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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 partners?.
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.

! The OneNet project partners are listed at: https://onenet-project.eu/partners/
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A Availability

aFRR automatic Frequency Restoration Reserves
BESS Battery Energy Storage System

BUC Business Use Case

CARD Dynamic connection agreement DSO
CART Dynamic connection agreement TSO
cMm Congestion Management

D Distribution

DA Day-Ahead

DER Distributed Energy Resources

DSO Distribution System Operator

DSR Demand Side Response

E Energy
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FCR Frequency Containment Reserves
FSP Flexibility Service Provider
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SO System Operator: either TSO or DSO
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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

Copyright 2020 OneNet Page 13

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




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.

Market-based TSO-DSO coordination

Northern Cluster

. \ o
¢ o A
" Bt
’ »'/ = *?f“r

- s QYOS 4\\

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.

T2.1 T2.2 T2.3
B . Product
est practices definition for BUC

system services

T3.2

From markets in isolation
to integrated and fully

T3.1 coordinated markets T3.4
Framework for Challenging market
coordination models and concepts with demo
market set-ups results and current and
T3.3 future regulation
Consumer-centric products
and efficient market
design
—i
Cluster —
Roadma
demonstrators % P

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 services? 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 Asindicated in Deliverable 2.1 [9], a system servi