs (see also Chap. 2). TCMs define 
more detailed rules on specific topics such as capacity calculation, algorithms 
for operating the market coupling or products used therein. Their approval in 
the Energy Community differs, depending on their scope: pan-EU, regional or 
national. With the adoption of the Electricity Integration Package, the Contract-
ing Parties committed to the following approach with regards to TCMs (Energy 
Community Secretariat, 2023b, pp. 6, 8). For the pan-EU TCMs, submitted by 
either all TSOs or all NEMOs in the European Union to ACER for decision, 
relevant stakeholders of the Contracting Parties need to implement them without 
adaptations including future amendments thereof. On the contrary, regional TCMs, 
developed by more than one TSO of Member States and/or Contracting Parties 
(e.g. within capacity calculation or system operation regions), are submitted to the 
NRAs concerned, for their approval. In case of disagreement or voluntary action of 
the relevant NRAs, the decision is referred to ACER in case both Member States 
and Contracting Parties are concerned. If only Contracting Parties are involved, 
the ECRB is tasked to issue a decision. National TCMs, concerning only one 
Contracting Party, are subject to the relevant NRAs’ approval as is the case in the 
European Union. A high-level overview of the different concepts is provided in 
Fig. 13.4.

As described in Chap. 16, transparency and integrity are of utmost importance 
for the well-functioning of electricity markets. Even though not part of the Electric-
ity Integration Package, but due to the strong link with the SDAC and the SIDC, it 
shall be noted that an adapted version of Regulation (EU) 1227/2011 (EU REMIT) 
was adopted in the Energy Community in 201819 (EnC REMIT). However, there 
are major differences between the principles of the EU REMIT and the adapted 
EnC REMIT. Most prominently, the EnC REMIT neither includes centralized data 
collection nor grants ACER any power related to data collection or surveillance in 
the Contracting Parties. As described in a guidance on REMIT published by the 
ECRB (2022, p. 4), at the time of adoption, it was considered more appropriate 
to amend the EnC REMIT at a later stage when there is clarity on the way for-
ward in particular in relation to market integration between the Contracting Parties 
and the Member States. To date, even though the Electricity Integration Package 
was adopted in 2022, no such amendment has been incorporated in the Energy 
Community acquis.

19 Ministerial Council Decision 2018/10/MC-EnC.
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Fig. 13.4 Approach towards pan-EU, regional and national TCMs in the energy community. 
Source Adapted from Energy Community Secretariat (2023b, p. 6)

13.2 Extension of the SDAC and the SIDC to the Energy 
Community 

As outlined in Sect. 13.1.3, the Electricity Integration Package for the first time 
enables the integration of the Contracting Parties into the European internal market 
for electricity. In particular, the adapted and adopted Commission Regulation (EU) 
2015/122220 (EnC CACM) enables the integration into the SDAC and the SIDC. 

13.2.1 Importance of Market Coupling for the Energy 
Community 

When compared to the European Union, the electricity markets in the Contracting 
Parties are not yet as well-functioning. Short-term markets of Contracting Parties 
partially lack liquidity or are not at all operational, and a share of market segments 
is price regulated hindering competition to be developed (Energy Community Sec-
retariat, 2023a). In addition, due to the energy crisis and the rise of prices for 
electricity in 2022, the Contracting Parties intervened in markets with emergency 
measures, some not yet phased out,21 slowing down their development (Energy

20 Commission Regulation (EU) 2015/1222 as adapted and adopted in the Energy Community by 
Ministerial Council Decision 2022/03/MC-EnC. 
21 According to (Energy Community Secretariat, 2023a), not yet phased out and concerning mea-
sures are, for example, Albania’s non-market-based procurement of electricity for network losses
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Community Secretariat, 2022a, p. 7,  2023a, p. 147). In general, public interven-
tions in retail price setting are applied widely in the Energy Community, resulting 
in average end user prices significantly lower than in the European Union, almost 
two times for industry and three times for households (Energy Community Sec-
retariat, 2023c, p. 14). Considering the above, short-term markets fail to provide 
price signals, especially important for the deployment of renewable energy sources 
and flexibility needed to integrate their generation and react to their intermittency. 
In addition, most Contracting Parties have no effective carbon pricing mechanisms 
in place (Energy Community Secretariat, 2023c, p. 5).  

In accordance with the European Union’s understanding that its future is linked 
to its neighbours and partners, the European Commission’s Communication on the 
European Green Deal (European Commission, 2019) includes the following: “The 
global challenges of climate change and environmental degradation require a global 
response. […] The EU will put emphasis on supporting its immediate neighbours. 
The ecological transition for Europe can only be fully effective if the EU’s immediate 
neighbourhood also takes effective action”. 

Consequently, the integration of the Contracting Parties into the European 
Union’s internal electricity market, including into the SDAC and the SIDC, is 
highly important not only for the Energy Community but also for the European 
Union. The envisaged integration will provide market participants with access to 
well-functioning, liquid and competitive electricity markets and will create a stable 
regulatory framework for further investments in renewable energy sources across 
Europe. Market coupling is key for decarbonization and the successful implemen-
tation of the 2030 targets in the Energy Community22 and, thus, will contribute 
to the above-mentioned ecological transition in the European Union’s immediate 
neighbourhood. Finally, the Contracting Parties’ adherence to the SDAC and the 
SIDC will ultimately support the creation of an integrated market leveraging syn-
ergies across Europe and provide affordable and secure (reliable) energy supply to 
end consumers enabling the transition to a clean energy system. 

Electricity market integration and the European Union’s efforts towards reduc-
ing carbon emissions are further linked by (EU, 2023/956) establishing a carbon 
border adjustment mechanism (CBAM), which was adopted in the European Union 
to address the so-called “carbon leakage” risk. According to the description of the 
European Union (2024), such risk occurs if polluting production is transferred 
to other countries with less stringent climate policies than the European Union or 
more carbon-intensive imports replace products in the European Union. Therefore, 
to create a system putting a fair price on carbon emitted during production, the 
CBAM imposes financial and administrative costs on importers of CBAM goods 
into the European Union from third countries, including the Contracting Parties. 
Consequently, the CBAM focuses on goods most at risk of carbon leakage such as

or the so-called equity fee imposed on all customers in Moldova that would like to switch their 
supplier.
22 With Ministerial Council Decision 2022/02/MC-EnC, the Energy Community adopted the 2030 
targets for greenhouse gas emissions, energy efficiency and renewable energy. 
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cement, iron and steel, aluminium, fertilizer, hydrogen as well as electricity. How-
ever, the CBAM Regulation (EU, 2023/956) allows for exemptions with regards to 
electricity if certain criteria are met. These criteria include inter alia the integration 
of the third country’s electricity market with the European Union’s (market cou-
pling) and the implementation of an emissions trading system (Energy Community 
Secretariat, 2023c, p. 3). 

13.2.2 Day-Ahead and Intraday Markets and Their Operators 
in the Energy Community 

Any further integration with the European Union’s market coupling requires short-
term markets and their operators to be established—a step which still needs 
additional efforts in several Contracting Parties. At the beginning of 2024, all 
Contracting Parties except Bosnia and Herzegovina, Georgia23 and Moldova have 
operational day-ahead markets, while only Serbia and Ukraine have established 
intraday markets (Energy Community Secretariat, 2024, p. 3). Three of the day-
ahead markets (Albania, Montenegro, North Macedonia) and the Serbian intraday 
market opened only during 2023 (Energy Community Secretariat, 2023a, pp. 15, 
84, 98, 112), and the day-ahead market in Kosovo* at the beginning of 202424 

(ALPEX, 2024). 
The respective operating power exchanges are the Albanian Power Exchange 

(ALPEX) for Albania and Kosovo*,25 the Montenegrin Power Exchange (MEPX) 
for Montenegro, the national electricity market operator MEMO for North Mace-
donia, SEEPEX for Serbia and the joint-stock company Market Operator (JSC 
MO) for Ukraine (Energy Community Secretariat, 2024, p. 3). Bosnia and Herze-
govina lacks the legal basis for the establishment of short-term markets (Energy 
Community Secretariat, 2023c, p. 12) while for Georgia, the opening of the 
short-term markets, to be operated by the Georgian Energy Exchange (GENEX), 
was postponed several times, latest to July 2024 (Energy Community Secre-
tariat, 2023a, p. 42). Most recent information indicates that OPEM, a subsidiary 
of OPCOM,26 will set up short-term markets as electricity market operator in 
Moldova (Gridina, 2024).

23 Due to missing interconnection with any other Party to the EnC Treaty, Georgia is exempted 
from obligations under the EnC CACM in accordance with its Article 1(2). Therefore, the obliga-
tions explained in the following text only refer to the other eight Contracting Parties. 
24 The day-ahead markets were launched in April 2023 in Albania and Montenegro, in May 2023 
in North Macedonia and in February 2024 in Kosovo*. The intraday market in Serbia opened in 
July 2023. 
25 The day-ahead markets of Albania and Kosovo* are coupled as of the start of operations in 
Kosovo*. 
26 OPCOM is the electricity (and gas) market operator (OPCOM, 2024) and one of the designated 
NEMOs (ACER, 2023) in Romania.  
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Aligned with the European Union’s framework, the SDAC and the SIDC shall 
only be organized by market operators designated as NEMOs (see Chap. 2, 
Sect. 2.2.3), respecting the designation criteria as defined in Article 6 of the EnC 
CACM, which are the same as in Commission Regulation (EU) 2015/1222 (CACM 
Guideline). Article 4(1) of the EnC CACM obliged the Contracting Parties to des-
ignate at least one NEMO by six months after entry into force, i.e. 15 June 2023. 
Additionally, according to Article 5(1) of the EnC CACM, the Contracting Par-
ties were required to notify the Energy Community Secretariat in case of a legal 
monopoly for day-ahead and intraday trading27 by 15 February 2023. In such case, 
the competent authorities may refuse the provision of trading services by more than 
one NEMO in the Contracting Party and by NEMOs designated in other Member 
States or Contracting Parties (‘passporting’). 

The Energy Community (2024b) publishes and regularly updates a list of the 
NEMOs in the Energy Community on its webpage based on the Contracting Par-
ties’ information provided. According to this list, at the beginning of 2024, only 
Albania (ALPEX), Kosovo* (ALPEX), North Macedonia (MEMO) and Serbia 
(SEEPEX) have informed about designated NEMOs while the existence of a legal 
monopoly for day-ahead and intraday trading services was notified for Moldova, 
Montenegro, North Macedonia, Serbia and Ukraine.28 Nevertheless, a NEMO des-
ignation in a Contracting Party should only be considered equivalent to one in the 
European Union, if the respective Contracting Party has transposed all rights and 
obligations of a NEMO, defined in different legal acts of the Electricity Integration 
Package, into national law. Otherwise, such NEMO, even if compliantly designated 
based on the same criteria, would not perform its tasks on an equal footing with the 
NEMOs of Member States, which is particularly relevant in case of competitive 
NEMOs. 

Figure 13.5 provides an overview of day-ahead and intraday markets and their 
operators in the Contracting Parties.

13.2.3 Capacity Calculation Regions and Possibilities 
for Cross-Zonal Trade in the Energy Community 

With regards to cross-zonal capacity, the Ministerial Council Decision 2022/03/ 
MC-EnC established three capacity calculation regions (CCRs) for the Energy 
Community (Fig. 13.6): Shadow South-East Europe (Shadow SEE), Italy-
Montenegro (ITME) and Eastern Europe (EE). The EnC CCRs are defined by 
Annex I to the EnC CACM upon entry into force and include both bidding zone

27 According to Article 5(2) of the EnC CACM, a national legal monopoly is deemed to exist where 
national law expressly provides that no more than one entity can carry out day-ahead and intraday 
trading services. 
28 According to the list, all Contracting Parties which have notified about a monopoly status missed 
the legal deadline. 
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Fig. 13.5 Day-ahead and intraday markets and their operators in the Energy Community at the 
beginning of 2024. Source Adapted from (Energy Community Secretariat, 2024, p. 3) with flags 
reproduced from (Central Intelligence Agency, 2021)

borders between Contracting Parties, and bidding zone borders between Con-
tracting Parties and Member States (Energy Community, 2023, pp. 3–4; Energy 
Community Secretariat, 2023a, p. 10).

According to Articles 3 and 5 of Annex I to the EnC CACM, the TSOs of the 
Shadow SEE and the EE CCR shall conclude cooperation agreements as a basis for 
the cooperation between TSOs of Contracting Parties and TSOs of Member States 
by 15 June 2023. At the same time, TSOs of the EnC CCRs should have submit-
ted coordinated capacity calculation methodologies pursuant to Article 20(2) of the 
EnC CACM. However, as reported by the (Energy Community Secretariat, 2023a, 
pp. 10–11), discussions on a possible reconfiguration of the EnC CCRs are delay-
ing their operationalization and neither cooperation agreements were concluded, 
nor capacity calculation methodologies submitted. 

As in the European Union, the determination of CCRs can be amended. Impor-
tantly, amendments to the EnC CCRs are subject to an amendment proposal of 
all TSOs of the European Union pursuant to Article 15 of the CACM Guideline, 
defining the pan-EU CCR determination (see Chap. 3, Sect. 3.1), in consultation 
with TSOs of the Contracting Parties and decided upon by ACER as prescribed 
by Article 1(2) of Annex I to the EnC CACM. 

Cross-border trade and effective market coupling further depends on available 
cross-zonal capacities as recognized by the applicable legal framework. Article 
16 of Regulation (EU) 2019/943 (Electricity Regulation) requires certain amounts 
of cross-zonal capacity to be made available to market participants, commonly
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Fig. 13.6 Capacity calculation regions (CCRs) in the Energy Community. Source Adapted from 
ENTSO-E (2023a, p. 3)

referred to as the 70% target (see Chap. 3, Sect. 3.1.7). With the adoption of the 
adapted Electricity Regulation in the Energy Community,29 the Contracting Parties 
obliged themselves to make available the same minimum levels of cross-zonal 
capacity. The results of a study, contracted by the Energy Community Secretariat 
in 2023, indicate that none of the Western Balkan 6 Contracting Parties30 currently 
fulfils the 70% target and that the margin available for cross-zonal trade is low for 
a considerable amount of network elements (EIHP, 2023). Furthermore, the study 
identifies the lack of coordinated capacity calculation as one of the main reasons 
and concerns to be addressed and stresses the need to adopt action plans in case 
of structural congestions to achieve the 70% target by the end of 2027.31 

29 Regulation (EU) 2019/943 as adapted and adopted in the Energy Community by Ministerial 
Council Decision 2022/03/MC-EnC. 
30 The analysis for Ukraine and Moldova was simplified and focused only on the future time-
frame (2028), while Georgia, due to the missing interconnections with other Contracting Parties 
or Member States, was not covered by the study. 
31 According to Article 15(2) of Regulation (EU) 2019/943 as adapted and adopted in the Energy 
Community by Ministerial Council Decision 2022/03/MC-EnC, Contracting Parties applying an 
action plan shall ensure that the minimum capacity as defined in Article 16(8) is reached by 31 
December 2027. 
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Fig. 13.7 Most important implementation milestones and their respective deadlines according to 
the EnC CACM.32 Source Energy Community Secretariat (2023b, p. 12) 

13.2.4 Implementation and Timeline of the Integration 
of the Contracting Parties into the SDAC and the SIDC 

Figure 13.7 provides an overview of the most important implementation mile-
stones and their respective deadlines according to the EnC CACM. This includes 
the designation of NEMOs and the first tasks within EnC CCRs until June 2023, 
as outlined in Sects. 13.2.2 and 13.2.3, as well as the requirement to implement 
the majority of the pan-EU TCMs by the end of 2023. As described in Chap. 2, 
Sect. 2.4, these pan-EU TCMs link, for example, to the common grid model with 
the respective data provision, the intraday cross-zonal gate opening and closure 
times, the maximum and minimum technical price limits, or the products to be 
used in the SDAC and the SIDC. Further regional TCMs are to be developed 
by the TSOs in the EnC CCRs and submitted by April 2024 (coordinated redis-
patching and countertrading and related cost sharing, fallback). These steps are to 
be completed to ensure the implementation of the EnC CACM and with that the 
harmonization required for the integration into the SDAC and the SIDC, whose 
successful operation is based on common principles and rules. 

Most importantly, Article 7(3) of the EnC CACM requires the NEMOs from 
Contracting Parties and Member States to submit to all NRAs, the ECRB and

32 In the figure, the articles refer to the EnC CACM and the abbreviations to the following: capacity 
calculation (CC), Contracting Party (CP), day-ahead (DA), Energy Community Secretariat (ECS), 
intraday (ID), Ministerial Council (MC), redispatching & countertrading (RD&CT). 



292 L.-M. Mohr

ACER a plan on the integration of NEMOs from Contracting Parties in the mar-
ket coupling operator (MCO) functions33 and in the agreements between NEMOs 
and with third parties. The plan shall be consistent with the plan drafted in accor-
dance with the CACM Guideline34 and shall include a detailed description and 
a proposed timescale for implementation as well as a description of the expected 
impact of such integration on the performance of the MCO functions. According to 
Article 9(6)(a) of the EnC CACM, the approval is subject to a decision by ACER 
to be adopted within six months of submission. The deadline for the submission 
of this so-called MCO integration plan was by one year after entry into force of 
the EnC CACM, i.e. 15 December 2023. 

The MCO integration plan’s preparation requires close cooperation of all 
NEMOs of the Energy Community and the European Union but also alignment 
with the respective TSOs. A dedicated joint expert team has been established to 
facilitate the work of the stakeholders of the European Union and Energy Commu-
nity to accomplish this challenging task (Energy Community Secretariat, 2023a, 
p. 148). Nevertheless, upon a joint message shared by the European Commission, 
the Energy Community Secretariat and ACER, the submission of the MCO integra-
tion plan was postponed with a newly envisaged submission date of 15 June 2024 
(Energy Community Secretariat, 2024, p. 4; NEMO Committee, 2023). The post-
ponement was recommended due to the delayed transposition in the Contracting 
Parties and is linked to the consideration that a NEMO designation is only valid 
if the respective Contracting Party has compliantly transposed the legal require-
ments for the SDAC and the SIDC, including the exhaustive definition of rights 
and obligations of NEMOs (Energy Community Secretariat, 2024, p. 4).  

The final approved MCO integration plan should outline the process for the 
adherence of NEMOs of Contracting Parties to relevant contracts and required 
steps for the extension of the SDAC and the SIDC to the Contracting Parties in 
the upcoming years. This will serve as the basis for the inclusion of bidding zone 
borders into the SDAC and the SIDC, grouped in so-called local implementation 
projects (LIPs), as was the case for already completed extension projects in the 
European Union. 

In practical terms, the adherence of the Contracting Parties to the SDAC and 
the SIDC requires, as for all extension projects, different steps to be completed.35 

Besides the required transposition of legal acts related to market coupling, the 
NEMOs and TSOs of the Contracting Parties need to adhere to the contractual 
framework in place. This includes contracts between NEMOs, between TSOs,

33 According to Article 2(30) of the EnC CACM and the CACM Guideline, “market coupling oper-
ator (MCO) function” means “the task of matching orders from the day-ahead and intraday markets 
for different bidding zones and simultaneously allocating cross-zonal capacities”. 
34 Article 7(3) of the EnC CACM refers to Article 7(3) of the CACM Guideline according to which 
the NEMOs in the Member States had to submit the so-called MCO plan. The MCO plan was 
approved by all EU NRAs in 2017 and not amended since then. 
35 It is not necessary to join both the SDAC and the SIDC at the same time. Instead, it can be done 
one after the other, for example, starting with day-ahead and later joining the intraday project. 
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joint NEMO-TSO contracts as well as contracts with third party service providers 
as further detailed in Chap. 14. Even prior to this, all parties involved need to sign 
the Single Day-Ahead and Intraday Coupling Observership and Non-Disclosure 
Agreement (CACM Global NDA, cf. Section 14.2.1) to protect the exchange 
of confidential information of NEMOs and TSOs when fulfilling their obliga-
tions. This preparatory step has not yet been completed for all Contracting Parties 
(ENTSO-E, 2023b, pp. 33–35). 

From a technical perspective, the implementation of the EnC CACM and the 
different LIPs’ readiness has to be ensured. This requires intensive regional cooper-
ation and joint work streams within the LIPs dedicated to design and develop inter 
alia IT solutions and operational processes, including for pre- and post-coupling36 

activities (see Chap. 2, Sect. 2.3.1). Resulting requests for change towards the 
common pan-EU systems are to be submitted well in advance. In this regard, the 
NEMOs and TSOs of the Member States announced further assessments of the 
requirements and possible timelines for such requests for change and proposed a 
first SDAC go-live window for the Energy Community at the end of 2025 (MCSC, 
2024, pp. 2, 4). Finally, as also described in Chap. 14, Sect. 14.4, the actual go-
live is to be approved by the Market Coupling Steering Committee (MCSC) after 
successfully completed testing phases and involved parties having complied with 
all legal and technical requirements.37 

13.3 The Energy Community’s Electricity Markets 
and Their Characteristics 

Five Contracting Parties are relatively small with electricity consumption lower 
than 10 TWh per year, while Bosnia and Herzegovina and Georgia range around 
13 TWh (IEA, 2023). Serbia, with approximately 35 TWh per year (IEA, 2023), 
is roughly double in size, and Ukraine, by far the largest market, had around 150 
TWh of electricity consumption in 2021 before the war of aggression of the Rus-
sian Federation against Ukraine started38 (Energy Community Secretariat, 2023c, 
p. 6). In general, electricity consumption in the Energy Community increased by 
approximately 7% between 2020 and 2021 (Energy Community Secretariat, 2022b, 
p. 5) and decreased slightly for 2022 (Energy Community Secretariat, 2023c, p. 7).

36 The clearing and settlement (post-coupling), as described in Chap. 9, poses challenges beyond 
the required harmonization of the electricity sector, for example, in case of non-alignment with the 
European Union’s Value-Added-Tax (VAT) legislation. 
37 Even though the MCO integration plan is a NEMO-only TCM, the roadmaps for further develop-
ments of the SDAC/SIDC and decisions on go-live are approved by the MCSC, including NEMOs 
and TSOs, both being tasked with the day-to-day management of the SDAC/SIDC according to 
Article 10 of the CACM Guideline. 
38 Due to the ongoing war, the electricity consumption in Ukraine dropped significantly in 2022.
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Fig. 13.8 a Installed electricity generation capacities from renewable energy sources (excluding 
large hydro) [MW], b Difference in production 2022 to average 2018–2022 for Energy Community 
(excl. Ukraine) [GWh]. Source Energy Community Secretariat (2023c, p. 7).  

13.3.1 Generation Mix in the Energy Community 

With regards to the generation mix in the Energy Community, as presented by the 
Energy Community Secretariat (2023c, p. 7), the following can be observed. The 
installed capacities in coal-fired plants remained unchanged with their share in 
total installed capacity decreasing slowly to approximately 35% in 2022, while 
coal-based electricity production covered close to 50% of total production in 
the same year.39 However, the generation capacities of renewable energy sources 
(RES) were steadily growing over the last years as indicated in Fig. 13.8a (left). 
Solar, wind and biofuels increased from a share of 1% in 2017 to 5% of total 
installed capacities in 2022. Despite the stable electricity production from fossil-
fuelled thermal power plants, the difference in production in 2022 compared to a 
five-year average (2018–2022), as presented in Fig. 13.8b (right), shows signifi-
cant decline of electricity generation from coal, whereas production from natural 
gas, fuel oil and non-hydro renewable sources increased. Furthermore, generation 
is sensitive to hydrology due to the considerable amount of hydropower plants in 
the Contracting Parties, one of the reasons for a five-year record production in the 
Energy Community in 2021, followed by a five-year minimum in 2022.40 

13.3.2 Day-Ahead Market Prices in the Energy Community 

As described in Sect. 13.2.2, only Serbia (day-ahead) and Ukraine (day-ahead and 
intraday) had operational short-term electricity markets throughout 2022 and 2023. 
Albania, Montenegro and North Macedonia launched day-ahead markets only in

39 The figures are for eight Contracting Parties only, excluding Ukraine.
40 In 2022, the electricity production in Ukraine and Moldova fell due to the ongoing war.
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spring 2023, and, in July 2023, SEEPEX’s intraday market went live. In the first 
month of operation, the volumes at ALPEX, MEPX and MEMO amounted to 
around 20%, 17% and 8% of the respective Contracting Parties’ total consumption 
(Energy Community Secretariat, 2023c, p. 12). 

Based on transparency data from (ENTSO-E, 2024), the day-ahead market 
prices in Serbia (SEEPEX) mostly coincided with Croatia (CROPEX) and Hun-
gary (HUPX) in 2023 with a correlation of around 90%, which decreased slightly 
compared to 2022. Importantly, the Serbian market rules are not yet aligned with 
the European Union’s framework as prices both for day-ahead and intraday are 
downwards limited with zero (SEEPEX, 2023, pp. 31, 33), where on the contrary, 
markets in the European Union also reach negative prices. The same41 is true for 
the already established short-term markets in Montenegro (MEPX, 2023, p. 1),  
North Macedonia (MEMO, 2023, p. 21) and Ukraine42 (NEURC, 2023). 

Figure 13.9 shows the average monthly day-ahead market prices based on the 
available data43 from (ENTSO-E, 2024) for Montenegro, North Macedonia, Serbia 
and, additionally, for Croatia and Hungary. The prices follow a common trend— 
after 2022, being a year of high and fluctuating prices during the energy crisis, the 
monthly average day-ahead prices in all observed markets range around 100 EUR/ 
MWh since spring 2023.

13.4 Outlook 

The Contracting Parties’ electricity markets have very different levels of develop-
ment. For some, basic building blocks are missing44 while others already started 
working towards the implementation of Commission Regulation (EU) 2015/1222 
already before its official adoption in the Energy Community (Energy Community 
Secretariat, 2022b, p. 12). Currently, the Contracting Parties are in the process of 
transposing and implementing the entire Electricity Integration Package “at once” 
with ambitious deadlines. However, at the end of February 2024, the legal dead-
line has passed and none of the Contracting Parties has transposed the new legal 
framework into national law (Energy Community Secretariat, 2024, p. 2). Even if 
preparations can start in parallel, delayed transposition in the Contracting Parties 
is a major risk to the extension of the SDAC and the SIDC. Therefore, first and 
foremost, the Contracting Parties need to speed up the compliant transposition of

41 The current minimum price limit in North Macedonia and Ukraine is not exactly zero but less 
than 0,5 EUR/MWh (0,1 MKD and 10 UAH respectively). 
42 In Albania, the permitted minimum price is −500e/MWh (ERE, 2023, Annex 2). 
43 For Montenegro and North Macedonia data is included as of the first full month of operation 
being May and June 2023 respectively. For Albania and Ukraine, no data was available. 
44 As reported by the Energy Community Secretariat (2023a), the Contracting Parties have not 
yet finalized the transposition and implementation of the Third Energy Package (e.g. some do not 
comply with unbundling provisions). 
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Fig. 13.9 Monthly average day-ahead market prices in Croatia (HR, CROPEX), Hungary (HU, 
HUPX), Montenegro (ME, MEPX), North Macedonia (MK, MEMO) and Serbia (RS, SEEPEX) 
for 2022 and 2023 in EUR/MWh. Source Author’s own illustration

the Electricity Integration Package and increase their efforts to proceed with the 
required reforms of their national electricity markets. 

As the projects in the European Union have shown, regional cooperation among 
key stakeholders is essential. This aspect of the Electricity Integration Package 
needs to be strengthened in the Energy Community. Regional governance struc-
tures to cope with the newly assigned tasks must be set up urgently, even more 
so considering that more than one year has passed without notable progress in 
this regard. It is recommended to use the structures established in the European 
Union as blueprints to avoid lengthy discussions and further delays jeopardizing 
the implementation of the EnC CACM. 

Furthermore, the Electricity Integration Package for the first time expanded the 
concept of TCMs to the Energy Community, a complex system which is based on 
direct applicability of ACER’s individual decisions on pan-EU, and, if applicable, 
regional TCMs in the European Union. When transposing, the Contracting Parties 
are demanded to mirror this concept and ensure that relevant ACER decisions are 
applicable as part of their national legislation without time lags. In addition, the 
ECRB is newly mandated to take decisions on regional TCMs in case of non-
agreement or referral of Contracting Parties’ NRAs (without Member States being 
affected). Different from ACER, a permanent Agency of the European Union, 
the ECRB has no staff itself but is composed of representatives of the NRAs, 
supported by the Energy Community Secretariat, and may therefore face chal-
lenges when implementing the Electricity Integration Package. The Contracting
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Parties and respective NRAs need to acknowledge that additional human resources 
and new expertise are required due to the new competences and address this by 
respective measures. As mentioned above, the Contracting Parties and in particu-
lar the TSOs and the NRAs need to increase their cooperation to develop, submit 
or approve regional TCMs such as the capacity calculation methodologies. Impor-
tantly, this partly involves the neighbouring Member States and their stakeholders 
which are expected to take a lead based on their already acquired knowledge and 
experience. 

With regards to one of the main prerequisites for market coupling—available 
cross-zonal capacity—it is recommended to accelerate the EnC CCRs’ opera-
tionalisation and to introduce a coordinated approach for calculating cross-zonal 
capacities for all timeframes without further delay. This requires the TSOs of the 
Contracting Parties and the neighbouring Member States to submit joint proposals 
to their respective NRAs and to improve cooperation to allow for a better usage of 
existing infrastructure. Additionally, the Contracting Parties are obliged to tackle 
(structural) congestion to increase cross-zonal capacities and, hence, ensure suffi-
cient possibilities for trade. In this regard, the Contracting Parties should follow up 
on the study conducted by the Energy Community Secretariat and perform detailed 
assessments to conclude on their status quo and, if needed, define respective 
measures to achieve the 70% target. 

On the other hand, the stakeholders of the European Union can support this 
process by sharing knowledge and are required to prepare for the Contracting Par-
ties’ adherence in their planning and processes based on experience gained with 
already completed extension projects. In this context, the submission of the MCO 
integration plan by 15 December 2023 should have been a first important milestone 
and a key tool to ensure predictability and joint commitment as a basis for both 
sides’ planning and development. Unfortunately, due to the delayed transposition, 
which resulted in a lack of alignment of the Contracting Parties’ national legisla-
tion with the legal framework for market coupling, the MCO integration plan has 
not yet been submitted. Consequently, not only the transposition of relevant legal 
acts related to the SDAC and the SIDC but also the designation of at least one 
NEMO in each Contracting Party has to be completed urgently. 

With regards to market transparency and integrity, the differences in REMIT 
principles in the European Union and the Energy Community, as described in 
Sect. 13.1.3, should be addressed by means of an amendment to the EnC REMIT to 
allow for centralized data collection and surveillance by ACER for the entire future 
scope of the SDAC and the SIDC. In addition, due to the electricity market design 
reform in the European Union, also addressing market integrity and transparency, 
any amendments of the EnC REMIT should be aligned with the to be adopted 
recast of the EU REMIT. It is further worth noting that the Energy Community 
acquis is sector specific and, hence, does not cover tax legislation. This will require 
additional effort in some of the Contracting Parties to address the challenges that 
arise for post-coupling processes, for example, due to non-aligned VAT rules. 

The experience in the European Union shows that the implementation of the 
legal framework and to achieve technical readiness for both NEMOs and TSOs
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on a national and regional level is challenging even where markets and associated 
operators are already established. However, the Contracting Parties can build on 
experience, already existing solutions and partly on established governance struc-
tures in the European Union. Nevertheless, the implementation of this extension 
project is dependent on both sides’ commitment and effort. Thus, for the upcom-
ing years, it will be crucial that all involved parties proceed fully coordinated to 
successfully enlarge the SDAC and the SIDC across Europe. 
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14The Contractual Framework 
from a TSO Point of View 

Vicky Blana 

Abstract 

This chapter introduces procedures and tasks associated with the CACM Guide-
line and the day-to-day management of the Single Day-Ahead and Intra-Day 
Coupling. The chapter also highlights that well-structured collaboration across 
stakeholders is so essential to the success of the European internal energy mar-
ket that a contractual framework for cooperation among NEMOs and TSOs 
on a pan-European level has been created. This market coupling contractual 
framework is described in detail, whereas other elements such as the TSO-only 
contracts are described at a higher level. Moreover, cost sharing for Nominated 
Electricity Market Operators and TSOs is described. This chapter closes with 
some illustrative examples and a recommended approach for TSOs willing to 
join the contractual structure. 

14.1 Introduction 

The operation of the Single Day-Ahead Coupling (referred to as the “SDAC”) 
and the Single Intraday Coupling (referred to as the “SIDC”), as regulated under 
Articles 38 et seq. and 51 et seq. respectively of Commission Regulation (EU) 
2015/1222 of 24 July 2015 establishing a guideline on capacity allocation and 
congestion management (referred to as the “CACM Guideline”) (EU, 2015), com-
prises of several layers of complex procedures and tasks, applying several pertinent 
methodologies. Each of these procedures and tasks should be performed by dif-
ferent subsets of entities, including NEMOs, TSOs, and as the case may be, third
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parties (e.g. JAO) in a coordinated and precise manner, within specific predeter-
mined time windows. Subsequently, it is crucial that the cooperation among all 
involved parties is well-structured and organized in a robust manner, safeguard-
ing that each one of them is abiding by the agreed procedures and is performing 
their respective duties and responsibilities diligently, to ensure effective and effi-
cient operation of the market, and subsequently delivery of market results for the 
benefit of all European consumers. 

In this context, Article 10 of the CACM Guideline addresses the day-to-day 
management of the single day-ahead and intraday market coupling, by provid-
ing that “TSOs and NEMOs shall jointly organize the day-to-day management 
of the single day-ahead and intraday coupling. They shall meet regularly to dis-
cuss and decide on day-to-day operational issues. TSOs and NEMOs shall invite 
the Agency and the Commission as observers to these meetings and shall publish 
summary minutes of the meetings”. Article 10 of the CACM Guideline is reflected 
in the contractual framework for cooperation among NEMOs and TSOs on a pan-
European level. This framework is also enhanced by NEMO and TSO cooperation 
agreements and arrangements on a regional, as well as on a local level. More 
illustratively, the market coupling contractual framework could be described as a 
pyramid, comprised of several layers: 

(a) On the pan-European level, the cooperation is organized under two Europe-
wide agreements, one for the SDAC and one for the SIDC, where all NEMOs 
and TSOs participating in the SDAC and SIDC activities are parties, namely, 
for the day-ahead timeframe, the DAOA (ENTSO-E, 2020a, 2020b, 2020c, 
2020d), and for the intraday timeframe, the IDOA (ENTSO-E, 2020a, 2020b, 
2020c, 2020d). In parallel, pan-European cooperation among TSOs-only is 
organized under the TCDA agreement for the day-ahead timeframe (ENTSO-
E, 2020a, 2020b, 2020c, 2020d) and the TCID (ENTSO-E, 2020a, 2020b, 
2020c, 2020d) agreement for the intraday timeframe, merged in one TCMC 
agreement, while pan-European cooperation among NEMOs-only is organized 
under the ANDOA (NEMO Committee, 2024a, 2024b) for the day-ahead time-
frame and the ANIDOA (NEMO Committee, 2024a, 2024b) for the intraday 
timeframe. 

(b) On a regional level, the cooperation is organized under several regional coop-
eration agreements where only NEMOs and TSOs participating in the SDAC 
and SIDC in the specific regions are parties. 

(c) On a local level, the above-mentioned pan-European and regional agreements 
are supplemented as necessary, by local agreements or local arrangements 
between individual NEMOs and TSOs operating in a bidding zone or NEMOs 
and TSOs operating on either side of a bidding zone border. 

(d) The overall contractual structure is also complemented by agreements among 
NEMOs and/or TSOs on the one side and third entities (e.g. ENTSO-e, JAO) 
on the other side, as the case may be, to assign the performance of specific 
tasks relevant to the SDAC and SIDC processes.
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The determination of parties to each agreement is contingent on its relevance to the 
specific phase of the market coupling to which the agreement pertains. Notably, 
both NEMOs and TSOs are parties to agreements that encompass procedures for 
the pre- and post-coupling phases. These agreements include the procedures fol-
lowed by the NEMOs and TSOs for the submission of the inputs of the market 
coupling algorithm, such as available cross-zonal network capacities and alloca-
tion constraints (pre-coupling) and the procedures followed by the NEMOs and 
the TSOs for verification of the market coupling results, transfer of the market 
coupling results and scheduled exchanges, as well as collection and distribution 
of the congestion income (post-coupling). Conversely, agreements governing pro-
cedures linked to the coupling phase, where the sole responsibility lies with the 
NEMOs, such as the operation of the market coupling algorithm, involve exclu-
sively NEMOs as parties. See Chapter 2, Sect. 2.3.1 for a description of the three 
phases of market coupling. See also Chapter 4 for the role of TSOs in the SDAC 
and SIDC. 

The structure of the market coupling contractual framework is built on the 
principle of decentralization, in the sense that overarching agreements only reg-
ulate issues that require uniform application and seamless coordination among 
all involved parties. It is understood that this is the case for purely operational 
matters, which by definition may affect the overall performance of the SDAC 
and SIDC. For such purely operational issues, compliance with high-level pan-
European procedures is mandatory both at regional as well as at a local level. 
However, overarching agreements do not require compliance with issues that can 
be agreed upon on a regional or local level. In other words, regional and local 
agreements can define regional or local issues without restrictions by the provisions 
of the overarching agreements, except for operational matters where coordination 
needs to take place centrally. Nevertheless, it should be noted that overarching 
agreements provide the only contractual basis and thus, a contractual bridge for 
parties among which no regional or local agreement needs to be concluded, as for 
instance parties with no common bidding zone borders. 

14.2 Overview of Individual Agreements 

This section provides an overview and brief description of the most important 
individual agreements entered into by the TSOs in order to perform their activities 
under the SDAC and SIDC. 

14.2.1 The CACM Global NDA 

Confidentiality is of paramount importance when it comes to sharing sensi-
tive commercial information among NEMOs and TSOs within the context of 
SDAC and SIDC operations. Additionally, when NEMOs, power exchanges or
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TSOs intend to join the SDAC and SIDC activities by becoming project or non-
operational parties in preparation for their go-live, or are attributed the status of 
observer within the context of any of the pan-European or regional SDAC or 
SIDC agreements, the need for robust non-disclosure provisions becomes even 
more evident. 

In order to safeguard confidentiality of the information to be exchanged among 
concerned parties within the context of the SDAC and SIDC, the signing of a 
non-disclosure agreement (NDA) is a fundamental prerequisite before acceding 
to any agreement or attaining the status of observer. This crucial condition is 
addressed through the endorsement of the CACM Global NDA, which is over-
seen by ENTSO-e. In particular, instead of managing several individual NDAs 
with different sets of parties, each potentially having overlapping scopes and dura-
tions, NEMOs and TSOs, in close collaboration with ENTSO-e, have chosen to 
streamline the process by adopting the “Single Day-Ahead and Intra-Day Cou-
pling Observership and Non-Disclosure Agreement”, commonly referred to as the 
“CACM Global NDA”. This agreement came into force on 23 February 2016 with 
several parties having adhered ever since. As of March 2023, a total of 20 NEMOs 
and 51 TSOs have become parties to the CACM Global NDA (ENTSO-E, 2023). 
Evidently, adherence of new parties to the CACM Global NDA is possible for any 
NEMO, power exchange or TSO, upon consent of the other CACM Global NDA 
parties. 

The CACM Global NDA encompasses standard non-disclosure provisions, 
ensuring not only the efficient and secure exchange of data, as a vital part for 
market coupling operations but also enabling its flexible expansion to include 
new parties. By consolidating these agreements into a single comprehensive 
framework, the process becomes more straightforward and adaptable, promot-
ing broader participation and enhancing the overall effectiveness of the market 
coupling mechanism. 

14.2.2 The DAOA and IDOA Agreements 

The cornerstone of the market coupling contractual framework revolves around 
two pivotal agreements: the Single Day-Ahead Coupling Operations Agreement 
(referred to as the ‘DAOA’) and the Single Intraday Operations Agreement 
(referred to as the ‘IDOA’). These agreements have been collaboratively estab-
lished by TSOs and NEMOs across all market areas participating in the SDAC 
and SIDC processes, respectively. The DAOA and the IDOA outline the high-level 
processes that NEMOs and TSOs engage in during the pre- and post-coupling 
phases, including normal, as well as backup and fallback processes, i.e. processes 
to be triggered in the event of circumstances that prevent normal operation. Such 
processes are dealt with in high-level operational procedures, which are attached 
to the agreements as annexes. For the time being, the IDOA only covers the con-
tinuous intraday trading (referred to as the “XBID”), and future amendments are 
anticipated to encompass also intraday auctions (referred to as the “IDAs”).
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In line with Article 20, Paragraph 7, of ACER Decision No 4/2020 on the algo-
rithm methodology for day-ahead and intraday coupling, ACER mandated that all 
NEMOs, in coordination with TSOs, must publish and must continuously update 
operational contracts and procedures, including change control procedures, moni-
toring procedures and fallback and back up procedures. In compliance with these 
ACER requirements, current non-confidential versions of the DAOA and the IDOA 
along with their annexes have been published in the websites of ENTSO-e and the 
NEMO Committee. 

The DAOA and the IDOA, as overarching agreements, follow the already men-
tioned principle of decentralization, thus only regulating operational issues that 
require the overall alignment and compliance by all parties on a European level 
and that cannot be dealt with on a regional or local level. 

The DAOA and the IDOA have been amended in January 2022 to implement 
a joint governance structure that would include all NEMOs and TSOs, signatories 
to each of the DAOA and the IDOA, with the aim to increase synergies among 
the two parallel projects. This restructuring led to the creation of the Market Cou-
pling Steering Committee (referred to as the “MCSC”), a central governing body 
responsible for discussing and agreeing on joint SDAC and SIDC matters. Besides, 
the competence of the MCSC, comprised by representatives of the parties to the 
DAOA or the IDOA only, covers matters related to the operation and adaptations 
of the SDAC-only or SIDC-only respectively. With reference to the MCSC, Article 
10 of the CACM Guideline states that ‘[TSOs and NEMOs] shall meet regularly 
to discuss and decide on day-to-day operational issues. TSOs and NEMOs shall 
invite the Agency and the Commission as observers to these meetings and shall 
publish summary minutes of the meetings’. The scope of observership has been 
broadened since the adoption of the CACM Guideline by Decision No 2023/03/ 
MC-EnC of the Ministerial Council of the Energy Community (Energy Commu-
nity, 2022a, 2022b), by extending it to include the Energy Community Regulatory 
Board as well as the Energy Community Secretariat, in addition to ACER and the 
Commission already provided for by Article 10 of the CACM Guideline. In par-
ticular, Article 10 of the adapted CACM Guideline states that “TSOs and NEMOs 
from Member States acting in accordance with Regulation (EU) 2015/1222 shall 
invite the Energy Community Regulatory Board and the Energy Community Sec-
retariat as observers to these meetings and shall publish summary minutes of the 
meetings”. See Chapter 13 for more information on the Energy Community. 

The governance of the SDAC and SIDC is further enhanced by subcommit-
tees and working groups created by the MCSC to which the MCSC may delegate 
specific tasks and powers. The structure of subcommittees and working groups 
under the DAOA and the IDOA is, as far as possible, joint or mirroring for both 
projects, in order to achieve better and more efficient organization and leverage the 
synergies of SDAC and SIDC, while at the same time taking into account the indi-
vidual needs and specificities of each project. Notable among the subcommittees 
with delegated powers by the MCSC and mentioned directly within the DAOA 
and the IDOA are the Operational Committees (referred to as the “OPSCOM”)
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and Incident Committees. The respective SDAC and SIDC OPSCOMs are respon-
sible for monitoring daily operations, offering operational advice to the MCSC, 
proposing operational enhancements, and managing day-ahead and intraday oper-
ations. Meanwhile, the respective SDAC and SIDC Incident Committees handle 
the management of critical or major events during market coupling operations. 

The DAOA and the IDOA have been further amended in September 2022 to 
implement a qualified majority voting (referred to as the “QMV”), in order to 
speed up decision-making and avoid escalations when NEMOs and TSOs are 
deciding on non-operational issues. However, decisions on operational matters can 
only be taken validly if both NEMO and TSO votes (as pre-aligned under their 
respective NEMO-only and TSO-only pan-European agreements) converge. 

As the SDAC and SIDC cooperation aims, among others, to be further expanded 
to new borders, both the DAOA and the IDOA contain provisions to allow enlarge-
ment of the cooperation to new parties or observers. In particular, the agreements 
provide for different levels and requirements of expansion, depending on the 
legal framework within which the prospective entities interested in joining the 
cooperation are established and operate. 

In case of NEMOs and TSOs within the scope of application of the 
CACM Guideline, new parties can join the DAOA or the IDOA by accession to 
the respective agreements, as long as they have paid their share to the historical 
costs and under the condition that they have put in place all necessary regional and 
local agreements and arrangements required to perform their obligations within the 
SDAC and SIDC. 

In case of NEMOs, power exchanges and TSOs outside the scope of applica-
tion of the CACM Guideline and established in countries members of the European 
Economic Area, or the European Free Trade Association and Energy Community, 
or in a country which has exited the European Union or the European Economic 
Area (e.g. such as in the case of “Brexit”), or in any other country covered by 
a relevant European Commission decision, the NEMO, power exchange or TSO 
can become a party to the DAOA or the IDOA, contingent upon an intergovern-
mental agreement enabling such NEMO, power exchange or TSO to participate to 
the SDAC or SIDC and a MCSC decision allowing such accession. If the above 
conditions are met, new parties can join the cooperation by accession to the respec-
tive agreement, as long as they comply with any applicable legal and regulatory 
requirements to enter such agreement (e.g. intergovernmental agreements), they 
have paid their share to the historical costs and they have put in place all nec-
essary regional and local agreements and arrangements required to perform their 
obligations under the SDAC and SIDC. In addition, the new parties should obtain 
regulatory comfort for their accession to the agreements, either in the form of 
a regulatory approval or lack of regulatory objection by their respective national 
regulatory authorities, depending on their applicable legal and regulatory frame-
work. The accession to the SDAC or SIDC operations takes place according to a 
roadmap agreed among the acceding party and existing parties on a midterm basis. 

Any other power exchanges and TSOs cannot become parties to the above 
agreements, but can only apply to become observers.
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New parties acceding the cooperation initially start as non-operational parties. 
Both the DAOA and the IDOA contain provisions on the procedure to be followed 
by non-operational parties in order to become operational. In particular, a non-
operational party can become operational only if they have complied with all legal 
and technical criteria set forth in the agreements, have successfully performed all 
necessary testing and their technical readiness is confirmed by a MCSC decision. 
In addition, non-operational parties must have in place all necessary regional and 
local agreements or arrangements that enable them to perform their obligations 
under the respective agreements and have regulatory comfort for the launch of their 
go-live, either in the form of a regulatory approval or lack of regulatory objection, 
depending on their applicable legal and regulatory framework. For clarity, it should 
be mentioned that a NEMO, power exchange or TSO doesn’t necessarily need to 
join both agreements at the same time. 

The different status of operational and non-operational parties is also reflected 
in the governance, by categorizing decisions as either operational or governance 
and development decisions and defining the parties with voting powers on each 
decision category. It should be noted, that while as a general rule, non-operational 
parties should not have any voting powers as regards to operational decisions, 
some operational decisions may impact their go-live. Thus non-operational parties 
should be kept informed properly and may have the right to raise to operational 
parties potential concerns about certain operational decisions which may have 
material adverse effect on their interests. 

The DAOA and the IDOA also outline similar provisions for obtaining an 
observer status, available to any NEMO, power exchange, and TSO irrespec-
tive of their jurisdiction. The observer status may be granted to a party upon 
a MCSC decision, which in case of observers not falling within the scope of 
the CACM Guideline can be subject to additional conditions indicated by the 
MCSC. Observers should sign the CACM Global NDA to protect confidentiality 
of exchanged information, do not have voting rights and can only access limited 
documentation and attend limited meetings of the cooperation as defined by the 
MCSC decision. 

14.2.3 The TSO Cooperation Agreements for the Market 
Coupling 

While the DAOA and the IDOA, having both NEMOs and TSOs as contracting 
parties, tackle joint NEMO and TSO duties and responsibilities in the performance 
of the SDAC and SIDC respectively, they do not cover NEMO-only or TSO-only 
tasks. In fact, NEMOs and TSOs need a further contractual framework to define 
their individual NEMO-only and TSO-only duties and responsibilities and coordi-
nate their respective tasks and deliverables with regard to the operation and further 
development of the SDAC and SIDC. To that end, they have put in place sep-
arate agreements, where either only NEMOs or only TSOs-only are parties. On 
the one hand, on the NEMO-only side, NEMOs have concluded the All NEMO
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Day-Ahead Operational Agreement (referred to as the “ANDOA”) with respect 
to the SDAC and the All NEMO Intraday Operational Agreement (referred to 
as the “ANIDOA”) with respect to the SIDC. On the TSO-only side, the TSOs 
have concluded the TSO Cooperation Agreement for the Single Day-Ahead Cou-
pling (referred to as the “TCDA agreement”) and the TSO Cooperation Agreement 
for the Single Intraday Coupling (referred to as the “TCID agreement”). Further, 
in 2023, the TSOs have decided to merge the two agreements into one single 
TSO Cooperation Agreement for the Market Coupling (referred to as the “TCMC 
agreement”) to cover both the day-ahead and intraday timeframes. 

According to Article 20, Paragraph 7 of ACER Decision No 4/2020 approv-
ing the algorithm methodology for the day-ahead and intraday coupling, ACER 
mandated all NEMOs in coordination with the TSOs to publish non-confidential 
versions and then continuously update operational contracts and procedures, 
including change control procedures, monitoring procedures and fallback and back 
up procedures. In compliance with the above ACER requirement, current non-
confidential versions of the ANDOA and ANIDOA, along with their annexes have 
been published on the NEMO Committee website, while current non-confidential 
versions of the TCDA and the TCID agreements along with their annexes have 
been published on the website of ENTSO-e. 

Following the same principle of decentralization as for the DAOA and the 
IDOA, the TCDA and the TCID agreements, as merged into a single TCMC agree-
ment, as overarching TSO-only agreements, regulate only operational issues that 
require the alignment and compliance by all TSO parties and that cannot be dealt 
with on a regional or local level. 

The TSOs have also opted for joint SDAC and SIDC governance for their coop-
eration, via the TSO Market Coupling Steering Committee (referred to as the “TSO 
MCSC”), with competence to decide on all matters related to the TSO-only man-
agement and operations, including the pre-alignment of the TSOs vote in light of 
common NEMO and TSO decisions to be taken under the decision-making rules 
of the DAOA and the IDOA. It should be noted that the TSO MCSC is a differ-
ent body from the “All TSOs”. The “All TSOs”, operating under the auspices of 
the ENTSO-e Market Committee, is comprised by all TSOs within the scope of 
the CACM Guideline and responsible for the CACM deliverables, while the TSO 
MCSC is comprised by representatives of all TSOs participating in the SDAC or 
SIDC activities. For the intraday timeframe, the TCID also contains high-level 
procedures with TSO-only relevance for the XBID (for the time being). 

In the likeness of the DAOA and the IDAO, both TCDA and TCID agreements 
include provisions that allow the further expansion of the cooperation to new par-
ties or observers. New parties may join the cooperation by acceding to any of the 
agreements, contingent to a decision of the TSO MCSC approving the accession 
of the new party and under the conditions that the acceding party is a TSO. In 
addition, in order to accede to the agreements, the acceding party should have 
previously signed the DAOA or the IDOA respectively, as well as become a party 
to a set of other service level agreements necessary for the performance of TSOs 
duties and responsibilities under the SDAC and SIDC. At the time being, such
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agreements include the CSE SLA concluded among the TSOs and JAO for the 
day-ahead timeframe (a list of the SLAs is included as Appendix F to the TCDA 
Agreement) and framework agreements among the TSOs and third party providers 
for project management and testing services for the intraday timeframe (a list of 
the SLAs is included as Appendix H to the TCID Agreement). 

As regards the observership, any TSO may be granted the status of an observer 
upon a TSO MCSC decision, which, in case of observers not falling within the 
scope of the CACM Guideline, can be subject to additional conditions indicated 
by the TSO MCSC. Observers should sign the CACM Global NDA to protect 
confidentiality of exchanged information, do not have voting rights and can only 
access limited documentation and attend limited meetings of the cooperation as 
defined by the TSO MCSC decision. 

14.2.4 The CSE SLA 

In order to increase efficiency of their cooperation and simplify the process of allo-
cating common costs, the NEMOs and TSOs, parties to the DAOA, have decided 
to delegate the task of allocating their SDAC joint NEMOs and TSOs common 
costs and joint NEMOs and TSOs regional costs of operating the day-ahead mar-
ket coupling to a Central Settlement Entity. Such Central Settlement Entity shall 
be responsible for settling the above-mentioned costs with third party service 
providers and distributing them to the respective NEMOs and TSOs according 
to the agreed upon sharing keys (Annex 6 to the DAOA). In addition, the TCDA 
TSOs have also decided to extend the delegated tasks to the Central Settlement 
Entity to further include the task of handling their TSO-only common costs and 
TSOs regional costs for operating the day-ahead market coupling (Appendix E to 
the TCDA). Currently the role of the Central Settlement Entity has been assigned 
to JAO, by concluding the Central Settlement Entity Service Level Agreement 
(referred to as the “CSE SLA”) among NEMOs and TSOs on the one side and 
JAO on the other side. 

Under the CSE SLA, JAO is acting as a central contracting entity for the above-
mentioned categories of common costs by entering into agreements with external 
service providers and receiving and paying the relevant invoices, on behalf of 
SDAC NEMOs and TSOs. Subsequently, JAO distributes the amounts paid to such 
external service provides among NEMOs and TSOs by invoicing each NEMO and 
TSO on a regular basis with its share of the costs by using the sharing keys as 
agreed among NEMOs and TSOs under the DAOA and the TCDA. JAO has also 
undertaken the task of supporting the budgeting and monitoring of costs in coop-
eration with the appropriate governance bodies under the DAOA and the TCDA. 
Lastly, JAO has been assigned with the additional task of calculating the historical 
costs to be paid by any new parties acceding the cooperation. 

Due to the importance of the Central Settlement Entity tasks for the well-
functioning of the cooperation under both the DAOA and the TCDA agreement, 
accession to the CSE SLA is a prerequisite to the accession of a new TSO to the
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DAOA and the TCDA agreement. Resembling the requirements for adhering to 
the DAOA and the TCDA agreement, accession to the CSE SLA is subject to the 
new TSO paying its share in the historical costs. 

It should be noted that a similar agreement may be concluded to expand the 
tasks of the Central Settlement Entity to NEMO and TSO common costs under 
the SIDC. 

14.2.5 Regional Cooperation of NEMOs and TSOs Within 
SDAC and SIDC 

For the day-ahead timeframe, the SDAC Agreement is complemented on a regional 
level by regional cooperation agreements among NEMOs and TSOs operating 
in the respective regions. Such regional cooperation agreements have replaced 
pre-existing agreements among power exchanges and TSOs for the design and 
implementation of the day-ahead market coupling. The regional cooperation agree-
ments regulate in further detail the procedures that should be jointly performed 
by the NEMOs and TSOs in the pre- and post-coupling phases. Such agree-
ments include detailed common operational procedures, assigning specific roles 
and responsibilities to the parties, and cover, not only normal operation of the 
day-ahead market coupling, but also back up and fall back procedures triggered 
in the event of circumstances that prevent normal operation. It should be noted 
that regions have been created before the European guidelines and network codes 
entered into force, as early implementation and pilot projects. Consequently, their 
composition is not necessarily corresponding to Capacity Calculation Regions but 
mostly derives from historical cooperation groups among the power exchanges and 
TSOs. 

Regional cooperation for the SDAC is governed via the steering bodies 
described in the respective regional cooperation agreements. Similar to the DAOA, 
regional cooperation agreements follow the principle of decentralization and reg-
ulate issues that require, at a minimum, the cooperation of all parties at a regional 
level and that cannot be dealt with at a local level. 

Furthermore, regional cooperation agreements may also contain specific pro-
visions that allow the extension of the regional cooperation to new parties. Such 
extension can take effect with adherence to the regional cooperation agreements 
and may be contingent upon compliance with specific conditions. Such conditions 
may include the approval of the adherence by existing parties, the support by the 
adhering party’s national regulatory authority expressed, depending on its national 
regulatory framework, either explicitly or by lack of regulatory objection, and the 
payment by the new party of its share in historical costs of the cooperation. 

As a matter of fact, a party joining a regional cooperation agreement shall not 
by default and as of its adherence, be considered as a party operating the day-ahead 
market coupling processes (operational party). On the contrary, a new party shall 
join the cooperation as not yet operational, with the aim of preparing for its go-live 
within a targeted timeframe agreed upon with the other parties of the cooperation
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and approved by the competent steering bodies (such party assuming the status 
of a “project party”). Within the agreed timeframe, the project party should set 
in place all legal, business and technical requirements that are necessary for the 
performance of its tasks under the SDAC when it eventually becomes operational. 
More precisely, from a legal point of view, the project party should put in place 
all necessary local agreements and introduce all necessary local arrangements, as 
the case may be. For example, TSOs may need to enter into bilateral agreements 
with NEMOs operating in the respective bidding zone, bilateral agreements with 
neighbouring TSOs, or SLAs for delegation of specific tasks to JAO. A list of all 
local agreements and local arrangements may need to be submitted to the other 
parties for information purposes. On the business and technical side, the project 
party should procure all IT systems and implement all operational procedures that 
are necessary for its operation after its go-live. The regional operational procedures 
may also need to be updated to include details relevant to the project party or the 
new borders. The project phase also includes testing sessions with the other parties 
for several scenarios as agreed upon by the parties and deemed appropriate. 

When all of the above have been achieved, the competent regional steering 
bodies may confirm the technical readiness of the party and indicate the go-live 
date. Technical readiness should be understood as the confirmation that all legal 
agreements and arrangements are in effect, all IT systems are in place, all regional 
operational procedures are updated as necessary and implemented by the new party 
and all testing has been completed successfully. Confirmation of the Go-live may 
be conditional to regulatory approval or lack of regulatory objection, as the case 
may be, as well as verification that the project party has paid its share in the 
historical costs of the cooperation. After the successful go-live, the project party 
becomes an operational party. 

The different status of parties within the same regional cooperation, with some 
parties being operational and potentially some parties being project parties, may 
also be reflected in the governance structure introduced by the regional cooperation 
agreements, by categorizing decisions as either common, or operational, or project 
decisions and defining the parties with voting powers on each decision category. 

For the intraday timeframe and with regard to XBID, there is no need for 
regional cooperation agreements among NEMOs and TSOs already operating the 
SDIC/XBID, as all aspects of their cooperation are included in the SIDC Agree-
ment. Regional cooperation agreements for the design and implementation of the 
intraday continuous market coupling are generally terminated after the successful 
go-live of the respective parties. That being said, regional cooperation agreements 
may need to be set in place in case of Local Implementation Projects (referred to 
as “LIPs”) as part of the roadmap for extension of the XBID to new parties or 
borders under the IDOA. 

As for complementary regional intraday auctions (referred to as “CRIDAs”), 
an approach similar to the day-ahead market is followed, for parties that have 
opted for regional intraday auctions, as an intermediate step until intraday auctions 
(referred to as the “IDAs”) under the IDOA are available. Those agreements will 
be terminated once the IDAs on the respective borders go-live.
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As regards regulatory approval of regional cooperation agreements it should be 
noted that even though there is no provision in the CACM Guideline requiring the 
approval of regional cooperation agreements as a whole by the respective national 
regulatory authorities, the cost sharing mechanism agreed among the parties under 
such agreements is explicitly subject to individual approval by the competent 
national regulatory authority of each Member State, according to the provisions 
of Article 80, Paragraph 4 of the CACM Guideline. In addition, national regula-
tory frameworks applicable to specific NEMOs or TSOs may also require approval 
of the regional cooperation agreements, as the case may be. 

14.2.6 Local Agreements and Local Arrangements Within 
SDAC and SIDC 

Beyond the overarching pan-European and regional cooperation agreements, local 
provisions are often necessary to accommodate a more detailed framework for 
coordination among individual NEMOs and TSOs involved in SDAC and SIDC 
(both for XBID & CRIDAs streams and subsequently, for IDAs), particularly con-
cerning data exchanges. These provisions may take the form of legal contracts 
between the relevant parties or, depending on the jurisdiction, may be governed by 
the applicable national legislation, such as national laws, regulatory decisions, or 
network codes. From the TSOs perspective, such local agreements or arrangements 
may be necessary between neighbouring TSOs and between TSOs and NEMOs. 

In more detail, TSOs may need to enhance the cooperation with their neigh-
bouring TSOs, operating on the opposite side of their bidding zone borders. 
This collaboration aims to address specific aspects related to the execution of 
TSO-only pre- and post-coupling tasks. Such aspects may include scheduling, 
calculation of available cross-zonal transmission capacity, matching processes for 
market participants’ nominations of usage of capacities allocated on the bidding 
zone borders, the sharing of the congestion income, full and partial decoupling 
arrangements, specifications, procedures and timings for relevant necessary data 
exchanges, among other elements related to the pre- and post-coupling processes. 

Respectively, TSOs may also need to cooperate further with the NEMOs oper-
ating within their biding zones, in order to determine the specifics, procedures, and 
timing for essential data exchanges. The exchanged data between local NEMOs 
and TSOs may encompass technical data related to market participants, notifi-
cations of available transmission capacity from TSOs to NEMOs, notification of 
market results and market schedules from NEMOs to TSOs to be used as inputs in 
their balancing markets, and communication among the parties in case of market 
disruptions.
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14.2.7 Agreements Among TSOs and JAO 

According to Articles 8 and 44 of the CACM Guideline, the establishment and 
operation of fallback procedures (see Chapter 4 for more information) to ensure 
efficient, transparent and non-discriminatory capacity allocation in the event that 
the single day-ahead coupling process is unable to produce results is included 
among the TSO tasks. Such fallback procedures should be developed by the TSOs 
of each Capacity Calculation Region and be approved by their respective NRAs. 
For several of the existing Capacity Calculation Regions, the TSOs have opted for 
the performance of shadow explicit day-ahead auctions, as the preferred fallback 
procedure to allocate daily capacity, in case of full or partial decoupling in the 
day-ahead timeframe, i.e. processes that kick in, in case an incident in the sin-
gle day-ahead processes prevents the production of market results. In the shadow 
auctions, only capacity rights are auctioned, while electricity is to be purchased 
directly through power exchanges. To enable the performance of shadow explicit 
auctions, the TSOs have decided to delegate this task to JAO, as the already des-
ignated Single Allocation Platform for allocation of long-term transmission rights 
under Article 48 of Commission Regulation (EU) 2016/1719 of 26 September 
2016 establishing a guideline on forward capacity allocation (referred to as the 
“FCA Regulation”). 

Furthermore, according to Article 68, Paragraphs 8 and 9 of the CACM Guide-
line, all central counter parties or shipping agents should collect congestion 
incomes (see Chapter 10 for congestion income and congestion income distribu-
tion) arising from the single day-ahead and intraday market coupling and ensure 
its transfer to the TSOs. Consequently, according to Article 73, Paragraph 3 of the 
CACM Guideline, the TSOs shall distribute such congestion incomes among them 
in accordance with the congestion income distribution methodology approved by 
ACER. The application of the above-mentioned legal provisions outlined the need 
for a congestion income distribution system and the appointment of a congestion 
income distributor, responsible for receiving the congestion income created from 
the day-ahead market coupling, as well as the CRIDAs (in the borders where com-
plementary regional intraday auctions take place) and eventually, the IDAs from 
congestion income collectors (central counter parties or shipping agents) and dis-
tributing it to the relevant TSOs using appropriate sharing keys. Several TSOs have 
opted for delegating the task of congestion income distributor to JAO, as external 
service provider. 

In addition, some TSOs, depending on the Region where they operate or the 
borders under their control, have also opted to mandate JAO with other tasks rel-
evant to the performance of TSO responsibilities under the SDAC or SIDC, such 
as of publication, on its website and on the transparency platform operated by 
ENTSO-e according to Regulation (EC) 543/2013, of certain market data on behalf 
of the TSOs, etc. Please see Chapter 16 for a discussion on transparency. 

The delegation of the above-mentioned tasks or any other additional tasks, as 
the case may be, by the TSOs to JAO takes place by the conclusion of service
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level agreements (referred to as “SLAs”) among relevant TSOs and JAO. Accord-
ing to such SLAs, JAO has undertaken the task to perform the shadow auctions for 
explicit daily capacity allocation in case the implicit allocation under SDAC fails, 
by applying the Shadow Allocation Rules (JAO, 2023), as in force and approved 
from time to time, as well as to perform all other relevant sub-tasks (such as enter-
ing into participation agreements with market participants, notifying and updating 
market participants in case of high risk of decoupling in affected borders etc.). 
JAO has also undertaken the role of congestion income distributor, under which 
JAO shall operate the congestion revenue distribution system (referred to as the 
“CRDS”), collect the congestion income from the congestion income collectors 
and distribute it to the TSOs according to the respective applicable sharing keys, 
by invoicing and settling relevant transactions. 

14.2.8 Cost Sharing 

Article 80 of the CACM Guideline introduces the principles of cost sharing among 
NEMOs and TSOs for the performance of the day-ahead and intraday market cou-
pling, defining an important aspect of their cooperation. It should also be noted that 
Article 80 of the CACM Guideline has also been adapted by Decision No 2022/03/ 
MC-EnC of the Ministerial Council of the Energy Community (Energy Commu-
nity, 2022a, 2022b), so that it extends and covers also cost sharing with NEMOs 
and TSOs established in non-EU countries, members of the Energy Community. 

Costs to be shared by NEMOs and TSOs that derive from establishing, amend-
ing and operating single day-ahead and intraday coupling should be broken down 
in three main categories: 

(a) Common costs resulting from coordinated activities of all NEMOs or TSOs 
participating in the single day-ahead and intraday coupling. Especially for 
NEMOs and TSOs established in non-EU countries, members of the Energy 
Community, (see Chapter 13 for more detail on the Energy Community) those 
costs refer only to their interconnections with Energy Community Contracting 
Parties. According to Article 80, Paragraph 3 of the CACM Guideline, these 
costs shall be shared among the TSOs and NEMOs in the Member States and 
third countries participating in the single day-ahead and intraday coupling. To 
calculate the amount to be paid by the TSOs and NEMOs in each Member 
State and, if applicable, third countries, one eighth of the common cost shall 
be divided equally between each Member State and third country, five eighths 
shall be divided between each Member State and third country proportionally 
to their consumption, and two eighths shall be divided equally between the 
participating NEMOs; 

(b) Regional costs resulting from activities of NEMOs or TSOs cooperating in a 
certain region. According to Article 80, Paragraph 4 of the CACM Guideline, 
NEMOs and TSOs cooperating in a certain region shall jointly agree on a
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proposal for the sharing of regional costs. The proposal shall then be individ-
ually approved by the competent national authorities of each of the Member 
States and Energy Community Contracting Parties in the region. NEMOs and 
TSOs cooperating in a certain region may alternatively use the cost sharing 
arrangements set out in point (b) above (common pan-European sharing key); 
and 

(c) National costs resulting from activities of the NEMOs or TSOs in one Mem-
ber State or Energy Community Contracting Party. The approval of costs are 
subject to the national regulatory framework of the respective NEMOs and 
TSOs. 

Details on cost sharing, applying the above principles of Article 80 of the CACM 
Guideline are further detailed in NEMOs and TSOs agreements. Decentraliza-
tion of these agreements indicates that each agreement only manages costs arising 
from the cooperation in the respective level. Subsequently, common pan-European 
NEMO and TSO costs fall under the scope of the DAOA and the IDOA, pan-
European NEMO-only or TSOs-only costs fall under the scope of the ANDOA/ 
ANIDOA or TCMC agreement respectively, regional costs fall under the scope 
of regional cooperation agreements and should be approved by the regional 
NRAs, while national costs are undertaken either in local agreements or local 
arrangements, as the case may be. 

14.3 Illustrative Examples 

14.3.1 TSO Participation in SDAC and SIDC Agreements 

Figure 14.1 shows the agreements to which a TSO currently participating in the 
SDAC and SIDC is a party, at pan-European, regional and local level. The TSO 
may also need to be a party to additional agreements (e.g. with JAO) to delegate 
additional tasks and roles, depending on each party’s individual circumstances and 
legal and regulatory framework.

14.3.2 Overview of the Pan-European SDAC and SIDC 
Governance 

Figure 14.2 shows the current market coupling organizational structure for joint 
NEMO and TSO activities under the DAOA and IDOA. Subcommittees and work-
ing groups are as much as possible joint or mirroring to exploit synergies among 
the two parallel projects.
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al 

TSO-TSO Agreement TSO-TSO Agreement 

TSO-NEMO Agreement TSO-NEMO Agreement 

Fig. 14.1 Overview of market coupling agreements. Source Author’s Own Illustration

Fig. 14.2 Market coupling organizational chart. Source (Market Coupling Steering Committee, 
2022) 

14.4 Recommended Approach for New TSOs 

It is undeniable that the contractual structure for the day-ahead and intraday market 
coupling, although necessary, is very complex. This complexity makes it essential 
for NEMOs, power exchanges and TSOs who are interested in joining the SDAC 
or SIDC to have a clear roadmap and step wise approach for their accession. For
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TSOs, this approach can be summarized as follows, but may need to be adapted 
depending on the specific circumstances pertinent to each TSO: 

First Step: As a first step, a TSO interested in joining the SDAC or SIDC, 
should adhere to the CACM Global NDA, by referring a request for adherence 
to ENTSO-e. When all existing CACM Global NDA parties have provided their 
consent, the adhering party should sign the relevant adherence form. 

Second Step: As a next step, the interested TSO should request to become an 
observer under the DAOA or the IDOA and the TCMC agreement. Approval of 
the observership takes place by a MCSC decision for the DAOA and the IDOA 
and by TSO MCSC decision for the TCMC agreement. In case of TSOs not oper-
ating within the scope of the CACM Guideline, such decisions may be conditional 
to additional requirements indicated by the Steering Committees. At this point it 
should be noted that TSOs operating outside the scope of the CACM Guideline or 
outside the European Economic Area, or the European Free Trade Association or 
Energy Community, or in a country which has exited the European Union or the 
European Economic Area, or in any other country not covered by a relevant Euro-
pean Commission decision, can only come this far and cannot proceed beyond this 
step. 

Third Step: Subsequently, the interested TSO should request to become a full 
party to the DAOA or the IDOA and the TCMC agreement. Upon fulfilment of all 
requirements (necessary agreements set in place, payment of pan-European pro-
quota historical costs and as the case may be, compliance with legal and regulatory 
requirements and regulatory comfort) and approval by MCSC and TSO MCSC 
decisions, the interested TSO can become full party by signing an accession form. 
Upon adhering to the pan-European agreements, the party is considered as non-
operational. At this stage, adhering to other pan-European agreements, as indicated 
by the relevant agreements, such as the CSE SLA for the day-ahead timeframe 
and the PMO services agreement and Testing Services agreement for the intraday 
timeframe, is also required. 

Fourth Step: In parallel, the interested TSO should request to become party 
to a regional cooperation agreement. Upon fulfilment of all requirements (such 
as payment of pro-quota regional costs and regulatory approval) and approval by 
the competent governance body under such regional cooperation agreement, the 
interested TSO can become a project party by signing an adherence form. 

Fifth Step: When the interested TSO has become non-operational/project party 
to pan-European and regional cooperation agreements respectively, the TSO should 
start working together with the other parties to create a roadmap and targeted 
timeframe for its go-live. This process can be enabled by the creation of dedicated 
working groups in addition to already existing permanent working groups of each 
cooperation. 

Sixth Step: The project phase is the most demanding part of the process, as it 
entails both legal and technical actions to be taken. The interested TSO should 
negotiate and put in place all local agreements and arrangements that are neces-
sary for the performance of its tasks under the SDAC or SIDC tasks. Although 
an exhaustive list cannot be compiled, as it depends on the circumstances of the
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particular TSO, these may include bilateral TSO-TSO agreements among neigh-
bouring TSOs and agreements between TSOs and NEMO operating in the same 
bidding zone. The TSO may also need to join the appropriate SLAs with JAO 
depending on the tasks that may need to be delegated (e.g. congestion income 
distribution, performance of shadow auctions as fallback procedures) or other 
agreements with third parties as the case may be. In parallel, the TSO should 
procure the appropriate IT systems and implement the applicable operational pro-
cedures. It should also cooperate with the other parties in order to identify the 
potential need for update of any operational procedures with details relevant to 
such TSO or its borders. Finally, the TSO must successfully complete all indicated 
testing sessions for all appropriate scenarios. 

Last step: Upon successful completion of the sixth step and regulatory approval, 
the MCSC in parallel with the competent governance body of the regional coopera-
tion can confirm technical readiness and approve the Go-live date. On the approved 
date, the TSO, along with the corresponding NEMO shall become operational 
and launch its participation in the SDAC or SIDC. It is evident that even though 
initiating the process and moving forward by taking further steps is an individ-
ual TSO process, elaboration of regional and local operational procedures, testing 
and go-live can only be achieved by coordination between the TSO and NEMOs 
active within its bidding zones. A TSO can only go-live at the same time as the 
corresponding NEMO and vice-versa. 

Besides, regulatory comfort should be considered by the TSO in every step to be 
taken, depending on the requirements of the legal and regulatory framework appli-
cable to such TSO. As already mentioned, the CACM Guideline only foresees the 
need for individual approval of regional costs by the competent national authorities 
of each of the Member States and Energy Community Contracting Parties in the 
region. Nevertheless, applicable legal and regulatory frameworks may impose fur-
ther obligations for notification or approval of contracts by the competent national 
regulatory authorities. 
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15The Role of National Regulatory  
Authorities in Market Coupling 

Nico Schoutteet 

Abstract 

This chapter introduces the role of the National Regulatory Authorities in 
European market coupling in line with the Electricity Directive (EU) 2019/ 
944. National Regulatory Authorities are assigned a crucial role to adopt and 
enforce the market coupling mechanisms in Europe. These tasks and duties 
are assigned to them by the legislative energy package in Europe, against the 
background of the electricity market liberalization process. This chapter high-
lights some key challenges which may need to be addressed to truly deliver on 
a harmonized, transparent, and efficient European Internal Electricity Market: 
national interests, institutional and governance barriers, enforcement mecha-
nisms and information asymmetry. Where these aspects are not dealt with 
properly, suboptimal market design choices risk being implemented. 

15.1 Introduction 

National regulatory authorities (‘NRAs’) perform a crucial task in European 
market coupling initiatives. Established and strengthened in their duties by the 
European energy packages, their role is to ensure that markets are designed and 
organized efficiently, that the actors involved comply with the applicable regulation 
and that these markets function in consumers’ and market participants’ interest. 

The liberalization process of the European electricity sector has been elaborated 
in previous chapters of this Handbook. This project, initiated in the 1990s, started 
with the unbundling of formerly vertically integrated utilities into different (legal) 
entities, performing different functions across the value chain. This involved the
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separation of these elements of the value chain into monopolistic and competitive 
activities—both of which require specific rules and regulations to ensure that they 
are performed in a manner which is in line with the applicable European and 
national policy objectives. On a European level, these policy objectives include 
the promotion of consumers’ interest (linked to affordability), the safeguarding of 
security of supply and environmental sustainability. 

To ensure that these policy objectives are pursued by enforcing the applicable 
legislation, NRAs were established by Member States as a direct consequence 
of the adoption and implementation of the Second Energy Package1 (in 2003). 
The Third Energy Package (in 2009) established, furthermore, a European Union 
Agency for the Cooperation of Energy Regulators (‘ACER’). 

The functioning and governance of the relationship between NRAs, and ACER, 
reflects the interconnected nature of the European electricity system and the 
relevant market coupling activities. 

15.2 European Regulatory Scheme 

15.2.1 Establishing and Mandating NRAs to Regulate 
Electricity Markets 

Liberalizing (electricity) markets in Europe has been a gradual, stepwise process. 
From a legal perspective, this process consisted of the adoption and implementa-
tion of different “Energy Packages”. To date, five such packages can be identified: 
the First Energy Package (1996), the Second Energy Package (2003), the Third 
Energy Package (2009), the Clean Energy Package (2019) and the Fit for 55 
Package (2021). Each of these packages added to the roles and responsibilities 
of regulatory authorities, starting from the Second Energy Package in 2003 which 
laid the basis for the NRAs’ foundation in all European Member States. 

Today, the tasks and duties assigned to NRAs are laid down in the Electricity 
Directive (EU) 2019/944. Being a Directive, this legal provision requires national 
transposition, so no fully harmonized approach exists between Member States on 
exactly how NRAs are organized, which tasks they perform and to whom they are 
accountable. Nevertheless, a minimum list of duties and powers assigned to NRAs 
can be found in Article 59 of the Electricity Directive. 

Among others, these tasks relate to ensuring compliance of energy undertak-
ings, including TSOs and DSOs, overseeing the implementation of regulation

1 Article 23 of the Directive 2003/54/EC stipulates that all Member States shall designate one or 
more regulatory authorities, independently from the interests of the electricity industry. The arti-
cle furthermore expresses a number of guidelines for the functioning of these NRAs, as well as 
principles to uphold in performing their tasks (e.g. promoting non-discrimination, competition and 
efficient market functioning). The provisions in this Directive were subsequently transposed into 
national legislation of the Member States in the following years. 
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(including network codes and guidelines), enforcing in case of non-compliance, 
monitoring investment plans, and fixing or approving tariffs. 

One of these tasks, particularly relevant for the focus of this Handbook, relates 
to the development of competitive and properly functioning regional cross-border 
markets, to achieve a competitive, flexible, secure, and environmentally sustainable 
Internal Energy Market. 

Given the European and regional scope of this objective, additional require-
ments on the interaction and cooperation between regulatory authorities are 
detailed in the Electricity Directive, the Electricity Regulation (EU) 2019/943 and 
the ACER Regulation (EU) 2019/942. This aspect will be further explored in the 
next section. 

One of the key enablers of successfully mandating NRAs to regulate the elec-
tricity sector, is their independence. While the Electricity Directive and Regulation 
sometimes leave considerable room for discretion to the Member States on how to 
establish and issue their national energy policies, the independence of NRAs from 
public and private interests must be ensured. 

This independence is particularly important to allow NRAs to, among others: 

issue objective decisions, based on technical expertise and economic analysis, 
in the interests of the consumers and the market as a whole; 
ensure a consistent regulatory framework, contributing positively to investments 
by ensuring consistent and predictable decisions over time; and 
promote transparency and efficiency. 

Different elements could, in theory, impinge on this independence. Political inter-
ference, insufficient financial or human resources, lack of transparency, conflicts of 
interests or the absence of parliamentary or judicial scrutiny could have a negative 
impact on the effectiveness and fairness of the regulatory framework. 

The Electricity Directive prescribes a clear set of principles, to which Member 
States should adhere, in order to safeguard the NRAs’ independence. The degree to 
which these principles are adhered to, by Member States and regulatory authorities, 
is the subject of a regular report from the European Commission to the European 
Parliament and Council. 

15.2.2 Cooperation Between NRAs 

Following the adoption of the First and Second Energy Package, bilateral agree-
ments between TSOs and newly established peer exchanges and bottom-up 
voluntary market coupling processes emerged. Some relevant and noteworthy ini-
tiatives include the Trilateral Coupling (TLC) between Belgium, France and the 
Netherlands in 2006, the Price Coupling of Regions (PCR) between Central West-
ern Europe (CWE) countries, Nordics, Baltics, Poland and Great Britain) in 2010 
and the CWE Flow-Based Market Coupling in 2015.
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Table 15.1 Comparison of ACER and CEER. Source Author’s Own Table 

ACER 
(European Union Agency for the Cooperation 
of Energy Regulators) 

CEER 
(Council of European Energy Regulators) 

Official EU body (decentralized agency) Not-for-profit association, including a 
Secretariat 

Existence mandated by the Electricity and 
ACER Regulation 

Voluntarily formed by European energy 
regulators 

Based in Ljubljana, Slovenia Based in Brussels, Belgium 

Created in 2011 Created in 2000 

Supports cooperation between NRAs, assigned 
specific tasks and responsibilities through 
legislation 

Acts as platform for cooperation, information 
exchange and assistance between NRAs 

Staff: ~ 100 Staff: ~ 10 

Given the requirement for NRAs to approve cross-border capacity calculation 
and allocation mechanisms, at the time mostly embedded in national legislative 
frameworks, bottom-up coordination between the involved NRAs has emerged. 
Based on this coordination, clearer and enforceable rules for cooperation would 
be established in subsequent energy packages. 

Different bodies have been established to foster the coordination between 
NRAs, with varying degrees of formalism and legal basis. The two main ones 
are CEER (the Council for European Energy Regulators) and ACER (the Agency 
for the Cooperation of Energy Regulators). Their main similarities and differences 
are summarized in Table 15.1. 

15.2.2.1 Organizational Structure 
In addition to its permanent staff, ACER consists of an organizational structure, of 
which we recall the most important bodies here: 

ACER ‘s Board of Regulators (BoR) steers the regulatory policy of ACER. It 
plays a key role in the cooperation between ACER and NRAs, and provides opin-
ions and guidance to the ACER Director. ACER ‘s BoR is established by senior 
representatives of the 27 European NRAs, as well as observers from the EEA 
EFTA States, the European Commission and the EFTA Surveillance Authority. 

Its functioning is governed by its rules of procedure, a document which 
describes, among others, the representation and the decision-making procedure. 
One important element of these procedures is the fact that opinions and guidance 
are adopted through a qualified majority of its present members. This stands in 
contrast to decisions taken by (regional) groups of NRAs, where the unanimity 
principle is applied. 

ACER ‘s Working Groups and Task Forces provide support to the Board of 
Regulators. Currently, 4 Working Groups (WGs) are operational:
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The Electricity Working Group (EWG) 
The Gas Working Group 
The REMIT Working Group 
The Retail Markets Working Group 

In turn, these working groups are supported by Task Forces (TFs), composed of 
expert representatives from the European NRAs and ACER. Historically, the EWG 
TFs were established according to corresponding network codes and/or guidelines, 
for example the CACM TF, etc. Within these TFs, NRAs and ACER align on 
common positions regarding the adoption of market coupling rules and conditions 
or methodologies, proposed by stakeholders such as TSOs, NEMOs, or others. 

Other relevant ACER bodies include the Board of Appeal (where complaints 
against ACER decisions can be lodged) and the Administrative Board (mainly 
tasked with exercising budgetary powers and the appointment of ACER ‘s bodies 
and Director). ACER itself is managed by its Director, who is appointed for a 
five-year term and supported by the internal departments and staff of ACER. 

15.2.3 Procedures for Interaction 

The roles and rules of procedure for the interactions between NRAs and with 
ACER are inscribed in different (regulatory) instruments. These range from for-
mal legislative texts (such as the Electricity Directive and the ACER Regulation, 
network codes and guidelines) to enforceable rules of procedure or even infor-
mal memoranda of understanding between (regional groups of) NRAs and ACER. 
Depending on the (geographical or contextual) scope for cooperation, different 
rules may apply. 

With the entry into force of the Capacity Allocation and Congestion Manage-
ment (CACM) Guideline in 2015 and the need to adopt, by unanimous decision 
of large groups of NRAs, a significant number of terms and conditions or method-
ologies (TCMs), an informal decision-making process has been elaborated by the 
members of ACER ‘s Working Groups and Task Forces. Several “routes” for reg-
ulatory adoption of these methodologies can be distinguished, depending on the 
need to amend proposals or the (in)ability to identify unanimous positions among 
NRAs. 

The Public Consultation is usually performed by TSOs or NEMOs, in order 
to seek the input from key stakeholders, ACER and NRAs before the formal 
submission of a methodology for approval. 

The submission of a methodology follows the requirements and deadlines in 
network codes and guidelines, and is done—depending on the context—to ACER, 
all European NRAs, regional groups or even individual NRAs. The obligation to 
submit Europe-wide terms and conditions or methodologies to all European NRAs 
has been replaced, in the Clean Energy Package, by a requirement to submit these
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directly to ACER for approval. Regional methodologies, however, remain to be 
submitted to the regional groups of NRAs. 

Requests for amendments are issued by NRAs or ACER when they judge 
that the original submission of a methodology is not in line with the spirit or the 
requirements of the applicable regulation. 

A referral to ACER is agreed when disagreements prevent (regional groups 
of) NRAs from finding a common position on the approval. ACER subsequently 
issues a decision, to be adopted by the qualified majority of Board of Regulators 
‘ members. 

When NRAs agree among themselves, methodologies can be approved. This 
informal agreement among NRAs forms the basis for national approval deci-
sions, issued in accordance with individual NRAs ‘ decision-making rules and 
procedures. 

15.3 The Regulation of Market Coupling Initiatives 
in Europe 

Over the last decades, several packages have introduced legislation to foster the 
integration of formerly national electricity markets in Europe, into the Single Elec-
tricity Market. As explored in the introduction, these packages have shaped the 
way in which markets are organized, and which tasks are assigned to the different 
key stakeholders involved. 

European electricity markets as we know them today are governed mostly by 
the provisions in the Third and Fourth (Clean) Energy Package. These include 
different legal instruments, of which the most relevant ones are: 

The Electricity Directive (EU) 2019/944 
The Electricity Regulation (EU) 2019/943 
The ACER Regulation (EU) 2019/942 

Aside from these legal instruments themselves, they form the basis for the adop-
tion and the implementation of network codes and guidelines. These network 
codes and guidelines lay out different rules—on different topics—for harmoniza-
tion of, among others, the organization of European electricity markets. For market 
coupling, the three most important guidelines are: 

The CACM Guideline (EU) 2015/1222, dealing with day-ahead and intraday 
markets 
The Forward Capacity Allocation (FCA) Regulation (EU) 2016/1719, dealing 
with long-term markets 
The Electricity Balancing (EB) Regulation (EU) 2017/2195, dealing with 
balancing markets
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The CACM Guideline sets out minimum harmonized rules for single day-ahead 
and intraday market coupling, including methods for calculating and allocating 
cross-zonal transmission capacity. In these guidelines, the roles of TSOs and 
NEMOs are defined, as well as the framework for cooperation between them and 
the (regional) deliverables which are subject to regulatory scrutiny. Key principles 
include fair and transparent price formation and non-discriminatory access to the 
transmission network. 

The FCA Regulation establishes rules for operating long-term (forward) mar-
kets. This allows market participants to secure capacity well before the day-ahead 
and intraday timeframes, allowing them to effectively hedge their business needs. 

The EB Regulation intends to create a sequence of markets where reserves can 
be shared or exchanged by TSOs in order to continuously and immediately balance 
electricity supply and demand. 

Other network codes (NC) and guidelines (GL) exist as well, but these deal less 
with markets and more with the operation of the electricity network, or require-
ments for connection of generation, demand or high voltage direct current units to 
the transmission networks. 

The requirements in these network codes and guidelines have shaped the ways 
in which NRAs and ACER cooperate today. The entry into force of the first of 
these instruments, the CACM Guideline in 2015, has proven to be the first formal 
requirement for all European NRAs to align their positions and approval processes, 
in order to make possible the adoption of the CACM Terms and Conditions or 
Methodologies. Over the course of the following years, these rules and proce-
dures have been further refined, based on advancing experience and changing legal 
requirements, such as the entry into force of the recast ACER Regulation in the 
Clean Energy Package. 

Without explicitly governing the functioning of the Single Day-Ahead and 
Intraday Coupling mechanisms (SDAC & SIDC), the NRAs and ACER play 
an important role in the adoption of the terms and conditions or methodologies 
which these projects have to implement. These adoption processes mostly relate 
to the content of the rules and procedures by which cross-zonal exchanges are 
made possible (capacity calculation, allocation, clearing, etc.), rather than defining 
the internal governance of these projects. The latter typically involve contrac-
tual arrangements between the involved parties: transmission system operators and 
nominated electricity market operators, and—where relevant—other entities such 
as regional coordination centres. 

Taking the CACM Guideline as an example, when approving these terms 
and conditions or methodologies, NRAs scrutinize the proposals based on their 
compliance with different elements: 

the general objectives of the CACM Guideline (e.g. those listed in Art. 3, 
such as promoting effective competition, ensuring optimal use of the transmis-
sion infrastructure, ensuring non-discriminatory access to transmission capacity, 
etc.); 
the specific content-wise requirements assigned to the methodologies;
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their timescale for implementation, i.e. the deadlines by which the rules should 
be in place; and 
where relevant, national (legal) considerations not reflected in the CACM 
Guideline 

Other guidelines (such as the FCA Regulation, EB Regulation and System Opera-
tion (SO) Regulation) have very similar requirements, and proposals for terms and 
conditions or methodologies are approved in a similar way. 

While these requirements may seem clear and enforceable, differences in views 
on their interpretation arise frequently, not only between the regulators and the 
regulated entities, but also between NRAs themselves. As shown later, this fre-
quently leads to disagreements on the implementation and subsequently, referrals 
of the decision-making powers to ACER. 

The state of play regarding the adoption of the TCMs under the CACM Guide-
line paints an ambiguous picture. On the one hand, a lot has been achieved in 
terms of adopting different methodologies, streamlining rules and enabling intense 
cooperation among all parties involved. Most—if not all—of the methodologies 
foreseen in Art. 9 of the CACM Guideline have been developed and adopted (i.e. 
approved). This can be considered a success. 

On the other hand, however, implementation of these methodologies is often 
a complex and lengthy project. As evidenced by the European Court of Auditors 
(ECA, 2023), delays have piled up, and the disagreements among parties have 
been significant. These issues must be resolved so as not to further hamper the 
achievement of the Internal Electricity Market. 

For an overview of the different methodologies to be approved under the CACM 
Guideline, we refer to the analyses in Chapter 2 regarding the framework for 
market coupling. 

15.4 Key Regulatory Challenges 

The effective regulation of cross-zonal electricity markets, as well as the under-
takings that operate within them, can be made more difficult by several key 
challenges. This section explores a couple of these: national interests, barriers 
related to the institutional framework, enforcement, and information asymme-
try. Each of these, when not mitigated or addressed consequently, risk leading 
to suboptimal outcomes when designing and operating electricity markets. 

15.4.1 National Interests 

While the efficiency of market coupling initiatives is, most commonly, measured 
against increases or decreases in socio-economic welfare, the benefits may be very 
different between different Member States. These differences result from aspects
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such as different set-ups of national markets, with different levels of integration 
and liquidity already established. 

One aspect which is often overlooked in market coupling and integration activi-
ties, is the inherent solidarity mechanism which applies, by which efforts to reduce 
overall energy costs and increase resiliency against external (price) shocks or safe-
guard operational security and security of supply, are addressed together, rather 
than on an individual basis. In other words: elements of market design which tend 
to have a positive impact on one individual aspect (such as, for example, lowering 
wholesale prices in one country) might have a negative impact on other aspects 
(such as, for example, increasing exchanges to neighbouring countries). This is 
particularly relevant considering many of the individual proposals for redesigning 
European electricity markets (see previously). 

Aside from these inherently different objectives, other national interests (regu-
latory or imposed externally by other interests) may render the harmonization of 
rules across countries difficult. This touches upon the core objective of the network 
codes and guidelines: overcoming individual approaches by harmonizing the rules 
in a way that maximizes value for the European market as a whole. 

15.4.2 Institutional and Governance Barriers 

The aim of market coupling regulation is to streamline the previous patchwork of 
national legislation governing European electricity markets. These include differ-
ent rules for adopting, and enforcing, desired behaviour from TSOs and NEMOs. 
Despite the paradigm shift, whereby NRAs currently work under a coordinated 
governance framework to decide on matters for cross-border relevance, there 
remains room for improvement. 

Here, we can refer again to the ECA report mentioned previously (ECA, 2023): 
the choice of instruments to govern market coupling (network codes and guide-
lines), leads, in the opinion of the ECA, to “a complex legal architecture of 
cross-border trade rules and delays in implementation”. 

This challenge must be addressed and resolved in order to progress with the 
delivery of the Internal Electricity Market. 

15.4.3 Absence of Efficient Enforcement Mechanisms 

Most national legislative frameworks prescribe the processes and means assigned 
to NRAs to enforce behaviour from regulated entities, in case of non-compliance 
with the legal provisions. Given the cross-border scope of market coupling ini-
tiatives, legal questions related to the responsibility of these entities, and who 
should enforce compliance, have frequently hampered effective regulation in the 
past years.
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The legal framework does not, today, provide ACER with enforcement tools, 
nor does it provide clear rules for joint enforcement by(groups of) NRAs towards 
groups of regulated entities, be they TSOs, power exchanges or other stakeholders. 

The absence of these rules may put at risk the ability of NRAs to effectively 
regulate the functioning of electricity markets and their operators. (ECA, 2023). 

15.4.4 Information Asymmetry 

In a liberalized market, the role of information is crucial. This has several 
aspects: availability, relevance, transparency, precision, etc. This section explains 
that several elements related to these aspects of information risk endangering the 
implementation of the most appropriate market design. 

In particular, information asymmetry between regulators (NRAs) and regulated 
entities (TSOs, or NEMOs, or RCCs…) may impede the delivery of the most 
efficient version of the Internal Electricity Market. 

Information asymmetry may relate to the knowledge of governance, processes, 
and tools for market coupling on the one hand, but also on the general functioning 
of markets and the impact of specific design choices. In order to overcome this, 
the increased push for transparency on these procedures as well as on market 
(coupling) data is to be understood. The availability of reliable information for 
all stakeholders, but NRAs in particular, is a prerequisite for accountability and 
enforcement. 

In basic economic theory, information asymmetry is an externality whereby the 
knowledge imbalance between economic actors may lead to suboptimal outcomes 
or even market failures. The problem of information asymmetry is broader than 
just designing the most appropriate electricity market mechanisms: it is widespread 
in the regulation of the electricity sector. Some examples include the Regulation on 
Wholesale Energy Market Integrity and Transparency (REMIT), price formation 
and bidding strategies, mitigation of market power, resource adequacy and security 
of supply, consumer protection and the design of regulatory oversight. 

15.5 Outlook 

Section 2.1 already highlighted the importance of NRA independence. Indeed, 
independence from political, public or private interests is crucial to enable regu-
latory authorities to decide on market coupling arrangements in a way that best 
serves society as a whole, but consumers and market participants in particular (in 
line with their legal mandate).
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For NRAs to properly achieve said independence, several elements are imper-
ative. They should be granted, by law, the mandate to issue directly applicable 
and enforceable decisions without the confirmation (or invalidation) from other 
(governmental or political) bodies. 

Appropriate financial and personnel resources should allow the efficient func-
tioning of NRAs. This is all the more relevant in the context of the considerable 
resources that undertakings in the regulated sector dispose of, often at least partly 
funded by the consumers through network tariffs. The independence of regulators 
is achieved, not only via the resources allocated to them, but also through their 
human resource management and expertise on subject matters. Avoiding regula-
tory capture entails implementing human resource management schemes aimed at, 
among others, transparent recruitment and selection processes, training and devel-
opment of employees and the adoption of clear and transparent codes of conduct 
and ethical standards. 

Typically, NRAs are accountable to their legislator (i.e. the parliamentary insti-
tutions in a Member State), but also to consumers and other stakeholders. While 
the former is typically enshrined within legal provisions that establish them, the 
latter should be included in the “corporate culture” of the NRAs: the interests of 
consumers and market participants are to be considered the guiding principle when 
deciding on appropriate market arrangements. 
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Markets and ENTSO-E Transparency 
Platform 

Nikolaj Nåbo Andersen and Jayaram Anandha 

Abstract 

In this chapter introduces market transparency and its importance in maintain-
ing market integrity, enabling participants to foster open and fair competition 
in wholesale markets for the benefit of energy consumers. This chapter 
describes the Regulation on Wholesale Energy Market Integrity and Trans-
parency (REMIT) (EU. (2011). Regulation (EU) No 1227/2011 of the European 
Parliament and of the Council of 25 October 2011 on wholesale energy market 
integrity and transparency.) and the four key principles on which it is based: 
transparency; integrity; monitoring and cooperation. Moreover, this chapter 
introduces the ENTSO-E Transparency Platform, the central electricity mar-
ket data platform of Europe, from its governance and processes to an overview 
of users and the data items handled within. Finally, this chapter closes with the 
future outlook of market transparency and the need for the continuous evolution 
of transparency regulations. 

16.1 Introduction 

A well-functioning market shall be free from any market abuses, which can be 
market manipulation or insider trading. It is important that all the market players 
have a level playing field and equal access to all the information.
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The EU electricity market model is about the integration of diverse national 
markets into a European framework via Market Network codes. Transparency is 
key when diverse market participants across Europe, divided by nationality or 
language come together to make cross-border or internal transactions. 

A transparent market reflects on the electricity sector as a whole. Market trans-
parency maintains the trust and confidence in the integrity of markets, allowing 
participants to foster open and fair competition in wholesale markets for the benefit 
of final consumers of energy. 

In general, the publication of market information improves transparency. How-
ever, making the monitoring process long and resource-intensive is inefficient. 
That’s why identifying the appropriate market indicators, having diverse toolsets, 
agile processes, and proper governance and coordination among market parties are 
equally important for transparency in electricity markets. 

Transparency is key for all stakeholders: 

• Regulators: There is a regulatory interest in ensuring that wholesale prices are 
not distorted by abusive market practices or lack of transparent rules. 

• Investors: Transparency helps investors understand the market adequately, 
while access to available data such as prices and quantities equip them with 
necessary investment signals. 

• Market participants: Information disclosure is a useful instrument for cre-
ating a level playing field for market participants so small players have no 
disadvantages over big players. 

• Politicians: Transparency helps politicians engage in informed debates and 
decision-making on electricity market developments. 

• Consumers: Transparency protects consumers from volatile energy prices, 
supports sustainable energy choices, allows making informed decisions, and 
enhances overall predictability in their energy usage and costs. 

16.2 The Need for an EU Framework in Market 
Transparency 

The creation of an EU Internal Energy Market is not just about combining 
diverse national markets but also about creating new regulations and new enti-
ties such as ACER, ENTSO-E, RCCs, NEMOs, Allocation Platforms, etc. With 
new rules and players in the EU electricity market, previous transparency regu-
lations from finance families, voluntary regulations from different market parties 
or even national regulations proved insufficient to achieve necessary transparency. 
The risk is that market abuse in one Member State can affect the price of energy 
in other Member States as Energy markets in Europe are interlinked. 

Therefore, the requirement was clear: A unique and sector specific set of trans-
parency regulations to ensure all the market parties can benefit from common 
European provisions.
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frameworks 
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Fig. 16.1 Timeline of new regulations including transparency requirements. Source Author’s own 
illustration 

The transparency requirements are continuously evolving and being improved 
via new regulations or related implementation frameworks to ensure that the need 
for new market information is met and a level playing field is maintained. This is 
illustrated in Fig. 16.1. 

16.3 Introduction of REMIT 

Maintaining open and fair competition in the internal markets for electricity and 
gas requires a commitment to integrity and transparency in wholesale energy mar-
kets. To address this, the Regulation on Wholesale Energy Market Integrity and 
Transparency (REMIT) was enacted on December 28, 2011. REMIT specifically 
aims to enhance competition in European wholesale energy markets by enforcing 
regulations that prevent trading based on insider information and deterring market 
manipulation. 

Since its implementation, REMIT has proven to be an effective tool in sup-
porting transparent and competitive practices in these markets. It equips regulators 
(ACER and NRAs) with various tools to monitor market activities and identify any 
irregularities. Additionally, market participants are required to comply with spe-
cific obligations under REMIT, including the reporting of transactions and public 
disclosure of relevant information, to help ensure a level playing field for all. 
Table 16.1 provides an overview of the different reporting obligations.

REMIT applies to wholesale energy markets, encompassing any market within 
the Union where wholesale energy products are traded. Wholesale energy markets 
include both commodity markets and derivative markets. Importantly, all entities
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Table 16.1 Reporting obligations in and out of scope. Source (ACER, 2022) 

In scope Out of scope 

Commodity Power, gas Oil, coal, CO2,… 

Products Wholesale supply and transportation, big 
retail supply 

Small retail supply 
(households), storage contracts 

Contract types Physical, Financial Small retail contracts, Financial 

Delivery zones EU member states Non-EU member states 

Companies Energy traders, producers, suppliers, big 
consumers, exchanges, brokers, TSOs, 
booking platforms,. 

Households and small business 
consumers, market data 
providers 

Data collection Records of transactions, fundamental data Positions, financial information, 
personal data 

Core aim Keep markets fair and transparent to the 
benefit of final consumers 

Prevent market power abuse, 
ensure the security of the energy 
supply

and persons who participate in, or whose conduct affects, wholesale energy mar-
kets within the Union should be compliant with REMIT. It makes no difference 
whether the person is a resident of the EU or whether he or she is a professional 
investor. 

16.3.1 Four Key Principles of REMIT 

Transparency: Market participants have obligations to disclose inside information 
effectively and promptly, as well as other reporting responsibilities. Market parties 
refer to any person, including TSOs, who enter transactions, including the placing 
of orders to trade, in one or more wholesale energy markets. Examples include 
energy trading companies, generators, shippers of natural gas, balance responsi-
ble entities, wholesale customers, final customers with a consumption capacity > 
600GWh/per year, TSOs, investment firms, etc. The REMIT Implementing Regu-
lation (IR) clearly defines what data Market participants need to report, and how 
and when to report it. 

Integrity: The primary prohibitions against abusive practices in wholesale 
energy markets, aiming to prevent actions that artificially drive prices to levels not 
justified by market forces of supply and demand, are (1) market manipulation and 
(2) insider trading. The concept of Market Manipulation includes performing false 
or misleading transactions, price positioning which secures or attempts to secure 
the price at an artificial level, as well as transactions involving fictitious devices 
or deception, and the dissemination of false and misleading information. Trad-
ing on inside information creates information asymmetry among market parties. 
To prevent insider trading, REMIT requires Market participants to share inside 
information with all other market participants via central platforms making the 
information available to a broader audience.
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Monitoring: REMIT also proposes several obligations to establish a com-
prehensive and effective monitoring framework with a central reporting point. 
ACER and NRAs are given a wide range of power and toolsets for efficient mar-
ket monitoring. ACER oversees the entire European-wide energy market, while 
NRAs largely focus on national transactions. Since ACER has a wider cross-
border overview, it can provide assistance in identifying suspicious behaviours, 
but only NRAs are authorized to impose fines on market participants found guilty 
of breaching REMIT provisions. 

Cooperation: The EU electricity market system involves several National/ 
European entities and thousands of Market participants. Therefore, it is a no-
brainer that Cooperation is one of the four principles of the REMIT. A clear 
cooperation framework and ownership are essential to perform EU-wide market 
surveillance. NRAs and EU agencies are responsible for cooperation to ensure 
REMIT is applied in a coordinated manner. In case the need to improve the coop-
eration was identified, ACER may request cooperation and coordination among 
EU Agencies, NRAs or Market party groups. As the responsible party for pro-
moting cooperation, ACER has issued guidance documents on the application 
of REMIT for NRAs to carry out their tasks in a coordinated and consistent 
way and for Market parties on reporting procedures. It is worth highlighting that 
ACER has entered a cooperation agreement with different Market Parties or groups 
(ENTSO-E, ESMA, etc.) to further improve information exchange and market 
transparency. 

16.3.2 Revised REMIT 

In the wake of Russia’s military invasion of Ukraine in February 2022, an unprece-
dented energy crisis broke out in Europe and globally. As a response, the European 
Commission has proposed reforms to the EU’s electricity market design, which 
includes the REMIT regulation. This revised REMIT, taking effect as of 7 May 
2024, introduces new measures to better protect EU citizens and businesses from 
energy market abuse. As a recognition of its importance, the scope of REMIT 
has now expanded to also cover energy storage (electricity and gas), and the mar-
ket abuse provisions under REMIT now apply to financial instruments as well. 
Additionally, the scope of ACER’s decision-making powers and regular surveil-
lance has been further expanded. ACER has been granted investigatory powers in 
cross-border cases (involving two or more Member States); however, enforcement 
continues to be at the national level. Ultimately, the revised REMIT aims to bring 
the EU rules on transparency and integrity of energy markets into closer alignment 
with those in the financial markets as per (ACER, 2024).
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16.4 Transparency Regulation 

REMIT took the first step in improving market transparency by requiring the pub-
lic disclosure of inside information and reporting information to the regulators. 
However, it was shortly after being recognized that these measures were not fully 
satisfying as relevant market information. Therefore, a second step towards reach-
ing the necessary level of transparency was needed. The Transparency Regulation 
(EU, 2013), or Regulation 543/2013 was developed to ensure that market par-
ticipants, regardless of being new or well established, would have equal access 
to timely and relevant information. The regulation lays down the minimum com-
mon set of data relating to the electricity market to be made available to market 
participants free of charge. 

Under Regulation 543/2013 on submission and publication of data in electricity 
markets (EU, 2013), ENTSO-E shall establish and operate a central information 
transparency platform for publishing electricity data. The ENTSO-E Transparency 
Platform was launched on 5th January 2015 and published the Manual of Proce-
dures, which provides information necessary to submit or extract data to or from 
the Platform. 

Through this Regulation, it has now become mandatory for European Mem-
ber State data providers and owners to submit fundamental information related to 
electricity generation, load, transmission and balancing for publication through the 
ENTSO-E Transparency Platform. 

With the dissemination of the data to the public and market participants free of 
charge, the Transparency Regulation aims to: 

• Enhance market participants’ ability to make efficient production, consumption, 
and trading decisions. 

• Facilitate deeper market integration and the rapid development of intermittent 
renewable energy generation sources, which require the disclosure of com-
plete, timely available, high quality and easily digestible information relating 
to supply and demand fundamentals. 

• Improve the security of energy supplies by the timely availability of complete 
sets of data and allow market parties to match supply and demand, reducing the 
risk of blackouts. 

• Support the new market participants or participants without their own assets at 
a disadvantage. 

16.4.1 Relationship Between Transparency Regulations 
and REMIT 

Even though REMIT entered into force in 2011, its reporting requirements 
only became effective in 2015. The transparency regulation, established in 2013, 
enables all market participants to access the same information easily and free of
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charge, contributing not only to shared market knowledge but also to comple-
menting REMIT’s objectives by aiding market surveillance and preventing market 
manipulation. 

Transparency regulations require market operators, energy companies, and rele-
vant authorities to disclose certain information to the public and regulatory bodies. 
This transparency helps maintain the integrity of the energy markets and enhances 
investor confidence. REMIT requires market participants, including energy com-
panies, traders, and transmission system operators, to report certain data related to 
their trading activities and fundamental market information to the relevant regula-
tory authorities. This data is then used by the authorities to monitor the markets 
for potential irregularities and manipulation. 

In summary, although both transparency regulation and REMIT regulation are 
related to energy markets, the transparency regulation aims to make market infor-
mation accessible to the public and participants. In contrast, REMIT specifically 
targets preventing market abuse and manipulation through mandatory reporting 
and regulatory oversight. 

That being said, the REMIT and the Transparency regulation have certain over-
laps. More specifically, the overlaps are related to the so-called “fundamental 
data”, which includes data related to transmission of electricity (available transmis-
sion capacity, scheduled exchange, etc.) generation and load and the unavailability 
of transmission, production or consumption capacity. 

As this information is required by the Transparency regulation and REMIT, the 
ENTSO-E Transparency platform is submitting the relevant data directly to ACER 
on behalf of TSOs and relevant market participants. 

16.5 Transparency Requirements in Network Codes 

Network codes are a set of rules developed to facilitate the harmonization, inte-
gration and efficiency of the European electricity market. There are three Network 
Codes from the Markets family: Capacity Allocation and congestion Manage-
ment (CACM), Electricity Balancing Guidelines (EB GL) and Forward Capacity 
Allocation (FCA). These three network codes are an integral part of the drive 
towards completion of the internal energy market. Within these network codes and 
their related methodologies, certain obligations and tasks concerning Transparency 
apply to market parties such as TSOs, RCCs and ENTSO-E. These Network Codes 
and methodologies usually do not explicitly specify the platform for data pub-
lication. TSOs have the right to decide how and where this data needs to be 
published. 

16.5.1 The Benefit of a Central Publication Platform 

Publication requirements that are uniform for a group of TSOs often prompt TSOs 
to opt for centralized publication on the ENTSO-E Transparency Platform thus
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1. System Operations (SO GL) 
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3. Electricity Balancing (EB GL) 
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Platform
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Exchanges

• Including Institutions, Regulators, EU Agencies
• Including Universities, Research Centers
• Including General Public, Data enthusiasts 

ENTSO-E – ACER Agreement forms a framework for data 
sharing between both parties by Forward Capacity Allocation 
(FCA) Network Code and CACM. This data is not visible to 
the General Public but only to ACER. 
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Central Publication 
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Private View 

Public View 

Fig. 16.2 A high-level overview of the fulfilment of data publication requirements from network 
codes using the ENTSO-E transparency platform. Source Author’s own illustration 

helping the market participants to have all the data in one place. Additionally, 
publishing centrally is more efficient than publishing on individual TSO websites 
in terms of quality control, operation, and maintenance. Figure 16.2 provides a 
high-level overview of this process. 

16.6 ENTSO-E Transparency Platform: Mandate 
and Operations 

EU Regulation 543/2013 of 14th June 2013 mandates the European Member State 
data providers and owners to submit fundamental information related to electric-
ity markets to the ENTSO-E Transparency platform. The platform serves as a 
central information platform by publishing market-related data for all the market 
participants across Europe on a non-discriminatory basis. 

As per the legal mandate, ENTSO-E is responsible for the development and 
maintenance of the central Transparency Platform. The ENTSO-E Transparency 
Platform was launched on 5 January 2015. Figure 16.3 illustrates the ENTSO-E 
Transparency platform development timeline.

16.6.1 Transparency Platform Governance 

Operating and maintaining a central transparency platform requires a lot of effort. 
Specialists from all TSOs are involved in all the stages of Transparency Platform 
development and operation; from interpreting the legal requirements to ensuring 
data quality and operations of the platform. Furthermore, the platform is at all 
times expected to deliver stable operation and the needed functionalities without 
compromising the integrity of the data. Figure 16.4 illustrates the governance of 
the Transparency Platform.

ENTSO-E is the legal entity responsible for the Transparency Platform. So 
naturally, the Platform follows the established governance structure of ENTSO-
E. Transparency Platform activities are overseen by the Markets Committee, and
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Fig. 16.3 ENTSO-E Transparency development timeline. Source (ENTSO-E, 2024)

Fig. 16.4 Governance. Source Author’s own illustration
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their ICT committee takes care of the IT developments needed for the platform. 
A dedicated group, Working Group Market Information and Transparency (WG 
MIT), containing transparency experts of all ENTSO-E member TSO, looks after 
the Transparency Platform and all other topics related to Transparency. Within the 
WG MIT a dedicated subgroup, ENTSO-E Transparency User Group (ETUG), act 
as a user forum to collect, analyze, and prioritize data user issues regarding both 
the usability and content of the platform. 

16.6.2 Manual of Procedures and Operations 

Manual of Procedures (MoP), as required in Article 5 of Regulation 543/2013 is 
a technical guide. It is developed by ENTSO-E through discussions with Stake-
holders, a Public Consultation and a review by ACER. The process of developing 
and updating the MoP is highly transparent, allowing all market stakeholders to 
express their opinions. MoP addresses all parties that are associated with ENTSO-
E TP, primary owners of data, data providers and data consumers, and provides 
them with comprehensive information required for submitting or extracting data 
to or from the ENTSO-E Transparency Platform. 

MoP mainly contains the following types of documents: 

1. Detailed Data Description (DDD) 
2. Business requirements specification (BRS) 
3. Implementation Guides (IG). 

Once approved by all the parties, the latest version of the MoP is published on the 
ENTSO-E website. 

Figure 16.5 illustrates the data provision and distribution process. Primary 
Data owners usually delegate the responsibility of the data provision to the Data 
Providers. In some cases, Primary Data Owners and Data providers are the same 
entities. Data providers are accountable for delivering data items of the specified 
quality and within the designated timeframe according to the MoPs. It is important 
to note that there are TSO data providers and non-TSO data providers who submit 
data to the TP.

The received data is published to the users by the ENTSO-E Transparency 
Platform, accessible through multiple channels. 

The electricity market has undergone many changes in the recent years, where 
markets are coupled, new markets are developed, and the granularity of the mar-
ket time unit is lowered. In addition, the market coupling increases the competition 
among European market participants. This seems to drive the market participants 
towards relying more on data, thus increasing their need for data. In addition, the 
energy crisis also seems to have further increased the interest in Market Cou-
pling data. At least the data consumption from the transparency platform has 
increased dramatically since 2018. The number of registered users has increased 
from approx. 11.000 users in 2018 to approx. 50.000 registered users in 2022.
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Fig. 16.5 High-level overview of ENTSO-E Transparency Platform. Source Author’s own illus-
tration

Also, in 2022 more than 6.000 users were active daily. In 2018, this number was 
around 2.000 daily users active on the Transparency platform. 

8.000 + daily users may seem like a moderate usage of transparency platform. 
However, most users are machine-to-machine users who consume all data items 
on the platform repeatedly during the day. This resulted in more than 325 million 
application programming interface (API) requests in 2022. Many stakeholders are 
very interested in market coupling data, including politicians, officials, trading 
companies, universities and media organizations. All data items handled by the 
transparency platform are shown in Fig. 16.6. 

Fig. 16.6 Data items handled in ENTSO-E transparency platform. Source Author’s own illustra-
tion
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16.7 Outlook 

The energy crisis of 2022 and subsequent high energy prices posed significant 
challenges for European businesses and consumers. High energy prices became a 
political focal point when the energy bills of many consumers tripled or quadru-
pled. This followed a swift discussion on market design reform and potential 
interventions before the Commission published its first version of the Electric-
ity Market Design Reform (EMDR) or 5th Market Design Package in early 2023. 
It was a bit surprising to see an 80-page amendment proposal on REMIT as one 
of the central themes of the Market Reform. On the other hand, the Commis-
sion turned to its biggest tool—transparency—to preserve the trust and integrity 
of European Energy Markets. 

Apart from REMIT amendments which have entered into force, the regulatory 
world of Transparency is expected to evolve. More transparency obligations are 
in the pipeline for the market participants, such as ongoing discussions of Net-
work Code amendments (CACM, EB GL and later SO GL), upcoming go-live 
of the various capacity calculation processes across Europe. In October 2023, the 
EU Council adopted the amended Renewable Energy Directive (RED III) (EU, 
2023), part of the “Fit for 55” package, which also includes new transparency 
requirements. 

Additionally, as the energy transition picks up the pace and rapid digitalization 
transforms the energy sector, there is a burgeoning demand for market data. Ear-
lier, electricity prices were only followed regularly by data enthusiasts or industry 
insiders, but since the recent energy crisis, the public (non-experts) has also started 
keenly following price forecasts. 

In terms of transparency and market data, the trajectory is quite predictable: The 
demand for market data will exponentially increase, accompanied by the ongoing 
evolution of new regulatory requirements. To respond to the trend, Market par-
ticipants shall adopt a proactive outlook towards Transparency by prioritizing the 
topic high on their agenda. 
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17A Market Player  View  

Thomas König and Sarah Pischler 

Abstract 

This chapter provides the reader with a perspective from a market participant 
on market coupling and why it matters. This chapter highlights the importance 
of accurate, real-time data provision and discusses why liquidity is so vital 
for market activities. Moreover, this chapter describes how a well-functioning 
wholesale market can create opportunities for trading and the importance of 
continued innovation from demand-side flexibility to algorithmic trading to 
drive forward the ways in which participants can engage in the markets. Finally, 
this chapter closes by highlighting the overall importance of market coupling 
for European consumers. 

17.1 Why Market Coupling Matters, Especially 
for Intraday 

Europe proudly boasts the world’s largest interconnected power grid, with more 
than 400 interconnectors (Ember, 2023). This in itself is quite an achievement, 
but the story does not end there. Market coupling across the region allows new 
companies with innovative technologies to find traction in the European arena. 
The magnitude of algorithmic trades has risen tremendously within the last few 
years, which creates a lot of liquidity and makes the market more efficient. Market 
coupling cannot replace the technology needed for this, but it makes it possible
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for the technology to be converted into use cases. Contrary to popular belief, it is 
not a coincidence that the roll-out of AI trading and market coupling, especially 
for intraday, happened at the same time—they are mutually dependent. 

Consulting the statistics of social welfare gains, which are vital for reaching the 
intraday market coupling end goal of jointly securing supply for the population 
with the limited resources available, the question arises whether these gains were 
achieved only due to the enhanced trading efficiency. Naturally, the increase in 
cross-border capacity leads to an increase in grid utilization, causing prices to 
converge at lower levels between bidding zones. This is the measurable part of the 
equation. But one of the biggest advantages of market coupling lies in the lowering 
of market entrance barriers, which is of paramount importance for geographical 
expansion and serves as the backbone of automated trading in the system. Once 
a company is active in one market, the pathway to the next market within the 
coupled area is cut in half. 

But let us dig a little deeper and take enspired as an example. Intraday markets 
started locally with hourly products in 2003. A user interface promptly emerged, 
and large volumes of energy were traded. In 2012, exchanges introduced an API 
(Application Programming Interface), and the market started to integrate simple 
automated trading systems. Flow-based capacity calculation and bigger capacity 
calculation regions brought about an increase in cross-border capacity calculation, 
causing the European energy market structure to move towards a system with small 
bids and high liquidity—a perfect playground for disruptive technologies such as 
algorithmic trading. Enspired was founded with a drive to exploit this new market 
situation by releasing as much flexibility as possible into it. Part of this goal was 
to leverage algorithms to maximize asset utilization at a low cost. Enspired’s fully 
automated and cost-effective approach changed the way the industry navigates the 
market. In the old system, strong trading demands would have required a high 
degree of additional staffing, while the new set-up eliminates the need for human 
intervention and manually operated trading screens altogether. It is important to 
emphasize that none of these advantages would exist without market coupling. 

17.2 Why Are We so Keen on Cross-Border Data? 

Our world runs on data—the energy business is no exception. Accurate data 
analysis is key for any successful enterprise, and market coupling brings several 
advantages in this regard as information extracted from one market can be applied 
to others. For instance, an outage of a big power plant in France does not only 
impact the French power ecosystem but that of other bidding zones as well. Mar-
ket coupling entails a significant reduction of workload because different use cases 
consider the same data within the same infrastructure. However, this only applies 
if enough physical capacity remains for a particular hour at a particular point in 
time. Once the markets are separated and prices no longer converge, data from 
a neighbouring bidding zone does not necessarily influence the current bidding 
zone. Real-time data provision is crucial for evaluating the effects of fundamental
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data on the internal market and the ability to act on them. Insight into open mar-
ket data lowers the barriers for exploring trading strategies and validating business 
ventures. 

17.3 Why is Liquidity Vital for Our Market Activities? 

Liquidity ensures the ability to buy and sell products without having to pay sig-
nificant spreads, which secures a robust service and solid supply to customers. 
Algorithmic trading not only generates liquidity but also relies on it to develop. 
Algorithms increase speed and responsiveness to changes in the order book and 
fundamental data. This is especially crucial when prices move quickly. Algorithms 
provide liquidity where it is needed: at the top of the continuous trading order 
book, which eventually leads to a reduction in price volatility. In markets with low 
liquidity and a rather static order book, large orders are needed to increase transac-
tion volumes. Little trading activity creates a market situation in which algorithmic 
strategies have no significant advantage over a manual approach. Algorithms are 
most effective when they can leverage trading opportunities arising from a dynamic 
market environment. A rationally behaving order book is the feeding ground for 
algorithmic profit exploitation. Paradoxically, liquidity constitutes a major pre-
requisite for putting effective algorithms in place. This causality dilemma, more 
commonly known as a chicken-and-egg problem, was solved by the coupling of 
markets as it kickstarted a liquidity upward spiral of sorts, allowing neighbouring 
countries to profit from each other’s liquidity. 

17.4 Why Do We Innovate in Algorithmic Trading? 

With the onset of market coupling emerged a common forum where TSOs, 
NEMOs, regulators and market participants can work together. Despite the differ-
ent interests of these parties, workflows were established in a coordinated manner 
so that data provision is aligned, which in turn creates pressure to publish the right 
information at the right time. When it comes to data transparency, there is still 
room for improvement, but the progress made in that direction cannot be ignored. 

The question now is whether market coupling has trading benefits other than 
a simple increase in trading. In short, yes! A well-functioning wholesale market 
opens many opportunities for trading—in particular with the help of algorithmic 
trading. As reported in S&P Global (S&P Global, 2023), experts estimate that 
around 50% of all intraday continuous traded power volume all over Europe in 
2022 could have been executed via algorithms. The increasing familiarity with 
algorithmic trading establishes an ideal foundation for capturing flexibility and 
unleashing its full monetary potential. Without market coupling, the liquidity of 
the order book would be lower, and assets would earn a much smaller profit. Such 
developments can be observed in less developed markets. After the closure of 
the SIDC order book, locally available orders are no longer providing adequate
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liquidity. And that is not all. The environmental implications could be dire as 
well. It is a chain reaction. Less flexibility in the market means fewer renewables 
and more grid instabilities. Why? Because even with a smaller ratio of renewables, 
flexibility is needed to balance them out and avoid fluctuations in the power supply. 
Market coupling multiplies the availability of flexible sources by unprecedented 
levels. 

17.5 How Do We Create New Business Opportunities? 

How do we keep innovation afloat throughout the ongoing rise of intraday volume 
and API-based trading? It appears that the low-hanging fruits, mostly coming from 
the supply side, have been picked. Generators have put intelligence aplenty into 
the market design. The demand side, too, is experiencing an upswing as price pres-
sure rises. Unleashing demand-side flexibility will continue to overhaul regulating 
policies, resulting in more opportunities to profit from flexibility. 

This brings forth many new business models. Battery storage systems are seeing 
massive investments, and market coupling directly aids their trading volumes in the 
wholesale market. At enspired, we observe the explosive demand for combined 
battery storage marketing offers (covering wholesale, control reserve and ancillary 
service markets) on a daily basis. To reach the best commercial performance for a 
battery, we optimize the proportions of wholesale markets and frequency services 
based on price forecasts and high-speed backtesting. Batteries are indispensable 
for the energy transition, not least because they ease price volatility. 

For future business cases, the commercial optimization of batteries is crucial. 
Trading strategies must maximize battery revenue by reaching a balance between 
asset profitability and asset lifetime. A safe approach is to prolong battery life, but 
if price spreads are extremely high or low, the profits can outweigh the potential 
downside of a shorter lifespan. Batteries bring grid stability, and active SoC (State 
of Charge) management ensures a well-functioning market. 

Algorithmic trading is a key prerequisite for short-term battery marketing as 
storage optimization is not comparable to the dispatching of flexibility along a 
price curve. With quarter-hour products, a maximum of 132 quarter hours (the 
current and following day) can be optimized, taking into account restrictions like 
asset degradation and SoC (State of Charge). Therefore, a new trading sched-
ule must be calculated for the whole day whenever the order book changes. This 
explains why the final trading schedule of any given day is not always indicative 
of the total volume traded on that day. Due to the increase in market liquidity, 
a dynamic structure can support optimization strategies much better than a static 
one. 

Imagine a market where liquidity is so low that trading possibilities cannot be 
secured. This would result in a massive risk buffer and negatively impact the prof-
itability of storage systems. Algorithmic trading would become next to impossible
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at this point. The commercial roll-out of batteries would be stalled or limited by 
the capacity of frequency maintenance markets. That is why well-functioning cou-
pled markets are so important—they give the right incentives to integrate more 
technologies that foster a carbon-free power supply. 

Aside from storage optimization, the integration of renewables also relies 
on a well-functioning market. Through close to real-time trading, even small 
forecast deviations can be traded, and in a future world that runs on 100% 
renewables, market coupling secures the ability to trade large volumes between 
bidding zones to keep local weather conditions from influencing the market 
disproportionately. 

17.6 Would All This Be Possible Without Market Coupling? 

In short, the answer is once again yes. BUT: Not to the extent we have now. From 
a geographical viewpoint, the same data and the same use cases have different 
footings, different potentials and different outcomes in different bidding zones. 
Market coupling gives assets larger areas for profitability. With all this in mind, 
it is necessary to keep making strides in common projects by enhancing trans-
parency and working more closely with the actual market users. From an outside 
perspective, market coupling operates silently behind the scenes. In reality, it is 
the headquarters of innovative new business models that turn the energy market 
into a facilitator for a greener world. 
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Glossary 

Agency for the Cooperation of Energy Regulators (ACER) In order to help 
the different national regulators cooperate and ensure the smooth functioning of 
the internal energy market, the European Union Agency for the Cooperation of 
Energy Regulators was established in 2011 by the Third Energy Package legisla-
tion (EU Regulation 2009a, 2009b/713, 2009) now replaced by (EU Regulation 
2019a, 2019b, 2019c/942, 2019) as an independent body to foster the integra-
tion and completion of the European Internal Energy Market for electricity and 
natural gas. 

Available Transfer Capacity (ATC) ATC is the transfer capacity remaining avail-
able between two interconnected areas for further commercial activity over and 
above already committed utilization of the transmission networks. Also some-
times referred to as Available Transmission Capacity. (ENTSO-E, Pre-2015, 
2015) 

Balance Responsible Party (BRP) A market participant or its chosen representa-
tive responsible for its imbalances. (EU Regulation 2017/2195, 2017). 

Balancing Balancing means all actions and processes, in all timelines, through 
which transmission system operators ensure, in an ongoing manner, mainte-
nance of the system frequency within a predefined stability range and compliance 
with the amount of reserves needed with respect to the required quality. (EU 
Regulation 2019/943, 2019a, 2019b, 2019c) 

Bidding Zone (BZ) A Bidding Zone is the largest geographical area within which 
market participants are able to exchange energy without capacity allocation. (EU 
Regulation 2019/943, 2019a, 2019b, 2019c) 

Capacity Allocation and Congestion Management Guideline (or Regula-
tion) The Capacity Allocation and Congestion Management Guideline lays 
down detailed guidelines on cross-zonal capacity allocation and congestion man-
agement in the day-ahead and intraday markets, including the requirements for 
the establishment of common methodologies for determining the volumes of
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capacity simultaneously available between bidding zones, criteria to assess effi-
ciency and a review process for defining bidding zones. (EU Regulation 2015/ 
1222, 2015) 

Capacity Allocation Capacity allocation means the attribution of cross-zonal 
capacity. (EU Regulation 2019/943, 2019a, 2019b, 2019c) 

Capacity Calculation Regions (CCR) A geographic area in which coordinated 
capacity calculation is applied. (EU Regulation 2015/1222, 2015) 

Capacity Module (or Capacity Management Module) A system containing 
up-to-date information on available cross-zonal capacity for the purpose of 
allocating intraday cross-zonal capacity. (EU Regulation 2015/1222, 2015) 

Carbon Border Adjustment Mechanism (CBAM) The initiative for a carbon 
border adjustment mechanism (the “CBAM”) is part of the “Fit for 55” legislative 
package. The CBAM is to serve as an essential element of the Union’s toolbox 
for meeting the objective of a climate-neutral Union at the latest by 2050 in 
line with the Paris Agreement by addressing the risk of carbon leakage that 
results from the Union’s increased climate ambition. The CBAM is expected to 
also contribute to promoting decarbonization in third countries. (EU Regulation 
2023/956, 2023) 

Central Counter Party (CCP) The entity or entities with the task of entering into 
contracts with market participants, by novation of the contracts resulting from the 
matching process, and of organizing the transfer of net positions resulting from 
capacity allocation with other central counter parties or shipping agents. One 
of their main functions is to eliminate the counterparty credit risk arising from 
an organization’s trade with a bilateral counterparty. (EU Regulation 2015/1222, 
2015) 

Clean Energy Package (or the Fourth Energy Package) In 2019 the EU over-
hauled its energy policy framework to help the bloc move away from fossil fuels 
towards cleaner energy—and, more specifically, to deliver on the EU’s Paris 
Agreement commitments for reducing greenhouse gas emissions. The package 
consists of 8 new laws. Following entry into force of the different EU rules, 
EU countries have 1–2 years to convert the new directives into national law. 
(European Commission, 2019) 

Clearing Price The price determined by matching the highest accepted sell-
ing order and the lowest accepted buying order in the electricity market. (EU 
Regulation 2015/1222, 2015) 

Comitology Comitology is a process by which EU law is implemented, mod-
ified, or adjusted. It takes place within “comitology committees” chaired by 
the European Commission. The official term for the process is committee pro-
cedure. These committees assist the European Commission in exercising the 
implementing powers conferred on it by the legislative branch (i.e. the Euro-
pean Parliament and the Council of the European Union) with the assistance of 
committees consisting of Member State representatives. (Eurofound, 2011) 

Common Grid Model (CGM) The common grid model means a Union-wide 
data set agreed between various TSOs describing the main characteristic of the 
power system (generation, loads and grid topology) and rules for changing these
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characteristics during the capacity calculation process. (EU Regulation 2015/ 
1222, 2015) 

Congestion Congestion is a situation in which an interconnection linking national 
transmission networks, cannot accommodate all physical flows resulting from 
international trade requested by market participants, because of a lack of capacity 
of the interconnectors and/or the national transmission systems concerned. (EU 
Regulation 2019/943, 2019a, 2019b, 2019c) 

Congestion Income (CI) The revenue received as a result of capacity allocation. 
Congestion income arises in the electricity market when the transmission capac-
ity between bidding zones is too low to even out the difference between supply 
and demand in the market areas. The market areas become separate price areas, 
and a buyer in one area pays a different price than someone in another area. The 
power exchange accrues the price difference in the form of congestion income, 
which the power exchange pays to the transmission system operators on both 
sides of the price area. (EU Regulation 2015/1222, 2015) 

Contingency Contingency means the identified and possible or already occurred 
fault of an element, including not only the transmission system elements, but 
also significant grid users and distribution network elements if relevant for the 
transmission system operational security. (EU Regulation 2015/1222, 2015) 

Continuous Trading Process for carrying out instructions for brokers and dealers 
to buy and sell securities as soon as the orders are received or as soon as the 
desired price becomes obtainable. (IATE, 2024) 

Continuous Trading Matching Algorithm (CTMA) Continuous trading match-
ing algorithm means the algorithm used in single intraday coupling for matching 
orders and allocating cross-zonal capacities continuously. (EU Regulation 2015/ 
1222, 2015) 

Control Area A control area means a coherent part of the interconnected system, 
operated by a single system operator and shall include connected physical loads 
and/or generation units if any. (EU Regulation 2019/943, 2019a, 2019b, 2019c) 

Coordinated Capacity Calculator (CCC) The coordinated capacity calculator 
means the entity or entities with the task of calculating transmission capacity, at 
regional level or above. (EU Regulation 2015/1222, 2015) 

Coordinated Net Transmission Capacity (or Coordinated Net Transfer Capac-
ity) (CNTC) The CNTC approach is the capacity calculation method based on 
the principle of assessing and defining ex-ante a maximum energy exchange 
between adjacent bidding zones according to Article 2 of Regulation EU 2015/ 
1222. In practical terms, CNTC involves calculating the net transfer capacity 
(NTC) for electricity transmission between different bidding zones. NTC is the 
maximum amount of power that can flow across interconnectors connecting bid-
ding zones. The coordinated approach ensures that this capacity is determined 
collaboratively and transparently, considering factors like network constraints, 
operational security limits, and critical network elements. (Glowacki Law Firm, 
2015) 

Critical Network Element A critical network element means a network ele-
ment either within a bidding zone or between bidding zones taken into account
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in the capacity calculation process, limiting the amount of power that can be 
exchanged. (EU Regulation 2019/943, 2019a, 2019b, 2019c) 

Critical Network Element and Contingency (CNEC) The CNEC is a Criti-
cal Network Element limiting the amount of power that can be exchanged, 
potentially associated to a contingency. (ENTSO-E, 2016) 

Cross Border Flow A cross-border flow means a physical flow of electricity 
on a transmission network of a Member State that results from the impact of 
the activity of producers, customers, or both, outside that Member State on its 
transmission network. (EU Regulation 2019/943, 2019a, 2019b, 2019c) 

Cross-zonal Capacity The capability of the interconnected system to accommo-
date energy transfer between bidding zones. (EU Regulation 2019/943, 2019) 
There are two permissible approaches when calculating cross-zonal capacity: 
flow-based or based on coordinated net transmission capacity. The flow-based 
approach should be used as a primary approach for day-ahead and intraday 
capacity calculation where cross-zonal capacity between bidding zones is highly 
interdependent. The coordinated net transmission capacity approach should only 
be applied in regions where cross-zonal capacity is less interdependent, and it 
can be shown that the flow-based approach would not bring added value. (EU 
Regulation 2015/1222, 2019a, 2019b, 2019c) 

Day-Ahead Operational Agreement (DAOA) According to Article 8 (1) of the 
CACM Guideline, all TSOs in EU Member States electrically connected to 
another Member State must participate in the single day-ahead (and intraday) 
coupling. The TSOs and NEMOs, which participate in the SDAC, cooperate 
under the day-ahead operational agreement (DAOA), which entered into force 
on 28 March 2019. (EU Regulation 2015/1222, 2015) 

Electricity Markets Electricity markets means markets for electricity, includ-
ing over-the-counter markets and electricity exchanges, markets for the trading 
of energy, capacity, balancing and ancillary services in all timeframes, includ-
ing forward, day-ahead and intraday markets. (EU Regulation 2019/944, 2019a, 
2019b, 2019c) 

Energy Community Treaty The Energy Community Treaty provides for the cre-
ation of an integrated market in natural gas and electricity in South-East Europe 
which will create a stable regulatory and market framework capable of attract-
ing investment in gas networks, power generation and transmission networks, 
so that all Parties have access to the stable and continuous gas and electricity 
supply that is essential for economic development and social stability. (Council 
Decision 2006/500/EC, 2006) 

European Network of Transmission System Operators – Electricity (ENTSO-
E) The Third Energy Package is a set of two European directives and three 
regulations from 2009. The Regulation that stipulates ENTSO-E’s tasks and 
responsibilities is Regulation (EC) 714/2009 on conditions for access to the 
network for cross-border exchanges in electricity. The regulation sets out 
ENTSO-E’s responsibilities in enhancing the cooperation between its 40 member 
TSOs across the EU to assist in the development of a pan-European electricity
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transmission network in line with European Union energy policy goals. (EU 
Regulation 2009/714, 2009a, 2009b) 

EU Emissions Trading Scheme The EU Emissions Trading System was estab-
lished by (EU Directive 2003/87/EC, 2003). It is a cornerstone of the Union’s 
climate policy and constitutes its key tool for reducing greenhouse gas emissions 
in a cost-effective way. An update entered into force in 2023—(EU Directive 
2023/959, 2023) 

European Market Infrastructure Regulation (EMIR) The EMIR lays down 
clearing and bilateral risk management requirements for over-the-counter 
(‘OTC’) derivative contracts, reporting requirements for derivative contracts and 
uniform requirements for the performance of activities of central counterparties 
(‘CCPs’) and trade repositories. (EU Regulation 2012/648, 2012) 

Explicit Allocation (or Explicit Capacity Allocation) Allocation of cross-border 
transmission capacity separate from the trade of electricity. (EU Regulation 2015/ 
1222, 2015) Alternatively, explicit allocation means the allocation of cross-zonal 
capacity only, without the energy transfer. (EU Regulation 2013/543, 2013) 

Flow-Based Approach This is a capacity calculation method in which energy 
exchanges between bidding zones are limited by power transfer distribution fac-
tors and available margins on critical network elements. (EU Regulation 2015/ 
1222, 2015) 

Generation Shift Keys A generation shift key means a method of translating a 
net position change of a given bidding zone into estimated specific injection 
increases or decreases in the common grid model. (EU Regulation 2015/1222, 
2015) 

Implicit Allocation Implicit allocation means a congestion management method 
in which energy is obtained at the same time as cross-zonal capacity. (EU 
Regulation 2013/543, 2013) 

Individual Grid Model An individual grid model means a data set describing 
power system characteristics (generation, load and grid topology) and related 
rules to change these characteristics during capacity calculation, prepared by the 
responsible TSOs, to be merged with other individual grid model components in 
order to create the common grid model. (EU Regulation 2015/1222, 2015) 

Intraday Auction (IDA) means the implicit intraday auction trading session for 
simultaneously matching orders from different bidding zones and allocating the 
available intraday cross-zonal capacity at the bidding zone borders by applying 
a market coupling mechanism. (ACER, 2019) 

Intraday Power Trading Intraday power trading refers to continuous buying and 
selling of power at a power exchange that takes place on the same day as the 
power delivery. (Next Kraftwerke, 2019) 

Market Coupling Method for integrating electricity markets in different areas, in 
which the daily cross-border transmission capacity between the various areas is 
not explicitly auctioned among the market parties but is implicitly made available 
via energy transactions on the power exchanges on either side of the border. 
(IATE, 2024)
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Market Coupling Operator Function The market coupling operator (MCO) 
function means the task of matching orders from the day-ahead and intraday 
markets for different bidding zones and simultaneously allocating cross-zonal 
capacities. (EU Regulation 2015/1222, 2015) 

National Regulatory Authorities (NRA) NRAs have a key role to play in 
ensuring that each European country meets its targets for energy markets and 
implements the relevant EU regulatory policy. In order to maintain the proper 
functioning of the single European market in gas and electricity, ACER supports 
NRAs in performing their regulatory function at European level and coordinates 
their contributions. (ACER, 2024) 

Net Position The net position means the netted sum of electricity exports and 
imports for each market time unit for a bidding zone. (EU Regulation 2015/ 
1222, 2015) 

Net Transfer Capacity (or Net Transmission Capacity) The Net Transfer Capac-
ity can be defined as the expected maximum volume of generation that can be 
wheeled through the interface between the two systems, which does not lead to 
network constraints in either system, respecting some technical uncertainties on 
future network conditions. (ENTSO-E, 2000) 

Nominated Electricity Market Operator (NEMO) A NEMO means an entity 
designated by the competent authority to perform tasks related to single day-
ahead or single intraday coupling. (EU Regulation 2015/1222, 2015) 

Power Transfer Distribution Factors A power transfer distribution factor is the 
representation of the physical flow on a critical network element induced by the 
variation of the net position of a bidding zone. (IATE, 2024) 

Price Coupling Algorithm Price coupling algorithm means the algorithm used 
in single day-ahead coupling for simultaneously matching orders and allocating 
cross-zonal capacities. (EU Regulation 2015/1222, 2015) 

Price Coupling System A coupling system which in one step establishes both 
prices and volumes for each coupled market, based on all orders from all markets 
that are coupled. Market areas are considered in an anonymous manner in the 
coupling system. Market splitting is a form of price coupling, where all orders; 
pricing per bidding area and settlement is handled by one power exchange. A 
price coupling system can be placed in a unique legal entity or can be a unique 
system that is shared by the local power exchanges. (Nord Pool, NASDAQ OMX 
Commodities, 2013) 

Regional Coordination Centres (RCC) The RCCs are established by the Electric-
ity Regulation 2019/943 and as of 2022 replace the regional security coordinators 
(RSCs) foreseen by the System Operation Guideline. Their tasks include support-
ing the consistency assessment of transmission system operators’ defence and 
restoration plans; carrying out regional outage planning coordination; and carry-
ing out post-operation and post-disturbances analysis. (EU Regulation 2019/943, 
2019a, 2019b, 2019c) 

Regulatory Authority A regulatory authority means a regulatory authority desig-
nated by each Member State pursuant to Article 57(1) of Directive (EU) 2019/ 
944. Member States shall guarantee the independence of the regulatory authority
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and shall ensure that it exercises its powers impartially and transparently. (EU 
Regulation 2019/944, 2019a, 2019b, 2019c) 

Remedial Action A remedial action means any measure applied by a TSO or sev-
eral TSOs, manually or automatically, in order to maintain operational security. 
(EU Regulation 2015/1222, 2015) 

Scheduled Exchange Scheduled exchange means an electricity transfer scheduled 
between geographic areas, for each market time unit and for a given direction. 
(EU Regulation 2015/1222, 2015) 

Scheduled Exchange Calculator Scheduled exchange calculator means the entity 
or entities with the task of calculating scheduled exchanges. (EU Regulation 
2015/1222, 2015) 

Shadow Auctions Shadow auctions are day-ahead explicit auctions performed in 
case of failure of market coupling (implicit allocations). Only capacity rights are 
auctioned, electricity is to be purchased directly through power exchanges. (Joint 
Allocation Office, 2022) 

Shared Order Book A shared order book is a module in the continuous intraday 
coupling system collecting all matchable orders from the participating nomi-
nated electricity market operators in the single intraday coupling and performing 
continuous matching of those orders. (EU Regulation 2015/1222, 2015) 

Shipping Agent A shipping agent means the entity or entities with the task 
of transferring net positions between different central counter parties. (EU 
Regulation 2015/1222, 2015) 

Single Day-Ahead Coupling Single day-ahead coupling means the auctioning 
process where collected orders are matched and cross-zonal capacity is allo-
cated simultaneously for different bidding zones in the day-ahead market. (EU 
Regulation 2015/1222, 2015) 

Single Intraday Coupling Single intraday coupling means the continuous process 
where collected orders are matched and cross-zonal capacity is allocated simulta-
neously for different bidding zones in the intraday market. (EU Regulation 2015/ 
1222, 2015) 

Third Energy Package The Third Energy Package is a set of two European direc-
tives and three regulations from 2009, aimed at improving the functioning of the 
internal energy market and resolving certain structural problems. Only the gas 
part of the third energy package rules (from 2009) is still in force. The cur-
rent electricity market rules were adopted as part of the Clean energy for all 
Europeans package in 2019. (European Commission, 2024) 

Transparency Transparency is essential for the implementation of the Internal 
Electricity Market (IEM) and for the creation of efficient, liquid and competitive 
wholesale markets. It is also critical for creating a level playing field between 
market participants and avoiding the scope for market power (if it exists) to 
be abused. Through Regulation (EU) No 543/2013, the establishment of a cen-
tral information transparency platform was mandated. (EU Regulation 2013/543, 
2013) 

Transmission System Operators Transmission system operator means a natural 
or legal person who is responsible for operating, ensuring the maintenance of
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and, if necessary, developing the transmission system in a given area and, where 
applicable, its interconnections with other systems, and for ensuring the long-
term ability of the system to meet reasonable demands for the transmission of 
electricity. (EU Regulation 2019/944, 2019a, 2019b, 2019c) 

70% Rule (or Margin Available for Cross-zonal Trade (MACZT)) The Clean 
Energy Package includes several legislative acts, one of which is the revised Elec-
tricity Regulation where the 70% rule is introduced, requiring TSOs to provide at 
least 70% (‘minimum 70% target’) of the available capacity for cross-zonal trade. 
(EU Regulation 2019/943, 2019a, 2019b, 2019c). ACER issued a report evaluat-
ing the progress of cross-zonal capacities in 2022 and their role in achieving the 
European Union’s energy objectives and market integration. (ACER, 2023)
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