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AboutOnée\et

The projectOneNet (One Network for Europe) will provide a seamless integration of all the actors in the
electricity network across Europe to create the conditions for a synergistic operatiorotitahizes the overall
energy system while creating an open and fair kedstructure.

hySbSG Aa FdzyRSR GKNRdAzZZIK GKS 9! Qa S ADBQiGons@néd: ¥ges 2 Nt N
scale demonstrations of innovative grid services through demand response, storage andcaieaRES)
ISYSNI GA2yé | YR NS adzRiyGUaNHER2Y SHfkeSs A0 IH{G S NBaAf ASyd Fdzi dzN

As the electrical grid moves from being a fully centralized to a highly decentralized system, grid operators have
to adapt to this changing environment and adjust their current business model toranodate faster reactions

and adaptive flexibility. This is an unprecedented challenge requiring an unprecedented solution. The project
brings together a consortium of over seventy partners, including key IT players, leading research institutions and
the two most relevant associations for grid operators.

The key elements of the project are:

1. Definition of a common market design for Europe: this means standardized products and key
parameters for grid services which aim at the coordination of all actors, ¢ridnoperators 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 anybdy can join any market across Europe; and

3. Largescale demonstrators to implement and showcase the scalable solutions developed throughout
the project. These demonstrators are organized in four clusters coming to include countries in every

region of Europend testing innovative use cases never validated before.
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Executive Summary
Thisdeliverablesummarises the work done in TasR 4f Work Pakage 4 in the OneNet project. The aim of
the task was to focus on DSO perspective in the dathangeg&nd communication between TSOs, DSOs and

consumers during the procurement and use of flexibility for grid management.

The documenpresents two major efforts to analyse tlteroperabilityof developingT SGDSGconsumers
data exchangefor flexibility servicedrirstly, a Stat®f-the-Art analysisvas conducted to descriltee solutions
developed in Horizon 202projects, with the focus on the interactions including DSOs aserdral actor
Secondly, theleliverablepresents the results of a Generic Business Process analysis of use cases from the
analysed external projects and from OneNet denifisis analysis is a tool developed by the BRIDGE initiative
[1] to analyse thenteroperability offlexibility solutions and to identify potential implementatiagaps. Using
this methodology, a detailed analysistbe interfaces between different actors involved in the usseswas
conducted. For the interfacesnd data exchanges including DS@s, overview of data models and
communication protocols was drafted to reveal the implementation gaps. This gap analysis was subsequently

used to form the main recommendations of thieliverable.

Thereviewof external H2020 projesthas revealed thaglthough there are relatively many projects aiming
at developing flexibilitychemes involving DSOs, the documentation of the use casesssffiotentto conclude
an indepth analysis of the data exchange processes. This is a significant barrier to expanéricewledge

transfer outside the projectyvhich can hinder the abilitof external actors to learn fromelevant use cases.

Many ofthe demos inthe OneNet projechave alreadyadopted widelyrecognised data model standards,
such as the @mmon Information Model (CIM)n other demoshowever, proprietary extensions of the standard
data models or even proprietary solutions were usedThe main reason for this that the currently existing
standards are notovering all the possible use cagsgshe DSO level and therefoeere not directly applicable.
Moreover, in some caseswas more coskfficient to deployproprietary solutions compatible with the existing
systems in the country, or the proprietary solutions whass difficult to apply (as for example in exchanges with
end-users) Furthemore, it is necessany differentiate between the interfaces involving different actors. While
the use of a standardised common data model, such as CIM could be recommended as a solution for interfaces
between system operators, less costly andieaso implement proprietary solutions might be a better fit for
data exchanges between DSOs and end users or-sp@é flexibility providers. However, interoperability of

used solutions should be always ensured

Copyright 203 OneNet Pagel0
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1 Introduction

¢2 RSt A QJPais Agiednerd co@ritments for reducing greenhouse gas emissions, the European
Commission presented the Clean Energy Package [@Ehelp industries to movaway from fossil fuels and
towards cleaner energy. The Electricity Directive presented in CEP shows a new framework for sustainable
energy systems where customers have a central posili®Osbeingthe connection point dr most of the
renewable generatin and customers, play a key role in the energy transition,thisdswhere the coordination

and interoperability between TSDSGCustomer are crucigB].

1.1 WP 4 ad Task 4.2 objectives

The main objective of this WP is to link the market activities with grid operation with the target to maximise
the integrationof FSP (FlexibilitgerviceProvidersk.g.,RES (Renewable Energy Sources). The goal is to achieve

both at TSO and DSO levels while also the customer perspective is considered.

Forthis purpose, the work done in Tasks 4.1, 4.2 and 4.3 aimed at defirterfacesbetween market actors
in terms ofdata modelsand communication protocolaisedin the context ofmarket sequencese.g. pre
qualification, schedules, maintenance etc., whilst covering mainly the operational challenges that arise with the

introduction of new products and markets as analygetlvP2 and WP3.

Task 4.2Flexibility services integration and data exchange at DSO level for interoperability towards the
transmission systepacts as the connection point between Task®SD Interoperabilitgnd Task 4.3SQ; DSO

¢ CustomeiSystemrtegration

This taskis partially following up onthe activities performed already iprojectsINTERRFACE, CoordiNet,
Platone, EUniversaeUSysFlexand TDXASSISWwhich, in some casedefinedthe interfaces between market
and grid operationsand interfa&es betweensystem operators in other caseStarting from these available
solutions, this task sets the technical requirements to enableutilessation offlexibility services and products
identified in WP2 and WR& this project.

In additionto the above this taskexploresthe opportunities for using already existing models and tools for
data exchangedeveloped in the abovenentioned research projects. Among otkeresults in terms of

forecasting tools coming from these projeetee beingadoptedin OneNet as well.

The results wilbe used by market operators and market participants, such as system operators, to help them
implement new market and operational interfaces based on IEC standards (CIM, 61850) supporting the grid

codes to potentlly help vendors develop products to provide ICT solutions

Copyright 203 OneNet Pagell
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1.2 Outline of the Deliverable

This document is divided into 5 chapters. Chagténtroducesthe goalof WP4 and Task 4.2, including the
outline of interactions needed for the work to be develop&hapter Zoresentsthe methodology for WP4 and
Task 4.2 Chapter 3 combines the analysis of the interfaces developed in the previous projects with the
information collected from questionnaires, together with the tools, data models and the BUCs preliminary
analysis. Chapter 4 provides the detailed business process analysis of selected use cases from external projects
and OneNetas well as the gap analysis in data exchanges between DSOs and other actors in selected OneNet
demos Chapter 5 presents recommeatibns on how to address the identified gaps and Chapter 6 concludes

the whole document.

1.3 How to read this document

This deliverablevasdevelopedn parallel with the other two deliverable in OneNet WP4, the Deliverable 4.1
[4] and 4.3[5]. While this deliverable focuses DS(erspective, the other two deliverables analysed the same
issue from the TSO and consumer perspectiVéerefore,the analysisn these deliverables is interlinkeéor
example, the use casesrfthe Generic Busines&rocess analysigere distributed between the deliverables to
avoid duplication of effortg-or that reason, it is advisable to consult all three documentsderstand the full

extent of the analysis.
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2 Methodology

This deliverable aims to enable theanalysis ofinteroperability of flexibility assets by integrating
andconsolidating the lessons learfiom H2020 projectsDneNet useaseswith DSO involvemenand ideally
identifyinga setof recommendationsnd best practicesThe aim is alsto describein more detailthe needed
interfaces for interperability at DSO levelhe methodologyelies on the @nericBusinessProceses analysis,
whichis an adaptatiorof the methodoloy developed by the BRIDGEt® Management Working Group 2021
[6] and updated in 2021].

Themethodologyof this deliverable follows the methodology described in detail in OneNet Deliverables 4.1

[4] and 43 [5] and therefore this section will only outlirghortly the main steps followed.

2.1 Theoretical background BRIDGReference Framework fasissessment
of flexibility assets

As explained in the BRID€&port descibing the methodology for assessment of Interoperability of flexibility
assets,the YI Ay 32 Isliare ledrnings2and ccecommendations from projects to achieve and ensure
interoperability of flexibility assets, including standards assessment (adeqiakyii dzNJA G & X0 YR
ARSY (A FMOIORAND yiEK | G LIJzZNLI2 4S> (KS NB LRthalishorl§ @6 zhela || aw
methodologies applied in different Horizon projects and should be themmon base to compare and

harmonise the contributions from different projects with different technical soluifdis

In the centre of the Reference Framework is the analysis of3eeeric Business Processdhe analysis
describes a use case (multiplees cases can be also analysed togetimetgrms of actors and their business
rolesand the steps inhe business process, which are defined as functidhg. result of the Generic Business
Process description is a diagra@scribing all theteps in the business processhich enables to identify all the
interfacesand data exchanges between the invalvactors.An example of the diagram, adapted for the
purposes of this deliverable to include aldigtinction between different market phases, is presentedrigure
1 below. According to the BRIDGE methodoldtpg, following steps arel) map of standardsused in each

interface and?) gap analysisf interfacesor functions that are missing proper (interofadble solutions).

Copyright 203 OneNet Pagel3
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Example Generic Business Process Analysis
Prequalification Bidding & selection Activation Settlement
[
_8 (@) Functi Functi
unction Function: Function: Function: _un_r. ion
é 8 [ prequa‘l‘i\f’i::art?::fequest J ( Requ:sr;:;leellibility Selected bids Information Sends activation signal flexi,\bj]iﬁ{‘y“:e”:/?c:fégﬁvery
=
&

Function
DSO local market
clearing

Business role 2
Market Opertator
Interface 1
Interface 2 Interface 3
Interface 4 ‘ Interfacq 5

v

Function Function Function: Unit activation | | Function: Receives
Flexibility bids Selected bids Information settlement results

Figurel Example Generic Business Process Analysis diagram used in this deliverable; source: own elaboration,
based or1]

Fsp

N

Function
Requests prequalification

Business role 3:

2.2 Methodology outline

Although thegenericbusiness process analysis is the core of the analysis, in this deliverable (together with
the other two deliverables D4.1 and 4.3) a wider approach has been adopted to also @halydder context
of other Horizon 2020 projects focused on flexibilifye first part,analysis of Horizon 2020 projects, was
adzY Yl NRA & SRofthg NI a!{ yiptes@@iadhid Ghapter 3Jsing a questionnaire distributed to the
analysed projects (Emplate of the questionnaire is presentedAmnex A anddeskresearchpverview tables

were created to present the following aspects of the projects:

1. Interface, software, that links operators (market, system, and others) on dathaege for FSP
integration;

2. Tools developed in relation with the interfaces described in step 1

3. Specific standards and data models developed within the project.

Thepurpose of thiexercise was to gain a general understanding of the general direction efdheon the
development of TSMSOGconsumer coordination and interoperabilitylt is important to note that this
deliverable isanalysing mainlghe role of DSO in the interactisnand therefore the information presented in
the Stateof-the-Art analysis is focused dnteractions involving DSOS$he final step for the Statef-the-Art
analysis was the selection of use ca$msthe Generic Business Process analysis. The infoormgathered
through the questionnaires and desk research was used to select the most relevant use cases from these projects
that could be used for the Generic Business Process analysis and ultimately compared with the work being done

on OneNet projectThisis presented in Section 3.3 of this deliverable.
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The Generic BusineggocessAnalysiss presented in Chapter 4. The use cases seleaitadvolveDSO as
one of the main actorsTheresult of this exercise was the identified interfaces and data exctsabgiveen the
actors involved in theuse casesFor the identified interfaces, an analysis of used data models and
communicationprotocols was concluded (in Section 4.3), and potential gare identified.This exercise was
also Imited to interactions involving DSO (as th&80 and consumer perspectives axamined in Deliverables
4.1[4] and 2.3[30], respectively).

Based orthe identified gaps and other learnings, recommendations were formulated in ChapteeSe Th
recommendations araimed not directly at the analysed Horizon 2020 projects (most of thesnaineady
concluded)and neither at OneNetlemos but should inform future research project and other innovation
activities. Furthermore, the findings of this deliverable and the recommendations will be used in the Work
Package 11 of the OneNet projedh inform the wider recommendations and the roadmap towards

interoperability that will be one of the main outputs of the work package.

Copyright 203 OneNet Pagel5
¢CKAA LINRP2SOG KIa NBOSAOGSR FTdzyRAy3a FTNRY (KS 9d:
research and innovation programme under grant agreement No 957739



N1
I Nk

3 State-of-the-art analysis

In this chapteractivitiesperformed in Horizon 2020 projects in defining imfaces between market and grid
operations were analysed\s explained in the methodology chapter abothes analysis has focused mainly on
the projects and interfaces involving DS®Be aimwas to explore the opportunities of already existing models

and tools for data exchange for defined products and markets.

3.1 Selection of projectf$ocused on the distribution network level

In the first stepseveraprojects were considered with a focus on addressing-DSO interaction, interfaces,
standards, and da models for information exchange among different actors to integrate system sewéaes
considered To build a solid basis for the review of relevant projects, a questionnaire was developed in
collaboration with Task 4 .(juestionnaire template is presited inAnnex A, addressing the aspects of interest,
and considering Use Cases, applications and developments of the project as discdsuaekid Based on the
guestionnaire, the listed projects were thoroughly reviewed: CoordiMgtCrossbow8], EUniversal9], EU
SysFlex10], FARCROS$HL], Flexitranstord12], InteQRIDy [13], InterFlex[14], Interrface[15], Osmosd16],
PlatOng[17], Synergy18], TDXAssis{19], and InterConnedR0].

After a first gmeralreviewand the feedback of partners involved in these projects, the list of projects was
limited to those projects which seesd promising in terms of the topics of interest of Task 4.2. The projects
Osmose and Synergy were not further consideredhase projectgdid nothave enough relevant information
on theuse cases to be suitable fire scope ofinalysis iffask 4.2The man findings from the questionnaires
are presented in SectioB.2, mainly the Interfaces between market roles, the Tools for data exchange and the
Data models usedral developed by the projecSection3.3 presents the results of use case mapping of the

relevant Horizon 2020 projects and explains the selection of use cagée fGeneric Business Process Analysis.

3.2 Questionnaire analysis

In this chapterthe analysis of the 14electedprojectsis presented. An overview of each project main goal
is alsopresented inAnnex BThe analysis idividedinto three subchapters: Interfaces between Markets and
DSO operatorgpols for data exchangand Models for data exchangé&siven that the latter analysis specifc
for DSO usethe project FARCROSS is natuded, since ifocuses on TSO level operations. Some projects in
this analysiswere still in the early stages of their executionand the interfaces or toolswere still under
development,leading to limited pblicly available information (as for example Flexitranstore, Synérgy)

Therefore the informational value of the analysis of these projegtsunfortunately limited.

1 The analysis was originally conducted in 2021 andpibssible that the information has been made available in the mesmtHowever,
due to time constraints, it was decided not to revisit this analysis even in the light of the delayed deliverable submission.
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The first stage of our analysis was to idenifyich projectshave defined or developed interfaces, tools, and
data models. This information is depictedTiablel. All projectsincludeinterfaces, buinterConnect is the only
LINE2SO0 GKIFG | yaégS NBeRardindgdatd maddsytieSusifeksyivare ratBeg Halanced

Tablel Projects and elements reviewed in this document

Project Name Interfaces Tools Data model
CoordiNet YES YES NO
Crosshow YES YES | NO
EUniversal YES YES YES
EUSysFlex YES YES | YES
FLEXITRANSTOI YES YES NO
InteGRIDy YES YES | NO
InterConnect YES NO YES
InterHex YES YES | NO
INTERRFACE YES YES YES
Osmose YES YES NO
PlatOne YES YES NO
Synergy YES YES @ YES
TDXAssist YES YES YES

3.2.1 Interfaces between Markets and DSO Operations
Table2 presents the review oDSQ¢ market platform interfaces developed in ttanalysed projectsme
of the analysed projects also developed interfaces between DSOs and other actors, sudrcasdimaers, but

those are not relevantor this analysis and therefore disregardiedthe following sections

Most of the projects use different types of platforms and they differ on actors connected to the platform.
Only projects which have developedtested platforms which enable information exchange between DSO, TSO,
andFlexibility Service Providers (such as aggregators or prosumensgxamined further For this reason, the
project Crossbow was omitted from the subsequent analysis, faeiises pmnarily oninteractions between
TSOs (and flexibility providerg)ll the otheranalysed project had their focus on tierfaces including DSO,

TSO as well as market operators or at least flexibility service providersfgigrs.
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Table2 Interfaces identified in the reviewed H2020 projects
Project ‘ Interfaces (Name and Description) ‘ Actors
CoordiNet Interfaces are being developed in a decentralized way. TSOs, DSOs,

Interoperable Platforms Thedescription of interfaces is done in terms of information models, timing requirements ¢ and_n_1arket
interaction sequences. The results may be used by TSOs, DSOs, and market participants to help them implemen Participants
interfaces based on IEC standafdks.

EUniversal Universal Market Enabling Interface (UME$) unique approach to foster interoperability across Europe. UMEI APl t DSO, MO
setsthe rules for the data and flexibility exchange, definetlse Casg between DSO and other actors (MO, Aggregators,
Aggregators, customers and, eventually, TSO). Accessible onlineg fotHifecycle APl and Usgases management, | customers and,
AyOfdRRAY3I GKS SELERZNI 2F GKS '1tLaQ O2RS (2 SHIYSNY!I t eventualy, TSO

EUSysFlex Customerg Aggregator InterfaceSubmeter data collection from customers as well as activating customers by the = DSO, TSGSP,
aggregator. Customer,

Flexibility Providerc Flexibility Platform interface ANISystemOperatorc Flexibility Platform interface Prediction, two Aggregator
options for baseline, prequalification, bidding process, flexibility activation by SO and verification.

Data Exhange Platform DER interface: All data management SUCs demonstrated take the adggnéd using a DEP.
DEP is a communication platform the basic functionality of which is to secure data transfer (routing) from data prc
(e.g., data hubs, flexibility service providers, TSOs, DSOSs) to the data users (e.g., TSOs, DSOs, cust@re&rs, supf
energy service providers). DEP stores data related to its sereigesd cryptographic hash of the data requested). Th
DEP does not store core energy data (e.g., meter data, grid data, market data) while these data can be stored by
hubs. Seveal DEPs may exist in different countries and inside one co(hdjy.

Flexitranstore | Flexible Energy GriFEG) PlatformTo provide a powerful set of tools to players in the Energy community. It is FSP, TSO, DSC
envisioned as a different approach and a step ahead in flexibility, scalability, security, and reusability.
Two distinct main components. The first one presehis FEG Central Component that acts as the global registry of
installations and integration hub, and the second one is the FEG local component that represent thtoraady
toolbox¢Ayaidl f €t SR gAGKAY {@adSY h LIS Nis.(SchE data bahdling Eequirgmbnds
have been considered.
¢CKS 2LISYy I NOKAGSOGdz2NE 2F GKS C9D tftFdF2N)Y LINRPOARSA
facilitates bidirectional communication with external systems, thus addifggh degree of flexibility and adaptability
even in extreme brownfield situationfl2]
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Grid and MarketHub: The main goal was tacilitate market access allowing new business models and services, wh
also ensuring efficient and secure network operation as well as the highest standards of data security. This centr:
platform should be perceived as an enabler of th@tty service that can now emerge in the ghub ecosystem. The
gmthub also establishes direct cooperation between DSO and TSO, with the market operator as an intermediary
ancillary services market, in terms of flexibility yealification, activation and mamg@ment. Finally, it also enables the
use of local flexibility for technical constraint management, particularly at the medium and low voltage grifliigjvel.

DSO Interfacés a digital interface that allows the data exchange between DSO and other stakeholders, namely fo
enabling flexibility grid support servicggp]

DSO and AggregatdtJSEF interaction modeh)USEF delivers the market model for the trading and commoditisatior
energy fexibility, and the architecture, tools and rules to make it work effectively.

Energy Flexibility Interface (EFHr communication between commercial aggregator (CA) anal laggregator (LA)

Flexibility Aggregation Platform (FABYystem that on one side aggregates flexibiitym local aggregators (LA) and on
the other side offers that aggregated flexibility to flexibility market parties (DSOs, TSOs, anfLBRPSs)

ENTSEE Communication & Connectivity Service Platform (ECCo@&)rietary communication interface developed t
ENTSEE independently from the project. The project foresees the usage of ECiDatSRurrent state for
communication platform and exchange of data encapsulated in CIM compliant format.

Custom JSONR created for tools operated by TSO/DSO/MO to exchange data with tools developed by the proje
The custom APIs are based on JSON and intended as pilot solutions for the initial tool developments. These cust
will be reviewed and replaced by Cldngpliant APIs in the next Platform releag#$]

Modelling theTSGDSO Interfacaising open data onlymproved methodology to represent flexiilies on the
distribution grids from a transmission grid point of vigh6]

PlatOne Market Platforma virtual marketplace where the requests for flexibility are matched with the offers.
PlatOne DSO Technical Platforiistributed grid manageent system. It performs grid state estimation and forecasti
2F LINPRdAzOGA2Y yR O2yadzYlLliaAzys Ald RSTAaAySa G(KS ¥FtSE
SCADA and distribution operation systems.

PlatOne Blockchain Access Platforfsoftwarebased platform that certifies using Blockchain technology, the data
provided by end customers, which is used for purposes of flexibility management and Grid obserfjdatility.

Synergy Big Data Platforimas been developed to shabég data among energy system players, including TSOs, DSC
DER operators, Aggregators and othét8]
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TDXAssist MQTT/AMQP adaptersit is an adapter to convert MQTT messages into AMQRages. DSO, TS®&SP
Client/server app for message exchandgevelopment of Client and Server applications capable to send/receive th;
AMQP interface of ECCo SP.
CIM XML GeneratomDevelopment of an application to generate CIM XML, which have been exchanged in the
demonstration.[19]
Page20
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3.2.2 Tools for data exchange
Table3 presents the tools for data exchange developed in the analysed projBuesELSysFlex project tools
for aggregator and system operator simulator are not shaw the table sincéheir nature isnot within the

scope of thisanalysifocusing on DSO operation.

The tools developed in the analysed projects are covering a wide range of use cases and approaches. This is
to be expected as they are responding to @iéint needs and are created in various local contexts. Some of the
projects focus more on coordination during network and operational planning (SynergyRimdgCGothers are
aiming to develop flexibility trading platforms (CoordiNet,E@ & Tt S E %) and fothers? ryfofeXon
coordination between TSO and DSO (OSMOSE,RiBgG Some projects adopt a more higvel approach,
developing for example an interface for data exchange between different flexibility platforms and other actors
(EUniversal) or focusy only on ontology (Interconnect). Although the projects were preselected to include
some kind of data exchange between DSOs and other actors, the level of coordination between TSOs, DSOs and
customers differs in each analysed project. The projects witistradvanced coordination between all actors

(on procurement of flexibility) are probably CoordiNet, INTERRFACH;dHeX and Platone
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Table3 Tools used and developed for data exchange in H2020 projects

CoordiNet

EUniversal

CoordiNet Platform Interfacallows DSOs to call markets for congestion management in different locations, based on the structural
information already in place in the G+ system.

G+ Several adagttions to the already existing Gaol will be made so the TSO can run the congestionagament market created by the
DSO in the CoordiNet Platform Interface

E-SlOSinterface between the common platform and the agents of the market (FSP and sFSP).

Dayahead DSOsending the needs of distribution networks to different platforms. The platfalso allows registering manual
requirements or inputs from other platforms of the DSO different from the observability module (Local congestion manageceint,
voltage control, Security check for balancing).

Decision support tool§ReaiTime Balancing @éion Support TodRTBM, Topology Manager, Forecasting platform, State estimator an
power flow)

Communication toolgEnterprise Service Bus for communication framework and task scheduler, Reportingidol)

TheUMEI interfaceenables data exchange between DSO, Flexibility market operators, aggregators and grid userstéagdseof
prequalification; flexibility needs assessmentpcurement; activation; measurement and settlem¢Bg]

MV congestion management tool

MV flexibility scheduling tool

LV flexibility needs assessment tool
Datadriven voltage contro(DDVC}ool
Dynamic line rating (DLR) tool
Datadriven State Estimation (DdSE)
LVCongestion Forecasting

LV phase and topology mapping tool
Real time DLR line monitorin@3] [24]
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Flexibility Platform (FRP)A platform br System Operators andeibility Service Providers that enabthe trading of different flexibility
products and services. A FP is operated by a Market Operator. It is used to support the prequalification, ddtigatmn,and the
verification processes, ensuring coordiiwat between activities undertaken by several operators using the same flexible resources. S¢
national and regional FPs may exist.

Data Exchange PlatformDEP9 EA a G Ay 3 9 f S Niyidgvalepad sénéices whidhierkables Segure exchange of different types
datac e.g, flexibility bids, activation requests, et@5]

Market cleaing tool: A mathematical module to calculate the clearing results (price, volume, order acceptance,letsed on C
executable.

Market Software Demolntegrated into the FEG Platform and allow System Operators to run market simulations. Wll@isthe
operator to provide manually weather/market data, and this could be done by connecting to a local database, readingle, local f
consuming a local web service.

Flexibility AssessmentUpgraded flexibility adequacy assessment methodology, avkepwise approach from IEA FAST to hourly
simulations, for calculating specific flexibility indices such as Insufficient Ramping Rate Expectation, Flexibility Bgsidual

InteGRIDy Traffic Light SystemA tool to validate flexibility activated by the TSO, so it does not create congestions at the distribution grid.
MPOPEMulti-period optimal power flow, used to calculate the necessary flexibility tadesl by the DSO.

Forecast Servicelhe forecastmodule developed by INESC TEC predicts the consumption and generation of the customers in the ne
These results are aggregated by MV distribution node.

cVPR; Commercialirtual power plant Tool used fothe aggregation of flexibility offered to the TSO.

tVPP- Technical VPPTool used for the aggregation of flexibility offered to the DE®)

InterConnect = Opendata sharing Aggregated consumer metering and flexibility historical data
Flexibility Operation Generation and communication of flexibility needs and mobilization of offers from aggregators/FSPs
Observability Connectivity data from distributed resources to improve QR(H.

InterFlex Feed in Management, Demand Side Management, Ancillary Sernvic€ermanDema To demonstrate that a smart metering
infrastructure can be integrated into grid control processes to control and coordinate DSO connected pogratiga and flexibility
effectively, efficiently, andeliably.

Increase DER hosting capacity of LV distribution networks by smart PV inverters, Increase DER hosting capacity in MV mgtwoltks
var control, Smart EV charging, Smart enesggragein CzechDema To enhance the distribution netwoflexibility.

Local infrastructure management systems (LIMS), charge point management system (CPMS), LMS and CPMS flexibility Dat&et
Dema Demonstrate technically, economically and contradly that a DSOs carovide
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Use of DSR to optimize DSO operation by exploiting the interaction with different energy carriers, Optimal use of a comrheatipump
and cooling pump assetsn Swedish demo: providing energy efficiency and electricity flexibility for grid management purposes, te
management of a gridonnected Local Energy System that can run in an islanded mode with 100% renewable generation and facili
Micro Gid Customer Flexibility.

Automatic Islanding, Multiservice approach for centralized storage systems, Local flexibility mechaniBranchDema The main
objective is to validate technically, economically, and contractually the market enabling role st®®BCrease the local energy system
efficiency, viz. activating all the network and local production/ consumption flexibilities managed by aggregators, iinmveatiray the
local electricity system needs at minimal costs for all parties while maxgrizinexpected impacts for the society. Aggregators will be il
charge of deploying flexibility and monetizing it on the different value pockets, including local use by the DSO and national
markets/mechanismg14]

INTERRFACE Flexibility Registerls a countryspecific module that enables Flexibility Service Providers (FSPs) to bring their flexibility resource/proc
markets.

The TSE@DSCcoordination platform: Acts as the gateway through which the operators (TSOs and DSOs) cartlat@ssoperablepan
European Grid Services ArchitectifeGSpplatform. Itallows data exchange with operators through waifined and interoperable ARIs

Single Interface to Marketls a gateway and a point of connection of the IEGSA platform to mpl&tdrms.

Settlement Unit Module is responsible for calculating the settlement,,itee difference between the contracted quantities and the
realizedquantities of energy products for the Balance Responsible Parties in a Scheduling Area

Centralised Energy Management System for microgiidemo 5.1¢ DSO and Consumer allianc€he tool will monitor and collect data of
all the flexibility resources botavailable within a local energy community or managed by a flexibility provider such as an Aggregator.

Grid Services Management System for flexible LV/MV networReto 5.2¢ Intelligent Distribution Nodes)he Intelligent Distribution
Nodes (IDN) is aintelligent system that has the capacity to coordinate different actuations for a battery energy storage system (BES
installed in a residential building or an energy community with the aim of integrating it into the grid system.

Single Flexibility Platfon (Demos 5.3)Single Flexibility Platform will integrate flexibility resources on local, DSO and TSO levels to a
marketplace that will allow valuation of these resources based on the needs of the different grid levels andpasti&igants.

Microgrid local electricity markets using the assets capabiliti@emo 6.1¢ Assetenabled local marketsPeerto-peer markets aim to
provide trading opportunities between a large number of market players, even when buyers and sellers are fragmented.
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Flexibility sevices for congestion managemeiibemo 6.2: Blockchain based B8O flexibility)Blockchain based TG5O flexibility
platform in Romania and Bulgaria where flexibility services are traded amongst prosumers, TSOs and DSOs-tetimedpdgperational
timeframe. We enable participation of distributed generators and flexibility assets on the distribution grid level viantral el
marketplace (EFLEX) to ensure system stability.

A RetaitTo-Wholesale Market approach for DERs integratiemo 7.1¢ DERs into wholesale; prototype will be developed to promote
DER patrticipation into the wholesale market, using considerable amount of data from the TSOs, DSOs, market operatorgyand ener
suppliers to provide implementation of actual and realistic repreation of the wholesale and retail markets in the examined Sdtdabt
Europe region, namely Romania, Bulgaria and Greece. The algorithm will implement optimal power market reserves cldsing for t
provision of Congestion Management services, supplemgrtathe Balancing (FCR, aFRR, and mFRR) services clearing.

EUPHEMIAased market platform to include local flexibility resources tofdemo 7.2; Spatial aggregation of local flexibility)he
EUPHEMIAased market platform that includes local flexilyiliesources tool developed in part of the demonstration aiming Spatial
Aggregation of Local Flexibility aims to provide a new augiiatiorm-basedtool to further enhance coordination of local energy and
flexibility needs.

AnyMOD.jt Modelling high levels of intermittent generation and sectoral integration, the tool provides a Julia framework to create la
scale energy system models with multiple periods of capacity expansion formulated as linear optimization problems.

ANTARERAntares-Simulator is a power system simulator meant to be used by anybody placing value in quantifying the adequacy ol
economic performance of interconnected energy systems, at short or remote time horizons. With an adequate modelling efghe en
consumpton, generation and transportation, the software performs probabilistic simulations of the system throughout margrygar
scenarios made of 8760 houtiyneframeseach)

GenesysDynelmod A cost minimizing optimization problem, determinidigpatch and investment decisions to cover a fixed demand fo
set of consecutive years and different macro regions. It was used to forecast the European energy scenarios within the projec

Prometheus/Atlas Modelling of weather and generation uncertaies$, and flexibility levers.
JMM/E2M2 Modelling of weather and generation uncertainties, and flexibility levigrs]

Flexibility Services Managementhe Market Platform allows DSOs and TSOs to create flexibility requests. The Market Platform acq
and stores all the flexibility requests anffers.

Market Outcomes Matching and ValidatiorTheMarket Platform can match flexibility requests and offérsough clearing market
algorithms. The Market Platform can provide the Market Outcomes (results of market clearing) to the DSO Technical Piadtferm fo
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technical validation. The Market Platform receives the validated market outcomes from DSO Teelatfioah. DSOs, TSOs and
Aggregators receives Market Day Ahead outcomes from the Market Platform

Services activationThe Market Platform allows DSOs and TSOs to create service activation requests. The Market Platform can agg
the service activatiomequests (from DSOs and TSOs) and provide them to all the other stakeholders.

Blockchain certificationThe Market Platform can register on the blockchain all the market data through Smart Contracts based
functionalities. The Market Platform allows the Mat participant to verify all the market data registered in the blockchain.

Settlement The Market Platforntanread meters measurements from Shared Customer Database. The Market Platform performs th
settlement comparing the metering data and BRP baseliine Blockchain Service Laganprovide tokenization system for the settlemer
through Smart Contracts functionalities. The Market Platform allows to DSO, TSO and Aggregator to read the settlemens.outcome

Data Acquisition The DSOTP can receineasuements.

State Estimation ToolThe DSOTP can trigger the State Estimation Tool via REST API. The objective of the state estimation tool is t
most likely operating state of a power grid, which is determined via a set of state variables, bassetai gealtime, available
measurements obtained throughout the grid

Tariffs retrieval The DSOTP sends to the DSO/Aggregators tariffs that reflect the expected state of the network. The DSOTP can re
data coming from the Algorithm for DER Contrati aigorithm for ancillargervices.

Optimal DER dispatchindpSOTP can trigger the Algorithm for DER Control via RERT]API

Network Assets Sizinljlanager (NASM)Responsible for providing solutions regarding optimal planning and sizing of the network ass
Solutions shall involve optimal capacity for new substations and lines in case further reinforcements are needed, aptirathliasizing of
new demand connections or DERs. The Network Assets Sizing Manager is a complementary component to the Network Performar
Assessment Manager, exploiting results such as reinforcement and flexibility needs to propose operational planning isothéstert
and midterm (up to a month ahead) and in the long term (up to a year) for the provision of critical services such as congesti@mm®ain
in medium voltage distribution grids.

Network Asset Management (NPAMIResponsible for the simulatiarf the operation of the network and incorporates all the appropriati
functionalities to assess the state of the network in terms of reliability, performance, and power quality metrics. Tisenass@svolves
the evaluation of the electricity network stegetate aspects using power flow calculations. Congestion issues and operational constr
such as voltage violations, line/transformer odeadings are considered in the assessment. The simulation approach of the NPAM is
which means that the yhamic behaviour of the power system elements is omitted from the analysis. The component involves the
assessment of various operating conditions, incorporating the analysis of stochastic demand and generation profiles.

Flexibility Based Network Manager BNM). Responsible for assisting network operators to perform their skemn planning activities by
utilizing available flexibility. The manager involves the process of data exchange regarding flexibility availability exidén providers
andne 2 NJ] 2LISNI G2NBXZ ARSYGATFTAOFIGA2Y 2F | 33INB3IAF G§SR T Sckpedolisandi
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calculation of flexibility margins and requirements for network operators to facilitate their gham planning.The FBNM shall utilize
shortterm (for the next 24 to 72 hours) flexibility estimations received by RES aggregators and retailers for the feedersnsidisation,
production, and consumption DER data obtained from the MV/LV feeders and substatiorarijpenent shall calculate flexibility costs,
define flexibility products expressing TSO and DSO requirements and needs for congestion management and balancing.

DSOTSO Common Operational SchedulBesponsible for providing a common interface for the BB®the TSO to facilitate common
operational scheduling, considering the flexibility requirements for both actors for congestion management needs, bakedsngumd
other relevant ancillary services. The scheduler is also there to clarify the sequesctéoas and information exchange between the two
operators, propose an appropriate coordination scheme, identify proper grid and assquphiéications and the definite short term
operational scheduling for both actors.

Network Predictive Maintenance Mnager For analysing a variety of network component data sources, including those metrics provi
by the Network Component Health Estimator, to complement Maintenance Management Systems with estimations of the probabilit
failure of single network as$s in different time frames. This information will support network maintenance operators in the optimal
scheduling of the maintenance action$3]
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3.2.3 Data models
Standards and datmodel analysis in projects which are relevant to DSO are showalte4. InteGRIDY,
Osmose and TDXssist did not develop specific data models within the projectnterConnectand Synergy

projects,the data exchange modetse still under development.

The overview of data models and standards used in H2020 projects shows that there is already a great
convergence around CIM IEC standariany projects directly ampt it or developing adaptations that are
nevertheless compatible with the general architecture. Some projects developed alternative concepts to
address specific use cases, which are usually still compatible with CIM or are developing solutions for
applicdions not yet covered by the standards. This shows that the situation on DSO level is more varied than on
TSO level and it will continue to be so as these alternative solutions are already being deployed and are creating
path dependency for future developents. CIM data model is a mature concept which provides an adequate
solution for a wide variety of use cases, especially in the communication among system operators. However,
this is not a barrier to the existence of other solutions in parallel, whichbeaa better fit due to previously
implemented solutions or local specifics, as long as interoperability is secured by proper communication

interfaces among the applied solutions.

Table4 Standards and data models in H2020 projects

Project Standards and data model

CoordiNet 1. IEC standards (CIM, 61850)

The projectaimed to improveENTSEE profiles based on IEC standards: CGMES (Comi
Grid Model Exchange Specification), based on IEC 61970 and IEC 61968 and CIM Ei
Style Market profile based on IEC 62325]

EUniversal 1. Universal Market Enabling Interface (UMER)unique approach to foster
interoperability across Europe. UMEI API that set the rules for the data and flexibility
exchange, defined iblse Casg between DSO and othectors (MO, Aggregators,
customers and, eventually, TS[@2]

EUSysFlex 1. SGAM based conceptual reference model for data exchange

Still, in development, SGAM &ed reference model will be created according to the
information from data exchange SUCs. All layers of SGAM will be modelled.

2. Data model for flexibility provision value chain

Initially, projectd LISOAFAO RFEGF Y2RSt F2 NJsédosSULCOva:
developed. It is being translated into CIM compliant data model currently.

3. Recommendations for CIM extensions

Gap analysis of standards related to data exchange has been completed. Currently, U
modelling of Business Objects identifiedSUCSs is ongoing. As a resextensions to CIM
profiles can be recommended.

Flexitranstore 1. |EC 61850 Process Bus standard

Standard to communicate through Ethernet between the RTU acquisition system and
RTU frortend.

2. USEF Framework
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USEF delivers the market model for the trading and commaoditisation of energy flexibil
and the architecture, tools and rules to make it work effectively.

InteGRIDy No specific standards and data models have been developed within the project.
InterConnect = SAREF
InterFlex USEF+ (extended USEF): Define a standard for connection between DSO and aggre!

INTERRFACE Common Information Model (CIM): usedgtructure and encapsulate data in a unified
format (mainly in XML messages, but also JSON) that is widely used in the energy dc
for data exchange. In the project, new CIM compliant profiles are developed by the pr
for data exchange of specific dasets which are needed. The profiles are not yet subjet
to formal communitywide review and approval or standardization.

OSMOSE The project haslefined and demonstrated improvements of the IEC 61850 engineering

process
PlatOne CIM 61968 standard: DS Data Server Output Connections & Interfaces.
Synergy There are specific standards and data models in the project, but they are still under

development.
TDXAssist CIM series 61970, 61968 and 6232ECo SP as a platform for secure information transfet

3.3 Selection of Use Cases for Generic Business Process analysis

For the analysis dfise Casgand the identification of business objecBuysiness Use casekthe previously
selected projects were analyseth the first step the BUCs related to flexibility and those that foster the
exchange of data between DSO, TSO and other gctach as Market Operator or FSRsere listed The
mapping of the BUCs was doimea similar fashiomo the work inDeliverable 3.128], focusing orDSGMarket
Based, TSOSOMarket Based interactioror TSGDSO Technical coordination interactioHowever, this

deliverable takes the analysis to the next step by identifyfregprocess phases for each BUC.

Table5 below presents the list of all collected data. However, for the purposéudher analysis, only use
cases focused on DSOs and with sufficient informatiddentify the interfaces that are used to exchange data
and to identify the Business Objecat®re selected. These BUCs are highlightedrange in the table and in
practice they are all coming from the Bysflex projec{Some other Et$ysflex ancCoordiNetuse cases are

analysed from TSO perspectives in Deliverable D4.1).

The overview table indates that from the 6 analysed projects, only two projects, CoordiNet argyitlex,
have published sufficient information about their use cases to enable the execution of analysis of the data
exchange between different actors. This is potentially degrital to the replicability of project results and the

lack of available information might discourage the adoption of solutions developed and tested in past projects.

2 https://interconnectproject.eu/resairces/?active=publicieliverables
3 TDXAssist: D1.2 Agreed models, use case list; and wuse case description in . UMlvailable at:
https://cordis.europa.eu/poject/id/774500/results
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Table5 Preliminary Selection of BUCs with scope in DSO grid and market interactions

Projects BUC SO H Mapping ‘ Phases

Tsapso @ Prequalification
Manage active power flexibility to support congestion management and voltag Market- Bidding/Selection phase
control in the German demo based Delivery Phase
interaction

Settlement

EUSysflex
TSGDSO Prequalification
Manage reactive power flexibility to support voltage control and @stign bso/Tsc Market Bidding/Selection phase
management in the Italian demo based Delivery Phase
interaction  gattiement
Tsapso | Prequalification
Manage active power flexibility to support MFRR/RR and congestion manage market Bidding/Selection phase
! DSO/TSC .
in the FlexHullPortuguese demo based Delivery Phase
interaction ' gettiement
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Manage reactive power flexibility to support voltage control and congestion

management in the FlexHub Portuguese demo DSO/TSC

Voltage control in the transmission system and distribution system using flexik
resources connected to transmission and distributiostegn under the scope of a TSO/DSC
multi-level market mechanism

Voltage control in the transmission system and distribution system using flexik
resourcesonnected to transmission and distribution system under the scope ¢ TSO/DSC
fragmented market mechanism

Congestion management in the transmission syséemd distribution system using
flexible resources connected to transmission and distribution system under thi TSO/DSC
scope of a multlevel market mechanism

CoordiNet
Congstion management in the transmission system and distribution system u
flexible resources connected to transmission and distribution system under thc TSO/DSC
scope of a fragmented market mechanism.
Procure and manage balancing services (FRR and RR) to reduce balancing c
. TSO/DSC
under the scope of a central market mechanism
Voltage control povided to the TSO and DSO under the scope of a common
; TSO/DSC
market mechanism
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TSGDSO
market
based
interaction

TSGDSO
market
based
interaction

TSGDSO
market
based
interaction

TSGDSO
market
based
interaction

TSGDSO
market
based
interaction

TSGDSO
market
based
interaction

TSGDSO
market
based
interaction

yA2yQa

NI
I Nk

Prequalification
Bidding/Selection phase
Delivery Phase
Settlement

Plan/Forecast
Market Phase
Measurement & Settlement

DayAhead Market
Intraday Market
NRT Market

After Reattime
DayAhead Market
Intraday Market
GEMarket

After Realtime
DayAhead Market
Intraday Market
NRT Market

After Reattime

LongTerm
DayAhead Market

LongTerm
DayAhead Market
After Realtime
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LongTerm
) ] DSO Day Ahead
Controllt_ad Islanding provided to the DSO under the scope of a local market DSO Market From 1 hour before regime
mechanism .
based After reattime
After the event takes place
TSGDSO
Congestion management in low voltage and medium voltage distribution grid market Yearly process
. : TSO/DSC .
under the scope of a multilevel market mechanism based Operational process
interaction
. : . o . DSO
Congestion management in low voltage and medium voltage distribution grid .
- . DSO Market Operational process
under the scope of a distributed market mechanism based
TSGDSO
Flexibility provides offer balancm_g services to the local DSO in Gotland under TSO/DSC market Not described
scope of a local market mechanism based
interaction
TSGDSO
Flexibility providers o_ffer balancing services to the TSO under the scopaulfia TSO/DSC market Not described
level market mechanism based
interaction
S S . DSG Forecast
InterConnect Flexibility Management for distribution grid support DSO Market L )
Bidding/Selection phase
based
Prequalification
Congestion Management & Volta@®ntrol with marketased active power DSG Selection/Bidding
EUniversal e DSO Market ] L
flexibility -Germany based Delivery and Monitoring
Settlement
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Congestion Management & Voltage Control with matkased reactive power

flexibility - Germany 20
Congestion Management & Voltage Control with maskased active power

e DSO
flexibility - Poland
Congestion Management & Voltage Control with maskased reactive power

2 DSO
flexibility - Poland
Congestion management in MV grids for thee~ahead market (or between 1 to 2 DSO
days in advance)
Integrated Voltage Control in MV and LV grids for the-alayad marketdctive DSO
and reactive power
Voltage control and congestion management for some days/weeks in advanci

. DSO
(until two/three weeks)
Voltage Control and congestion management for medium and-tenyg grid DSO

planning through market mechanisms
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DSG
Market
based

DSG
Market
based

DSG
Market
based

DSG
Market
based

DSG
Market
based

DSG
Market
based

DSG
Market
based

LyA2YyQa

i
I Nk

Prequalification
Selection/Bidding
Delivery and Monitoring
Settlement
Prequalification
Selection/Bidding
Delivery and Monoring
Settlement
Prequalification
Selection/Bidding
Delivery and Monitoring
Settlement
Prequalification
Selection/Bidding
Delivery and Monitoring
Settlement
Prequalification
Selection/Bidding
Delivery and Monitoring
Settlement
Prequalification
Selection/Bidding
Delivery and Monitoring
Settlement
Prequalification
Selection/Bidding
Delivery and Monitoring
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Voltage Management in transmission and distribution system using also the

resources connected to the distribution system
PlatOne

Congestion Management tnansmission and distribution system using resource

connected to the distribution system

Aggregated CM to TSO/DSO Balancing mFRR to TSeegleency services to

TSO/DSO

aFRR demonstration: Single Flexibility Platform

FCR demonstration: Single Flexibility Platform
Interrface

Congestion management operational demonstration: Single Flexibility Platforr TSO/DSC

Congestion management shetdrm demonstration: Single Flexibility Platform

Congestion management losigrm demonstration: Single Flexibility Platform
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DSO

DSO

DSG
Market
based

DSG
Market
based

TSGDSO
market
based
interaction

TSO/DSC

TSG
Market

TSO/DSC

based
Interaction

TSOG
Market

TSO/DSC

GKS 9dzNRLSIY

based
Interaction

TSGDSO
market
based
interaction
TSGDSO
market
based
interaction

TSO/DSC

Tso/psc TSEPSO

market

LyA2YyQa

i
I Nk

Settlement
Plan/Forecast
Bidding/Selection phase
Activation
Plan/Forecast
Bidding/Selection phase
Activation
Prequalification
Bidding/Selection phase
Delivery Phase
Settlement
Prequalification
Bidding/Selection phase
Settlement

Prequalification
Bidding/Selection phase
Settlement

Prequalification
Bidding/Selection phase
Settlement

Prequalification
Bidding/Selection phase
Settlement

Prequalification
Bidding/Selection phase
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based Settlement
interaction
Prequalification
Flexibility services for DSO congestion management and allowingremeaiable | II\D/Iifliet Plan/Forecast
connection without unreasonable DSO network investments based Bidding/Selection phase
Settlement
TSGDSO  Prequalification
Direct participation of local flexibility on the wholesale market using a single TSO/DSC market Bidding/Selection phase
auctionbased markeplatform based
. . Settlement
interaction
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3.4 (Gonclusionsof the State-of-the-Art analysis

As described in section 3.2, the review of completed and ongoing projects was done according to several

aspectdncludinginterfaces, toolsdata modelsand communication protocols

In terms of DSO interfaces towards the markdte tprojecs review indicated that interfaces are often
uniquelydefined, according to the specific background and the technical level of the project. In the context of
OneNet,as well as in the widerffort to digitalise energy sectog concrete and unamiguous definition for an

interface is essential, as it enables interoperability and scalability.

There are numerous tools developed and exploited iavpus DS@elevant projects for example for
forecasting, decision support, services, opsation andstate estimationDeveloped platforms offer solutions
for data exchange and market mechanisms, but also for network assets, flexibilityinfeed demand side
managementHowever, as use cases and requirements in terms of data exchange were not pogseniped,
the usability otthe tools and platforms are limited to the project use cases and cannot be extended to different
use casedere, proper detailed description of the requirements and reasoning behind solutions could improve

the re-usability oftools and platforms.

Goncerning applied standards and data models, these are considered crucial to enable interoperability in a
comprehensive system accessed by numerous actdmwyever, the analysis of applied communication
protocols in the covered EU gexts mainly showed that they were not documented to a sufficient level that
would enable robust conclusiondlost reviewed projects did not develamiquedata models or standards, but
used IEC standards, SGAlked approachesind CIM(or developed progetary extensions of thereaf)in this
context, better documentation would improve the added value of the project results fofbeer exploitedand

used as aeference for decisions by future projedisr in a standard business environment)
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4 Generic Business Process Analysis

The first part of thischapter provides an kdepth generic business process analysis for the most relevant
business cases of externadojectsidentified inchapter3.3. It shall be noted that the external projects were
analysed together for the purposes of OneNet tasks 4.1, 4.2 aracdd@ding to the focus of the corresponding
task, TSO, DSO and customespectively Therefore this chapter presents only use caseih central role of
DSOs. Other use cases with involvement of DSOs were analysed and presented in deliverapiariodiig.3

[5]. As a result, the fitssection presents three use cases from the&Bi$-lex project.

The second part of this chapter presente tipeneric business process analysis for relevant OneNet use cases
with DSO involvemen#fgain, the OneNet use cases were distributed between the three WP4 deliverables based
on the involved actors, therefore some of the use cases with DSO involvementecalsd found in the
abovementioned deliverables D44] and D4.35].

The third part of this chapter presents the results of the mapping of data exchanges involving DSOs in the
analysed use cases, focusing on the data models and communication protocols used. Based on this mapping, an
analysis of gaps in deployiimgeroperable solutions was performed for each use case and is presented as well.

The chapterconcludes with a summary section synthesising the learnings from the gap analysis.

41 EEGSNY I LINRP2SOG&aQ odaAaAySaa OF asSa
4.1.1 Managng active power flexibility to supportcongestion management and voltage
control in the German demdEUSyd$ex)

This BUC describes the optimization of flexibility usage in distribution grids and aggregation of residual
flexibilities for TSOs on a schedule basiseduce total flexibility actiation and thus system costs. In this BUC,
the TSO uses different resources for active power management, such as flexibilities in the distribution grid.
Generation units thatnustindicate their available flexibility when submitting generation schedulgsatead
to the DSO provide these flexibilities. These flexibilities are collected and transferred by the DSO to the TSO. The
DSO will guarantee that no congestion in its distribution grid remains and no additional congestion in its
distribution grid occursvhen the TSO activates flexibilities for reactive and active power management or
frequency reserve. The day ahead process will be continued in an intraday timeline to react on faults or forecast

deviations

Pre-Qualification phase

Generation Aggregator @ and Distribution Network Operator (DSO) sigh an agreement that the GA sends
schedules of planned generation, contracted frequency reserve, flexibility potential and flexibility costs day

ahead so that the DSO can adjust these schedules also day abegubfed to reatime nowadays).
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EU-SysFlex - DE-AP - Manage active power flexibility to support congestion management and voltage control in the

German demo

Pre-Qualification Selection and Bidding Delivery Settlement
8 TSO congestion Update aggregated Invoice
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X
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Schedule DSO 3 ) No Schedule ] l
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Figure2 Procedural overview from ESysFlexDEAPSource: own elaboration based [29]
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Bidding/Selection phase

Day ahead, thedifferent GA submit their generation schedules, containing data about the planned
generation, contracted frequency reserve capacity as well as the residual flexibitiigfRech potential and its
flexibility price. For small units without a schedule (dnRES, household loads, etc.), forecasts will be used to
predict their generation/consumption. The DSO aggregates the different flexibilities after gate closure of the
day ahead marketandperforms a load flow analysis based on the individual schedulgsradration units and
industrial loads and the forecasted aggregated schedules of small generation and loads. If congestions or voltage
range deviations are forecasted, the DSO selects available flexibditgtsubmits the remaining flexibility

potentialto the TSO at each TSIBO interconnection point

DSO and TSO determine which flexibilities shall be activated based on physical location and prite, e.g.
resources from the distribution grid are selected, the TSO sends an adjusted aggregated stthédueBSO
(aggregated at the level of the TEG3O interface) and the DSO sends the activation signals (activation of active

power flexibilities is carried out as schedule) to the generation units providing the flexibility.

Delivery phase

The delivery ofléxibility is proven by metered data sent from the Metered Data Operator (MDO) to the DSO.

Settlement phase
The DSO pays the Generator Operator for the flexibility delivery (credit note) and sends an invoice to the
TSO for its specific flexibility usagan€luding thisUse Caseit enables TSO to react on congestions and

operation reserve needs with known and available flexibilities (including flexibilities in distribution grid).

4.1.2 Managng active power flexibility to support mFRR/RR and congestion
managemen in the Italian demo (EtBy$ex)

ThisUse Casés based on the provision of the active power flexibilities from distribution grid for mFRR/RR

and congestion resolution services to the Transmission Network istirealoperations.

The market operator (atlistribution level, MO_D) manages a local flexibility market and provide to the

centralized market operator (at transmission level, MO_T) flexibility offers from customers and aggregators.

The nain benefits for distribution system operator §@) from thidJse Casare related to the exploitation
of flexibilities to solve congestions in distribution grid since it cannot use its own assgt8attery Storage)
for participating to the centralized transmission ancillary services (MFRR/RRtmhatkeonly for distribution

system management and for solving imbalances.
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EU-SysFlex - IT-AP - Manage active power flexibility to support mFRR/RR and congestion management in the Italian demo
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Figure3. Procedural overview from ERysFlex: APSource: own elaboration based [29]
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Prequalification phase
The generator(s) and the aggregator@)bmit a requesto the local market operatorThe local market
operator collects the requests for the participation to the lodkxibility market and checks them for

consistency. In the case of any violations, the market operator rejectarifaalifiedresources.

In the case of positive outcomes, market operator officially registers the resources who meet the
requirements for lexibilities provision communicating this to the involved actors. The market operator is

responsible to periodically checking the resources and renew or revoke registration.

Bidding and selection

The local market operator (MO_D) opens the local flexibiliigrket. The aggregators and the generation
asset operators prepare an offer and send it to the local market operator (M@nadlysindefore the foreseen
plant generation profile and evaluating the active power flexibility they can provide to the manketmarket
operator keeps the market open for a whole-frbnute time slot, collecting all the bids received within this time

span after which it closes the market and collects from the DSO the updated network information.
Once the market is closed, the DSommunicates to the MO_D:

1. The updated network configuration
2. The most recent resources production/consumption forecast
3. The flexibility status of its own energy assets.

When the MO_D receiwback the updated information, it verifies the activation afbilities running the

necessary calculations and Optimal Power Flows.

At the end of this process, it aggregates the remaining flexibilities in a single bid, based on a parametric curve

(energy vs cost) and offers it on the centralized AS market.

Once theprevious action is finalized, the MO_T (market operator at transmission level) manages the
centralized AS market and selects the active power profile which fits its needs sending back this information to

the MO_D that prepares the activation signals foe delivery.

Delivery

This phase starts at the beginning of the time slot next to Bidding/Selection phase, when the MO_D sends
simultaneously the activation signals to the resources involved, to the DSO for its assets and to the MDO for the
synchronization of the measurement process. The generator(s) and aggregator(s) receive the activation signal
and manage their own plant (generators) and portfolio of customers (aggregators) to provide the flexibility

service.
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At the same time, the DSO reces the activation signal and manages its own energy assets. Finally, after
the MDO receives from the M@ the activation signal, it takes measures from the meters installed at the
connection points of the selected resources checking also for deviaifdhe actual profiles from the scheduled

ones. The phase ends with the MDO that stores the measurements and prepares them for the settlement phase.

Settlement phase

TheSettlement phase begins with the MO _D that requests the measurements report tdi@. Once the
aggregate measurements are sent back to the market operator, it prepares the invoice (calculating the
remuneration for the service based on the bid offered in the centralized market) sending it to the MO_T. After
this the MO_T checks the inee and prepares the payment to be sent to the MO_D. The phase ends with the
MO_D that, according to the bids offered from the resources and the actual flexibility provision certified by the
measurements, calculates the remuneration for each resource wartigipated in the local flexibility market

sending then the payment to the aggregators and generators.

4.1.3 Managng reactive power flexibility to support voltage control and congestion
management in the Italian dem@EUSysFlex)

TheUse Casdescribed in thdollowing paragraph summarizes the management of reactive power flexibility

to support voltage control and congestion management in the Italian dehlJSysFlex

The fulfilment of these services is performed by B®@CQhrough suitable optimization prasses, exploiting
reactive power flexibilities connected to the distribution network. Distributed resources connected to the
distribution network andDSCown assets (Battery Energy Storage Systems, STATCOM) provide the flexibilities.
This flexibility portblio may guarantee the provision of the agreed reactive power exchange between the

distribution and transmission networks.

Pre-qualification phase

The prequalification phase begins with the generator(s) that prepares a formal request and submits it to the
DSO. Same process is followed by the aggregator(s) who wishes to make its total reactive power capability
available for voltage control and congestion management submitting the request to the DSO. This request
specifies the details of the resources (frohetaggregator's portfolio) that will be exploited for the flexibility
provision. Then the DSO checks the participation requests received by the previous cited actors. In the case of
any violations, the DSO prepares an official rejection document to therg&ars and aggregators that need to
check the rejection and adjust the issues. In the case of positive result, the request is accepted the DSO officially
registers the resources who meet the requirements for participating to the voltage control and ¢immges

management and ends this task.
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Manage reactive power flexibility to support voltage control and congestion management in the Italian demo
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Selection/ Bidding

The selection scenario considers two different main activities, based on different timeframes:

1 selection process done in the intday (every 6 hours)
9 selection process done in retine, just before the delivery of the service (the time slot ahead).

The selection intraday begins with the DSO that collects the capability curves from all the certified resources
who want to participate to the reactive power exchange for the next iotag time slot. The aggregator(s) and
generator(s) provide these resows submit it to the DSO. After this function, the DSO aggregates all the
capability curves in a single equivalent one at Primary Substation interface and communicates it to the TSO that
determines the reactive power profile for that timeslot sending itbéxthe DSO. The intraday selection phase
ends with the DSO that anals the scheduled profile received from the TSO and performs the necessary

calculations to determine the optimal allocation of capacity between the participating resources.

Indeed, in eaktime (at the beginning of each time slot) the TSO sends theaiet for reactive power
exchange at Primary Substation interface to the DSO. Thpadet may deviate from the scheduled profile
(based on the actual operating conditions of the transiga network) but must be within the capability band
provide by the DSO. The DSO receives theselt from the TSO and runs another optimization process for
considering the actual state of distribution network and actualites allocation of the requesid reactive
power between the resourcegalculating suitable sqtoints and sending them to the resources. Following
phase ends with the aggregator(s) and generator(s) that receive thpaets in preparation of the delivery

phase.

Delivery phase

This hase starts at the beginning of the time slot next to selection phase, when the TSO sends the activation
signal to the DSO, which transfers it to the involved resources. In this phase the resources must follow the set
points calculated in the selection pba Then, the MDO receives from the DSO the activation signal and takes
measures from the meters installed at the connection points of the selected resources. It checks also for
deviations of the actual profiles from the scheduled-peints. The processngls with the MDO that stores the

measurements and prepares them for the settlement phase.

Settlement phase

The settlement phase starts when the DSO requests, on a monthly basis, the measurements taken during
the previous month to the MDO. Then, the MDO &gmtes the metered data related to the resources who
participated to voltage control and congestion management services and also the measurements of the power

exchange at the primary substation interface. After this, it prepares a measurements repsendsd it to the
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DSO. The entire phase ends with the DSO that, based on the actual capacity provided by each resource calculates

a reduction to be applied to grid fees for the participating resources.

414 | 2y Ot dzaA2y & FTNRY (GKS SEGSNYylIf LNR2SOG&Q d
All three analysed use cases of the-Biflex projectfocus on sophisticated coordination between the

flexibility provider and both the Transmission and Distribution sydrels (although in theecond case, the

TSO is not involved directly in tdata exchange)n these use cases, it is either the DSO or the market platform,

who managethe communication exchanges.

Sincethe EUSysFlex use casesver data exchanges between the same actiwat are in the focus of
OneNet project andpecificallyof WP4 the analysis of the data models and communicatpotocolsin these
use casexan also deliver a useful comparison with OneNet demdbkis comparison is done in the Data
exchange and gap alysis inchapter4.3.1 24 SOSNE GKS T RRSR @l tdzS 2F (GKS |yl
cases was limited due to the lack of publicly availabfermation and therefore it was not possible to reach

significant conclusions.

The lack of publicly available information should be noted and addressed in the future, as it is a barrier to the
transfer of experience and learning from EU funded projects.
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The analysis of the OneNet Use Cases uses information about the demos presented in the Business Use Cases

description, which can be found in full detail in the OneNet Deliverable [3@]3

4.2.1 Active power flexibility for Overloading condition in the Cyprus demo (SE8M01)

The Cyprus power system is preparing for the massive installation of PV due to the climate conditions
(abundant availability of solar energy), to achieve the national climate targets. The high penetration of
renewables in combination with the isolated nature of the system creates critical challenges related to frequency
stability and balancing (due to the variablatare of RES generation). In addition, several distribution feeders in
the island experience large concentration of PVs and as a result, local congestion problems (voltage and thermal

limit violations) appear.

Active power flexibilities provided within thiuse case will enhance the frequency stability, relieve the
congestion of the system, and achieve a esff¢ctive operation of the system. This business use case exploits
the flexible resources of the distribution grid (large energy storage systemsarRy¥, prosumers) to provide

active power related services in the framework of primary, secondary reserve such as:

w Droop control of flexible resources to support frequency,
w Ramping control to compensate large power fluctuations.
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Furthermore, the businessse case will enable the participation of the distributed resources in the-odsa
market by providing active flexibility services, such as:

w Peak shaving service to relieve local congestion problems,
w Power regulation to track daghead profile.

All theseservices will be procured by both the transmission and distribution system operators (TSO and DSO)
to the TSO market and the DSO local market. The communication between the TSO and the DS¢ztatrol
with the TSO market and the DSO local market retbpalg will be facilitated through the OneNet system. The
energy market will allocate the services to the different flexible actors (aggregators and prosumers) according
to the market rules. The activation of these services will be coordinated by the topetand/or based on the

grid operating conditions.

The provision of droop and ramping contiskurrently provided by the conventional generation plants at
the transmission level of the system, while this business use case will enable the distributetesso provide
and be remunerated for these services. In addition, peak shaving services can provide local congestion

management capabilities to minimize PV curtailments and increase the penetration of photovoltaic energy.

The described business procespresents the Scenario #20verloading Conditiodiswhere DSO procures

congestion management products through the DSO local market.

Figure5 Procedural overview of OneNet usse SOCCY01; source: own elaboration

Prequalifcation

DSO determines the admissible limits (for having a safe operation of the grid) at the MV/LV interface. This is

done through using ABGHI. The limits are sent to local DSO market through the OneNet system.

4 Scenario #, Frequency Disturbance is analysed in deliverable [24.1
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