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About OneNet 

OneNet will provide a seamless integration of all the actors in the electricity network across Europe to create 

the conditions for a synergistic operation that optimises the overall energy system while creating an open and 

fair market structure. 

The project OneNet (One Network for Europe) is funded through the EU's eighth Framework Programme Horizon 

2020. It is titled "TSO – DSO Consumer: Large-scale demonstrators of innovative system services through 

demand response, storage and small-scale (RES) generation" and responds to the call "Building a low-carbon, 

climate resilient future (LC)". 

While the electrical grid is moving from being fully centralised to a highly decentralised system, grid operators 

have to adapt to this changing environment and adjust their current business model to accommodate faster 

reactions and adaptive flexibility. This is an unprecedented challenge requiring an unprecedented solution. For 

this reason, the two major associations of grid operators in Europe, ENTSO-E and EDSO, have activated their 

members to put together a unique consortium. 

OneNet will see the participation of a consortium of over 70 partners1. 

The key elements of the project are: 

1. Definition of a common market design for Europe: this means standardised products and key 

parameters for system services which aim at the coordination of all actors, from grid operators to 

customers;  

2. Definition of a Common IT Architecture and Common IT Interfaces: this means not trying to create a 

single IT platform for all the products but enabling an open architecture of interactions among several 

platforms so that anybody can join any market across Europe; and 

3. Large-scale demonstrators to implement and showcase the scalable solutions developed throughout 

the project. These demonstrators are organised in four clusters coming to include countries in every 

region of Europe and testing innovative use cases never validated before. 

 

  

 

1 The OneNet project partners are listed at: https://onenet-project.eu/partners/ 
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Executive Summary 

The ongoing energy transition requires profound changes in the operation of the electric power system. The 

decarbonisation of the electricity supply requires pursuing renewable energy generation and energy efficiency. 

In a decarbonisation scenario, all the resources connected to the power system have to be flexible, adapting 

their electricity generation or demand level according to the energy availability to increase the hosting capacity 

of intermittent energy sources and maximise the use of the available resources and infrastructures. Therefore, 

the energy transition makes imperative the adoption of more interactive electric power system operation 

strategies. In this context, the project OneNet aims at creating the conditions for a new generation of grid 

services able to fully exploit demand response, storage and distributed generation while creating fair, 

transparent and open conditions for the consumer. As a result, while creating one network for Europe, the 

project aims to build a customer-centric approach to grid operation. This ambitious view is achieved by 

proposing new markets, products and services and creating a unique IT architecture. 

Designing an efficient, integrated, and scalable market for the procurement of system services requires 

taking advantage of the lessons learnt from previous projects on developing the provision of flexibility by third-

party assets. Therefore, previous European projects are analysed to study the already adopted coordination 

models, market concepts and set-ups. The main objective is to provide an overview of the market design aspects 

of the schemes in these projects and highlight the current gaps. The projects’ analysis firstly focused on the key 

elements of the flexibility mechanisms: actors involved, system services, procurement method, coordination 

schemes, and grid constraints inclusion. The quantitative project review highlighted the existing large variety of 

formalisations and set-ups that have been designed, proposed, adopted, and tested for flexibility procurement. 

The project review highlights that a unique way of general validity to procure flexibility does not exist. Boundary 

conditions may influence the set-up choices; however, market-based procurement through flexibility markets 

involving DSO, TSO, or both, in an auction mechanism is of primary interest. The project review also underlined 

the need for a standardised or, at least, harmonised vocabulary in the context of flexibility procurement. The 

second stage of the project review contributes to the need for harmonised concepts and vocabulary by 

classifying the reviewed use cases through a systematic approach. This activity allows to identify the similarities 

and differences among the reviewed use cases considering a set of aspects useful for describing the adopted 

market model framework and the interaction among the actors involved. 

The development and design of efficient, integrated, and scalable markets are assisted in this deliverable by 

proposing a theoretical market framework for existing and novel market design options is developed to clearly 

and precisely categorise market concepts and ease the communication on these concepts both within the 

OneNet project and externally. Therefore, to develop a framework that is clear and concise, the proposal is 

limited within OneNet to those mechanisms to provide system services only (i.e. no energy markets), those 

mechanisms where TSOs and DSOs are the primary buyers of system services, and market-based mechanism 
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only (i.e. bilateral transaction, auction market, exchange market). The framework consists of five main pillars, 

which in turn are composed of different features. Formalising the theoretical market architecture required first 

to define the reference model for the market architecture that is considered as formed by submarkets that 

interact. An interaction exists between two submarkets that are somehow linked. The interactions between the 

couples of submarkets define the model of the whole market architecture. The contribution of the theoretical 

market architecture is twofold: it represents a descriptive tool able to effectively describe all the elements of a 

market architecture which involve flexibility; furthermore, it represents a valuable prescriptive tool to be used 

for designing flexibility markets and their integration with the existing electricity markets. These five main pillars 

are (i) entire market architecture, (ii) sub-market coordination, (iii) market optimization, (iv) market operation, 

and (v) grid constraints representation. The first two pillars set up the structure of the entire market and define 

the nature of the coordination, while the last three pillars describe the dimensions of market clearing. Some 

features in these pillars are applied to the entire market to represent how the coordination and integration can 

increase, while other features apply to the individual submarkets. By going through each of the pillars and 

selecting, for each feature, the desired attribute, the flexibility market can be designed considering the context 

requirements. The framework is used to describe the market design used by the demonstrators in the OneNet 

clusters and serve as a basis for the subsequent tasks within WP3, where, amongst others, a gap analysis will 

take place to be able to move from isolated markets to integrated, scalable and coordinated markets. 

One of the peculiar aspects of OneNet 3.1 activities is the strong involvement of the OneNet demonstrators 

to encourage the flexibility market design process. Several interactions with the OneNet demonstrators were 

carried out through virtual workshops and questionnaires to take advantage of the field experience and provide 

the proof-of-concept for the proposed theoretical market framework. Based on the theoretical market 

framework, the analysis of the OneNet demonstrator and the mapping of the market design highlighted the 

main challenges of flexibility market design and the integration of the existing submarkets.  

The proposed theoretical market framework is applied to the different clusters of OneNet (Northern, 

Southern, Western, Eastern) in which multiple demonstrators define market designs based on the goal of the 

demonstrator activities, specificities of each country, considered products, and the interactions between the 

actors. Within each of the CoordiNet clusters, the demonstrators propose different market designs to be 

implemented. The OneNet project clusters are re-clustered into three main sets to ease the analysis between 

comparable market frameworks considering the type of coordination on which the activity focus: market-based 

TSO-DSO coordination, DSO market-based coordination, technical-based TSO-DSO coordination. The 

demonstrators focused on the market-based TSO-DSO coordination adopt a coordination scheme in which the 

TSO and the DSO are coordinated through a market. The flexibility is allocated between the system operators 

through market-based processes. The OneNet demonstrators that belong to the DSO market-based 

coordination category focus on the market mechanisms to procure system services from FSPs to solve local 

needs. To test the DSO coordination, the demonstrators adopt a local market in which the DSO has exclusive 
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access to DERs. Even if the interaction with the TSO is not tested by the demonstrators belonging to this cluster, 

this interaction is considered in the theoretical design of the technical or market-based coordination. The 

demonstrators that belong to the technical-based TSO-DSO coordination adopt a coordination scheme in which 

the TSO and DSO directly interact by exchanging information and requests for operating actions. The flexibility 

is allocated between the system operators employing technical procedures (e.g., interaction between control 

centres and platforms). Finally, a cross-demonstrator comparison at the submarket level and the coordination 

between the submarkets is presented.  The re-clustering of the OneNet demonstrators according to the type of 

interaction tested is depicted in Figure 0-1. 

 

Figure 0-1. From geographical clustering to market design demonstrators’ clustering 

The mapping of the theoretical framework to the OneNet demonstrators highlighted similarities and 

differences among the different market designs, contributing to the understanding of the OneNet 

demonstrators’ market framework proposals. Mapping the OneNet demonstrators according to the theoretical 

market framework highlighted several challenges regarding the design of flexibility markets and their 

introduction in the existing electricity markets. In flexibility market design, it is of primary importance to define 

the temporal and locational dimension of the procurement, the interactions within the flexibility submarkets, 

allocation of flexibility among submarkets. The OneNet Task 3.1 activities point out that the definition of the 

temporal and locational dimension of the procurement of flexibility is a critical design phase since it influences 

the market liquidity, the procedures for power system operation, and the FSPs availability. The analysis of the 

interaction among submarkets belonging to the same market architecture pointed out that bid forwarding 

between submarkets that both trade activation and availability is a critical aspect. As a consequence, 

determining the allocation principle of flexibility becomes challenging. It represents an essential aspect since 

the optimal integration of the flexibility markets in the existing electricity market structure is achieved if the 
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flexible resources are efficiently allocated among the different submarkets. The coordination among different 

flexibility submarket and the impact on the system operation has to be carefully designed to prevent the issues. 

These kinds of impacts can be classified considering if the flexibility provision simultaneously fills different needs 

or, on the opposite side, creates problems to the system operation and thus creates a new need for system 

service. Moreover, it is worth highlighting the significance of the baselining activity to prevent gaming; the 

market architecture has to avoid speculative behaviours across the various submarkets in which an FSP can 

participate.  

In conclusion, the present deliverable contributes to 1) the identification of state of the art considering the 

lessons learnt from the previous projects related to coordination models and market set-ups; 2) harmonising 

flexibility market concepts and the related vocabulary through the use of a systematic market analysis 

procedure; 3) a proposal of a theoretical market framework for innovative market designs options; 4) the 

application of the theoretical market framework to the OneNet demonstrators to contribute to the development 

of flexibility markets and identify the main differences among the proposals and the market integration 

challenges. The highlighted challenges and gaps related to market distortions and inefficiencies which could 

arise in integrated flexibility markets are of interest for the further activities of the OneNet project. 
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1 Introduction 

The ongoing energy transition triggered by the concerns related to the tremendous consequences of 

extreme weather events caused by climate change requires profound changes in the operation of the electric 

power system [1]–[3]. The decarbonisation of the electricity supply requires increasing the electrical energy 

generated by renewable resources and pursuing energy efficiency [2]. In a decarbonisation scenario, an 

increased presence of intermittent energy sources in the power system and the need for maximising the use of 

the available resources and infrastructure make it imperative to abandon the traditional load following paradigm 

favouring a more interactive operation of the electric power system [4]. In this context, all the resources 

connected to the power system have to be flexible, adapting their electricity generation or demand level 

according to the needs of the power system operation. This requires addressing the power system 

transformation at a reasonable cost, without harming the security and quality of the electricity supply, unlocking 

the potential flexibility of the already available resources, and fostering the availability of new resources [5]–[7]. 

In this context, the OneNet project aims at creating the conditions for a new generation of system services 

able to fully exploit demand response, storage and distributed generation while creating fair, transparent and 

open conditions for the consumer. As a result, while creating one network for Europe, the project aims to build 

a customer-centric approach to grid operation. This ambitious view is achieved by proposing new markets, 

products and services and creating a unique IT architecture. 

The present deliverable is part of the Work Package 3 (WP3) contribution to the OneNet project. Figure 1-1 

depicts the interconnection existing between the OneNet Task 3.1 and other tasks and work packages in the 

OneNet project. OneNet WP3 is entitled “Integrated and coordinated markets for OneNet”. The overall objective 

of WP3 is to design efficient, integrated, coordinated and scalable markets for the procurement of system 

services by DSOs and TSOs. WP3 aims to define a theoretical market framework for innovative market designs 

options (Task 3.1), study market integration aspects and interrelations of new market mechanisms with existing 

energy and flexibility markets (Task 3.2), analyse potential market distortions and inefficiencies of integrated 

markets (Task 3.3) and ensure alignment between developed concepts of market design, the regulatory 

framework and the demonstrations within OneNet (Task 3.4). Finally, WP3 provides recommendations for the 

OneNet roadmap. 

 Task 3.1 ‘Framework for coordination models and market set-ups’ is the first task of WP3. It starts from the 

best practices and project review from Task 2.1. Task 3.1, that runs in parallel with Task 2.2, focuses on the 

market design aspects of system services and Task 2.2 on the corresponding product design analysis for system 

services. Input from the different demonstration clusters is captured and applied to the theoretical framework 

developed in Task 3.1. The output of Task 3.1, in particular the design of market concepts for the 

demonstrations, is feed into the task on business use cases (Task 2.3) and it forms the basis of the gap analysis 

to move from isolated to integrated markets (Task 3.2).  
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The present deliverable describes the Task 3.1 activities of OneNet WP3 that aim to contribute to setting the 

basis for improving the evolution of electricity markets in Europe by reviewing previous works (Sub-Task 3.1.1) 

and proposing a theoretical framework for innovative flexibility market designs (Sub-Task 3.1.2). This framework 

is then mapped with OneNet demonstrators’ expectations to contribute to the definition of the building blocks 

for the demonstrator activities and, more importantly, to provide recommendations on the design of the 

European market (Sub-Task 3.1.3). OneNet task 3.1 and the present deliverable has a strong relationship with 

work package 2 and in particular with tasks 2.1 and 2.2 that have produced the deliverables: 

D2.1 – Review on markets and platforms in related activities. 

D2.2 – A set of standardised products for system services in the TSO-DSO-consumer value chain.  

 

Figure 1-1. Interconnection between the OneNet Task 3.1 with other tasks and work packages in the OneNet project 
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Flexibility, understood as the ability or willingness to modify power injections and withdrawals to support 

the system operation, is considered a cost-effective measure to counteract the variability and uncertainty 

introduced in the power system by renewable energy sources and new loads [8]. Flexibility usage and the 

provision of system services2  may represent an alternative to network reinforcements since it allows to reduce 

or indefinitely defer network investments [4], [13], [14]. Flexibility and the provision of system services can 

balance electric energy supply and demand at any timescale, both in regular and emergency operation, 

efficiently dealing with the variability of loads and generation and improving system resiliency [6], [8]. Therefore, 

the context of the ongoing energy transition, a more secure, resilient, affordable, and sustainable power system 

flexibility is achieved [6].  

Several layers are necessary to enable the provision of flexibility by the resources: the technical and 

infrastructural layer concerns the hardware and infrastructure involved; the market  layer concerns the technical 

and business rules applied; the institutional and regulatory layer refers to the policy goals and the definition of 

the roles and responsibilities of the actors involved [5], [6]. Procuring flexibility using the third-party-owned 

resources connected to the power system calls for dedicated mechanisms integrated within the existing 

electricity market architecture. In a liberalised electricity sector, the operation of the transmission and 

distribution systems is considered a natural monopoly entrusted to regulated entities, the transmission, and the 

distribution system operator (TSO and DSO, respectively) [15]. Both transmission and distribution systems can 

be divided into several areas operated by the relevant system operator. One or more TSOs can operate the 

transmission system in a country; each TSO is responsible for operating the corresponding part of the 

transmission system and the system balancing. Similarly, considering the country's distribution system, it can be 

formed by several areas operated by different DSOs. In general, the role of both the TSO and the DSO is to 

operate the respective part of the power system ensuring the reliability of the electricity supply and providing 

non-discriminatory network access to third parties [5], [11], [16]–[18]. The operation of the power system 

requires coordinating the grid use and solving expected and unexpected grid problems. To operate the grid, the 

 

2  As indicated in Deliverable 2.1 [9], a system service is defined in the OneNet project as the action (generally undertaken by the network 
operator) which is needed to mitigate a technical scarcity or scarcities that otherwise would undermine network operation and may create 
stability risks. Even when all network operators face similar system needs, the relevance of different system needs can vary between 
distribution or transmission networks since these networks serve different purposes. For example, Article 2 in the European Balancing 
Guideline [10] sets that TSOs are responsible for undertaking actions to “ensure, in a continuous way, the maintenance of system frequency 
within a predefined stability range […] and compliance with the amount reserves needed concerning the required quality”. Therefore, the 
needs that arise as a result of the obligation to keep the balancing of the grid, will only be addressed by TSOs. The definition of system 
service answers the question, “what are the service required to ensure stability of the grid?”. In Deliverable 2.1 of OneNet [9] different 
definitions that were used in previous H2020 projects of what constitute system services are reported. The review of the previous H2020 
project definition together with the experience of the different members of the OneNet team lead to the definition adopted in this report. 
Therefore, the adopted definition of “system services” extends the definition provided in DIRECTIVE (EU) 2019/944 regarding ancillary 
services (balancing and non-frequency ancillary services) including also congestion management services [11]. Frequency ancillary service 
means a service used by a transmission system operator for the active power balancing the power system [11]. Non-frequency ancillary 
service means a service used by a transmission system operator or distribution system operator for steady state voltage control, fast reactive 
current injections, inertia for local grid stability, short-circuit current, black start capability and island operation capability [11]. Congestion 
management service means a service used by a transmission system operator or distribution system operator to avoid or solve grid 
congestions and bottlenecks that saturate the power transfer capacity of the network [12].  
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system operators resort to system services: actions and measures which include, among others, network 

congestion, voltage control, balancing, rotor angle stability, and system restoration [19]. The system operator 

can address the need for system services by relying on internal or third-party resources. In the former case, the 

need for system services is fulfilled by exploiting resources that belong to the system operator. In contrast, in 

the latter case, the need for system services is addressed involving flexible resources owned by third parties, 

whose operation is adapted to respond to the signals sent by the relevant system operator to accommodate the 

power system operation requirements [5]. The system operators can make use of several mechanisms to acquire 

system services from third parties (e.g., distributed generators, active customers, customers, aggregators). 

Market and non-market-based mechanisms for acquiring system services include the flexible connection and 

access agreements, the dynamic network tariffs, the flexibility markets, the bilateral contracts, the cost-based 

mechanisms, and obligations [20].  

Designing an efficient, integrated, and scalable market for the procurement of the system services required 

by the TSOs and DSOs involves studying the features of all the possible mechanisms and the related implications 

on the actors involved. In addition, the definition of a theoretical framework for the procurement of system 

services by third-party resources requires understanding the relevant boundary conditions in the technical, 

policy, and regulatory terms.  

This document aims to contribute to setting the basis for improving the evolution of electricity markets in 

Europe by reviewing previous works and proposing a theoretical framework for innovative flexibility market 

designs. This framework is then mapped with OneNet demonstrators’ expectations to contribute to the 

definition of the building blocks for the demos runs and, more importantly, to provide recommendations on the 

design of the European market.   

The structure of the present document is depicted in Figure 1-2. Chapter 1 is the introductive section of the 

document, the motivation, the goals, and the context of the activities carried out in OneNet Task 3.1 are 

described. Chapter 2 presents the survey of the main project initiatives concerning the procurement of flexibility 

from flexibility service providers; common aspects and differences among the various initiatives are studied and 

discussed. Chapter 3 describes the proposed theoretical market framework useful for modelling and designing 

mechanisms for procuring flexibility from third-party resources. In chapter 4 the proposed theoretical market 

framework is applied to the procurement mechanisms of interest for the OneNet demonstrators. Strengths and 

gaps of the proposed framework as well as the elements that the demonstrators still have to define at this point 

of the project are discussed. Finally, chapter 5 resumes the findings of the OneNet 3.1 activities by providing 

closing remarks and recommendations.  
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Figure 1-2. Structure of OneNet Deliverable 3.1 
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The use case classification and assessment in the project review comprise three primary analyses: a general 

analysis of the main aspects related to flexibility procurement, its classification according to the CoordiNet 

market model framework [19], and the analysis of the procurement mechanism dimensions that builds on the 

CoordiNet market model framework analysis [19]. Figure 2-1 provides an overview of the three stages of the 

project review analysis. 

 

Figure 2-1. Stages of the use case project review presented in this section 

The first stage of the project review analysis depicted in Figure 2-1 aims to provide a general overview of the 

relevant aspects related to the procurement of system services. The analysis gives information on 1) the 

coordinated actors, 2) the mechanisms used for procuring flexibility, 3) the buyers of flexibility and the access 

to DERs, 4) the number of submarkets used in the same architecture for procuring flexibility, and 5) the type of 

the system needs to cover (i.e. “central” in case of balancing and frequency support, “local” in case of congestion 

management and voltage support, as defined in [19]). For each of the attributes mentioned above, the 

quantitative project reviews provide the number of use cases that consider them. The analysis of the number of 

use cases that address each of these attributes highlights the most investigated options and the gaps in the 

design and demonstrator of the system services procurement mechanisms. 

The CoordiNet project [24], and INTERRFACE  [25], [26], are the two previous projects to OneNet which also 

aim to demonstrate how DSOs and TSOs shall coordinate to procure and activate system services most reliably 

and efficiently, and define a market model framework to describe the mechanism for procuring system services. 

The second stage of the project review (Figure 2-1) analyses the relevant use cases according to the CoordiNet 

market model framework [19]. The CoordiNet market framework was chosen because, among the project 

reviewed, it considers a larger range of TSO-DSO market models which will constitute the starting point for 

OneNet.  First, the attributes of each use case related to the CoordiNet market model framework are identified; 

based on this, this use case is assigned the corresponding market model. This analysis aims to categorise the 

market model framework considered in the reviewed projects and put the basis for the standard framework and 

terminology to be used for OneNet. Once the market model considered in the reviewed projects are formalised 

and categorised according to a common framework, the quantitative analysis allows the identification of the 

most investigated procurement mechanisms and the corresponding gaps of the demonstrator initiatives. 

Moreover, since actual demonstrator activities within different projects are studied, this analysis also points out 

1. General analysis of 
the main aspects 

regarding flexibility 
procurement

2. Classification 
according to the 

CoordiNet Market 
Model Framework 

3. Analysis and 
classification according 
to an extended set of 

procurement 
mechanism dimensions
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the gaps of the CoordiNet market model framework; these gaps concern the procurement mechanisms that the 

CoordiNet framework does not describe. 

As anticipated in Figure 2-1, the third stage of the analysis of the reviewed projects focuses on the main 

aspects of the procurement mechanisms adopted in each of the use cases. This enlarges the description of the 

TSO-DSO coordination provided by the CoordiNet market model framework. The focus of the analysis here 

includes other aspects (e.g., submarket type, pricing methods, and temporal resolution) of the flexibility 

procurement. In addition, this analysis defines groups of homogenous projects to highlight the trends and gaps 

regarding the market aspects addressed in the already existing project demonstrator works. The outcome of 

this analysis serves as a basis for identifying and harmonising the market aspects included in the theoretical 

market framework presented in section 2.6.  

 Summary of reviewed H2020 projects 

This section briefly describes the projects and commercial initiatives that have been considered relevant to 

review. These projects have been chosen based on the joint selection with OneNet task 2.1 and the agreement 

with the partners participating in task 3.1.  The project review focuses on identifying the use cases that deal with 

mechanisms for the procurement of system services from flexible service providers. For the sake of 

completeness, a brief description of the reviewed projects is provided in Table 2-1. A more detailed description 

is available in Deliverable 2.1 of the OneNet project [25].  

Table 2-1. Description of the reviewed projects 

Project Description 

CoordiNet The CoordiNet Project aims to contribute to the DSOs and TSOs coordination for 
procuring system services from the same pool of resources [24]. The reliability and 
effectiveness of the TSO-DSO coordination are tested by implementing large-scale 
demonstrators that involve consumers and other market participants.  

EU-SysFlex The EU-SysFlex project is focused on the definition of a Pan-European system 
characterised by the efficient and coordinated use of flexibility to achieve the 
integration of the largest share of RES [27]. In addition, the EU-SysFlex project defines 
new services to support the transmission system operation by guaranteeing security 
and resiliency. The overall objective is to develop a roadmap to support the 
implementation of cost-effective solutions concerning flexibility [27]. 

INTERRFACE The INTERRFACE project (TSO-DSO-Consumer interface architecture to provide 
innovative system services for an efficient power system) aims to support the 
coordination between TSOs and DSOs facing common challenges for distributed 
flexibility procurement [25], [28]. The INTERRFACE project designs, develops, and 
exploits, an Interoperable pan-European System services Architecture (IEGSA) to act as 
the interface between power networks (TSO and DSO) and customers seamlessly the 
coordinated operation of all the stakeholders to procure and use common services. 

 



 

 

Copyright 2020 OneNet 

This project has received funding from the European Union’s Horizon 2020  
research and innovation programme under grant agreement No 957739 

Page 24  

 

NODES NODES is a commercial initiative focused on the Nord Pool European power exchange, 
Norway and Germany in particular. The NODES project aims to develop a local flexibility 
marketplace linked to the existing platforms for intraday and balancing markets [29]. In 
the NODES platform, the TSO can act as the buyer in the local markets to procure 
flexibility from the resources connected at the distribution level that have not been 
selected to cover the flexibility needs of the corresponding DSO. The flexibility 
procurement in the NODES projects includes two different platforms for availability and 
activation. 

CROSSBOW The CROSSBOW project proposes the shared use of resources to foster the cross-border 
management of variable renewable energy sources and storage units. It aims to enable 
higher penetration of clean energies whilst reducing network operational costs and 
improving the economic benefits of RES and storage units. Its objective is to 
demonstrate the contribution to the system flexibility of several different, though 
complementary, technologies, offering TSOs higher flexibility and robustness. The 
project aims to achieve better-controlling power exchanges at interconnection points, 
new storage solutions, and ICT. Furthermore, the project aims to define a transnational 
wholesale market resulting in fair and sustainable remuneration levels of clean supply 
technologies through the definition of new business models supporting the 
participation of new players [25], [30]. 

TDX-Assist The objective of the TDX-Assist project is to design and develop novel ICT tools and 
techniques that would facilitate the development of scalable and secure information 
systems and the required data exchanges between TSOs and DSOs. The three main 
novel aspects of the ICT tools and techniques developed in the project are scalability (to 
deal with new users and increasingly larger volumes of information and data), security 
(to ensure that the overall system operation is protected from external threats and 
attacks), and interoperability (information exchanges based on existing and emerging 
international smart grid ICT standards) [25], [31]. 

InteGrid The InteGrid project aims to bridge the gap between the citizens and the technology 
and solution providers (e.g., utilities, aggregators, manufacturers, and other agents 
providing energy services). As a result, the InteGrid project aims to enhance active 
market facilitation and system optimisation services while ensuring sustainability, 
security, and supply quality [14], [25]. 

InterFlex The InterFlex project aim is to demonstrate that combining network automation with 
the provision of flexibility by local generation and consumption (including sector 
coupling) can make local energy systems more competitive and more reliable [25], [32]. 
InterFlex was completed in 2019; the project use cases provided input to five main 
innovation streams: local flexibility markets, demand response and customer 
empowerment, smart functions and grid automation, cross energy carrier synergies, 
and multi-service storage and islanding. 

Piclo Flex The Piclo Flex is a commercial initiative focused on the distribution system level, and it 
is focused on the United Kingdom. The Piclo Flex project aims to develop a local 
marketplace for DSO flexibility procurement [33]. More specifically, the Piclo Flex 
project emphasises the role of the electricity grid in the local procurement of flexibility; 
the DSO can select the most suitable flexibility provider by considering specific 
locational, technical, and temporal information. 

Enera The Enera project, linked with EPEX SPOT commercial initiative, was based in Germany, 
aimed to develop a platform through which the DSO can procure flexibility for solving 
network congestion [34]. The Enera marketplace concerns a continuous market that 
includes bid collection, market clearing, technical validation of bids, and settlement. 
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FARCROSS The FARCROSS project aims to connect the main stakeholders of the energy value chain 
and demonstrate integrated hardware and software solutions that will unlock the use 
of resources at the regional scale. This may lead to additional cross-border electricity 
flows, and regional cooperation, and an increase in the efficiency of the use of the 
transmission grid. Furthermore, it proposes using state-of-the-art digital technologies 
within the power system to increase and optimise coordination among the TSOs and 
between the TSOs and the energy producers. Moreover, in the FARCROSS project, a 
next-generation electricity market is defined and implemented that will operate on a 
regional basis and will make use of the dispersed assets and take advantage of the 
increased presence of RES to create economic benefits for the stakeholders [25], [35]. 

GOPACS The GOPACS commercial initiative, based in The Netherlands, aims at developing a grid 
operator platform for congestion management [36]. Specifically, GOPACS develops an 
architecture that connects several market platforms to enhance the coordination 
between the different actors involved in the procurement of flexibility. The first 
application of GOPACS includes intraday congestion management. 

SmartNet The SmartNet project aims to provide optimised instruments and modalities to improve 
the coordination among the system operators at the national and local levels 
(respectively, the TSOs and DSOs). This coordination includes the information exchange 
for the procurement of ancillary services (balancing, voltage control, congestion 
management) from resources located at the distribution level (flexible load and 
distributed generation) [25], [37].  

SYNERGY The SYNERGY project introduces a novel reference Big Data architecture and platform 
that leverages data related to the electricity domain from diverse sources (APIs, 
historical data, statistics, sensors/ IoT, weather, energy markets and various other open 
data sources). The aim, in this case, is to help electricity stakeholders to improve their 
internal intelligence on electricity-related optimisation functions while getting involved 
in novel data and intelligence sharing (and trading) models. The benefits are obtained 
by shifting from individual decision-making to a collective intelligence model. To this 
end, SYNERGY develops a highly effective Big Energy Data Platform and Artificial 
Intelligence Analytics Marketplace, accompanied by big data-enabled applications for 
the electricity stakeholders [25], [38]. 

OSMOSE The OSMOSE project focuses on achieving the integration of a larger amount of RES 
generation through the deployment of flexibility. The approach chosen considers the 
increased need for flexibility, which should reduce the cost involved in keeping the 
balance between supply and demand in electricity markets, and should be provided by 
flexibility sources (RES, demand-response, grid and new storages). Furthermore, the 
OSMOSE approach considers all the system requirements to capture the synergies 
existing among different solutions, in order to avoid stand-alone solutions that result in 
a lower overall efficiency [25], [39]. 

FLEXITRANSTORE The FLEXITRANSTORE project (An Integrated Platform for Increased FLEXIbility in smart 
TRANSmission grids with STORage Entities and large penetration of Renewable Energy 
Sources) aims to contribute to the evolution towards a pan-European transmission 
network with high flexibility and high transfer capacity. This project also develops a 
next-generation Flexible Energy Grid (FEG) platform to be integrated into the European 
Internal Energy Market (IEM). The developed novel smart grid technologies, methods 
and new market approaches aim to increase the amount of flexibility available and 
mobilized in the European power system [25], [40]. 
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PLATONE The PLATONE project (PLATform for Operation of distribution NEtworks) aims to 
develop an architecture for testing and implementing a data acquisitions system 
characterised by a customer access layer and a service layer. The proposed architecture 
allows authorities to achieve a greater stakeholder involvement and enables efficient 
and smart network management [25], [41]. 

Table 2-2 provides an overview of the use cases that have been considered; but not all the listed use cases 

have been considered relevant for further analysis. 

It is worth highlighting that only several use cases of each of the projects have been reviewed. The 

information on the reviewed use cases has been collected considering a service-based approach (i.e. one use 

case means one system service). Only the use cases concerning a flexibility procurement mechanism, and the 

related exchange for solving system services are included. Use cases regarding other aspects (e.g., information 

exchange, control strategies) are out of the scope of the present survey. Therefore, the project survey in this 

section provides only a partial representation of every single project. Nevertheless, given a large number of uses 

case reviewed, it does not hamper the validity of the survey, which provides a comprehensive picture of the 

main initiatives addressed in Europe regarding the mechanisms for flexibility procurement. 

Table 2-2. Overview of the reviewed use cases in OneNet Subtask 3.1 

 Project name Number of analysed use cases 

1 CoordiNet [24] 12 

2 EU-SysFlex [27] 10 

3 INTERRFACE [25], [28] 8 

4 NODES [29] 4 

5 Smartnet [25], [37] 4 

6 Crossbow [25], [30] 3 

7 TDX-ASSIST [25], [31] 3 

8 InteGrid [14], [25] 2 

9 InterFLEX [25], [32] 2 

10 Piclo Flex [33] 2 

11 Enera [34] 1 

12 FARCROSS [25], [35] 1 

13 GOPACS [36] 1 

14 Synergy [25], [38] 1 

15 OSMOSE [25], [39] 1 

16 Flexitranstore [25], [40] 1 

17 PlatOne [25], [41] 1 
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 General analysis of the reviewed projects 

The general analysis of use cases of the projects mentioned in section 2.2 focuses on several aspects relevant 

for describing the mechanism used to procure flexibility from the third-party resources. The main elements 

identified for describing the different procurement frameworks are listed in Table 2-3. Some of the elements 

included in Table 2-3 apply to the procurement processes of any exchange of goods and services; contrariwise, 

some elements have a specific meaning related to the specific electric flexibility procurement and provision 

concerned. All the elements listed in Table 2-3 have been collected from the projects to achieve a meaningful 

picture of the different procurement mechanisms considered and have played a role in the analysis described 

in this chapter. The different elements of interest described in Table 2-3 are discussed in more detail in relation 

to the different projects and initiatives in sections 2.3.1 (coordinated actors), 2.3.2 (the mechanism used for 

procuring system service), 2.3.3 (buyers of flexibility and direct TSO access to DERs), 2.3.4 (number of 

submarkets for procuring flexibility), and 2.3.5 (need type). 

Table 2-3. Elements of interest for the project review of the exploited procurement mechanisms 

Procurement mechanism 

aspects under review 
Description 

Coordinated actors The “Coordinated actors” element refers to the actors that interact in the 

process of procuring flexibility. Coordination is meant with its broad meaning, 

the action of making all the parties involved in a plan or activity work together 

in an organised way [42]. 

Mechanism used for 
procuring system services 

The element “Mechanism used for procuring system service” describes the 

set of procedures that allow one party to define an agreement to acquire the 

system service from another party. 

Procurement timeframe The element “Procurement timeframe” identifies how much time in advance 

the buyer-seller agreement is concluded to the flexibility service delivery. A 

great variety of procurement timeframes can be designed and observed 

(from near-to-real-time to year ahead). 

Pricing method The “pricing method” element describes the methodology used to calculate 

the final price applied to the exchange of the good or service between the 

buyer and seller. The pricing method adopted depends on the particular 

procurement mechanism [20]. 
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Number of submarkets used 
to procure system services 

The element “number of submarkets”4 describes if the architecture for the 

flexibility procurement, and then for matching demand and supply, takes 

places in one or more marketplaces [19]. The element “number of 

submarkets” defines the number of marketplaces in a defined area. To 

illustrate, two local submarkets in different sites are not multiple submarkets; 

conversely, considering a delimited area, a local DSO submarket with an 

overarching TSO submarket are considered multiple submarkets. 

Buyer of flexibility The “buyer of flexibility” is the role assigned to the actor that buys flexibility 

[19].  

Access to DERs granted to 
the TSO 

The element “Access to DERs granted to the TSO” describes the right granted 

to the TSO to procure system services from the resources connected to the 

distribution grid [19]. If the TSO have access to DERs, the TSO can directly 

interact with DERs in the procurement stage. The activation of the flexibility 

resources has to involve the relevant DSO; however, this aspect is out of the 

scope of the project review. 

Integration with existing 
submarkets 

The element “Integration with existing submarkets” describes if the flexibility 

procurement mechanism interacts with, or affects, the already existing 

electricity submarkets. The outcome of the existing submarkets can represent 

a baseline upon which to define the needs for flexibility. Moreover, the 

provision of flexibility may affect the participation of the resources in the 

already existing submarkets.  

Geographical scope of the 
submarket 

The “Geographical scope of the submarket” element intends to capture the 

size of the flexibility procurement areas [20]. 

Methodology used to 
validate the flexibility bids 
from a technical perspective 

The element “Methodology used to validate the flexibility bids from a 

technical perspective” intends to capture the peculiarity of the electricity 

exchanges. In fact, unlike other sectors, the electricity exchanges are affected 

by the physical nature of the grid. The electricity submarkets have to consider 

the constraints imposed by the electricity grid [20]. 

Coordination processes The element “Coordination processes” focuses on the processes for 

coordinating the actors that have been of primary interest for the reviewed 

project. The procurement of flexibility, from the need formalisation to the 

payment transaction, is a complex procedure comprising several processes 

 

4 D3.2 of Magnitude: ‘a submarket is assumed to be operated by one market operator who is responsible for the market clearing of this 

specific market according to a specific objective’ [22] 
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(e.g., resource registration & prequalification, grid assessment, bid collection, 

submarket clearing, metering, baselining, settlement). 

Nature of the need The element “Nature of the need” describes if the flexibility need can be 

satisfied at the central level (by all the resources connected to the grid) or at 

the local level (only by the resources connected in a delimited area of the 

grid) [19], [43]. 

System services considered The “System service considered” element captures the fact that the need for 

flexibility originates from the need to contribute to achieving a safe operation 

of the power system. Traditionally, the operation activities of the power 

system are classified in system services (e.g., frequency control, voltage 

control, congestion management) [43]. Therefore, the specification of the 

services on which each of the reviewed use cases is focused is relevant. 

Products considered The element “Products considered” relates to the fact that the provision of a 

system service involves the exchange of a product between seller and buyer. 

The products related to the system services can be harmonised and classified 

according to specific attributes and corresponding values [43]. However, in 

the most general terms, the products exchanged for satisfying the flexibility 

needs can be described in terms of the availability and the activation of active 

and reactive power. 

 Coordinated actors 

The reviewed projects focus on the procurement of flexibility for the power system operation. The 

exploitation of the flexibility of the connected resources requires some extent of coordination among the actors 

involved. Therefore, to understand the framework of the coordination models and market model framework 

introduced in the projects, it is of the utmost interest to identify the coordinated agents and their interactions. 

As a starting point, the interacting couples are identified. An interaction is defined through the exchange of 

flexibility (e.g. a provider that sells flexibility or SOs who interact since the flexibility has to pass through 

networks that are operated by different operators). As previously mentioned, the use cases that are reviewed 

concern a flexibility procurement mechanism, and the related exchanges for solving system services are 

included. The information exchange required to accomplish the flexibility provision (from procurement to 

settlement), are included in the analysis. However, use cases regarding only other aspects (e.g., information 

exchange, control strategies) are out of the scope of the survey. The analysis is based on the assumption that 

the interaction includes two parties that form the interacting couple [44]. Therefore, the complex scheme of 

interactions that compose a market architecture can be fully decomposed in terms of couples of interactions 

[44]. Figure 2-2 provides quantitative information about the interacting couples considered in the use cases of 
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the reviewed projects. This information is relevant for identifying which are the interactions that have been of 

great interest up to now. Table 2-4 provides detailed information on this; the interacting couples of interests for 

each reviewed project are highlighted in this table.  

In Table 2-4, TSO stands for Transmission System Operator, DSO for Distribution System Operator, system 

operators defined as the party responsible for operating, ensuring the maintenance of and, if necessary, 

developing the system in a given area and, where applicable, its interconnections with other systems, and for 

ensuring the long-term ability of the system to meet reasonable demands of the distribution or transmission of 

electricity [45]. In Table 2-4, IMO stands for an Independent Market Operator defined as an entity, different 

from the other actors involved in the flexibility procurement, that provides a service whereby the offers to sell 

electricity are matched with bids to buy electricity, this usually is an energy/power exchange or platform [45]. 

FSP stands for Flexible Service Provider defined as any entity that offers flexibility services in the market, based 

on acquired (aggregated) capabilities, usually from third parties [46]. In Figure 2-2, peer-to-peer concerns the 

interactions between FSP-FSP or among buyers and sellers of electricity without the involvement of third parties. 

 

Figure 2-2. Percentage of observed use cases for each coordinated couple 
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Table 2-4. Detailed analysis of the interaction couples included in the use cases of the reviewed projects 

Project name TSO -
TSO 

TSO -
DSO 

DSO -
FSP 

TSO - 
FSP 

DSO -
DSO 

Peer-
to-peer 

SO - 
IMO 

FSP - 
IMO 

CoordiNet  X X X X X   

EU-SysFlex  X X X   X X 

INTERRFACE X X X X  X   

NODES  X X X X  X X 

CROSSBOW X X  X   X  

TDX-ASSIST  X X X     

InteGrid  X X      

InterFLEX   X      

Piclo Flex   X X  X X X 

Enera    X   X X 

FARCROSS X   X   X  

GOPACS  X X X     

Smartnet  X X    X  

Synergy   X      

OSMOSE  X  X     

Flexitranstore X X X X     

PlatOne  X X   X X  

Figure 2-2 and Table 2-4 highlight that the majority of the reviewed projects address the chain TSO-DSO-FSP. 

The remaining interacting couples have attracted less interest within the reviewed projects. 

 Mechanism used for procuring system services 

As already introduced in Table 2-3, several mechanisms can be implemented to acquire system services from 

third parties (e.g., distributed generators, active customers, consumers, aggregators). Generally speaking, the 

mechanism for acquiring system services can be classified into market-based (or explicit5) and non-market-based 

(or implicit6) mechanisms. Among market-based mechanism for acquiring system services are included flexibility 

markets and bilateral contracts  [20]. While, non-market based mechanisms are flexible connection and access 

agreements, dynamic network tariffs, cost-based mechanisms, and obligations [20]. Each procurement 

mechanism can be regulated to a larger or smaller extent depending on the constraints introduced in it by the 

 

5 Explicit (or incentive-driven) mechanisms involve the provision of committed, dispatchable, flexibility that can be traded on the 
different energy markets (wholesale, balancing, congestion management, etc.). Because this type of flexibility is dispatchable, and can be 
tailored to the markets’ exact needs (size and timing), it may offer specific added value for e.g. balancing and capacity management [47], 
[48], where the system flexibility requirements are determined in advance. 

6 Implicit (or price-based) mechanisms refer to the prosumers’ reaction to price signals. As implicit mechanisms reflect the variability on 
the market and the network, prosumers can adapt their behaviour (through automation or personal choices) to save on energy expenses 
by shifting their load and/or generation to periods with low/high energy prices, or low grid prices. 
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regulation. Table 2-5. describes these main mechanisms, more complex mechanisms can be developed by 

combining them [20]. As an example, a complex procurement mechanism can result from the combination of 

local flexibility markets and obligation. The provision of the system services up to a minimum level can be 

mandatory, as a connection requirement condition; additional service provision capability can be provided 

voluntarily by the connected resources using a local market mechanism [20]. 

Table 2-5.  Description of the market and non-market-based mechanisms for acquiring system services. 

Procurement 
Mechanism 

Description 

Obligation 
The obligation mechanism represents a non-market solution in which third parties are 
obliged to provide the system service when required by the system operator and without 
any remuneration. It is a non-market-based mechanism. 

Cost-based 

Within a cost-based mechanism, the service providers are remunerated for the actual cost 
of providing the service. In general, cost-based mechanisms require auditing the providers’ 
costs and defining an adequate margin for providers’ return. It is a non-market-based 
mechanism. 

Dynamic 
network 
tariffs 

The dynamic network tariffs mechanism is characterised by the differentiation of network 
tariffs on temporal and spatial bases. Consequently, the third parties provide system 
services by adapting their electric behaviour according to the received price signal. It is a 
non-market-based mechanism. 

Flexible access 
and 
connection 
agreements 

The flexible access and connection agreements (or dynamic grid connection agreements) 
concern the formalisation of an agreement between the system operator and the service 
provider. Flexible connection means that the power exchange at the network interface can 
be reduced according to the grid operator's needs. Generally, flexible access and connection 
agreements are reached for new connections. The flexible access and connection 
agreements mechanism is a non-market-based mechanism. 

Bilateral 
contract 

The bilateral contract mechanism involves achieving a binding agreement between two 
parties, the TSO or DSO and the service provider.  The contract states the agreed terms for 
the service provision defined during the bilateral negotiation process. Generally, the 
bilateral contract mechanism is implemented for existing connected resources and 
constrained situations. The bilateral contract mechanism is a market-based mechanism. 

Flexibility 
market 

The flexibility market mechanism concerns the definition of a marketplace dedicated to the 
exchange of flexibility. Flexibility markets consist of an auction procedure characterised by 
a tendering process in which the sellers offer their flexibility by submitting bids. The related 
market can be local or system-wide according to the type of flexibility traded. The flexibility 
market category, considered for the project survey described in this section, includes both 
the auction and exchange market mechanism, as defined in section 3.1. Flexibility markets 
are auction markets characterised by the presence of a unique buyer or few buyers (e.g., 
TSO, DSO, FSP, any other commercial party) and multiple sellers (e.g., FSPs and any other 
commercial party). Flexibility markets are exchange markets if exist a centralized market 
where the bids specify price and quantity or a supply or demand curve and price negotiation 
is not possible since many buyers and sellers participate; thus, a market operator is involved. 
The flexibility markets that have been of interest for the reviewed projects have a 
monopsonistic and weak oligopsonistic structure [25]. In monopsonistic markets, the sellers 
offer their flexibility to a unique buyer (the TSO or the DSO), while in the weak oligopsonistic 
markets, the buyers are few (in general, the TSO and DSO, or a system operator and several 
FSPs) [25]. The flexibility market mechanism is a market-based mechanism. 
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Figure 2-3 provides quantitative information about the procurement mechanisms adopted in the use cases 

of the reviewed projects. This information is relevant for identifying which are the flexibility procurement 

mechanisms most frequently considered up to now. Moreover, Table 2-6 provides more detailed information 

about the adopted procurement mechanism for each reviewed project.  

 

Figure 2-3. Percentage of observed use cases for each mechanism for acquiring system service 
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Table 2-6. Detailed analysis of the procurement mechanisms adopted in the use cases of the reviewed projects 

Project name 

Bilateral 
contract, Cost-

based, 
Obligation 

Dynamic 
network tariffs 

Flexible access 
and connection 

agreements 

Flexibility 
market TSO 

Flexibility 
market DSO 

Flexibility 
market TSO and 

DSO 
Peer-to-peer 

CoordiNet X   X X X X 

EU-SysFlex   X X X X  

INTERRFACE X X  X X X  

NODES     X X  

CROSSBOW X   X    

TDX-ASSIST    X X   

InteGrid     X   

InterFLEX     X   

Piclo    X X  X 

Enera    X    

FARCROSS    X    

GOPACS      X  

Smartnet    X X X  

Synergy     X   

OSMOSE    X    

Flexitranstore    X    

PlatOne X X      
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As highlighted in Figure 2-3 and Table 2-6, the majority of the reviewed use cases focus on flexibility markets 

in which there is only one buyer (the TSO or the DSO). A significant share of these use cases investigates the 

functioning of a unique market in which both the TSO and DSOs participate as buyers of flexibility. A minor share 

of these use cases considers other mechanisms like bilateral contracts, cost-based ones, obligations, and peer-

to-peer mechanisms. Few use-cases focus on procurement mechanisms such as network tariffs and connection 

agreements. Based on these results, the main focus of this document is on flexibility markets, as the main 

mechanism analysed in previous projects. 

 Buyers of flexibility and direct TSO access to DERs  

As shown in Table 2-3, the buyer of flexibility is the role that any of the actors involved (e.g., system 

operators, FSPs, aggregators) in flexibility procurement can play. The buyer of flexibility is the entity that 

acquires the flexibility service from the flexibility service provider in charge of operating the flexible resources 

[19]. Thus, the flexibility procurement architecture strongly depends on the actor who plays a buyer role, the 

number of buyers, and the power system level at which the flexible resources are connected. Typically, the 

buyer’s role is played by the TSO or the DSO, requiring flexibility for operating the corresponding grid. Since the 

constraints introduced by the grid in the flexibility service provision can significantly affect the provision of this 

service, it is of interest to highlight the cases in which the TSO directly accesses the resources connected at the 

distribution system level. In addition to the TSO-FSP coordination, this scenario requires defining the 

coordination between the TSO and the corresponding DSO.  

Figure 2-4 provides an overview of the reviewed use cases classified according to the identity of the flexibility 

buyer and the corresponding direct access to DERs granted to the TSO. In Figure 2-4 the option TSO and DSO 

does not fully correspond with the common market model, other mechanisms are included (e.g. the fragmented 

market model), as defined in [43]. In Figure 2-4, the inner circles describe the identity of the flexibility buyer for 

the reviewed use cases, the outer circle quantifies the corresponding use cases in which direct access to DERs is 

granted to the TSO. 
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Figure 2-4. Percentage of observed use cases classified according to the buyer’s identity and the corresponding access 
to DERs granted to the TSO 

Figure 2-4 points out that in the vast majority of the reviewed use cases, TSO, DSO, or both are the buyers in 

the flexibility procurement mechanism. Considering the use cases in which the TSO is involved as a single buyer 

or in competition with the DSO, the use cases that consider the TSO access to DERs are the majority. Only few 

use cases concern a procurement mechanism that involves peers as buyers of flexibility. 

 Number of submarkets for procuring flexibility 

The number of submarkets used for procuring flexibility is a fundamental aspect of the architecture of the 

market model. The main distinction is between single and multiple submarkets procurement architectures [19]. 

As introduced in Table 2-3, “number of submarkets” describes the number of marketplaces for procuring 

flexibility in a submarket area. For example, a local DSO submarket with an overarching TSO submarket 

represents a multiple market architecture. In contrast, two local submarkets corresponding to two independent 

procurement areas, even if they are two different submarkets, they change only in location but can have the 
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same market architecture. The relevance of the “number of submarkets” lies in the fact that it shapes the 

procurement architecture and influences the coordination among the actors. Figure 2-5 and Table 2-7 provide 

a quantitative overview of the “number of submarkets” concerning the use cases of the reviewed projects. It is 

important to distinguish between the architectures featuring a single submarket and those featuring multiple 

submarkets [19]. 

Figure 2-5 and Table 2-7 highlight the fact that the reviewed use cases are roughly split in half between the 

multiple and the single submarket architectures. Still, most of the use cases (a bit more than half) consider a 

single submarket architecture, as highlighted in section 2.3.5; this result is related to the fact that most use cases 

focus on local needs.  

 

Figure 2-5. Overview of the number of submarkets used for procuring flexibility in the use cases of the reviewed projects 
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Table 2-7. Number of submarkets used for procuring flexibility in the use cases of the reviewed projects 

 Single (1) Multiple (>1) 

CoordiNet X X 

EU-SysFlex X X 

INTERRFACE X X 

NODES X X 

CROSSBOW X  

TDX-ASSIST X X 

InteGrid X X 

InterFLEX X  

Piclo X  

Enera X  

FARCROSS X  

GOPACS X  

Smartnet X X 

Synergy X  

OSMOSE X  

Flexitranstore X  

PlatOne NA NA 

 The need types 

The attribute “need type” influences the procurement mechanism design, since it determines the size of the 

procurement area. As described in Table 2-3, the “type of the need” can be ‘central’, if the need for system 

services can be satisfied by all the resources connected to the power system, as the case for the resources that 

contribute in frequency control; or ‘local’ if the need for flexibility can only be satisfied by the resources in the 

corresponding area, as it happens for congestion management and voltage control , [19], [20]. A procurement 

mechanism can be appropriate for only one type of need (nature of the need) or appropriate for both of them. 

In the latter case, the flexibility product that is procured can satisfy both types of needs. The market mechanism 

is, in the latter case, service agnostic. The service provider could be unaware of the use of the flexibility provided, 

since the procurement mechanism is not linked to a specific service. 

Figure 2-6 and Table 2-8 provide a quantitative overview of the “nature of the need” concerning the use 

cases of the reviewed projects. 



 

 

Copyright 2020 OneNet 

This project has received funding from the European Union’s Horizon 2020  
research and innovation programme under grant agreement No 957739 

Page 39  

 

 

Figure 2-6. Overview of the need type covered in the use cases of the reviewed projects 

Table 2-8. Type of the need covered in the use cases of the reviewed projects 

 Local Need only Central Need only Local and Central Need 

CoordiNet X X X 

EU-SysFlex X X X 

INTERRFACE X X X 

NODES X  X 

CROSSBOW  X  

TDX-ASSIST X X X 

InteGrid X  X 

InterFLEX X   

Piclo X X  

Enera X   

FARCROSS  X  

GOPACS   X 

Smartnet  X X 

Synergy X   

OSMOSE  X  

Flexitranstore  X  

PlatOne X   

Figure 2-6 and Table 2-8 highlight the fact that the majority of the use cases focus on procuring flexibility to 

cover a local need, either in a stand-alone fashion or in combination with a central need. However, the 

quantitative results highlight that all the three possible options for “nature of the need” are adequately 

represented in the reviewed projects. 
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 Classification according to the CoordiNet market model framework 

 The CoordiNet market model framework 

The analysis of the market architecture of the reviewed projects described in this section makes use of the 

market model framework proposed in the CoordiNet project. In the CoordiNet project, several architectures are 

designed and tested for the coordinated TSO-DSO procurement of flexibility provided by the FSPs. The models 

considered in the CoordiNet Project are [19]: 

i. Local Market Model; 

ii. Central Market Model; 

iii. Common Market Model; 

iv. Integrated Market Model; 

v. Multi-level Market Model; 

vi. Fragmented Market Model; 

vii. Distributed Market Model. 

Each market model comprises four building blocks whose configuration can be represented in a decision tree 

characterizing this market model framework. Table 2-9 describes these four building blocks [19]. 

Table 2-9. Description of the building blocks that comprise the market model framework proposed in the CoordiNet 
project. Source [19]. 

Block Attribute Description 

Need Central; Local 
The system operator need that will be 

addressed 

Buyer TSO; DSO; Peers; Commercial party 
The stakeholders that will buy the flexibility 

service to solve the need 

Submarkets Single (1); Multiple (≥1) 
The number of submarkets that are 

considered for the flexibility procurement  

Resources Yes; No If the TSO has access to the DERs 

As shown in  Table 2-9, the need for flexibility could be central or local [19]. A central need exists when the 

need is at the overall system level. Then, all resources connected to a specific control area can satisfy the need; 

even all those resources in the interconnected system could satisfy a need if the required coordination schemes 

exist among control areas. Frequency control is an example of a central need. On the contrary, a local need 

exists when the service providers must be located within a specific area. Therefore, only the resources belonging 

to a specific region of the control area can satisfy the need concerned. Voltage control and network congestion 

management are local needs. 
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As pointed out in Table 2-9, several stakeholders (TSO, DSO, MO, FSP, BRPs7, and active and passive network 

customers, among others) could participate in the procurement of flexibility, buying the flexibility required to 

cover the need concerned. The buyers considered in CoordiNet project are the TSO, DSO, peers, and other 

commercial parties [19]. 

Table 2-9 highlights the number of blocks characterising the market model and describes the market model 

that corresponds to the different combination of blocks [19]. The single market model is used in the cases where 

one marketplace is used to cover a particular need or multiple needs; all the stakeholders interested in receiving 

or providing the flexibility service have to participate in that submarket. Multiple submarkets exist when more 

than one marketplace, each with different actors, is used to cover a particular need. A centralised market for 

frequency control represents a single submarket. Alternatively, an architecture comprising several local 

submarkets for voltage control and a centralised submarket for frequency control is considered a multiple 

markets framework. 

The access to DERs (generation, consumption, and storage connected at the distribution level) characterises 

the market model by defining the capability of the TSO to procure system services making use of the resources 

connected at the distribution level [19]. Although access to DERs can be granted or not to the TSO, in the former 

case, TSO-DSO coordination is required to prevent any issue in the distribution network.  

Table 2-10 reports on the coordination schemes considered within the CoordiNet project and the structure 

of each scheme in terms of the four building blocks mentioned in Table 2-9. The DSO has access to DERs in all 

market models in Table 2-10. 

Table 2-10. Structure of the coordination schemes considered within the CoordiNet project.  

Source [19] 

Need Buyer Submarkets TSO access DERs Market 
model 

Local DSO 1 No Local 

Central TSO 1 Yes Central 

Central TSO 1 No Central 

Local and Central DSO and TSO 1 Yes Common 

Local and Central 
SO and commercial 

party 
1 Yes Integrated 

Local and Central DSO and TSO ≥1 Yes Multi-level 

Local and Central DSO and TSO ≥1 No Fragmented 

Local Peers ≥1 No Distributed 

Local and Central Peers ≥1 No Distributed 

 

7 BRP stands for Balancing Responsible Party. BRP represent a particular class of FSP that contributes to the system operation only by 
participating in the active power balancing of the power system. Adapted from Production Responsible Party available in [45]. 
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The local market model describes the cases in which a single local submarket is considered, and it is not 

explicitly coordinated with other submarkets (e.g. a central submarket) [19]. A local submarket covers a local 

need; the buyer is the DSO; the number of marketplaces is one; and the TSO has no access to DERs. The local 

submarkets are designed to cover local needs, and they involve no market-based coordination between the TSO 

and the DSO.  

The central market model concerns the procurement of flexibility services for covering central needs [19]. In 

this model, the TSO is the single buyer of flexibility and may have or not access to DERs. In the first case, the 

DSO is not actively involved in the market-based procurement of flexibility. The potential problems in the 

distribution network caused by the activation of DERs are addressed through a technical coordination scheme. 

In the latter case, the TSO is allowed to procure flexibility provided only by the resources belonging to its control 

area of the transmission system; therefore, no coordination with the DSOs is required. 

The common market model is designed as a single submarket for addressing both the central and the local 

flexibility needs; both the TSO and the DSO are involved in this market model as buyers, and they share the same 

set of resources [19]. The common market model addresses the local and the central needs; the buyers are both 

the TSO and the DSO; the number of submarkets is one; and the DSO and the TSO has access to DERs. Since local 

needs are addressed in a unique common submarket, the bids have to include locational information. 

The integrated market model extends the concept of the common market model by including flexibility 

buyers, commercial parties, and TSOs and DSOs [19]. The integrated market model architecture requires an 

independent market operator to rule the market. The integrated market model is designed for solving local and 

central needs; the buyers are the TSO, the DSOs, and other commercial parties; the number of submarkets 

considered in them is one, and the TSO has access to DERs. 

The multi-level market model addresses central and local needs by combining several central and local 

submarkets [19]. In the multi-level market model, the DERs can participate in both the local and central 

submarkets competing for the resources connected at the transmission level. The multi-level market model is 

designed for solving local and central needs; the buyers are the TSO and the DSO; the number of submarkets is 

more than one; and the TSO has access to DERs. 

The fragmented market model comprises an independent central submarket and local submarkets; TSOs and 

DSOs do not compete for procuring flexibility in the same submarket [19]. The main difference concerning the 

multi-level market model is that no access to DERs is granted to the TSO; therefore, DERs can participate only in 

local submarkets. The fragmented market model is designed for solving local and central needs; the buyers are 

TSO and DSO; the number of submarkets is more than one; and the TSO does not have access to DERs. 

The distributed market model is designed to represent peer-to-peer exchanges agreed through direct 

negotiations [19]. The distributed market model is designed for solving local needs and the combination of local 
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and central needs; the buyers are only the peers; the number of submarkets is more than one; and the TSO does 

not have access to DERs. 

 Project analysis according to the CoordiNet market model 
framework 

The second phase of the project review analysis concerns assessing the corresponding frameworks according 

to the market model proposed in CoordiNet [19]. For each of the surveyed use cases, the four building blocks 

described in section 2.4.1 have been considered. The outcome of this analysis, described in Table 2-11, allows 

assigning to each use case the corresponding CoordiNet market model. Not all the use cases of the reviewed 

projects fit the CoordiNet market model framework. In some cases, even with some differences in the blocks’ 

attributes, the resulting market model can be somehow framed as a CoordiNet market model. In this case, the 

resulting market model is referred to in Table 2-11 as a “-like” model. On the contrary, when a straightforward 

correspondence with the CoordiNet market models cannot be identified, the resulting market model is classified 

as an “Other”. If the use case does not consider a market-based mechanism, it is not possible to assign a market 

model to it; therefore, the corresponding cell is filled out with “Not Applicable”. Furthermore, Figure 2-7 

summarises graphically the outcome of the analysis that attempts to describe the use cases of the reviewed 

projects according to the CoordiNet market model framework associated with it. 

Table 2-11. Classification of the use cases of the reviewed projects according to the CoordiNet market model framework 

Projects (number 
of use cases) 

Need Type Buyer 
Number of 
submarkets 

TSO 
Access 

to 
DERs 

Use cases 
identified 

CoordiNet 
market 
model 

CoordiNet (2);  

InteGrid (1); 

InterFlex (2); 

NODES (3); 

SYNERGY (1) 

EU-SysFlex (1); 

Piclo (1) 

Local DSO 1 No 11 Local 

CoordiNet (1); 
Crossbow (1); 
EU-SysFlex (2); 
FARCROSS (1) 
TDX-ASSIST (1) 
Flexitranstore (1) 
Smartnet (1) 

Central TSO 1 Yes 9 Central 

CoordiNet (2); 
GOPACS (1); 
INTERRFACE (1); 
NODES (1) 

Central and 
Local 

TSO & DSO 1 Yes 6 Common 
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Smartnet (1) 

CoordiNet (4);  
EU-SysFlex (2); 
InteGrid (1) 
TDX-ASSIST (1) 
Smartnet (1) 

Central and 
Local 

TSO & DSO ≥1 Yes 9 Multi-level 

CoordiNet (2);  

Smartnet (1) 

Central and 
Local 

TSO & DSO ≥1 No 3 Fragmented 

Crossbow (1); 

INTERRFACE (1) 
Central TSO 1 No 2 Central 

Flexitranstore (1) 
Central and 
Local 

TSO, DSO, 
External 
Stakeholders 

1 yes 1 Integrated 

CoordiNet (1) Local Peers ≥1 No 1 Distributed 

INTERRFACE (1) Local DSO & Peers 1 No 1 Distributed 

INTERRFACE (2) Local TSO & DSO ≥1 Yes 2 
Other local 
with multiple 
buyers 

TDX-ASSIST (1) 
Central and 
Local 

TSO ≥1 Yes 1 
Other central 
and local 

INTERRFACE (1) Local TSO & DSO ≥1 No 1 
Other local 
with multiple 
buyers 

EU-SysFlex (1) 

Enera (1);  
Local TSO 1 Yes 1 Other local 

EU-SysFlex (1) Local TSO & DSO 1 Yes 1 
Other local 
with multiple 
buyers 

Crossbow (1) Central TSO & DSO 1 Yes 1 
Other central 
with multiple 
buyers 

OSMOSE (1) Central TSO & Peers 1 Yes 1 
Other central 
with multiple 
buyers 

Piclo (1) Central Peers 1 Yes 1 Other central  

EU-SysFlex (2) Central TSO ≥1 Yes 2 Other central 

EU-SysFlex (1); 

INTERRFACE (1) 
Local DSO 1 Yes 2 Other local 

INTERRFACE (1) Local DSO ≥1 Yes 1 Other local 

PLATONE (1) 
Local NA NA NA 

1 
Not 
Applicable 

Table 2-11 shows that the CoordiNet market model framework is effective in describing the use cases of the 

reviewed projects. In particular, the majority (71%) of the reviewed use cases include a market model that can 

be characterised by the set explicitly defined in the CoordiNet Project. A small subset of the reviewed use cases 
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concerns a market model that does not correspond to one of the market models defined in the CoordiNet 

framework. As depicted in Figure 2-7, the reviewed use cases show as prevalent market models the local, central, 

multi-level, and common market models. These market models correspond to 61% of the reviewed use cases. 

The fragmented, distributed, and integrated market models describe only 10% of the reviewed use cases. The 

remaining use cases cannot be fully represented according to the CoordiNet market model framework (Table 

2-10). Some of the uses cases that fall in these classes do not define market-based coordination between the 

buyers, even if the system operator can procure flexibility from the same set of FSPs. However, the procurement 

mechanism considered in those use cases can be studied and classified through the four market model building 

blocks described in Table 2-9.  

 

Figure 2-7.  Distribution of the use cases of the reviewed project according to the CoordiNet market model framework 
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 Analysis of the flexibility procurement process 

This section focuses on analysing the procurement process implemented in the reviewed projects (described 

in section 2.2). The analysis of the procurement mechanism provides relevant information for the assessment 

of models according to the theoretical market framework presented in section 3.  The aspects of interest for 

analysing the procurement mechanism used in the reviewed projects are described in Table 2-12. Each aspect 

is defined in terms of possible options and a description that clarifies the corresponding scope. 

Table 2-12. Description of the building blocks for the analysis of the procurement practices in the reviewed projects 

Aspect Option Description 

Coordinated actors 

1. TSO 

2. DSO 

3. FSP 

4. IMO 

5. Others 

The block “Coordinated actors” 

aims to describe the actors that 

take part in system service 

procurement. 

System service 

1. Frequency control (balancing)   

2. Voltage control  

3. Rotor angle stability  

4. Network congestion 

management  

5. System restoration  

6. System adequacy  

7. Islanded operations  

The block “Service” describes the 

specific grid operation need that 

pushes the procurement of 

flexibility. Even if the flexibility 

provision can be framed to provide 

more than one system service, the 

reviewed project use cases mainly 

focus on one system service. 

Procurement mechanism 

1. Flexibility markets TSO  

2. Flexibility markets DSO  

3. Flexibility Market TSO and 

DSO 

4. FSP-to-FSP negotiations (Peer-

to-peer) 

5. Bilateral contracts (between 

TSO or DSO and an FSP) 

6. Regulated mechanism 

7. Flexible connection and 

access agreement 

8. Dynamic distribution tariffs  

The “Procurement mechanism” 

block classifies the procurement 

practices employed for establishing 

the agreement between the buyer 

and the seller of the flexibility 

services [20]. The attributes of the 

Procurement mechanism block 

include the classification of the 

mechanisms into market-based 

solutions (options from 1 to 5) and 

non-market based, or regulated, 

solutions (options from 6 to 8). 
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Aspect Option Description 

Number of submarkets 

1. Single (1) 

2. Multiple (>1) 

As pointed out in the section 

‘Elements of interest for the project 

review of the exploited 

procurement mechanisms, Table 

2-3, the “Number of submarkets” is 

fundamental to characterize the 

whole architecture used for 

procuring flexibility. Combining the 

information drawn from the 

“Service” and the “Procurement 

mechanism” makes the main 

contribution to the description of 

the procurement process. 

Pricing method 

1. Pay as bid 

2. Pay as cleared 

3. Cost-based 

4. Regulated tariffs 

5. Fixed prices 

6. No remuneration 

The “Pricing method” block 

describes the methodology used for 

calculating the final price of the 

flexibility service provided, 

according to the definition in Table 

2-3.  The price as bid method is 

typically used in discriminatory price 

auctions, while the pay as cleared 

method is used for uniform price 

auctions [20]. Other pricing 

methods (e.g., cost-based, 

regulated tariffs, fixed prices) are 

possible if the procurement process 

does not involve conducting an 

auction. 
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Aspect Option Description 

Procurement timeframe 

1. Near-to-real-time (15 minutes) 

2. Intraday 

3. Day-ahead 

4. Week-ahead 

5. Month-ahead 

6. Seasonally 

7. Annually 

The “Procurement timeframe” block 

defines the timing affecting the 

provision of the service by the seller, 

as defined in Table 2-3. The 

procurement timeframe is classified 

in the present project review into 

short-term (options from 1 to 3) and 

long-term (options from 4 to 7) 

cases. 

Grid assessment 

1. Inclusion in the OPF  

2. Simplified flow-based criteria 

3. Empirical criteria 

In the electricity sector, the market 

outcome is influenced by the status 

of the grid that links buyers and 

sellers [20]. The “grid assessment” 

concerns the inclusion of grid 

constraints in the procurement of 

flexibility services; it describes the 

activity of grid check for selecting or 

activating the eligible flexibility 

service providers. Several methods 

can be used according to the 

observability of the grid status and 

the available time for computing the 

grid calculation. 

The use cases of the reviewed projects are analysed for identifying their characteristics according to the aspects 

described in Table 2-9. Since there are various possible options for the different aspects making a meaningful 

picture of the reviewed projects, the clustering procedure is based on a high-level classification of each aspect. 

Table 2-13 summarises the aspects and the corresponding options used for clustering the use cases of the 

reviewed projects. The coordinated actors and the grid assessment aspects have been neglected in the final 

analysis. 
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Table 2-13. Aspects and options for clustering the reviewed use cases considering the flexibility procurement 
mechanism 

Aspects Options 

Service 

1. Network congestion management 

2. Voltage control 

3. Frequency control 

4. Islanded operation 

5. Voltage control & Network congestion management 

6. Frequency control & Network congestion management 

7. System adequacy 

8. Other 

Procurement mechanism 

1. Flexibility Market TSO and DSO 

2. Flexibility Markets TSO 

3. Flexibility Markets DSO 

4. Peer-to-Peer 

5. Other mechanisms (e.g., bilateral contracts, regulated) 

The number of submarkets 
1. Single (1) 

2. Multiple (>1) 

Pricing method 

3. Pay as bid 

4. Pay as cleared 

5. Pay as bid or pay as cleared 

6. Other 

Procurement timeframe 
a. Long-term (from Annually to weekly) 

b. Short-term (from Near-to-Real-Time to day-ahead) 

Grid assessment 
1. Yes 

2. No 

The reviewed use cases are clustered according to the aspects and the corresponding options described in 

Table 2-13.  The outcome of the cluster analysis is available in Table 2-14. For the sake of clarity, “grid 

assessment” has been excluded from the assessment of the use cases; otherwise, given the number of aspects 

and the variety of options, the cluster analysis would lead to an outcome overly fragmented (i.e. a final partition 

composed of a high number of clusters which contain few use cases, possibly only one). It includes post-
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processing information added to the outcome of the clustering algorithm. The additional information is 

motivated by clarifying the entries characterised by the “other” attribute. 

As shown in Table 2-14, the cluster analysis of the reviewed use cases leads to many clusters since the great 

number of features considered. Even simplifying the clustering by utilising the aggregated attributes values 

proposed in Table 2-13, the great variety leads to the impossibility of solving the combinatorial problem of 

identifying only a few homogenous groups of use cases. This outcome highlights the great variety of 

procurement mechanisms that can be defined, developed, and tested in the reviewed projects. This result 

provides a measure of the maturity of the field of flexibility procurement mechanisms.  Table 2-14 highlights the 

alignment existing among the use cases of the CoordiNet and the INTERRFACE projects. The most crowded 

cluster is comprised only by use cases belonging to these two projects. The corresponding procurement process 

comprises multiple short-term flexibility markets for the TSO and the DSO in which the pricing method involves 

computing the price as cleared. The goal of this flexibility market is to solve network congestion. The next cluster 

contains use cases from the GOPACS, InterFLEX, and INTERRFACE projects that define a procurement framework 

characterised by a single local short-term market to solve network congestion at the DSO level. The third cluster 

also deals with local needs; it includes use cases that do not consider a flexibility market. The fourth cluster 

comprises three use cases from CoordiNet, FARCROSS, and InteGrid that address frequency control (a central 

need), procuring flexibility using a single short-term market in which the TSO is the only buyer, and the FSPs are 

remunerated according to the market-clearing price. 
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Table 2-14. Analysis of the reviewed projects considering the aspects and options defined in Table 2-13 

Projects (number 
of use cases) 

Service 
Procurement 
mechanism 

Number of 
submarkets 

Pricing method 
Procurement 

timeframe 
Number of use 

cases 

CoordiNet (2); 
INTERRFACE (3) 

Network congestion 
management 

Flexibility Market 
TSO and DSO 

>1 Pay as cleared Short-Term 5 

GOPACS (1); 
InterFLEX (2); 

INTERRFACE (1); 

Network congestion 
management 

Flexibility Markets 
DSO 

1 Other methods Short-Term 4 

Crossbow (1);  
EU-SysFlex (2);  

InteGrid (1) 

Voltage control & 
Network congestion 

management 
Other mechanism 1 Other methods Short-Term 4 

CoordiNet (1); 
FARCROSS (1); 

INTERRFACE (1) 
Smartnet (1)8 

Frequency control 
Flexibility Markets 

TSO 
1 Pay as cleared Short-Term 4 

NODES (1) 
Smartnet (2)5 

Other (Service 
agnostic approach) 

Flexibility Market 
TSO and DSO 

1 
Pay as bid or Pay as 

cleared 
Short and Long 

Term 
3 

CoordiNet (1); 
INTERRFACE (1) 

Network congestion 
management 

Flexibility Markets 
DSO 

1 Pay as cleared Short-Term 2 

CoordiNet (2) Voltage control 
Flexibility Market 

TSO and DSO 
>1 Pay as cleared Short-Term 2 

EU-SysFlex (1) 
Smartnet (2)5 

Frequency control 
& Network 
congestion 

management 

Flexibility Market 
TSO and DSO 

>1 
Pay as bid or Pay as 

cleared 
Short-Term 2 

OSMOSE (1)  Frequency control  
Flexibility Markets 

TSO 
1 Pay as bid Short-Term 1 

TDX-ASSIST (1) 
Frequency control 

and voltage control 
Flexibility Markets 

TSO 
1 Pay as bid Short-Term 1 

 

8 Smartnet have not defined pricing method and procurement timeframe 
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SYNERGY (1) Frequency control 
Flexibility Markets 

DSO 
1 Not Available Short-Term 1 

EU-SysFlex (1) Frequency control 
Flexibility Markets 

TSO 
>1 Pay as cleared 

Short and Long 
Term 

1 

EU-SysFlex (1) Frequency control 
Flexibility Markets 

TSO 
>1 Pay as cleared Short-Term 1 

Crossbow (1) Frequency control 
Flexibility Markets 

TSO 
1 

Pay as bid or Pay as 
cleared 

Short-Term 1 

CoordiNet (1) Frequency control 
Flexibility Market 

TSO and DSO 
>1 Pay as cleared 

Short-Term and 
Long-Term 

1 

Smartnet (1) Frequency control 
Other (multiple 

options) 
>1 Pay as cleared Short-Term 1 

EU-SysFlex (1) 

Frequency control 
& Network 
congestion 

management 

Flexibility Markets 
TSO 

1 Pay as cleared Short-Term 1 

CoordiNet (1) Islanded operation Other mechanism 1 Pay as bid 
Short and Long 

Term 
1 

PicloFlex (1) 
Network congestion 

management 
Flexibility Markets 

DSO 
1 Pay as bid Long-Term 1 

NODES (1) 
Network congestion 

management 
Flexibility Markets 

DSO 
1 

Pay as bid or Pay as 
cleared 

Short and Long 
Term 

1 

CoordiNet (1) 
Network congestion 

management 
Flexibility Markets 

DSO 
>1 Pay as bid 

Short-Term and 
Long Term 

1 

Enera (1) 
Network congestion 

management 
Flexibility Markets 

TSO 
1 Pay as bid Short-Term 1 

CoordiNet (1) 
Network congestion 

management 
Flexibility Market 

TSO and DSO 
1 Pay as bid Short-Term 1 

INTERRFACE (1) 
Network congestion 

management 
Flexibility Market 

TSO and DSO 
1 Pay as cleared Short-Term 1 

INTERRFACE (1) 
Network congestion 

management 
Other mechanism >1 Pay as cleared Short-Term 1 
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TDX-ASSIST (1) 
Network congestion 

management 
Flexibility Market 

TSO and DSO 
>1 Other Short-Term 1 

Flexistranstore (1) 
Network congestion 

management 
Flexibility Market 

TSO and DSO 
1 

Pay as bid or Pay as 
cleared 

Short-Term 1 

CoordiNet (1) 
Network congestion 

management 
Peer-to-Peer >1 Pay as bid 

Short and Long 
Term 

1 

NODES (1) 
Other (Service 

agnostic approach) 
Flexibility Markets 

DSO 
1 Pay as bid 

Short and Long 
Term 

1 

PicloFlex (1) Other (Balancing) 
Flexibility Markets 

TSO 
1 Pay as bid Long-Term 1 

EU-SysFlex (1) 
Other (Service 

agnostic approach) 
Flexibility Market 

TSO and DSO 
>1 Pay as cleared 

Other (Timeframe 
agnostic approach) 

1 

Flexistranstore (1) Frequency control 
Flexibility Market 

TSO 
1 Not Available Short-Term 1 

PLATONE (1) 
Other (Voltage 

control and Rotor 
Angle Stability) 

Other mechanism NA Other mechanism 
Short and Long 

Term 
1 

NODES (1) System adequacy 
Flexibility Markets 

DSO 
1 Not Available 

Short and Long 
Term 

1 

InteGrid (1) Voltage control 
Flexibility Markets 

DSO 
>1 Pay as cleared 

Short and Long 
Term 

1 

EU-SysFlex (1) Voltage control 
Flexibility Markets 

DSO 
1 

Pay as bid or Pay as 
cleared 

Short and Long 
Term 

1 

CoordiNet (1) Voltage control 
Flexibility Market 

TSO and DSO 
1 Pay as cleared Short-Term 1 

Crossbow (1) Voltage control Other mechanism 1 Other mechanism Short-Term 1 

EU-SysFlex (1) 
Voltage control & 

Network congestion 
management 

Flexibility Markets 
TSO 

1 Pay as cleared Short-Term 1 

EU-SysFlex (1) 
Voltage control & 

Network congestion 
management 

Flexibility Markets 
TSO 

1 Other mechanism Short-Term 1 
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TDX-ASSIST (1) 
Voltage control & 

Network congestion 
management 

Flexibility Market 
TSO and DSO 

>1 Not Available Short-Term 1 
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 Lesson learnt from the reviewed projects 

The project review presented in this section aims to contribute to the OneNet objective of aligning the 

concepts related to market design, regulation, demonstrators, and the definition of the theoretical market 

framework for innovative flexibility procurement market design. The described project review offers an 

overview of the flexibility procurement processes and the coordination practices which are developed, adopted, 

and tested in previous projects. The project review presented in this section focuses on the coordination models 

and the market models to identify similarities and differences among the previous projects and highlight trends 

and gaps in the current status of flexibility procurement process formalisation. 

The first point highlighted by the project review is the existing large variety of market models that have been 

proposed, adopted, and tested for flexibility procurement. Even if the main trends are related to market-based 

procurement processes that involve the coordination of TSO and DSOs, a non-negligible part of the projects 

focuses on other mechanisms and actors. It supports the idea that there is no unique way to procure flexibility 

and reflects the fact that the boundary conditions (e.g., current status, regulation, policy drivers) may influence 

the set-up choices for the procurement process design. However, the market-based procurement through local 

flexibility markets that involve the DSO or the TSO, or both, utilizing auction-based markets is of primary interest.  

Reviewing these previous projects concerning the flexibility procurement process implemented in them has 

shown the need for a standardised or, at least, harmonised vocabulary. For instance, it has been challenging to 

apply the CoordiNet market model framework to projects that have not been designed according to that 

modelling approach. Even if, among the projects reviewed, the CoordiNet market framework considers the 

largest range of TSO-DSO market models, therefore it constitutes the starting point for OneNet. In addition, the 

review of the projects has revealed the effectiveness of the CoordiNet market model framework in describing 

initiatives not belonging to the CoordiNet project. Therefore, the CoordiNet market model framework can be 

considered a reliable starting point for describing the flexibility procurement process.  

The defined coordination schemes in CoordiNet project are equivalent to some defined  CEDEC et al. [49] 

and INTERRFACE project as shown in Table 2-15 [50]. The CoordiNet schemes are considered the reference for 

this report as it provides more options than CEDEC et al. and INTERRFACE.  

Notwithstanding the validity of the CoordiNet market model framework, the project review stressed its gaps. 

CoordiNet market model framework focuses on the TSO-DSO interactions, but it does not comprehensively 

describe the flexibility procurement process. Therefore, the third step of the project review is devoted to 

identifying those aspects that can fill the CoordiNet market model framework gaps. The four elements of the 

CoordiNet market model framework and additional descriptors such as the procurement mechanism, pricing 

method, and procurement timeframe can provide a comprehensive picture of the flexibility procurement 
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3 Theoretical market framework 

After surveying previous projects, the next task in this WP was to define a theoretical market framework for 

existing and novel market design options based on previous and ongoing projects and initiatives. This framework 

should be used to describe and define high-level coordination models, and, more specifically, market models. 

The goal of the market framework is (i) to clearly and precisely categorize the market concepts which will be 

studied in the project and tested in the demonstrators and (ii) ease the communication on the concepts both 

internally and externally.  

In SmartNet project, coordination schemes are defined as ‘the relationship between TSO and DSO, defining 

the roles and responsibilities of each system operator when procuring and using system services provided by 

the distribution grid’ [52]. Moreover, the authors state that the level of coordination can be increased (i) through 

the assignment of responsibilities to system operators and the interaction between them and (ii) by focusing on 

specific market phases and how these should be organized through a proper market design. In OneNet, following 

the overall WP3 objective, we extend the SmartNet definition by looking at the relationship between all market 

parties, i.e., TSO, DSO, and flexibility providers (e.g., suppliers, aggregators, active customers. Thus, the scope is 

not only on system services provided by parties connected to the distribution grid but also focus on those 

provided by parties connected to the transmission grid within and across countries9 (where applicable). 

One of the goals of the market framework is to ease communication on market design. Therefore, to develop 

a framework that is clear and concise, we have decided to limit the framework within OneNet to (i) those 

mechanisms to provide system services only, i.e., no wholesale energy markets such as forward, day-ahead and 

intraday markets)10, (ii) those mechanisms where TSOs and DSOs are the primary buyers of system services11, 

and (iii) market-based markets solutions only12. 

 Flexibility mechanisms 

Flexibility can be acquired or achieved by system operators through different mechanisms. The report by 

CEDEC et al. [49] on ‘An integrated approach to active system management with the focus on TSO-DSO 

coordination in congestion management and balancing’ identifies five flexibility mechanisms that complement 

the list already provided in section 2.6 [49], [53], [54]. 

 

9 Please note that the extent to which we broaden the coordination also depends on the business use cases (BUCs) developed by the 
demos in WP 7 to 10. 

10 The main focus is on system services. If, however, there is a linkage between the provision of system services and an energy wholesale 
market, this energy wholesale market will be included in the framework. 

11 However, exceptions can be made in the case that buyers are commercial parties, e.g., if energy markets are included as a sub-market. 
12 Based on the BUCs presented by the OneNet demos12, the choice was made to only focus on market-based solutions. 
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Additionally, the EU Regulation on the internal market for electricity [[55], Art. 13, §3] states that non-

market-based re-dispatching15 of generation, energy storage and demand response may only be used where (i) 

no market-based alternative is available; (ii) all available market-based resources have been used; (iii) the 

number of available power generating, energy storage or demand response facilities is too low to ensure 

effective competition in the area where suitable facilities for the provision of the service are located; or (iv) the 

current grid situation leads to congestion in such a regular and predictable way that market-based re-dispatching 

would lead to regular strategic bidding which would increase the level of internal congestion and the Member 

State concerned either has adopted an action plan to address this congestion or ensures that minimum available 

capacity for cross-zonal trade is in accordance with Article 16(8). 

Market-based procurement relies on procuring services following a market-based procedure where 

flexibility is provided and allocated explicitly [43]. This procurement can take place in several ways. 

Table 3-1. Overview of market-based solutions for the provision of flexibility 

Flexibility 

mechanism 

Number of 

buyers 

Number of 

sellers 

Price 

negotiation 

possible 

Centralized 

market 

Direct buyer 

and seller 

trading 

Bilateral 

transaction  

1 1 Yes No Yes 

Auction market 116 >1 No Yes No 

Exchange 

market17 

>1 >1 No Yes No 

 First of all, a bilateral transaction (over-the-counter - OTC) takes place between one buyer and one seller. 

It is used to set -up direct trading between two private parties at negotiated prices.  Next, an auction market 

tender is a market where all traders in a commodity meet at one place or communicate with a central auctioneer 

to buy or sell a product. Our market framework defines an auction market as an interaction between one buyer 

and more than one seller18. There is no price negotiation possible and no direct trading between parties, 

meaning that a market operator is involved as a central counterparty (i.e., no direct trading between buyers and 

sellers, e.g. European power exchanges). An example of an auction market is the one for mFRR, where the TSO 

is the single buyer and multiple FSPs are the sellers. Finally, an exchange market (discrete and continuous), or 

 

15 Redispatching means ‘a measure, including curtailment, that is activated by one or more transmission system operators or distribution 
system operators by altering the generation, load pattern, or both, in order to change physical flows in the electricity system and relieve a 
physical congestion or otherwise ensure system security’[[55], p. 66] 

16 In the case of joint procurement by multiple SOs, the different SOs are regarded as one entity and hence can be seen as a single buyer. 
17 Market clearing can be discrete (e.g., day-ahead market) or continuous (e.g., intra-day market). 
18 This is sometimes referred to as a ‘single-buyer auction’. 
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also called a power exchange in power systems, is a centralized market where the bids specify price and quantity 

or a supply or demand curve.   

The market-based flexibility options mentioned above can be combined as ‘sub-markets’ into an ‘entire 

market’. This construction, then, represents the market architecture on which the theoretical framework will be 

applied. 

 Market architecture 

According to Stoft [23], the market architecture is the ‘map of the entire market’s component sub-markets 

including the type of each sub-market and the linkages between them’. We apply the theoretical market 

framework to this entire market. The market architecture is characterized by the market type of each sub-

market and the linkages between the sub-markets. According to D3.2 from Magnitude, a sub-market is assumed 

to be operated by one market operator responsible for the market-clearing of this specific market according to 

a specific objective [22]. Moreover, the Active System Management report defines a (sub-) market as a Merit 

Order List combining specific products for a specific timeframe [49]. The market type refers to the type of 

flexibility mechanisms used in the respective sub-markets (see Section 3.1)19. The linkages between the sub-

markets can be spatial, temporal, etc. Moreover, they can be implicit or explicit. For instance, implicit price 

relationships can be caused by arbitrage, while explicit rules can link rights in one market to activity in another 

market. Figure 3-1 shows a graphical representation of the market architecture of the ‘entire market’ (orange 

box), made up of 2 ‘sub-markets’ (green boxes) and their linkages (red line). . 

 

Figure 3-1. Example of the marker architecture to which the theoretical market framework will be applied 

The market architecture can be applied at different levels. For instance, the entire market could be the 

balancing market, where the markets for FCR, aFRR and mFRR then constitute sub-markets within the entire 

balancing market. Or, at a higher level, the entire market could be the ancillary services market, which in turn is 

 

19 Theoretically speaking, implicit flexibility mechanisms are not markets. However, since, in the OneNet theoretical market framework, 
we will limit ourselves to explicit flexibility mechanisms (see Section 3.1), we keep using the term ‘market type’ as described by [23]. 
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