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The interconnected European power system is confronted with numerous challenges within the next 
decade. The analysis of changes and developments within the energy landscape shows that these 
changes and developments can often be traced back to four main drivers, which are Decarbonisation, 
Decentralisation, Digitalisation and Democratization (the 4Ds). The transition towards a carbon-
neutral economy is mainly based on the vast increase of renewable energy sources. This trend is 
accompanied by the decentralization of generation, an increased electrification of different sectors 
and the emerging digitalization. For the first time, digitalization empowers a large number of small 
customers to contribute to the challenges of the power system. 

To address these trends and changes, the INTERRFACE project aims to design new services and 
markets in order to capture the effects of evolving energy markets and services and to ensure the 
participation of all service providers. Following D2.2 and D2.3 this report describes the results of the 
market design phase of potential new markets for services described in D3.1.  

Taking into account these trends, the importance of markets for ancillary services and especially for 
congestion management markets is expected to rise. Furthermore, the rising interest of small 
consumers and producers to participate in the markets and to trade electricity locally while 
maintaining independence might lead to new local market concepts. Therefore, the analysis 
conducted in T3.2 of the INTERRFACE project focusses on these markets.  

Taking into account the Active System Management Report by ENTSO-E, this report defines and 
describes different market options. The options are classified according to the level of integration 
between congestion management markets and other markets and the level of integration between 
TSOs and DSOs. Based on this classification, a detailed analysis of congestion management markets 
showed that depending on the ÍÁÒËÅÔÓȭ purpose a suitable market option needs to be chosen. 

The analysis of congestion management markets which are separated from other markets shows that 
this approach is most likely the favourable approach for DSOs taking into account that it can be easily 
applied and it can be tailored to the needs of DSOs. In contrast to this, a combination of congestion 
management markets with balancing markets can increase the participation on those markets but at 
the same time, jeopardizes an easy and efficient procurement of balancing energy. Both concepts 
showed that splitting up congestion management markets into short-term and operational congestion 
management markets as described in D3.1 seems to be a reasonable approach to tackle the differences 
between both services. Differences occur in the exact set-up of those markets in terms of timing and 
product design. 

Besides defining market designs for various markets a special focus of this document is set to the 
common processes like prequalification and settlement which will be facilitated by the introduction 
of a flexibility resource register which is expected to be one of the core functionalities of the 
Interoperable Pan-European Grid Services Architecture platform developed in the project. 

The developed market designs act as the blueprint for the implementation of different markets in the 
demonstration projects, by which the developed market designs will be tested in reality. For this 
purpose, the results of this task will be utilized by the following task 3.3 and the following work 
package 4 for setting up the Interoperable Pan-European Grid Services Architecture platform 
ensuring a seamless operation of all demonstration projects and serving as a common platform for 
the future electricity system. 
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1 )ÎÔÒÏÄÕÃÔÉÏÎ 

1.1 Background  

The interconnected European power system is confronted with numerous challenges within the next 
decade. The transition towards a carbon-neutral economy is mainly based on the vast increase of 
renewable energy sources. This trend is accompanied by the decentralization of generation, an 
increased electrification of different sectors, and the emerging digitalization. For the first time, 
digitalization empowers a large number of small customers to contribute to these challenges of the 
power system. As illustrated in D2.1 of the INTERRFACE project, an increased active participation of 
all grid users on the market is expected in the future. To facilitate the potential of small customers 
while maintaining the potential of all other customers, an easy access to various markets is especially 
important.  Going along with this phenomenon the coordination between TSOs and DSOs becomes 
significantly more important due to the larger share of customers connected to DSOs but taking part 
on DSO and TSO markets. Besides the integration of decentralized energy resources into markets on 
TSO level, different markets on DSO level are expected to emerge in the future. 

Direct consequences of these trends are also addressed within the Clean Energy Package of the 
European Union, which was formally adopted in May 2019. With this legislative package, the EU set 
the basis for a climate and energy framework for 2030 by, amongst others, amending the existing 
electricity directive and introducing a new electricity regulation.  

To address these trends and changes, the INTERRFACE project aims to design new services and 
markets in order to capture the effects of evolving energy markets and services using state of the art 
and new digital technologies and to ensure the participation of all potential service providers. 
Following D2.2, that analysed existing tools and services, the INTERRFACE deliverable D3.1 aims to 
describe the evolvement of services within the power system. The deliverable D3.1, as INTERRFACE 
demonstrations core services, is the foundation for the following market design of potential new 
markets. The different implementations of the demonstration projects are taken into account while 
setting the focus of this task to services illustrated in the INTERRFACE project. 

In this document the results of the market design phase are presented. Therefore, and based on the 
status quo of the European power market landscape presented in D2.3, the occurring challenges and 
their implications for markets will be presented. Taking into account the regulatory framework in the 
electricity sector which has been described in D2.4, potential new markets and their designs are 
evaluated. The market designs have to be aligned with the INTERRFACE strategic objectives of linking 
wholesale and retail markets to allow all electricity market players to trade and procure energy 
services in a transparent, non-discriminatory way. Furthermore, this deliverable D3.2 provides first 
insights into the definition of standardised products, key parameters and the prequalification and 
settlement process for energy services. Thereby, this definition always takes into consideration the 
market liquidity for all services. Based on this analysis, the succeeding work packages within the 
INTERRFACE project will be able to use the generalized market structures as a blueprint for 
implementation of the Interoperable pan-European Grid Services Architecture (IEGSA) platform 
which will be described in D3.3. Besides this aspect, other work packages will evaluate the necessary 
regulations to enable the proposed market structures. The demonstration projects in work packages 
5 to 7 will be able to utilize these results while implementing their specific market concepts. 
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1.2 Report  structure  

In order to identify potential new markets and necessary adaptions of existing markets, several 
methodical steps are performed which are described in chapter 2. The second chapter focuses on the 
detailed description of steps that were followed to derive the results described in this deliverable 
D3.2 wit hin the INTERRFACE project period.  

To identify the need for new market based solutions, the upcoming challenges for the power system 
are anticipated in chapter 3.1. This high level description aims for a classification of different mega 
trends which are currently discussed within the field of power economics. This is followed by an 
ÁÎÁÌÙÓÉÓ ÏÆ ÔÈÅ ÉÍÐÁÃÔÓ ÏÆ ÔÈÅÓÅ ÃÈÁÎÇÅÓ ÏÎ ÔÏÄÁÙȭÓ ÍÁÒËÅÔ ÓÔÒÕÃÔÕres within chapter 3.2. 
Subsequently, and based on the prior analysis and the findings within D3.1, necessary adaptions of 
existing markets and likely new markets are described within chapter 3.3. 

Following the top-down identification of possible new markets chapter 4 provides an overview of the 
different demonstration projects and first approaches on the definition of markets that they want to 
show in their demonstrations. The results from this comparison have been taken into account to 
define the markets that will be analysed in detail in the following chapters. 

The identified new and adapted market structures will be analysed in detail within chapter 5 and 0. 
The structure of both chapters will be explained in detail in chapter 2. The different markets taken 
into account here are analysed with respect to a general description of the market, the different actors 
on the markets as well as the structure of market processes. Another important topic that will be 
tackled is the TSO/DSO coordination scheme in the different markets. 

Within the whole report references to the demonstration projects in the INTERRFACE project are 
provided, to ensure consistency within the whole consortium. 

In the end, chapter 7 provides an overview of the most important results and conclusions of this 
report. 
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2 -ÅÔÈÏÄÏÌÏÇÉÃÁÌ /ÖÅÒÖÉÅ× 

The development of possible new market structures and adaptions in the existing market structure 
in the INTERRFACE project followed a top-down and bottom-up process in order to facilitate a 
standardized way of describing necessary market designs while at the same time taking into account 
the needs of the demonstration projects. 

These top-down and bottom-up processes are visible in the way of identifying the markets that were 
analysed in detail in the INTERRFACE project and within this deliverable. The top-down approach 
(compare chapter 3), shown in Figure 1, started with the identi fication of anticipated, upcoming 
challenges for the power system in chapter 3.1. This high level description aimed for a classification 
of different mega trends which are currently discussed within the field of power economics. This is 
followÅÄ ÂÙ ÁÎ ÁÎÁÌÙÓÉÓ ÏÆ ÔÈÅ ÉÍÐÁÃÔÓ ÏÆ ÔÈÅÓÅ ÃÈÁÎÇÅÓ ÏÎ ÔÏÄÁÙȭÓ ÍÁÒËÅÔ ÓÔÒÕÃÔÕÒÅÓ ×ÉÔÈÉÎ 
chapter 3.2. Subsequently, and based on the prior analysis and the findings within D3.1, necessary 
adaptions of existing markets and likely new markets are described within chapter 3.3. 

 

Figure 1: Top-down approach for analysing new market structures  

Based on the results of this top-down process the question arose which of these markets should be 
investigated in detail. In order to answer this question, a questionnaire amongst the demonstration 
projects leaders was conducted to find the most relevant markets for the INTERRFACE project. Taking 
into account the demonstration projects preferences and the target period of the INTERRFACE project 
the most relevant markets were selected. To reflect these different markets, three WP3 visions 
(compare Figure 2) were created in order to reflect the different approaches. These visions were: 
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- 6ÉÓÉÏÎ υ ȰBusiness-as-usual + flexibility marketȱ: In this vision wholesale and balancing markets 
as well as retail markets and markets for non-frequency ancillary 1services are expected to 
remain similar to today, while additional markets for congestion management are introduced. 

- 6ÉÓÉÏÎ φ ȰSingle Flexibility Marketȱ: In this vision derivatives, retail and non-frequency 
ancillary services market remain unchanged while balancing, intraday and congestion 
management markets are combined into one single market. 

- 6ÉÓÉÏÎ χ ȰDecentralized conceptȱ: This vision was supposed to reflect the increasing willingness 
of end-consumers to participate in the electrical supply by engaging into electricity markets. 
For this purpose local electricity markets are set up. 

 

Figure 2: Different WP3 visions 

As visions 1 and 2 differ mostly in terms of integration of the markets a more detailed analysis of 
different levels of market integration in terms of TSO/DSO integration as well as market integration 
was conducted in the next steps.  
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Taking into account WP3 visions focussing on ancillary services, it becomes clear, that vision 1 and 2 
differ in terms of market integration for different ancillary services and the integration of TSOs and 
DSOs. Starting from CM-markets, these differences can be classified according to Table 1 into different 
market options. This concept was initially mentioned in the ASM-report by ENTSO-E and was further 
elaborated in the INTERRFACE project. 

Table 1: Market Options 

 CM separated from 
other markets  

CM combined with 
other markets over 
subset or by 
overlapping MOLs  

CM fully integrated 
in other markets  

TSO 1A 1B 1C 

DSO 1A --- --- 

TSO & DSO Combined 
by subset or 
overlapping  

2A 3A 3B 

TSO & DSO fully 
integrated  

2B 3C 3D 

The market options can be classified according to the level of integration of different markets, which 
is illustrated by the different columns. Starting from separated markets, meaning that bids are only 
used on one of the markets, up to a fully integrated market with only one common Merit Order List, 
all different variations are possible. Nowadays, many pilot projects are working on a combination of 
CM- and other markets by sharing parts of the bids and adding them on two or more Merit Order Lists 
of different markets. The same classification can be carried out for the combination of TSOs and DSOs 
on these markets. Starting from completely separated markets, where the TSO/DSO coordination 
necessarily needs to take place outside of the market up to integrated markets where TSOs and DSOs 
can access the same bids on the same Merit Order List.  

To align the top-down approach of selecting different markets for an in-depth analysis a survey of 
demonstration projects followed. This bottom-up process aimed to identify the markets that will be 
represented by the demonstration projects and to understand the fundamental basics that 
demonstration projects foresee. In order to be able to compare the different ideas of the 
demonstration projects, sequence diagrams were chosen as a valid format. A comparison of the 
sequence diagrams can be found in chapter 4, while all sequence diagrams are listed in the appendix. 
The analysis of these sequence diagrams showed, that the markets which are covered by most 
demonstration projects are consistent with the WP3 visions, focusing on congestion-management and 
balancing markets as well as local markets.  

Following the decision which markets are supposed to be analysed in this project, a definition of a 
framework to describe these different market designs was required. The analysis of the markets this 
report is focussing on follows this framework and wil l be carried out in each of the following 
subchapters of chapters 5 and 6. The framework will be based on the aspects that are shown in Figure 
3. 
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Figure 3: Market Design Framework  

Each of the market design descriptions in the subchapters of chapter 5 and 0 starts with the 
description of the general working principle of a specific market to provide an overview of what this 
market is used for. This general description includes the market goals, illustrating the purpose and 
the idea of the market. Furthermore, this general description is supposed to identify the services that 
might be traded on the specific markets. With respect to the INTERRFACE project, these sections are 
supposed to provide a link to D3.1 which is a description of possible services. As an additional aspect 
of the general description of the market, the market setting was analysed. This involves information 
on how the described market is embedded within the existing sequence of markets and analyses 
possible interdependencies between markets, even though they are not directly linked. This should 
provide an overview whether the market is operated close to real-time, or it is a market where 
clearing takes place weeks before delivery. 

After this general description of the market, a more detailed analysis will look at different market 
parties and ensures, that all market parties are well defined. Moreover, these sections will provide 
some insights on the individual aims of the different market parties being active on the market. Since 
the market parties will be very similar within different market concepts, these sections will be based 
on a thorough overview of possible market parties in Chapter 5.1.1. Therefore, the individual sections 
will highlight  the differences compared to the general description only.  

With clearly defined market parties, their market structure can be described in each section 3 of the 
different market descriptions. The market structure involves market processes as well as the market 
and clearing mechanism. A further aspect of the market structure is the market access, focusing on 
the provision of an easy access for all market parties including smaller consumers. Since many of 
these small market parties are connected to the distribution grid while many services are procured 
from TSO and DSO, a TSO/DSO coordination scheme is crucial for well-functioning markets and needs 
to be determined.  

Central to a market and directly linked to the market mechanism and market processes is the spatial 
and temporal definition of products that can be traded on the described market and are further 
described in sections 4. 

The issues and challenges associated with the market options are described in each section 5. 

Å Market Process illustrated through 
Sequence Diagram

Å Market mechanism
Å Market access
Å TSO/DSO coordination

Market Processes

Å Roles 
Å Responsibilities and objectives

Market Parties

Å Temporal product design
Å Spatial product design

ProductsÅ Market goals
Å Services which are addressed 

(T3.1 link)
Å Interaction with other markets

General market description

Å Information exchange 
between market parties

Å Information exchange 
between markets

Information Exchange

Å Gaming
Å Market liquidity

Open Issues and Challenges
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3 !ÎÁÌÙÓÉÓ ÏÆ ÃÈÁÌÌÅÎÇÅÓ ÁÎÄ ÉÍÐÌÉÃÁÔÉÏÎÓ 

3.1 Challenges with respect to markets  

The changes and development within the energy landscape are often characterized by four main 
drivers, which are Decarbonisation, Decentralisation, Digitalisation and Democratization (the 4Ds). 
The first trend is decarbonisation which generally describes efforts to reduce carbon emissions. 
Nowadays the most important approach is the greater usage of efficient or renewable technologies. 
Increasing the number of renewable energy plants is often associated with decentralisation, which 
foresees the paradigm shift towards are more decentralized generation stack. Especially for the 
installation of PV-units and onshore wind turbines this is important. The third trend digitalisation is 
an overarching enabler. This refers to new business models as well as being able to handle a new level 
of complexity. The trend of democratization leads to a higher participation of various, smaller 
consumer and the aligned increase of complexity. 

These megatrends, which are of course not only applicable to the field of power economics, can be 
used to classify different developments within the power sector. Subsequently a classification of 
trends and developments, which raises no claim to completeness, as well the derivation of challenges 
will be performed for the most relevant trends.  

The most prominent and most severe development is the increased diffusion with renewable energy 
plants which raises challenges related to the market integration as well as a successful grid 
integration. This trend is illustrated in Figure 4 by the development of the installed capacity of 
photovoltaic and wind power plants which are the two most important types of renewable energy 
plants.  

 

Figure 4: Development of installed onshore wind and PV capacity in Europe2 

The generation of renewable energy plants is by nature characterized by a high dependency on the 
primary energy sources and in some cases for the volatile supply of these primary energy sources. 

                                                             
2 Capacities from ENTSO-E factsheet for 2017 and Ten Year Network Development Plan 2020 for Scenario Distributed 
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This immanent characteristic along with the limited predictability mark a significant paradigm shift 
in generation, which has been dominated by controllable power plants for centuries. This new 
volatility on the generation side causes an increased need for flexibility to balance the system in case 
of low generation from renewables. Therefore, a higher reserve need is expected. Along with a high 
volatility, also the occurring power ramps of wind power and PV plants increase the need of flexibility 
within the generation system.  

Along with these technical challenges, some market-based issues arise. In times of high generation 
from renewables the residual load, which is defined as the delta between the load and the volatile 
renewable generation, can be small or even negative. This is equal to a low need of available 
generation capacity from conventional thermal power plants. Although, the market principle should 
generally be able to efficiently manage situations of scarcity (in this case a scarce demand), those 
situations are not easy to handle from a grid perspective since during those times high exports occur 
due to low prices. In addition, some conventional generation needs to remain in operation during 
situations of low residual loads due to stability reasons. 

It should be noted, that the increasing capacity of renewable generation, has a significant impact on 
the grid infrastructure as well. The decentralized distribution of renewable generation confronts the 
existing distribution and transmission grids with challenges since they have been designed for a more 
centralized power supply. In order to guarantee a safe operation of the system, system operators are 
facing an increased need for remedial actions. The costs for these measures, which are illustrated for 
2017in Figure 5, have been rising during the last years.  

 

Figure 5: Costs for remedial actions in the European countries in 201 73 

With an increased renewable generation, prices on a wholesale level are expected to decrease due to 
the low operational costs of renewable plants. These lowered prices lead to decreasing earnings for 

                                                             
3 Source: Deliverable 2.3 or the INTERRFACE project 
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conventional plants. This is often referred to as the missing money problem, which means that the 
ÐÒÉÃÅÓ ÆÏÒ ÅÎÅÒÇÙ ×ÉÔÈÉÎ ÔÈÅ ×ÈÏÌÅÓÁÌÅ ÍÁÒËÅÔȟ ÄÏÅÓÎȭÔ ÒÅÆÌÅÃÔ ÔÈÅ ÖÁÌÕÅ ÏÆ ÉÎÖÅÓÔÍÅÎÔ ÉÎ ÔÈÅ ÒÅÓÏÕÒÃÅÓ 
which are needed to provide a reliable electricity system. The most prominent idea to overcome this 
issue is the idea to introduce any sort of capacity mechanism, which would also remunerate 
generation capacity instead of the sole delivery of energy. 

This challenge is closely linked to the inverse trend of decreased thermal generation. Due to declining 
full load hours of thermal power plants, their business cases becomes more and more difficult. This 
leads to a lower secured capacity, which needs to be compensated in order to ensure security of 
supply. This is accompanied by the decreased availability of plants for ancillary services especially 
reserve power and the feed-in of reactive power. The technical challenges for renewable energies to 
provide ancillary services have mostly been solved. However, current legal efforts aim towards an 
increased integration of renewable energies also into the ancillary service market.  

In addition to the comprehensive changes on the generation side, there are fundamental trends on 
the demand side as well. This encompasses the increasing electrification as well as sector coupling. 
Both approaches refer to the concept of replacing fossil fuels also in the sectors heat, industry and 
transport. In terms of practical appliances this refers especially to increasing numbers of electric 
vehicles and heat pumps which is illustrated in Figure 6. 

 

Figure 6: Number of installed electric vehicles and heat pumps in European countries  in 2017 4 

From a market perspective this results in an increasing number of active consumers or prosumers 
which will be active on markets, which is empowered by the fourth trend of democratization. 
Additionally, there is a paradigm shift from static, appreciable towards new, more dynamic load 
patterns. Consequently, higher communication efforts with demand side appliances will be necessary 
in order to integrate prosumers into existing and new markets.  

                                                             
4 Source: Deliverable 2.3 of the INTERRFACE project 
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The trend of democratization also adds a socio-economic dimension and describes the increasing 
participation of consumers as well as the rising public awareness within the field of power supply. 
From a market perspective those new players are not fully addressed by existing market structures, 
since those are still aligned to the needs of wholesale customers. In order to integrate small players 
into the market structures, removing entry barriers is a frequently discussed topic. There is a need 
for low-cost access solutions in order to enable new business models. This raises concerns regarding 
cyber security issues. In addition, the interoperability from a technical as well as a market perspective 
should be ensured. Therefore, a consistent market design framework is necessary to avoid 
inefficiencies.  

3.2 Derived Implications for Markets  

As described within chapter 3.1, the current market framework is confronted with fundamental 
trends and challenges on the road towards a carbon-free power supply. In order to meet those 
challenges, the existing market structures could be adapted or additional new markets might be 
suitable. Subsequently those two major approaches should be evaluated taking into consideration the 
identified challenges from chapter 3.1. 

Group of Challenges: Increasing renewable energy plants and lower conventional generation  

With a power supply mainly based on volatile primary energy sources, forecasting the generation is 
crucial in order to ensure a stable operation of the system. Since forecasts are naturally imperfect, 
there is an incentive to shift trading activities related to volatile renewable energy plants as close to 
real time as possible, in order to minimise deviations from the forecast. Within the current market 
framework, this is mainly done using the intraday market, which allows to balance the own position 
up to several minutes before real-time. A similar, even though less pronounced, trend could be 
identified for balancing markets (aFRR and mFRR) where gate closure times have been shifted closer 
to real time as well in order to allow different technologies to participate. 

In addition to shorter lead-times also the structure of market based products on all markets might be 
subject to further changes in order to allow renewable energy plants and all other flexibility resources 
to participate and increase the liquidity on the markets by ensuring a sufficient number of active 
participants. This involves shorter product durations as well as lowered minimum bid sizes. 

One regulatory instrument which has successfully been used to promote initial investments into 
renewable energies are feed-in tariffs. This relates to the issue that the majority of RES plants have 
been operated partly separated from the market with low or no motivation  to be operated under 
consideration of market prices. In recent times the integration of feed-in tariffs that only compensate 
missing earnings from other markets (market premium model) become more relevant in order to 
guarantee that feed-in-tariffs do not create a parallel system for existing markets. With a limited 
duration of those feed-in tariffs, RES producers will be motivated to operate their plants in a market-
oriented and efficient manner after the expiration of the governmental support. The operation of a 
power system with high shares of renewables which are not subsidised at all, remains a challenge and 
might lead to some unforeseen unwanted effects which require some adaptions of the existing market 
design. At the same time a higher share of unsubsidised resources can lead to a more effective 
balancing, since producers are incentivized to balance their portfolio due to higher price variations. 

Supplemental to the adaption of the existing market design, diverse ideas regarding fundamental 
changes and new markets exist. In order to overcome the lack of secured capacity, different capacity 
mechanisms or markets are in place within Europe. These complement the existing energy-only 
markets. 
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Another field of discussion is the future procurement of frequency ancillary services. Due to the high 
efficiency of a market-based procurement, this will remain the best option to procure reserve power. 
Therefore, and as explained before, it is necessary to lower the hurdles for a market entry of 
renewable plants as well as refining the products of those markets to the needs of the future power 
system. This will ensure efficient market outcomes and a stable grid operation. 

In terms of the provision of non-frequency ancillary services like feeding in reactive power, bilateral 
agreements with the grid operator or regulations based on the grid connection codes are in place, 
while in the future market-based procurement of non-frequency ancillary services might be 
conceivable. 

A potential new market within the field of non-frequency ancillary services could be foreseen for the 
service of providing system inertia as Ireland has started. With a future majority of inverter -
connected generation units which do not inherently provide rotational inertia, new solutions need to 
be found. Different technical solutions exist where flexibility resources that are connected via power 
electronics can be capable of providi ng synthetic or virtual inertia. To identify a combination of inertia 
providers which are associated with the lowest costs, a market similar to FCR could be used. Already 
today, specific products like FRR and grid restoration services are under development in different 
European countries. 

Approaches which aim towards a more fundamental change of the existing market design are for 
example the ideas to implement nodal pricing. Benefits, compared to the existing zonal system, would 
be a more efficient dispatch while structural congestions are reflected within different market prices. 
However, the discussion of nodal pricing remains to be a theoretical one due to the extraordinary high 
costs which are related to changing the pricing scheme and the political unwillingness of changing the 
running system. An approach which aims for the incorporation of local price signals, which remains 
within the framework of zonal pricing, is the regular review and conclusively the adaption of bidding 
zones. Nevertheless, approaches towards fundamental changes of the existing market designs in 
order to take into account grid congestions into the dispatch might be possible in local energy and 
local flexibility markets. 

A more concrete debate exists with respect to dedicated new markets for resolving congestion. This 
refers to setting up a new, additional or combined market place where market players can sell their 
operational flexibility. Possible demanders are grid operators which use the localized flexibility bids 
to resolve congestion. Currently, mFRR market is used for transmission congestion management 
inside a price zone in some European countries, and many different demonstration projects at 
distribution level  exist which elaborate on different options to access the existing flexibility using 
market platforms. 

Group of Challenges: Digitalization and Electrification   

Also on the demand side, adapting market access rules is central to enable the participation of 
prosumers. This involves for example reducing the minimum bid size within different markets or the 
necessary effort to access them. Current minimum bid sizes for example on the day-ahead and 
intraday markets of EPEX-Spot are 0.1 MW, which is significantly more than small prosumers can 
deliver. 

The market access should be embedded into a market framework, which ensures a safe operation of 
the grid by providing incentives for asset owners to operate their assets in a manner that is well-
suited to the system. This should be an inherent characteristic of the market design. Possible 
approaches, which aim to ensure this compatibility,  are for example time- and load-dependent grid 
fees. These dynamic grid tariffs can be used to incentivise a grid usage, which prevents congestion. 
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A potential new market, which could incorporate dynamic grid tariffs as well as addressing the rising 
interest in local energy supply, is a local energy market. This spatially limited market complements 
existing wholesale markets and allows bilateral peer-to-peer energy trading on a local level. The core 
concept is the consumer-centric and bottom-up perspective.  

Besides local energy markets, local flexibility markets can provide flexibility for solving grid 
constraints or any other flexibility needs of the network- and system operator. 

Another development, which is related to an increasing digitalization, is the setup of data exchange 
platforms or data hubs. These information platforms support market players by serving as a single 
point of information for e.g. meter data. Further ideas like a flexibility register with various possible 
designs are discussed nowadays. The most important aim of such a platform is to facilitate the 
integration of small customers on various markets. More information on this topic can be found in the 
Appendix Flexibility register concept proposal of INTERRFACE project. Integrating large numbers of 
prosumers into the electricity market may involve enormous communication efforts. In addition, 
information and cyber security are key challenges and need to be ensured in every process. 
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3.3 Possible Future Markets  

Following the discussion of possible implications for markets within chapter 3.2 which were derived 
from the described challenges, the following subsection focuses on identifying potential new markets 
based on the service list as described in D3.1.  

In general, services can be procured using different procurement schemes. The first scheme is the 
definition of requirements, which need to be met by assets, which are connected to the grid, within 
the network codes. These rules define the prerequisites for a new grid connection; this is the case for 
reactive power behaviour in some European countries. This type of procurement schemes is called 
ȰÒÕÌÅ ÂÁÓÅÄȱ ÐÒÏÃÕÒÅÍÅÎÔȢ The second procurement scheme is a bilateral contract or connection 
agreement between the grid operator and the asset owner. If an asset is able to provide services (like 
providing black start capability) bilateral contracts between the asset owner and the grid operator 
define the modalities for the procurement of this service. Furthermore, grid tariffs are one possibility 
to incentivize specific services. In contrast to those schemes, fully market based schemes to procure 
services are conceivable, which are especially suitable for services that can be provided by a high 
number of assets (for example providing reserve power). Thereby, markets which are in place for 
services that need to be served locally, are confronted with a lower liquidity. In contrast to bilateral 
contracts, the market based approach normally consists of an organized market place which excludes 
the concept of bilateral contracts. A subgroup of the market based procurement schemes is the 
ȰÁÄÍÉÎÉÓÔÒÁÔÉÖÅ ÁÐÐÒÏÁÃÈȱ ×ÈÉÃÈ ÃÏÎÓÉÓÔ ÏÆ ÒÅÓÔÒÉÃÔÅÄ ÍÁÒËÅÔÓ ÆÏÒ ÓÅÒÖÉÃÅ ÐÒÏÃÕÒÅÍÅÎÔȢ Within  Table 
2, the classification of system services from T3.1 with respect to possible procurement options is 
presented. 

Table 2: Classification of system services according to D3.1 

Market 
domain 

Market sub-
domain 

Service Procurement Explanation 
Locational 

Scope 
User 

B
a
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n
c

in
g

 m
a
rk

e
ts

 

EXISTING 

Frequency 
Response 
services 

Frequency 
Containment 

Reserves 
(FCR) 

Market-based 

A market-based procurement is standard 
due to the system-wide nature of the 

frequency. Therefore, no spatial 
restrictions regarding the provision of this 
service exist. In addition, a high number 

and variety of different assets are 
technically able to provide frequency 

response services.  

Pan-EU 

TSO 

automatic 
Frequency 
Restoration 

Reserve 
(aFRR) 

Pan-EU with 
national 
specifics 

manual 
Frequency 
Restoration 

Reserve 
(mFRR) 

Pan-EU with 
national 
specifics 

Replacement 
reserves (RR) 

National level 

Fast frequency 
reserves (FFR) 

National level 

NEW 
EMERGING 

Ramp control Market-based 
A market-based procurement has been 

introduced by EirGrid. 
National level TSO 
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Market 
domain 

Market sub-
domain 

Service Procurement Explanation 
Locational 

Scope 
User 

Frequency 
Response 
services 

Smoothed 
production 

Bilateral 
contract 

Introduced by the TSO Statnett which 
pays a fixed administrative compensation 
as well as a variable tariff to participating 

assets. 

National level 
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NEW 
EMERGING 

Intra-zonal 

Operational 

Market-based 

The efficiency of a market-based 
procurement of resources for congestion 
management is highly dependent on the 
nature of the congestion and the voltage 

level. 

National level 
TSO / 
DSO 

Short-term 
planning 

National level 
TSO / 
DSO 

Long term 
planning 

National level 
TSO / 
DSO 

Cross-border 

Redispatch Inter-zonal TSO 

Countertrading Inter-zonal TSO 
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e
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NEW 
EMERGING 

Reactive 
Power and 

Voltage 
Control 

Obligatory 
reactive power 
service (ORPS) 

Defined 
within Grid 

Code or 
bilateral 
contract 

Voltage related services are usually 
defined within the grid codes due to the 
local nature of reactive power. In case of 
an additional provision, regulated prices 

are used. 

National 

TSO / 
DSO 

Enhanced 
reactive power 
service (ERPS) 

National 

Fault-ride 
through (FRT) 

capability 

Defined 
within Grid 

Code 
Specific to every generator Pan-EU 

NEW 
EMERGING 

System 
Restoration 

Black Start 
Bilateral 
Contract 

Specific to the TSOs grid restauration 
plan. Usually selected plants receive a 
fixed remuneration for providing black 

start capabilities 

National TSO 

Islanding 
Operation 

Defined 
within Grid 

Code 
Specific to every generator Local 

TSO / 
DSO 

NEW 
EMERGING 

System 
Restoration 

Damping of 
power system 

oscillations 

Bilateral 
Contract 

Dependent on the nature of the occurring 
oscillations. Usually eligible assets are 
contracted and remunerated with fixed 

tariffs.  

Pan-EU TSO 

A
d

e
q

u
a
c
y
 NEW 

EMERGING 

Capacity 
Remuneration 
Mechanisms 

Strategic 
reserve 

Market-based 
or bilateral 
contract 

Currently different approaches exist within 
Europe which range from capacity 

markets to restricted capacity payments. 
National TSO 
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As it  can be extracted from Table 2 only for some services a market-based procurement is reasonable. 
These services are especially within the field of frequency-ancillary services as well as congestion 
management. Within the procurement of frequency-ancillary services, market structures are well 
established whereas within the field of congestion management market-based approaches are still in 
the early stage. Therefore, one focus area of the following market analysis is within the field of 
markets for congestion management. 

Besides possible new markets within the field of system services, additional new markets can be 
derived from the performed analysis. Thereby especially the concept of local energy markets (LEMs) 
will be addressed. These local market concepts empower consumers by enabling energy trading 
within the small scale. According to the Brooklyn Microgrid LEMs offer benefits to other stakeholders 
apart from customers5. For grid operators, LEMs could lower the need for grid expansion due to a 
more efficient allocation of consumption and generation. This would also decrease grid losses during 
daily operation. From a societal perspective, LEMs could provide better market transparency as well 
as a fairer  allocation of systemic costs and benefits. Besides all these advantages LEMs have a couple 
of disadvantages at the same time. Market fragmentation reduces overall efficiency while at the same 
time issues about local market power can exist. Furthermore, transparency of local markets might be 
reduced in some cases, due to the fact that reporting for the public is not dictated. Individual prices 
based on the location in the grid in order to reduce needs for grid expansion might be politically 
unwanted, due to the fact of equality of all users. 

To take into account the potential of LEMs to change the existing market structures, one concept of 
local energy markets will be included into the market analysis of this report. In addition, one 
demonstration project within the INTERRFACE project, focusses on the implementation of a local 
energy market.  

Closely related to LEMs are local flexibility markets which are focussing on the provision of flexibility 
to the grid operator by enabling additional earnings for participants on those markets. These type of 
market needs to be clearly separated from LEMs. 

                                                             
5 Brooklyn microgrid ï Energy platform, https://www.brooklyn.energy/ 

 

https://www.brooklyn.energy/
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4 3ÅÑÕÅÎÃÅ $ÉÁÇÒÁÍÓ ÏÆ $ÅÍÏÎÓÔÒÁÔÉÏÎ 0ÒÏÊÅÃÔÓ  

In order to understand the needs of the demonstration projects a thorough analysis of the different 
sequence diagrams has been conducted. Besides the information of the sequence diagrams even 
further information from prior questionnaires has been taken into account for this analysis. The 
sequence diagrams themselves always refer back to one market option that they are describing. A 
detailed explanation of those market options can be found at the very beginning of chapter 5. This 
section gives insights on the following issues gained during this analysis: 

¶ Generic deÍÏÎÓÔÒÁÔÉÏÎ ÐÒÏÊÅÃÔÓȭ characteristics 
o The services they implement,  
o Description of TSO-DSO coordination scheme,  
o Existence of flexibility register, 
o Actors 

¶ Market Design 
o Market design options they follow (1A-3D),  
o Market product description, 
o Timeframe of the market, 
o Available bidding options, 
o Market clearing, 
o Market integration, 
o Communication to market participants 

The following Tables provide a comparison of the demos, based on their sequence diagrams and 
business use cases with a focus on market design process. They provide an overview of the generic 
characteristics of the demonstration projects in Table 3, but the main focus is on the market design 
characteristics, which is shown in  
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Table 4 and Table 5. A more detailed comparison of demonstration projects is provided in 
INTERRFACE deliverable D3.1. 
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Table 3: General Characteristics of the demonstration projects  
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Table 4: Market Designs of demonstration projects of WP5 
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Table 5: Market Designs of demonstration projects  of WP6 and 7 
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5 !ÎÁÌÙÓÉÓ ÏÆ -ÁÒËÅÔÓ ÆÏÒ !ÎÃÉÌÌÁÒÙ 3ÅÒÖÉÃÅÓ 

Combining the results of the top-down approach including the derivation of the three visions and the 
market options as well as the results of the bottom-up analysis of the sequence diagrams of the Demos 
the focus of the INTERRFACE project is set to congestion-management- (CM) and balancing markets 
as well as local energy markets. In this chapter possible markets for ancillary services, especially 
congestion-management and balancing markets, are described, while chapter 6 focusses on local 
energy markets. 

Subchapter 5.1 is focussing on common actors and processes of the different market options. The 
further structure of this chapter follows the matrix structure  of the described market options. Starting 
with CM-markets that are separated from other markets, subchapter 5.2 describes the possible 
combinations of TSO/DSO coordination within  the different market options (1A, 2A and 2B). 
Afterwards subchapter 5.4 is focussing on combined congestion management and other markets, 
representing market options (1B, 3A, 3C). Market options for the full integration of congestion 
management markets into other markets (1C, 3B, 3D) are not taken into account in this report, 
because it is not expected that in the timeframe up to the next 10 years, which is the relevant 
timeframe from the INTERRFACE project perspective, a full integration of congestion management 
and other markets is going to be realized.  

5.1 Common Actors and  Processes 

5.1.1 Market Parties  

In the aforementioned markets various players are active, besides the buyers of flexibility and the 
parties providing flexibility various other roles exist. These roles have been described in detail in the 
harmonised electricity market role model of ENTSO-E, EFET, ebIX6 (referred to as: harmonised role 
model) forming the basis for our discussion. The role description of the harmonised role model can 
be found in the Appendix of this deliverable. In the following subchapters focussing on individual 
markets, only deviations from these roles are described in further detail. For all other roles, the 
definitions according to the harmonised role model are valid. The definitions according to the 
harmonised role model can be found in the Appendix. One major question that comes up for all the 
different markets is the one about the role of the flexibility platform market operator.  

Please refer to the Appendix that includes a detailed note on the Flexibility Platform Market Operator. 
The note consists of four sections and a wrap-up. First, a discussion of the different market operator 
tasks is described. Second, a description of the EU and US experience with market operator roles in 
different markets is provided. Third, a discussion of the pros and cons of having a network operator 
or a third party taking up the role of the market operator are compared. Fourth, an illustration of how 
the market operator role is filled in for four existing flexibility market projects in the EU and one in 
the US is analysed. In the following paragraphs, a short summary is provided.  

First, the role of the flexibility platform market operator consists of multiple tasks that do not 
necessarily all have to be attributed to the same entity. Several tasks, for example collecting offers, 
clearing and settlement, could be more easily allocated to third parties. Other tasks, for example 
prequalification, validating offers and product design, could be the responsibility of network 

                                                             
6 The Harmonised Electricity Market Role Model (v. 2019-01) by ENTSO-E, EFET, ebIX, available online: 

https://docstore.entsoe.eu/Documents/EDI/Library/HRM/Harmonised_Role_Model_2019-01.pdf  

https://docstore.entsoe.eu/Documents/EDI/Library/HRM/Harmonised_Role_Model_2019-01.pdf
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operators. For example, in some balancing markets in Europe (e.g. GB) the balancing market is 
operated by the TSO while the settlement of balancing energy and imbalances is done by a third party. 

Second, in the EU, who takes up the role of the market operator depends on the specific market. For 
example, wholesale markets are operated by (third -party) power exchanges. Since the adoption of the 
CACM GL, power exchange organizing cross-zonal trade in the day-ahead and intraday market have 
been labelled Nominated Electricity Market Operators (NEMOs). The CACM GL lays out a governance 
framework of the market operator role in EU wholesale markets. Forward markets consist of two 
types of markets, namely futures markets organized by third party power exchanges and over-the-
counter markets. Long-term cross-zonal capacity rights between different bidding zones are traded 
on the Joint Allocation Office (JAO), a service company jointly owned by multiple TSOs. Markets for 
ancillary services and redispatch markets, are operated directly by the TSOs in Europe. In some 
countries, the balancing energy and imbalance settlement task is outsourced to a third-party 
company. Recently, also European balancing platforms are being set up. In terms of the market 
ÏÐÅÒÁÔÏÒȟ ÔÈÅ %ÌÅÃÔÒÉÃÉÔÙ "ÁÌÁÎÃÉÎÇ 'ÕÉÄÅÌÉÎÅ ɉ%" ',Ɋ ÁÌÌÏ×Ó Ô×Ï ÏÐÔÉÏÎÓȟ ÎÁÍÅÌÙ ÔÈÅ ÏÐÅÒÁÔÉÏÎ ȬÂÙ 
43/Óȭ ÁÎÄ ÔÈÅ ÏÐÅÒÁÔÉÏÎ ȬÂÙ ÍÅÁÎÓ ÏÆ ÁÎ ÅÎÔÉÔÙ ÃÒÅÁÔÅÄ ÂÙ ÔÈÅ 43/ÓȭȢ In the US and other parts of the 
world, the institutional setting is different. In liberalised systems in the US, forward markets are 
operated by competitive power exchanges or financial institutions. The Independent System Operator 
(ISO) is in charge of the operation of the integrated spot (day-ahead and real-time) and reserve 
market with nodal pricing. The ISO also auctions the financial transmission rights. 

Third, three arguments in favour of having a third party as flexibility market operator are identified 
and one argument against. A first argument in favour is that in the case of DSOs as market operators, 
the know-how might not always be present in-house to build up market platforms from scratch. A 
second argument in favour is neutrality between buyers and sellers is ensured if the market operation 
function is taken up by a third party. A third argument in favour is that the platform will be 
monopolistic if it is operated by a network operator (DSO or TSO), while this is not necessarily the 
case if it is run by a third party. Note, however, that the market clearing itself will always be a 
monopolistic function. An argument against having a third party as a market operator is the cost of 
interface management between the grid operator and the market operator. 

In this regard, it is important to note that the degree of integration of the flexibility market with other 
(existing) electricity markets has an impact on who can fulfil the market operator role. For example, 
in the case both DSOs and the TSO use the same platform to procure flexibility or the flexibility market 
is integrated in, for example, a local wholesale market, the neutrality among buyers is assured by 
having a third party as market operator. On the other hand and in the EU context, if the flexibility 
market is fully integrated with balancing, it is likely that the market operator would become the TSO 
as the balancing markets are operated by the TSO. If a DSO or multiple DSOs would take up the role 
of the flexibility market operator, this might require stronger unbundling requirements and/or an 
adjustment of the institutional framework .  

Fourth, an analysis of different flexibility pilot projects (i.e. Piclo Flex, Enera, GOPACs and NODES) 
shows that different solutions currently compete for the market. Such competition is beneficial for 
innovation and the learning curves for the different solutions. Currently, all four platforms are 
operated by third part ies and have a virtual monopoly position in the region they are active in. 
Moreover, the platforms are currently  not strongly regulated. At this moment in time, it cannot be 
said with certainty whether competition between different flexibility platforms will be beneficial in 
the future. Certain is, however, that the monopolistic task of market clearing will  in any case have to 
be carried out under cooperation. Otherwise, there is a risk that fragmentation of the market will lead 
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to less liquidity and reduced competition. In the US example (Reforming the Energy Vision in NY ɀ see 
Appendix), six DSOs jointly operate the platform. 
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5.1.2 Prequalification  

The prequalification process must be in place to ensure that a particular flexibility service provider is 
actually capable of delivering a particular product. This concerns the abilities related to both, the 
flexibility service provider and the flexibility resources contracted to it, on the one hand, and the grid 
where the resources are connected to, where the flexibility service is to be delivered to and any 
intermediate grid, on the other hand. 

The former is ensured by product prequalification (sometimes also referred to as unit 
prequalification) , whereby it is checked whether the flexibility service provider (FSP) fulfils the 
technical requirements for providing a product to a system operator. These requirements include the 
maximum timespan from sending the activation signal to a full activation, the accuracy of the 
activation (i.e., the activated amount must be within certain margins from the requested amount) and 
potentially other parameters depending on the particular service and its related product. The 
compliance of the flexibility service provider to the technical requirements can be established by 
performing a prequalification test, whereby an activation signal is sent to the flexibility service 
ÐÒÏÖÉÄÅÒȭÓ ÁÓÓÅÔÓ ÄÕÒÉÎÇ ÎÏÒÍÁÌ ÏÐÅÒÁÔÉÎÇ ÃÏÎÄÉÔÉÏÎÓȢ  

In terms of flexibility service provision, it is important to note that in large part currently the most 
untapped potential of flexibility resources lies in small units which require aggregation to access 
markets. The prequalification test in such cases can conceivably be done in both ways ɀ by testing the 
aggregated resources as a whole or each individually. The distinction between these two methods can 
clearly be seen in Figure 77.  

 

Figure 7: Testing of aggregated Reserve Unit (a) as a whole and (b) testing of individual 
resources 

Testing the aggregated resources as a whole has some clear advantages over the testing of individual 
resources. Firstly, such an approach ensures that the testing process is less burdensome to the FSP, 
as a mandatory requirement to test every individual resource could be seen as an entry barrier, 
especially for FSPs which utilize a large number of small consumers (e.g., flexibilities on the residential 
scale). Secondly, the first option is simpler and more streamlined also from the system operator point 

                                                             
7 Fingrid, The technical requirements and the prequalification process of Frequency Containment Reserves (FCR), 

https://www.fingrid.fi/globalassets/dokumentit/en/electricity-market/reserves/appendix3---technical-requirements-

and-prequalification-process-of-fcr.pdf  

 

https://www.fingrid.fi/globalassets/dokumentit/en/electricity-market/reserves/appendix3---technical-requirements-and-prequalification-process-of-fcr.pdf
https://www.fingrid.fi/globalassets/dokumentit/en/electricity-market/reserves/appendix3---technical-requirements-and-prequalification-process-of-fcr.pdf
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of view. However, at the same time it is also generally a less reliable approach. Ultimately, the system 
operators intending to procure aggregated flexibility resources should have the discretion to apply a 
more thorough testing procedure if, for technical reasons, they deem it necessary. 

The Guideline on System Operation (SO GL8) lays out principles for the prequalification process for 
specific reserves, namely, FCR (article 155), FFR (Article 159) and RR (Article 162). Additionally, this 
guideline sets out the minimum technical requirements for each type of reserves. SO GL does not deal 
with congestion management services, however, similar principles can be envisioned, whereby the 
system operator who intends to procure flexibility for congestion management services defines 
technical specifications and requirements the flexibility service provider needs to comply with to 
participate in the congestion management market. The testing procedure to be used also should be 
devised by the procuring system operator. However, if the same flexibility assets can be used and the 
flexibility service provider intends to use them to provide services to several system operators via the 
same product, coordination between the operators should be in place to avoid having to repeat the 
procedure multiple times. Nevertheless, the product prequalification must be repeated either 
periodically (the SO GL mandates at least within five years) or if notable changes to the technical 
ÃÁÐÁÂÉÌÉÔÉÅÓ ÏÆ ÔÈÅ ÆÌÅØÉÂÉÌÉÔÙ ÓÅÒÖÉÃÅ ÐÒÏÖÉÄÅÒȭÓ ÆÌÅØÉÂÉÌity assets have occurred.  

The SO GL Article 182 more explicitly deals with prequalification for balancing resources connected 
to the distribution level as summarized in the EU Electricity Network Codes9. 

Ȱ4ÈÅ 3/ ', ÓÐÅÃÉÆÉÅÓ ÉÎ !ÒÔȢ ρψςɉσɊ ÔÈÁÔ ÔÈÅ ÐÒÅÑÕÁlification process for balancing resources 
connected to the distribution level shall rely on rules concerning information exchanges and the 
delivery of active power reserves between the TSO, the reserve-connecting DSO and the intermediate 
DSOs. Each reserve-connecting DSO and each intermediate DSO, in cooperation with the TSO, shall 
have the right to set limits to or exclude the delivery of active power reserves located in the 
distribution system during the prequalification process. Reasons for limitations or exclusion should 
be technical, such as the geographical location of the reserve providing units and reserve providing 
groups (SO GL, Art. 182(4)). 

Further, each reserve-connecting DSO and each intermediate DSO can set temporary limits to the 
delivery of active power reserves before their activation. Procedures need to be agreed upon with the 
respective TSO (SO GL, Art. 182(5)). It is not decided yet to whom the costs of such an action should 
be allocated. In Art. 15(3) of the EB GL it is stated that each TSO may, together with the reserve-
ÃÏÎÎÅÃÔÉÎÇ $3/Ó ×ÉÔÈÉÎ ÔÈÅ 43/ȭÓ ÃÏÎÔÒÏÌ ÁÒÅÁȟ ÊÏÉÎÔÌÙ ÅÌÁÂÏÒÁÔÅ Á ÍÅÔÈÏÄÏÌÏÇÙ ÆÏÒ ÁÌÌÏÃÁÔÉÎÇ ÃÏÓÔÓ 
ÒÅÓÕÌÔÉÎÇ ÆÒÏÍ ÔÈÅ ÅØÃÌÕÓÉÏÎ ÏÒ ÃÕÒÔÁÉÌÍÅÎÔ ÏÆ ÁÃÔÉÖÅ ÒÅÓÅÒÖÅÓ ÃÏÎÎÅÃÔÅÄ ÔÏ ÔÈÅ ÄÉÓÔÒÉÂÕÔÉÏÎ ÌÅÖÅÌȢȱ 

Grid  prequalification indeed is crucial for the proper and effective functioning of any flexibility 
markets as well, because it is a process which ensures that the flexibility offered by a particular 
flexibility service provider can actually be delivered without causing an undesirable situation in either 
of the involved grids. In this regard, the Active System Management report10 proposes two not 
mutually exclusive ways of enabling more flexibility service providers being qualified: 

                                                             
8 Commission Regulation (EU) 2017/1485 of 2 August 2017 establishing a guideline on electricity transmission system 

operation, https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32017R1485  

9 Schittekatte, T., Reif, V., Meeus, L., 2019. The EU Electricity Network Codes (2019ed.). FSR Tech. Rep. 2. 

doi:10.2870/188992 

10 TSO-DSO Report. An Integrated Approach to Active System Management, 

https://docstore.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/TSO-

DSO_ASM_2019_190416.pdf  

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32017R1485
https://docstore.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/TSO-DSO_ASM_2019_190416.pdf
https://docstore.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/TSO-DSO_ASM_2019_190416.pdf
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¶ Dynamic grid prequalification, where the possibility of grid access for flexibility resources is 
re-examined at regular intervals; 

¶ Conditional grid prequalification, which grants improved grid access for flexibility resources 
based on clearly specified criteria determined in advance. 

Furthermore, thÅ !3- ÒÅÐÏÒÔ ÁÄÄÉÔÉÏÎÁÌÌÙ ÒÅÃÏÍÍÅÎÄÓ ÔÈÁÔ ȰÔÈÅ ÐÒÅÑÕÁÌÉÆÉÃÁÔÉÏÎ ÐÒÏÃÅÓÓ ÓÈÏÕÌÄ ÂÅ 
ÕÓÅÒ ÆÒÉÅÎÄÌÙ ÓÔÒÉÖÉÎÇ ÔÏ ÍÉÎÉÍÉÓÅ ÔÈÅ ÄÉÆÆÅÒÅÎÔ ÓÔÅÐÓ ÁÎÄ ÓÔÁÎÄÁÒÄÉÓÅ ÔÈÅÍ ×ÈÅÎ ÐÏÓÓÉÂÌÅȱȟ ÁÎÄ ÔÈÁÔ 
ȰÔÈÅ ÐÒÅÑÕÁÌÉÆÉÃÁÔÉÏÎ ÃÏÕÌÄ ÔÁËÅ ÐÌÁÃÅ ÏÎ ÁÎ ÁÇÇÒÅÇÁÔÅÄȾÐÏÒÔÆÏÌÉÏ ÌÅÖÅÌ ÉÆ ÔÅÃÈÎÉÃÁÌÌÙ ÁÃÃÅÐÔÁÂÌÅȱȟ 
similar  to what is explained in Figure 7. 

The prequalification processes described in this chapter are aligned with these recommendations and 
strive to expand on them. However, they are nevertheless described in a generally high-level so as to 
serve as a common basis for conceivably diverse implementations. 

Taking into account the overall process, an initial screen and product pre-qualification will be 
necessary to verify the general performance of the FSP. Even though this process is called initial grid 
and product prequalification, the qualification can be repeated on a set regular basis and whenever 
the technical characteristics of the FSP notably change. However, the qualification also needs to be 
examined in case of possible activation. These qualification processes, in this report, are called 
prequalification processes for bids. If we refer to an overall sequence diagram encompassing all the 
steps of the balancing and/or congestion management interactions, e.g., Figure 37, we can see that 
the first step after agreement between flexibility resource owners and flexibility service providers, 
and the subsequent resource registration to the flexibility register is the initial grid prequalification. 
The sequence of this process is described in the following Figure 8. 

 

Figure 8: Initial grid prequalification process sequence diagram  

It is envisioned that this process should benefit from the utilization of two new entities ɀ a Flexibility 
Register and a TSO/DSO coordination platform (or more generally, an SO coordination platform). 
However, it is possible that the SO coordination function for prequalification purposes might also be 
performed by the Flexibility Register. Some consideration regarding this, as well as a thorough 
analysis of the possible functionalities and the full role of the Flexibility Register are elaborated in 
Annex Flexibility Resource Register. Nevertheless, the sequence diagrams in this chapter do presume 
these as separate entities to better illustrate the role of the coordination function. 

Coordination between system operators in carrying out the prequalification process is beneficial, 
firstly, to  avoid one system operator potentially causing issues to other operators, and, secondly, to 
ÁÌÓÏ ÓÉÍÐÌÉÆÙ ÁÎÄ ÓÔÒÅÁÍÌÉÎÅ ÔÈÅ ÐÒÏÃÅÓÓÅÓ ÆÒÏÍ ÔÈÅ ÆÌÅØÉÂÉÌÉÔÙ ÐÒÏÖÉÄÅÒȭÓ ÐÏÉÎÔ ÏÆ ÖÉÅ×Ȣ 7ÉÔÈ ÍÏÒÅ 
thorough coordination between operators, the prequalification processes should become more 
efficient also in terms of speed and accuracy, which is especially important for implementations of 
dynamic prequalification, e.g., to qualify bids. 
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In regards to the initial grid prequalification process, the implementation of it also can vary. 
Nevertheless, the most important steps in a common general description are as follows:  

1. With certain periodicity (or whenever notable topology changes occur), the system operators 
send their network data to the TSO/DSO (technical) coordination platform. This data can 
either contain the full information on network topology, line parameters, congestion limits, 
forecasts from the operators (if the grid model calculations are to be performed within the 
coordination platform) or less information, such as power transfer distribution coefficient 
(PTDF) matrices, node capacities etc. The contents of the information exchange between the 
operators and the coordination platform (or any entity performing the coordination function) 
depend on the division of duties between them, e.g., where the grid models are calculated, 
what information the individual operators are willing to share etc.  

2. After an FSP registers new flexibility resources to the Flexibility Register, the Register issues 
a request for initial grid prequalification to the TSO/DSO (technical) coordination platform. 
This request should utilize the following information stored in the Flexibility Register (or 
fetched from the data hub if applicable): Resource ID, Connection point ID, Voltage level, 
Locational information, connected SO ID, Type of resource (PV generation, CHP, heating load 
etc.), Resource nominal capacity, Flexibility direction (load/generation reduction/increase, 
both), Temporal availability, Maximum duration, Recovery time, Maximum downward and 
upward flexibility, Rebound effect characteristics (if applicable: temporal, maximum rebound, 
energy recovered, etc.) 

3. In the simplest case, the need for exhaustive calculations for each new initial grid 
prequalification request can be avoided if the system operator has already determined in 
which areas flexibility (in a certain direction) cannot be allowed under all circumstances and 
in which areas it can always be allowed (i.e., akin to conditional grid prequalification wherein 
the condition is the expected congestion status of the grid area where the flexibility resources 
are connected in, this idea is also in line with the traffic light concept described in the note on 
the Flexibility Register in Annex Flexibility Resource Register). Thus, the initial grid 
prequalification result in such cases can be returned after a simple check of the flexibility 
resource grid location. 

4. However, in the cases where the flexibility resource is not located in such a grid area where 
flexibility (in certain direction) can be accepted or denied without more detailed analysis, it is 
necessary to carry out an actual assessment of impact on the SOs grids. The methodology of 
this assessment depends on the information the SOs have shared with the TSO/DSO 
coordination platform. 

5. The TSO/DSO coordination platform returns the prequalification result to the party issuing 
the request (i.e., the Flexibility Register). 

6. The Register stores this result and notifies the concerned Flexibility Service Provider. 

Once the flexibility resources have received the initial grid prequalification, the Flexibility Service 
Provider can issue product prequalification requests to the markets where it is interested in 
participating (conceivably, it can be done either directly or this can be delegated to the Single Interface 
to Market Platform, which would simplify the process for the FSPs). The main general steps of the 
product prequalification process are outlined in Figure 9. However, additionally to product technical 
prequalification for participation in a particular marketplace, the FSP also must have established 
contractual relations with the market operator, including posting collateral, if necessary. These 
ÐÒÏÃÅÄÕÒÅÓ ÏÕÇÈÔ ÔÏ ÂÅ ÓÔÒÅÁÍÌÉÎÅÄ ÆÒÏÍ ÔÈÅ ÍÁÒËÅÔ ÏÐÅÒÁÔÏÒȭÓ ÓÉÄÅ ÔÏ ÅÎÓÕÒÅ ÅÁÓÉÅÒ &30 ÁÃÃÅÓÓȟ 
including but not limited to by minimizing the number of actions neceÓÓÁÒÙ ÔÏ ÂÅ ÔÁËÅÎ ÆÒÏÍ ÔÈÅ &30ȭÓ 
side. 
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Figure 9: Product prequalification process sequence diagram  

1. The System Operators (or, alternatively, market operators) define and publish the technical 
requirements for participation in a particular market for satisfying SO needs (including data 
exchange requirements, activation procedure, product specifications). These requirements 
should be available to the TSO/DSO (technical) coordination platform for more effective 
product prequalification, especially if an FSP wishes to prequalify for several markets at once. 

2. On the other hand, the FSP (directly or via a Single Interface to Market11) notifies the operator 
coordination platform of their technical capabilities. 

3. The Coordination platform evaluates the provided information. If it is insufficient for a 
decision it can issue a request for additional information. If the provided information is 
sufficient to establish that the FSP cannot provide the particular product, a denied product 
prequalification can already be issued. 

4. Otherwise, a data exchange and activation test is to be organized to ensure that in case of need 
(and favourable market clearing) the flexibility resources can actually be activated and the 
relevant data exchanged in sufficient quality. 

5. Depending on the outcome of the test, the prequalification results can be issued to the FSP and 
subsequently stored in the Flexibility Register. If the product prequalification process was 
initialized for participation in several differing markets, the returned result should contain 
prequalification decision for each of them. 

The product prequalification tests can be repeated at regular intervals (e.g. at least each five years), 
when the technical characteristics of the flexibility assets utilized by the FSP notably change or when 
the technical requirements change. Additionally, if during normal market operation the FSP has failed 
to correctly deliver the activated volumes either a certain number of times or exceeding a specified 
margin of error, this can also be grounds to annul the issued product qualification to the FSP and 
require new tests to regain it. 

                                                             
11 If a Single Interface to Market is implemented, it can notably simplify the product prequalification process for FSPs 

who are willing to participate in multiple distinct markets. In such case, this interface would issue product 

prequalification requests to each of the markets on behalf of the FSP. Furthermore, depending on the product 

requirements, a TSO/DSO coordination platform (or more generally an SO coordination platform or any entity 

performing such a function) can strive to minimize the prequalification tests that need to be carried out, for instance, 

when the FSP can be prequalified for several products at once.  
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Figure 10: Grid prequalification process for bids sequence diagram 

Finally, after product prequalification is obtained, the FSP can use its flexibility resources to bid in the 
markets it is qualified for. A dynamic grid prequalification process is envisioned in this report to be 
initiated on the TSO/DSO coordination platform after bid collection (for any single particular ancillary 
services market) for the purposes of increased liquidity12 and more accurate avoidance of potentially 
negative effects caused by flexibility activations. 

In Figure 10, the steps regarding this stage of grid prequalification are as follows: 

1. The balancing or congestion management market (or more generally, a flexibility market) 
collects bids responding to needs issued by SOs. 

2. Once the bids are collected, the market forwards their information to the TSO/DSO 
coordination platform. 

3. The platform also requests/receives updated network information from the system 
operators. The full extent of this information depends on the division of duties and relevant 
data/network model sharing between the coordination platform and the individual SOs. 
However, compared to the initial grid prequalification phase, in this phase the permissible 
calculation times might be significantly smaller due to the nature of some of the types of 
ancillary services markets. 

4. The Coordination platform aggregates the bids to their respective nodes. 
5. An assessment is made on whether activation of all the aggregated bids could cause issues to 

the grid of the SO where the flexibility resources are located, or to other involved grids. 
Initially this process can be conditional, i.e., by knowing in advance where the grid is strong 
enough for bids in a certain direction to always be approved, or weak enough to always be 
denied. For the cases in-between, where the impact of bids on the grid can vary over time or 
based on a number of factors a more thorough analysis is required. The coordination platform 

                                                             
12 The possibility to assess the impact of potential bids on the grid dynamically (e.g., before each market clearing) 

would increase overall liquidity by allowing the initial grid prequalification criteria to be laxer and thus less flexibility 

resources being outright rejected. 
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could calculate this with significant precision by estimating the post-activation state of the 
networks if it has data on the network topology, line parameters, load forecasts etc., however, 
there are two significant drawbacks to such an approach: (1) it is potentially too time 
consuming, (2) the SOs might be unwilling to share overly detailed network information.   
Alternatively thus, the SOs could calculate the pre-activation operating states in-house prior 
to the closing of the concerned flexibility markets, obtain the related Jacobians, PTDF matrices, 
identify the available capacities in each node, forward this information to the TSO/DSO 
Coordination platform which would then only have to do simple comparisons to find if 
congestions could be caused by flexibility activations.  
Nevertheless, a number of configurations between these two extremes is also possible. For 
instance, the SOs could share PTDF matrices, initial line flows, node voltages and congestion 
limits with the TSO/DSO coordination platform, which could then utilize the PTDF matrices 
to calculate network states in cases when all flexibility bids are activated. This approach does 
still have the issue of being an approximation (a linear model), but at the same time it is 
significantly less computationally expensive than full load flow analysis.  
Ultimately, the grid prequalification process implementation can in either of these cases 
benefit from the TSO/DSO coordination platform (the processes as depicted in Figure 10 allow 
for any of these implementations). However, ultimately the separation of the functionalities 
between SOs and the coordination platform, and the exact methodology for bid impact 
analysis is a trade-off of the level of confidential information sharing, computational time and 
accuracy of the prequalification process. 

6. Regardless of the approach selected for the congestion analysis, if it concludes with identified 
ÃÏÎÇÅÓÔÉÏÎ ÉÓÓÕÅÓ ÃÁÕÓÅÄ ÂÙ ÔÈÅ ÆÌÅØÉÂÉÌÉÔÙ ÂÉÄÓȟ ÔÈÅ ÍÏÓÔ ÈÁÒÍÆÕÌ ɉȰÅØÐÅÎÓÉÖÅȱɊ ÂÉÄ ÓÈÏÕÌÄ ÂÅ 
removed from the aggregated bid list. At this point, stages 5-6 can be repeated (if necessary), 
removing bids one-by-one until the remaining bids no longer cause issues to the grid. If 
technically feasible and allowed by the FSP and market operator, an FSP portfolio of 
aggregated resources can be qualified/disqualified also partially. 

7. Once the condition for the iterative process to end is met (no more congestions), the 
prequalification results are sent to the market, which can disqualify the bids which were 
denied during the iterative prequalification process, and combine the remaining bids into a 
Merit Order List (or forward them to a party which forms a common MOL) for market clearing. 

It should also be pointed out that even if the flexibility bids do not cause any negative issues to the 
grids during the activation time, it is possible that due to the characteristics of the rebound effect of 
particular resources, congestions in the grids could be expected once the activation time is over. There 
are generally three solutions to this issue: (1) permitted rebound characteristics could be part of the 
product specification for congestion management, thereby allowing the SOs to limit participation by 
resources with excessive rebound effect, however, this approach would harm the overall market 
liquidity; (2) the rebound effect could also be taken into account during the grid prequalification of 
the collected bids, thereby disqualifying those bids which at those particular times could cause 
congestions; (3) alternatively, the rebound effect can be taken into account in the congestion forecast, 
thereby enabling the affected SO to purchase congestion management services as necessary in the 
respective time to alleviate the rebound. However, the latter would obviously not be an effective way 
to conduct congestion management from the SO point of view. Thereby the best option seems to be to 
consider potential issues caused by the rebound effect during the grid prequalification of the collected 
bids. Either way, this signifies the necessity for the flexibility register, as if it were to store information 
about the flexibility resources, including their rebound characteristics, this would allow for increased 
market liquidity by not outright disqualifying rebounding assets, instead utilizing this information to 
evaluate their permissibility on a case by case basis after bid collection. 
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5.1.3 Settlement  

If the product and initial grid prequalification take place in the beginning of the overall balancing 
and/or congestion management process, activities related to settlement conclude it. Indeed, 
according to the ASM report, the various phases in the overall process are as follows: 

 

Figure 11: Phases of the overall congestion management process 

As can be seen from Figure 11, the settlement function is closely connected to the measurement and 
control of activation (i.e., validation) functions. Furthermore, when discussing settlement, in practice 
there are at least two interlinked yet sufficiently distinct processes: Imbalance settlement and 
Financial settlement of trades. Sequence diagrams containing the most important steps of these 
processes are summarized in Figure 12. 

 

Figure 12: Sequence diagrams of the Imbalance settlement and Financial settlement processes  

It should be noted that, within the example provided in the diagrams of Figure 12, those are trades 
from the Congestion Management market, which need to be settled, however, the corresponding 
sequence of sub processes is detailed in such a way as to be sufficiently generalizable and common 
for various types of ancillary services market setups. Furthermore, the necessary precondition of 
settlement is that the market has been cleared and the market operators have sent the trading results 
to the trading parties (FSPs, SOs), either directly or via intermediaries like a single market interface, 
flexibility register and/or  TSO/DSO coordination platform. 

The Imbalance settlement process starts sometime after the corresponding bid activations and the 
further sequence of events follows this structure: 

1. Metered Data Collector, which is a party responsible for meter reading and quality control of 
the reading, sends metering information to a Metered Data Responsible, which is a party 
responsible for the history of the metered data for a Metering Point. In practice, this most 
often means that a system operator (e.g., the DSO for distribution connected resources, as in 
Figure 12) forwards the metered data to a data hub for long-term storage and sharing with 
other authorized parties as necessary. 

2. Afterwards, the data hub forwards the metering data to a Flexibility Register. It is envisioned 
that the Flexibility Register should already hold detailed information regarding the Flexibility 
Service Provider and the Flexibility Resources it utilizes, from the prequalification processes, 
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and information about cleared trades involving the particular FSP, received from the 
respective Market Operators or Interfaces to markets. 

3. Utilizing the historical metering information, metering data from the particular Imbalance 
Settlement Period (ISP) and a commonly agreed baseline methodology, the Flexibility Register 
may calculate a baseline and use it to establish the amount of flexibility (e.g. energy) delivered 
as a consequence of the activation signal.  
Alternatively, in case the schedule of the Flexibility Resources is known in advance, baseline 
calculations are not necessary and the amount of delivered flexibility can be verified by 
comparing the scheduled and metered profile of the resources.  
Nevertheless, definition of a trustworthy baseline methodology is an issue of most significance 
in terms of flexibility market development and facilitation of flexibility resources for system 
services provision. The Baltic TSOs13 in their proposal on a harmonized independent 
aggregation model pointed out that the baseline methodology should have four most 
important characteristics: accuracy, simplicity, integrity and alignment. 

4. Once the amount of flexibility activated (i.e., realized volume) has been determined, this 
information should be sent to the Imbalance Settlement Responsible (ISR) party.  
In general, the role of the ISR is often assumed by the respective TSO, however, there is also 
the possibility that this role can be performed by another party. For instance, in the Nordic 
countries a third party (jointly owned by the Swedish, Finnish and Norwegian TSOs), eSett Oy, 
handles the role of the ISR14. Although it should be noted that national regulations 
nevertheless still ultimately stipulate that each national TSO holds the ultimate responsibility 
for balancing operations and imbalance settlement. 

5. Depending on the specifics of the particular system service and rules surrounding 
independent aggregator implementation (if applicable), the ISR performs imbalance position 
adjustment to the involved Balancing Responsible Parties (BRPs). In the case of independent 
aggregation, the ISR must have methodology in place to correctly and fairly discern the 
imbalances for which the BRP of the Supplier of the respective flexibility resource holds 
responsibility and those for which the BRP of the Flexibility Service Provider should be 
responsible (due to, e.g., non-delivery of all activated flexibility). Furthermore, depending on 
the national implementation of the new Directive on Electricity Markets15, a Transfer of 
Energy (ToE) process16 (not portrayed in Figure 12) might need to be envisioned to ensure 
fair compensation between the Independent Aggregators and Suppliers. Preferably, this 
function should be delegated to a third party, e.g., a TSO or the same entity holding the ISR 
role. Moreover, the disaggregated flexibility data supplied should not be exposed to suppliers 
(or their BRPs) to ensure confidentiality of the FSPs portfolio. 

                                                             
13 Elering AS, Augstsprieguma tǭkls AS, Litgrid AB. Demand response through aggregation - a harmonized approach 

in Baltic region. Concept proposal.  

https://elering.ee/sites/default/files/public/Elektriturg/Demand%20Response%20through%20Aggregation%20%20a

%20Harmonized%20Approach%20in%20the%20Baltic....pdf 

14 Nordic Imbalance Settlement Handbook. Instructions and Rules for Market Participants.   

https://www.esett.com/wp-content/uploads/2019/05/NBS-Handbook-v2.3.1.pdf  

15 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. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019L0944  

16 USEF: Workstream on Aggregator Implementation Models.  

https://www.usef.energy/app/uploads/2017/09/Recommended-practices-for-DR-market-design-2.pdf  

https://elering.ee/sites/default/files/public/Elektriturg/Demand%20Response%20through%20Aggregation%20%20a%20Harmonized%20Approach%20in%20the%20Baltic....pdf
https://elering.ee/sites/default/files/public/Elektriturg/Demand%20Response%20through%20Aggregation%20%20a%20Harmonized%20Approach%20in%20the%20Baltic....pdf
https://www.esett.com/wp-content/uploads/2019/05/NBS-Handbook-v2.3.1.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019L0944
https://www.usef.energy/app/uploads/2017/09/Recommended-practices-for-DR-market-design-2.pdf
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In regards to the Financial settlement process, the steps 1ɀ3 of the Imbalance settlement process also 
hold true. The difference is in step 4, whereby for Financial settlement purposes information on 
realized volumes is instead transmitted to the respective Market Operator (Figure 12).  

Depending on the rules employed by the respective Market Operator for each product, failure to 
deliver volume of flexibility in accordance to the accepted bid can incur direct penalties to the FSP. If 
not, the FSP (or rather its BRP) is indirectly penalized through the Imbalance settlement. 

However, in either case, the Market Operator must invoice the parties procuring services (i.e., the 
system operators) and reimburse the parties selling the services in its market. In the sequence 
diagram portrayed in Figure 12, the bills to the system operators are distributed via the TSO/DSO 
market coordination platform. This is particularly relevant for such market setups, where the usage 
of the same flexibility bid can be utilized in meeting the needs of more than one system operator. 

On the other hand, the FSPs in Figure 12 are reimbursed via the Single interface to markets platform. 
Although, of course, if such an interface is not being used, the market operator can reimburse the FSPs 
directly. Finally, the last process in the sequence diagram is the FSP (i.e., Resource Aggregator) 
reimbursing its utilized flexibility assets (i.e., Resources). However, the existence and the type, and 
extent of this reimbursement entirely depends on the contractual agreement between the particular 
asset owners and aggregators/FSPs. In some cases, some minimum level of compensation might also 
be stipulated in national legislation. 

In summary, both the prequalification and settlement process play very important roles in the 
successful functioning of any ancillary services markets, but even more so if these markets strive to 
also utilize distributed flexibility resources. While these processes are somewhat sufficiently defined 
for the existing, mature balancing markets, the emerging congestion management markets are more 
diverse in their implementation, particularly in regards to their approach to baseline definition. The 
deliverable D2.417 of the INTERRFACE project contained extensive Q&A with four pioneering 
flexibility markets: Piclo Flex, Enera, GOPACS and NODES, which was later further expanded. The 
results of that also contained comparison of the prequalification and baseline definition (for 
settlement) approaches employed by these markets. 

All projects have a pre-qualification procedure. In almost all cases, the pre-qualification is done by 
the connecting SO, i.e. the system operator to which the flexible asset is connected. The pre-
qualification procedure is in most cases similar to the procedure in place to obtain access to balancing 
markets. 

Over all the four projects, there is no harmonized approach in calculating the baseline. UKPN18 
describes the use of a baseline methodology based on representative historical data when activating 
flexibility. GOPACS currently makes use of the transport prognoses (T-prognosis), i.e. flexibility 
providers have to communicate day-ahead schedules that serve as baselines. The applied baseline 
method in Enera and NODES depends on the connecting SO and technology. For example, there can 
be a different baseline method for renewable generation than for demand response. Setting an 
adequate baseline is a difficult task, more discussion can be found in Rossetto19. 

                                                             
17 Schittekatte, T., Reif, V., Nouicer, A., Meeus, L., 2019. INTERRFACE project: review of D2.4 regulatory 

framework 

18 UKPN (2018), óFlexibility Services Invitation to Tender - 2018/19ô 

19 Rossetto, N. (2018), óMeasuring the intangible : an overview of the methodologies for calculating customer baseline 

load in PJMô, FSR Policy Brief 2018/05 
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A comparison of the pioneering markets regarding these issues is presented in the table below. 

Table 6: Overview of a selection of design choices beyond flexibility markets  

 Piclo Flex  Enera GOPACS NODES 

Data 

1st auction ( cleared 
15/05/2019), 

flexibility procured 
by UKPN 

Status in 
September 2019  

based on 
interview  

Status in 
September 2019  

based on 
interview  

Status Norway 
pilot in September 

2019  based on 
interview.  

Pre-qualification  
Yes, done by the 
connecting DSO 

Yes, done by the 
connecting SO 

Yes, done by the 
connecting SO 

Yes, collaboration 
between NODES 

and the connecting 
SO 

Baseline 

Default baseline is 
based on 

representative 
historical data 

Depending on the 
connecting SO and 

technology 

 T-prognose 
(schedule 

communicated D-1 
by flex provider)  

Depending on the 
connecting SO and 

technology 
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5.2 Separated Congestion Management  and Balancing 
Market s  

5.2.1 General Description of the market  

The congestion management market separated from the balancing market can be implemented in 
three different ways including options 1A, 2A, and 2B as shown in the following Figure 13. The aim is 
to analyse the mentioned market structures for CM of DSOs and TSO. A market structure based on 
option 1A includes three different market processes meaning that three Merit Order Lists (MOLs) are 
ÆÏÒÍÅÄ ÆÏÒ $3/Óȭ #-ȟ 43/ȭÓ #-ȟ ÁÎÄ ÂÁÌÁÎÃÉÎÇ ÓÅÐÁÒÁÔÅÌÙȢ ! ÍÁÒËÅÔ ÄÅÓÉÇÎ ÁÃÃÏÒÄÉÎÇ ÔÏ option 2B 
contains two market processes, including a market for fully-integrated DSO & TSO CM and a separate 
market for balancing. The market option 2A is similar to 2B with the difference that in 2A, the MOL 
ÆÏÒ $3/Óȭ ÁÎÄ 43/ȭÓ #- ÉÓ ÎÏÔ ÆÕÌÌÙ-integrated20 but overlapping21. IÔ ÉÓ ÁÓÓÕÍÅÄ ÔÈÁÔ $3/Ó ÁÎÄ 43/ȭÓ 
coordination to build a market platform will most probably be of fully -integrated kind if they wish to 
make a single CM market useful for both of them. Therefore market option 2A is excluded from further 
analysis and market options 1A and 2B will be scrutinized and compared in the following sections. 

 

Figure 13: Market Options in Separated Markets  

Since CM and balancing markets are completely separated in both market options (1A and 2B), some 
preventive mechanisms should be put in place to avoid adverse interactions of markets. One possible 
option is to utilize time-sequential integration where the opening and closing of markets are 
coordinated mostly based on the needs of market participants especially flexibility buyers. Here are 

                                                             
20 One MOL is formed for DSO and TSO CM 

21 Two MOLs exist for DSO and TSO CM but bids from one MOL can be procured by another system operator 

(interchangeable bids). 
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listed some alternatives for the sequences of the markets from short-term CM viewpoint. The diagram 
14 demonstrates various implementation ways of short-term CM market including market option 1A 
and 2B stressing that market option 1A can be implemented in three different ways including 1A-(1), 
1A-(2) and 1A-(3). Market option 1A with three different implementation ways and market option 2B 
will be discussed in the following: 

Market option 1A  

The idea of having short-term CM markets parallel with the intraday market is that the market 
participants are aware of their position (based on day-ahead market results) when the intraday 
market is open. For instance, grid operators by employing their grid tools, with a relatively high 
ÄÅÇÒÅÅ ÏÆ ÃÏÎÆÉÄÅÎÃÅȟ ÃÁÎ ÐÒÅÄÉÃÔ ÔÈÅÉÒ ÎÅÔ×ÏÒËÓȭ ÓÔÁÔÅ ÆÏÒ ÔÈÅ ÄÁÙ ÁÈÅÁÄ ×ÉÔÈ ÒÅÓÐÅÃÔ ÔÏ ÔÈÅ ÔÒÁÄÅÄ 
volumes in the day-ahead market. Now it depends on how short-term CM management market is 
constructed for DSOs and TSO which is the topic of discussion in the following. 

DA market

DSO CM TSO CM

ID market

1
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2
B

1

3
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1

00:0015:1512:00
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Figure 14: Sequential integration of CM markets into existing markets  

The market structure, according to 1A-(1) defines that the short-term CM market starts with DSO and 
later followed by TSO in a time-ÓÅÑÕÅÎÔÉÁÌ ÍÁÎÎÅÒȢ )Î ÏÔÈÅÒ ×ÏÒÄÓȟ $3/Óȭ #- ÉÓ ÐÒÉÏÒÉÔÉÚÅÄ ÔÏ 43/ #- 
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in terms of opening and closing time frames. The openinÇ ÏÆ ÔÈÅ $3/Óȭ #- ÁÎÄ )ÎÔÒÁÄÁÙ ÍÁÒËÅÔ ÁÒÅ 
proposed to be simultaneous at 15:15. Once the DSO CM market is open, based on the day ahead 
ÍÁÒËÅÔ ÒÅÓÕÌÔÓȟ ×ÅÁÔÈÅÒ ÆÏÒÅÃÁÓÔ ÅÔÃ $3/ȭÓ ÇÒÉÄ ÔÏÏÌÓ ɉÉÆ ÔÈÅÙ ÈÁÖÅ ÉÔɊ ÃÁÎ ÆÏÒÅÓÅÅ ÕÐÃÏÍÉÎÇ ÃÏÎÇÅÓÔÉÏÎ 
throughout the network. The predicted congestions in the form of flexibility need requests are 
forwarded to the DSO CM market to inform flexibility providers about the current needs. After 
receiving flexibility offers and filtering the bids through the grid prequalification, a MOL for the use of 
DSO is created. The DSO selects the cheapest bid and informs the CM market about that at 17 o clock. 
In the market structure 1A-(1) shortly after DSO CM closure, the TSO CM market is opened. A similar 
process happens in the TSO CM market. As shown in the diagram above, it is proposed that the TSO 
CM market is closed at 22 when the flexibility buyers are informed about the market clearing results 
by the market operator. The CM market based on market option 1A-(2) prioritizes the TSO CM unlike 
market option 1A-(1). Since cross-border coordination is needed in TSO level and the timing of the 
market option 1A-(2) does not genuinely comply to that, the market option 1A-(2) is not a viable 
option, however, theoretically, it is possible to have a market structure according to 1A-(2). Regarding 
the market option 1A-(3), both DSOs and TSO CM markets operate parallel providing an equal chance 
for grid operators to access their desired flexibility. In below, the pros and cons of three 
implementation ways of market option 1A will be presented. 

Whenever the CM market of DSO and TSO are separated, the product design becomes more flexible, 
ÒÅÆÌÅÃÔÉÎÇ ÔÈÅ ÅØÁÃÔ ÎÅÅÄÓ ÏÆ $3/Ó ÁÎÄ 43/ ÉÎ ÃÏÎÔÒÁÓÔ ÔÏ ÔÈÅ ȰÏÎÅ ÓÉÚÅ ÆÉÔÓ ÁÌÌȱ ÁÐÐÒÏÁÃÈ ÉÎ Á ÆÕÌÌÙ-
integrated CM market. Since the product design becomes more localized (in DSO level), then low entry 
barriers for small local market parties (aggregators) are expected. Besides, if a product requires some 
amendments, it can be done without mutual interactions because of separated governance over the 
#- ÍÁÒËÅÔÓȢ &ÒÏÍ Á 43/ȭÓ ÐÅÒÓÐÅÃÔÉÖÅȟ ÔÈÅ #- ÁÎÄ ÂÁÌÁÎÃÉÎÇ ÃÏÓÔÓ ÁÒÅ ÄÉÓÔÉÎÇÕÉÓÈÁÂÌÅ ×ÈÉÃÈ ÇÉÖÅÓ Á 
more precise indication for future investments of transmission systems.  

One of the downsides of having separated CM markets for DSOs and TSO is that CM of one grid 
operator can cause congestion for an involved grid operator. Such a scenario usually happens for a 
ÇÒÉÄ ÏÐÅÒÁÔÏÒ ÔÈÁÔ ÉÔÓ #- ÍÁÒËÅÔ ÉÓ ÃÌÏÓÅÄ ÁÈÅÁÄ ÏÆ ÏÔÈÅÒ ÇÒÉÄ ÏÐÅÒÁÔÏÒȭÓ #- ÍÁÒËÅÔ ɉÅȢÇȢȟ $3/ ÉÎ 
market option 1A-(1) and TSO in 1A-(2)). Therefore coordination is vital between local CM markets 
and TSO CM market. Another noticeable point is that a grid operator may feel uncertain about the 
adverse effects of the upcoming CM market trades for its network. Therefore, a grid operator with an 
earlier gate closure time may procure extra flexibilities to have a larger margin of operation, which 
may lead to unused flexibility and higher CM costs. For instance, DSOs in market option 1A-(1) may 
procure extra flexibilities for ÔÈÅ ÓÁËÅ ÏÆ ÃÏÍÐÅÎÓÁÔÉÎÇ ÐÏÓÓÉÂÌÅ ÁÄÖÅÒÓÅ ÉÍÐÁÃÔÓ ÏÆ 43/ȭÓ ÁÃÔÉÏÎÓ ÉÎ 
its CM market. The mentioned problem is less probable in market option 1A-(2) as the traded volumes 
for DSO CM are often less than the amount that can cause congestion for TSO. As another disadvantage 
of having separated CM markets, due to having different bidding systems, extra interfaces are needed 
which is not favorable from IT and communication perspective.  

Apart from the general advantages and disadvantages which are expected from the market structures 
where DSO and TSO CM are separated, there are some aspects specialized to each implementation of 
market option 1A, which will be discussed in the following paragraph. 

In market option 1A-(1), since the DSO CM is served first, it seems that DSO CM receives more 
flexibility compared to TSO CM in contrast to 1A-(2) where TSO is served first. In other words, DSOs 
in the market option 1A-(1) receive the most local flexibilities leading to higher liquidity for DSO CM 
markets. From TSO perspective, since each TSO of member states, require to coordinate with all the 
nearby TSOs regarding the cross-border capacities and congestions, the idea of market option 1A-(1) 
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better supports the cross-border coordination needs compared to 1A-(2) because closure time of TSO 
CM in market option 1A-ɉρɊ ÉÓ ÁÔ ςς ÐÒÏÖÉÄÉÎÇ ÅÎÏÕÇÈ ÔÉÍÅ ÆÏÒ 43/Óȭ ÃÒÏÓÓ-border coordination. 

Regarding market option 1A-(3), it receives the mentioned benefits of separating CM markets for 
DSOs and TSOs. Regarding the deficiencies, adverse impacts of the flexibility trade of one CM market 
on the previous CM market still exists in a similar way in 1A-(3) because CM markets of DSOs and TSO 
function at the same time and the grid operators are not fully aware of the traded flexibilities in a 
ÐÁÒÁÌÌÅÌ #- ÍÁÒËÅÔ ÅÓÐÅÃÉÁÌÌÙ ÉÆ ÐÒÏÐÅÒ ÃÏÏÒÄÉÎÁÔÉÏÎ ÉÓ ÎÏÔ ÉÎ ÐÌÁÃÅȢ )Î ÁÄÄÉÔÉÏÎȟ ÆÒÏÍ ÁÇÇÒÅÇÁÔÏÒÓȭ 
standpoint, bid optimization and coordination of flexibilities are more difficult when there are two 
open markets for CM that can be a reason for conservative bidding in the CM markets to stay on the 
safe side and therefore finally leading to less liquid CM markets. Besides, if proper coordination is not 
in place, grid operators may end up competing with each other for procuring flexibility of a resource 
leading to high CM costs. Also, competition in CM markets in its negative sense (without coordination) 
may lead flexibility buyers to sign long-term flexibility contracts with aggregators meaning that 
flexibility is locked and not used dynamically where it creates the most benefit. 

Having said the argument above, if DSOs and TSO decide to separate their short-term CM markets, the 
market design based on option 1A-(1) serves their needs better compared to 1A-(2) and 1A-(3).  

Market option 2B  

A market design based on market option 2B includes one market process and MOL for both DSOs and 
TSO CM. Flexibility procurement is dependent on how the coordination and agreement between 
different buyers are made. The situation falls into two categories depending on the direction 
(upward/downward) of flexibility need at a certain congestion area. If both DSO and TSO have 
flexibility needs in the same direction (whether upward or downward), then coordination is much 
easier compared to the situation that their flexibility needs are in the opposite direction. In the latter 
case, the coordination can be such that TSO may choose a flexibility resource in another location 
where there is no local flexibility need, given that another location can have the same positive effect 
on the congestion. The price difference then should be agreed to be shared between the DSO and TSO. 
As there is one market process, if proper coordination is in place, concerns of grid operators regarding 
adverse impacts of trades in upcoming (1A(1), 1A(2))/parallel (1A(3)) CM markets are eliminated. 
Besides, due to having one market place, coordination between DSOs and TSO is easier in this market 
structure. Another positive aspect of the CM market according to market option 2B is that one gate is 
introduced for CM, which facilitates the market participants bidding and most probably increases the 
liquidity. Also, from information technology (IT) and communication viewpoint, it is easier to have 
one platform compared to market option 1A where there are two CM market platforms. 

One downside of market structure 2B is about product design. It should be agreed between DSOs and 
TSO, which is not easy because their needs are not on the same scale (i.e., MW, kW etc). In fact, product 
design is a compromise that just takes into account the most critical needs of grid operators and skips 
the insignificant ones. Besides, as the needs of grid operators change over time, the agreement on the 
product parameters should be repeated periodically, which is time and energy-consuming because, 
as mentioned before making an agreement on product design that suits everyone best is not easy.  

The above argument has clarified the various aspects of both market options 1A and 2B so far. Since 
DSO/TSO coordination is highly necessary irrespective of the chosen market model, it seems that all 
the efforts in constructing the coordination pay off better when the effort is made once to construct 
the fully-integrated CM market (market option 2B) compared to the situation that coordination 
between market platforms to avoid interaction is done before buying each bid separately (market 
option 1A). Besides, market option 2B facilitates participation of FSPs in flexibility provision and has 
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higher liquidity because of providing a single entry gate for CM. Therefore, from now on in section 5.2, 
the focus will be on short-term CM market design of the option 2B. Figure 14 demonstrates the 
proposed market design for fully-integrated DSO/TSO CM markets including short-term and 
operational CM markets. 
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Figure 15: Sequential integration of CM 

5.2.1.1 Market goals  

The initial goal of CM markets is to ensure the secure operation of the network within technical 
boundaries (e.g., voltage, current, etc) in both TSO and DSO levels and moving toward flexibility 
ÕÔÉÌÉÚÁÔÉÏÎ ÆÏÒ ÏÐÔÉÍÉÚÁÔÉÏÎ ÏÆ ÔÈÅ ÎÅÔ×ÏÒËȭÓ ÏÐÅÒÁÔÉÏÎȢ 4ÈÅ ÇÏÁÌ ÉÓ ÔÏ ÍÁÎÁÇÅ ÄÁÙ-ahead situations of 
the grid to avoid occasional congestion and optimize the operation of the grid. If congestion is 
predicted to occur repetitively, then grid reinforcement or long-term congestion management is 
needed instead. Secondly, the markets target to utilize the utmost capacity of the existing networks 
which is essential from a socioeconomic perspective. This can be realized by increasing the hosting 
capacity of grids for renewable energy sources, demand response, new loads like electric vehicles, 
heat pumps, etc.  

Unlocking and utilizing the flexibility for the benefit of customers, flexibility providers, BRPs, and 
network operators is counted as another goal of CM markets. Markets of short-term and operational 
congestion management should take care of unlocking flexibility from distribution grids to all possible 
markets where flexibility may be traded, ensuring the business case of stakeholders especially 
flexibility providers and BRPs.  

Earning the trust of all stakeholders is a general goal of CM markets by providing a transparent 
flexibility validation, trading, verification, and settlement along with having an easy to use market 
platform where flexibility providers and buyers can readily meet their needs. For instance, when it 
comes to a situation that a grid operator is evaluating the available and viable options for congestion 
management, a liquid and reliable CM market may be preferred to other existing congestion 
management alternatives (i.e., technical solutions).  
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5.2.1.2 Services 

CM markets include the short-term, operational and long-term services. Regarding the short-term 
service, once the grid operators are aware of positions of energy market actors (e.g., BRPs) in the day-
ahead market, with the utilization of their grid tools, they can predict upcoming congestion for the 
day ahead. Consequently, the short-term CM market is the marketplace where flexibility needs match 
scheduled reprofiling (SRP) bids of FSPs. SRP is described as the obligation of the flexibility to modify 
the demand or generation at a given time for the benefit of flexibility buyers. Therefore, flexibility 
buyer should be sure enough to participate in the short-term CM market as procurement of SRP 
product entails activation of it. 

 Operational service can be used whenever a grid operator is not completely sure about upcoming 
congestion. In this situation, a conditional reprofiling (CRP) product is used. CRP is used as when the 
flexibility seller must have a capacity to satisfy the traded flexibility with a specified demand or 
ÇÅÎÅÒÁÔÉÏÎ ÐÒÏÆÉÌÅ ÍÏÄÉÆÉÃÁÔÉÏÎ ÁÔ Á ÇÉÖÅÎ ÐÅÒÉÏÄȠ ÈÏ×ÅÖÅÒȟ ÔÈÅ ÄÅÌÉÖÅÒÙ ÉÓ ÃÁÌÌÅÄ ÕÐÏÎ ÂÙ ÔÈÅ ÂÕÙÅÒȭÓ 
request in real-time.  

For the flexibility needs which can be foreseen a year ahead, the long-term CM market is used. The 
grid operators assess the outlook of the flexibility needs basing on the scheduled 
maintenance/construction plans, the seasonal hosting capacity (HC) changes of the grid, expected 
load/production changes etc. The long-term service is similar to what is explained for operational CM 
with differences that the capacity reservation is done once a year, and the activation decision should 
be made a day ahead of the real-time operation. The three services above enable flexibility buyers to 
participate in CM markets according to their needs and level of certainty. 

5.2.2 Market Parties  

The following parties involved in CM markets are well described in the harmonised role model 
available in the appendix of this document. 

- Balance Responsible Party 
- Balance Supplier 
- Balancing Service Provider 
- Merit Order List Responsible 
- Producer / Consumer 
- Resource Aggregator 
- Resource Provider 
- System Operator 
- Market Operator 

Depending on how the proposed market structure (market option 2B) is implemented in practice, the 
following market parties can be understood as a role or functionality. The aim to explain them here is 
to facilitate understanding of the market process in section 5.2.3.1. 

Flexibility register  

The information related to characteristics of a flexibility resource (e.g., amount of flexibility (kW), 
locational info (e.g., postal code or locational information with better resolution), up/down regulation 
capability, etc), initial grid prequalification results, product prequalification results, metering data of 
previous flexibility activations exist in the flexibility register system. In addition, baseline calculation 
is proposed to take place in the flexibility register. More information about the flexibility register 
available in the appendix. 
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Fully -integrated CM market  for DSO and TSO 

A market place as a result of a synergy between DSOs and TSO for CM aims to form one MOL for CM 
in both distribution and transmission levels according to market option 2B. The market receives bids 
from flexibility providers and matches them with the needs of grid operators. The market operator 
publishes the clearing results to involved stakeholders and all market participants for transparency 
reasons. Based on the realized volumes of flexibility activation, in the settlement process, the market 
ÏÐÅÒÁÔÏÒ ÆÏÒ×ÁÒÄÓ ÔÈÅ ÂÉÌÌ ÁÎÄ ÒÅÉÍÂÕÒÓÅÍÅÎÔ ÖÏÕÃÈÅÒ ÔÏ ÆÌÅØÉÂÉÌÉÔÙȭÓ ÂÕÙÅÒ ÁÎÄ ÓÅÌÌÅÒȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ 

TSO/DSO coordination (technical)  

The TSO/DSO coordination (technical) is responsible for initial grid prequalification, product 
prequalification, harmonizing, and stacking the flexibility needs of grid operators and grid 
prequalification.  

The technical platform adds network data to the data that the FSP has already provided to the 
flexibility register in the initial grid prequalification phase. In other words, the network data which is 
absent in the flexibility register are added by the technical platform in the initial grid prequalification 
phase in order to clarify where the resource has been located in DSO and TSO network in order to use 
these data later in the market process. For product prequalification, the technical platform is used to 
test the flexibility product of flexibility provider to make sure that the flexibility provider can deliver 
its offered product in a real scenario. 

Different approaches can be used for grid prequalification in the market process in order to assure 
that flexibility activation of a bid does not cause a problem for another grid operator. Using the 
sensitivity matrix is an accurate and dynamic method of grid prequalification; however, due to the 
cumbersome features of sensitivity analyses especially for large and meshed networks, static methods 
such as node-wise capacity can be used for grid prequalification. 

Another responsibility of the technical platform is harmonization and stacking of the flexibility needs 
of grid operators in such a way that the final flexibility needs along with its technical parameters can 
be forwarded to the TSO/DSO coordination (market). For instance, it might be so that the flexibility 
need of a DSO at a particular location coincides with the need for TSO. Therefore, both needs can be 
merged. In contrast, the opposite needs of a DSO and TSO can be addressed if TSO chooses another 
location belonging to a nearby DSO for flexibility procurement because the flexibility need of TSO is 
less location-dependent than a DSO. 

TSO/DSO coordination (market)  

The grid operators need to participate in the CM market as a flexibility buyer. Therefore their 
flexibility needs available in the technical platform should be translated to be usable in the CM market. 
According to the predefined products (SRP, CRP), flexibility needs are transformed into the format 
required in the CM market so that the CM market can publish the needs to FSPs.  

5.2.3 Market structure  

5.2.3.1 Market Processes  

The whole operational CM process based on the market structure 2B has been proposed in the 
following figure.  
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Figure 16: Proposed sequence diagram of operational CM market for DSO/TSO 

Regarding the above diagram, it can also be applied for short-term CM if the activation part is omitted. 
The figure involves different stages including flexibility aggregation and registration, initial grid 
prequalification, product prequalification, CM of DSOs and TSO, grid prequalification, CM market 
clearing process, flexibility activation, monitoring and validation, baseline calculation, and settlement. 
Each of the stages above will be shortly explained in the following paragraphes: 

Once the flexibility aims to participate in the CM markets, it needs to be registered in the flexibility 
register system. The flexibility register sends a request to TSO/DSO coordination (technical). The 
technical platform then informs the flexibility register about the results of initial grid prequalification. 
A similar process needs to be accomplished for product prequalification. To do so, the FSP sends a 
product prequalification request to the operational CM market. Once the flexibility resource is tested, 






































































































































































