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EXECUTIVE SUMMARY

The EWBysFlex H2020 project aims at a lasgale deployment of solutions, including technical options, system
control and novel market desighto integrate a large share of renewable electricitycreasingly variable,
maintaining the security and reliability of the European power system. The project results will contribute to
enhance system flexibility, resorting to both stkhig assets and new technologies in an integrated manner, based
on seven European large scale demonstrators (WP 6, 7, 8 and 9). The overall objective of WP6 is tharahalysis
demonstrationof the exploitation of decentralized flexibility resources cocteel to the distribution grid for
systemservices provision to the TSOs; this objective is purdyethe means of three physical demonstrators
located in Germany, Italy and Finland, using different assets located at complementary voltage levels (high,
medum and low voltage) of the distribution grid. These demonstrations showcase innovative approaches in
flexibility management targeted to suppori NI yaYA &da A2y & €SH)iasdvdistrbutdhNsysted N&E Q
2 LIS NJ DSE)N&eds ardl their related servicaslentified within the EWBysFlex H2020 funded projeThese
approaches are followed by the means of suitable system processes which have been described in terms o
System Use Cases (SUC) and presented in deliverablelbé flinctionalities identified ithin the SUC modelling

have been mapped into four main software tools groups, namely communication tools (D6.4), forecast tools
(D6.2), simulation tools (D6.3) and optimisation to@8.6),the developmentof whichis the main goal of Task

6.3. These tools are described in four corresponding deliverables: this deliverable, D6.3, is part of this set anc
addresses the simulation tools and preliminary test®@ Y 2 y & (isbklip$ eanid@idut with these tools.

Simulatons take oragreat importance irthe investigation of demonstrator networkkandling and operations in
scenarios which differ from the BusinegsUsual, like those envisiondad the EUSysFlex projecturthermore,
simulations serve as a testinderiskingand validation environment for the other tools, in preparation of their
deployment in the physical demonstrations 4agis. Therefore, within the Work Package 6 activities, the
simulations take on two main purposes: investigating specific operatimglittons, in line with the project
assumptions and scopes, which cannot be replicated and tested in the physicaisset thedemonstratorsand
testing the operations and the reliability of the software parts (tools and systems) of the demonstraigrsset

Suitable scenarios, which model novel flexibility management within the actual demonstrator networks, are
simulated for different objectives:assessinghe flexibility potential of these networks, its impact on the
distribution network constraints ath in general, the performances of the demonstrationsges$ in presence of

the specific operating conditions, which may arise from the exploitation of the decentralised resources for
flexibility provision to the TSO. Susbenarios may be beyond the tatbal capability of the networks and
systems and also beyond the regulations presently in ef@otulations show possible ways to deal with these
scenarios and so, in addition to their contribution to the demonstra@adivities, theachievedresultssupport
further analysis on thevolution of the electric power networks.

The selectedscenarios are strongly influenced by the different features and background of each demonstrator
and sq the adopted simulation approaches reflect such differenc€kerebre, the scopes and goals of
simulations in the context of each demonstrator are analysed and described, highlighting the relevant differences
between the adopted approaches. The envisioned goals are put in relation with the overall objectives of WP6,

8| 81
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showing how and to what extent simulation activities contribute to theSimulations represent a part of the
whole demonstrator€activities, and they are also a part of a larger set of tools under Task 6.3 \sarhaot
intended to fulfil the WP6 objectivestand aloneHowever the simulation tests presented in this deliverahidly
contribute to theachievementof WP6 objectives, since theyupport the pursuing of an optimal state for the
distribution network and also, indirectly, the fulfilment of specifequess from TSOs, which are twiaey goals in
the WP6 activities

Smulation testscarried out for German demonstrator amed at analysng the impact of different reactive
power control modes and asset behaviours in HV distribution network on the status of EHV transmission network;
in parallel, the simulation environment was exploit@devaluate preliminary optimisation results. These dtitg

were carried out both with simulated data and with historical data coming from a real voltage collapse event.
Simulation ests resultsdemonstrate that the reactive power flexibility optimization from the DSO offers the best
resultsin achieving a mee effective local and global voltage stabilisatidime system and methods developed
within the German demonstration show promising applicationeikploitinglocal reactive power flexibility as a
systematic way to sustain the local voltage stahilibe inclusion of DERs from the MV distribution network can
further support this concept, increasing the available flexibility.

Smulation testscarried out for Italian demonstrator are aimed @tterminingthe actual range of total active and
reactive power capability of the demonstrator netwqidV radial distribution network)as well ado investigate

the scalability of flexibility potential for different network scenarios and different $yperesources andthe
correspondingimpact on network constraintsTest resultsshow that the resulting capabilities for different
resources setups (case scenarios) can virtually allow very high degrees of freedom for prefenge at primary
substation. From @&se senarios analysié can be observed thahe predominance of PV plants results in wide
capability areas but their full exploitation in the hot season can cause voltage violations; on the other side, the
exploitation of dedicated assets (i.e. STATCOM#im dase) can extend the power modulation in other time
periods and can potentially overcomiiie issues related to local voltage violations.

Even if simulation tests and the corresponding results presented in this deliverable reflect the specific
characteistics of the demonstrator saips to which they are applied, the developed simulation tools are
designedto model potentially every network scenarion order to performa broader range of analysis
Furthermore, from the holistic point of view pictured tthe single theoretical grid infrastructure presented in
D6.6, the developed simulation tools can potentially be exploited jointly, enlarging the boundary of the analysis
and allowing to study more complex scenarios. This versatility enhances scatatlitggicability of simulation

tests.

9| 81
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1. INTRODUCTION

The EUSysFlex project seeks to enable the European power systametefficient, coordinated flexibilities in

order to integrate highshareof Renewable Energy Sources (RES). One of the primary goals of the project is to
studythe European power system with at least 50% of electricity coming from RES, an increasing part &f which
made up ofvariable, distributed and Power Electronic Inteddcsourcegi.e. wind and solgr Thereforethe EU
SysFlex project aims at a largeale deployment of solutions, including technical options, system control and a
novel market design to integrate a large share of renewable electricity, maintaining theitgeand reliability of

the European power system.

In order to achieve the project objectiveshet EUSysFlex approach pursues the identification of technical
shortfalls requiring innovative solutions, the development of a novel market design to prowdatives for

these solutions, and the demonstration of a range of innovative solutions responding to the shortfalls. Other
activitiessuchas data management analysis, innovative tool development and integration and testing of new
system services in TS@sntrol centres are also included in the project approac¢he project results will
contribute to enhance system flexibility, resorting both to existing assets and new technologies in an integrated
manner, based on seven European large scale demonstrat@srmany, Italy, Finland, Portug&), France, and

the Baltic stategWork Package (WFg, 7, 8 and 9).

LG A& GKS LINRB2SOGQa 321t (G2 AyONBIFrasS GKS Tt SEAOACL
provide not only the energy, bulso the reliability and stability, through system services, required to integrate
high RESTherefore,Work Package WP) 65 SY2y AN} A2y 2F Tt SEAOAfAGE &8
0 KS RA &GN O azlyses the o iduaitedldrising frodecentralised flexibility resources connected to

the distribution grid to serve the needs of the overall power systenhancing thecoordination between DSOs

and TSOs, by means of three demonstrators located in Germany, Italy and Finland

1.1WP 6 OBJECTIYEAND RELATIONSHEESWEEN TASKS

As stated above, the primary objective of the WP6 is to analyse and test the exploitation of desemtrali
flexibility resources focusing on ancillary service provision from resources connected to the distribution grid
according to the needs of DSOs and TIW& process ikighly challenging fotboth, since it is based on the
integration, and exploitation, diirge amount of RES in the grid structgire line withthe current policies for the
decarbonisation of the emgy systemp guaranteéng, at the same timethe security and resilience of their
networks Anyway, DSOs and TSOs can take advantage of the increasing share of flexible resources ar
specifically DSOs can actively support TSOs making available distflbutieitities to the transmission networks

by the means of improved network management systems and enhanceaecat@mn processedn detail, three
sub-objectives can be identified:

1 Improve TSASO coordination;
1 Provide ancillary services to TSOs fromritisted system flexibilities;
1 Investigate how these flexibilities could meet the needs of both TSOs and DSOs.

10 81
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WP6 addresses these objectives through five interlinked tasks. Task 6.1 is related to needed Work Packag
coordination. Task 6.2 focuses on thefidition of System Use Cases (SUC) based on the Business Use Cases (BU(
coming from WP3. Within Task 6.3, systems and tools are being developed in order to set up the SUC. In Task 6
field tests will be carried out in the three demonstrators. Furthereyahe results of these field tests will be
analysed and common conclass will be drawn in Task 6.B schematic overview of all the relationships
describedabove is presented ifigurel.1 (derived from a similar figure presented in D655 SY 2 y & i NI (2
/' aSa RSHEONRLIGAZ2YE

/W P6 Task 6.1 - Coordination between demonstrators \
|

A

Task 6.2 — Definition of System Use Cases
D6.1 — Demonstrators System Use Cases description

Task 6.3 — Development of system and tools

D6.2 — Forecast: data, methods, and processing. A common description

D6.3 — Grid simulations and simulation tools. Preliminary results.

Dé6.4— General description of the used data as a basis for a general data principle.
D6.5 — Optimization tools and first applications in simulated environments

Task 6.4 — Demonstrators/field tests

D6.6 — Demonstrators for flexibility provision from decentralised resources, common view

D6.7 — German demonstrator-Grid node based optimization

D6.8 - Italian demonstrator-DSO support to the transmission network operation

D6.9 - Finnish demonstrator-Market based integration of distributed resourcesin the transmission system operation

Task 6.5 — Common vision and conclusion
D6.10 —Opportunities arising from decentralized flexibility resources to serve the needs of the TSOs. Results

\ from the demonstrators /

FIGURE.1 ¢ WP6 OVERVIEW AND REIONSHIPS WITNMTASKS

The activities and achievements of each Task, and of the whole Work Package itself, will be presented through .
comprehensive set adeliverables. In the filowing, they are shortly described, divided by Task:

- Task6.ZIS5STFAYAGA2Y 2F {eadSy ! asS /I aSaz¢
w Deliverable 6.10 5 SY2y a i NI (2 N&R | alONK/aISySiza RIKESO NRLMNiIAy2aytel
Cases from WP3 into System Use Cases

11] 81



)‘ GRID SIMULATIONS ANDIULATION TOOLRRELIMINARY RESULTS
DELIVERABLES.3

EU-Sys

- Task6.3I 5SSt 2EIYS¥aisSya yR (22f at¢

w Deliverable 626 C2NB Ol adyY 5FGFY aSiK2Ra I yR prestisQ@ea i A
description of requirements of the DSO/TSO interface, in order to hasmdhe data formats and
models for all the trials;

w Deliverable 6.3DNA R &AYdzt | GA2Yy & preseirs theidstdeésultd Abdul neiiverke t a
models and simulations from the demonstrators;

w Deliverable 6.4 DSY SN} f RSEAONRLIIA2Y 2F (G(KS dzad S Presentdi |
the description of commuication interfaces between the actors involved in the demonstrators;

w Deliverable 6.5 h LIGAYAT F A2y (22ft& FyR ¥FANEIQG prdsedisithed O
description of the optingation tools and the range of flexibilities used in dlemonstators;

- Task6.45SY2yaiNr 2NAKFASER GSaltac

w Deliverable 6.615SY2y aiG NI G2NBE F2NJ Fft SEAOAfAGE LINRODAAAZ
presents the deployment plan, including technical specifications, procurement procedures for
technical equipment, timeline for installations, and monitoring procedures;

w Deliverable 6.7 DSNX Iy RSYRNFaR Ny RS 6 & frésentd té infaration G A 2
about the German demonstrator results, including the description of the working framework;

w Deliverable 6. & L G £ Ay RSS{YR y&dZINDIAININI G2 G KS § NJ presents & & A ;
the information about the Italian demonstrator results)cluding the description of the working
framework;

w Deliverable 6.0 CA Y Y A & K RI9WRel Bageddinte@aidn of distributed resources in the
GNI yaYAadaarzy apesdntS Ve igfdrdatich abb? tiél Einnish demonstrator results,
includingthe description of the working framework;

- Task6.%/ 2YY2y @A&A2Y YR 02y Of dzAA2yé
w Deliverable 6.1 h LILI2Z NIidzy AGASa | NAaAy3ad FTNRY (KS RSOSyi
2F GKS ¢{haod wSadz (i presantdBornimadn KdbclorsSani@ r¢gcanimehdatians B ¢
FNRBY G(GKS RSY2yaAdNIG2NBRQ FOGA@BAGASEASET Ay 2NRSNJ
results.

¢KS OdzNNByid RStADGSNIOGESET 5cdo GDNAR &A Ysdfak af AT & |
G5SPSt 2 sy BSy3Y & TI VhR scope @f Task 643 is to develop the algorithms and the software tools,
which embed the innovative functionalities and the corresponding requirements defined in the System Use Cases
presented in D6.J1]. Task 6.3 deals with four groups of tools, divided by the type of application (forecast,
simulation, communication and optisgtion), which are presented andedcribed in four corresponding
deliverables (from D6.2 to D6,.fL]). Thesegroups of tools will be integrated in the demonstrator seps in order

to carry out the field tests which are the scope of K64 and will be described in a dedicated set of deliverables
(D6.7, D@8 and D6.9 respectively). Thisliderable (D6.3) deals with the description of simulation tools and their
application into new scenarios (derived from the Use Cases descriluedivarablesD3.3[1]) modelled onto the
demonstrator seiups.
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| 1.2 SCOPE AND OBJECT¥HHIS DELIVERABLE

As shortly explained in the previous section, this deliverabpeuisof a set of four deliverableshe goal ofwhich

is to present and describe the activities of Task 6.3 and the corresponding software tools and algorithms to be

exploited within the WP6.

Each eliverable deals with a specific type of tools and al¢pons, which are shortly described in the following:

1 Observability and forecasting tools: these tools are aimed to improve forecasts of variable resources
generation and availability for additional serviced the markef of the network needs and ofow the
distributed resources would behave in presence of price and control signals. They are developed within the
context to meet specificharacteristicof the different demonstrators. Nevertheless, the overall requirement
is to achieve a higr observability of the system and hence more accurate network states market
scenarios These tools are presented and described in deliverable B6@22 NS OF adyY 51 G =
t N2OSaaAayaod | GHYY2Y RSAONRLIIAZYE

1 Grid simulation tools: these tools, and the simulation tests carried out through their exploitation, are aimed
to investigate different handling and operations of the demonstrator networks. Suitable gosnavhich
model novel flexibility management within the actual demonstrator networks, are simulated in order to
assess different objectives. The flexibility potential of these networks, its impact on the distribution network
constraints and, in generathe performances of the demonstrations saps in presence of the specific
operating conditions, which may arise from the exploitation of the decentralised resources for flexibility
provision to the TSO. In addition, simulations serve as a testing artthti@hi environment for the other
tools, in preparation of their deployment in the physical demonstrationsupst Simulation tools and
simulation tests results are presented and describetthindeliverable D6.&t DNA R { A Ydzf | GA 2y &
tools. WBf A YAYI[NE NB&adz (ac¢é

1 Communication tools: these tools are aimed to suppihid communication interfaces between the actors
and systemsnvolved in the demonstrators. The existing communication platforms are inegro&nd new
interfaces are defined, in order to allow interactions between the involved actors, based on processes
described in the Use Cases. These tools are presented and described in deliveralleDD® ¥ SNI f RS &
of the used dataas abasisfor ISY SNI f REGF LINARY OA LM Sé

1 Optimisation tools: these tools are aimed to determine anskuhe range of flexibilitiesyhich are provided
by distrituted resources and needed for better coordination and integratfmoyidingthe different services
and products which are required by the TSO. These tools enhance the existing demonstrator infrastructures
and systems, enabling the optimal use of the testontrollable assets (i.e. RBfttery energy storage
system BESE Static Synchronous CompensadSTATCOM electric vehiclesE\), heat storages). These
tools are described in deliverable D&5Sh LJG A YA T FGA2y (22 & I yEByDANRY YISY
[1].

The global scope of this deliverable is to describe the simulation approaches adopted within WP6 and to explore
the new operatingconditions the demonstrator networks have to face, in presence of distributed assets flgxibilit
exploitation aimed at proving ancillary services to the Ti3€spite the common goab provide flexibilities and
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more information to the TSO, the outcomestbke simulation tests and the simulation approaches themselves
reflect the different features and background of each demonstrator.

Figurel.2 depicts the relationships betweeihe four subjectof Task6.3 anddemonstration activity offask &4,
showing the differentsimulation philosophiesadopted for demonstratorsThe tools develped and enabled
within these four deliverables are the core properties of each demonstrator developed in WP6.

Demonstration

Simulation
(Finnish)

Simulation
(German)

Forecast

i

Communication

7
—

Optimisation

Simulation
(Italian)

FIGURHE.2 ¢ RELATIONS AND DEPENDIES BETWEEN TEBR SUBJECTS AND I®W@WHICH ARE TREAVEDHIN TASK 6.3.

As seen in the Figure abovhree groups of tools (i.d-orecastCommunicatiorand Optimisation will be applied

to the physical demonstratiofield tests: each demonstrator (German, Italian and Finnish) will exploit its own
forecast, communication and optimisatidanctionalities. Anyway, even if all demonstrators share a common
philosophy in this sensg¢hey have different simulation needbased on the features and background of each
demonstrator setup: the specific scope and goals of the simulation tests are brigtgented in the following
and they will beanalysednore in detailin Chapter2.

GERMAN DEMONSTRATOR
This demonstrator setip is applied in gart of the German higivoltage distribution network; its main

scope is to plan and coordinathstributed energy resource®ER connected to higkvoltage grids in order
to enable the provision a$uitableactive and reactive poweP{Q) flexibility to the DSO higholtage (HV)
distribution grid and to the TSO exthagh-voltage (EHV)transmission gridn order to hande possible
foreseen congestions nal control voltage profile of the grid Its goal is to demonstrate that the
coordination with DSO for flexibility exploitation may be mogtable andefficient in respect to the actual
approach, i.e. the TSO solve network issues on its own, superingp@sitentially violations to the
distribution network operationsThis goal is pursued through the generation of suitabtengestion fred>-
Q maps and P and Q flexibility ranges that can be accessed by thantS@proving the communication
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between DSOrad TSO. Sindde Germandemonstrationproposes a completely new operating approach
and a new integrated physical sep, the simulations are needed for two reasons: assessing the proper
functioning of the developed algorithms in the whole system in prafjan for the field tests and
investigating how the demonstrator sefp performswhenapplied to some real cases.

ITALIAN DEMONSTRATOR
This demonstrator setip is applied in gart of the Italian medium voltage distribution network; its main

scope is to exploit the controllable assets connected to distribution network for supporting ancillary service
provision tohigh voltage transmission netwarks goal is to demonstrate that thedready connected DERs

plus some dedicated assets (BESS, STATCOM) may be managed aseddptiaily by the DSO in order to
provide suitableand congestion fre®-Q flexibility rangdor TSO at primary substation. This goal is pursued
through the provi®on of aggregated reactive power capability and a cumulative parametric curve
(energy/cost) for active power. The concept of the aggregation of flexible resources at distribution level is a
substantial innovation for the Italian national scenario. The afnsimulations is to estimate how much
flexibility could be achieved for different scenarios and to assess, which range of flexibility could be actually
exploited without violating the distribution network constraints, i.e. guaranteeing safe and efficient
operations of the distribution network.

FINNISH DEMONSTRATOR
This demonstrator setip deals with aggregator activities related to flexible resources indogvmedium

voltage gridsThese flexible resources can be e.g. custeowened batteries, public EVharging stations or
largescale batterieslts main scope is to manage the lamd mediumvoltage flexible resource order

to allow active powerto be exploited in the TSO ancillary service market and for reactive power services to
the DSO. Its goal t® increase the revenues achievable from the operations of flexible assets and it is
pursued through innovative aggregation approaches and a novel reactive power market coritept.
investigation of different operating conditions in presence of flexibgditexploitation, which is the main
objective of the simulation testsfor the Finnish case fallsespectively, in market optirsation for the
active power services and in PQ window forecast for the reactive peamicesBoth these tasks do not
require any network simulation antherefore the relevant simulationgmarket simulationsjor the Finnish
demonstrator are not in the focus of this deliverablghey will be presented in otherdocuments. i.e.
deliverables D6.2 and Dg.g.

The scopes and goals described above, even if specifically foonteel needs of each demonstrator, are aligned

with the overall objective of t§ 2t cX A®PSd al ylfeasS GKS 2sed dxbiitgzy A
NE&2dz2NDOSa O02yySOGSR (2 GKS RAAUGNRAOdzGAZY 3INARR (G2 as
Simulation tools and approaches described so far represent a part of the whole deatons<set-ups, so they

may not completely fulfil the WP6 objectives on their own, since the demonstrators activities in their entirety are
meantto do that. Besides this, it is clear from the above descriptions that simulation tests support, evem if in
differentwayand extent, the Work Package objectives descriieskctionl.1, here reported again for clarity:

1 Improvement of TSSO coordination
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1 Provision of ancillary services to TSOs from flexibilities in the distribution system.

1 Demonstrating how flexibilities in the distribution grid can be used to meet the requirements of both DSO and
TSO.

A final assessment of the contribution of simulatiaols and approaches to th&/ork Package objectivds

presented in Chaptes.

The simulation tests carried out within Task 6.3, inevitably, envisioned scenarios whig be beyond the
technical capability of the networks and systems and also beyond the regulations presently in effect; moreover
they show possible ways to deal with these scenarios and so, in addition to their contribution to the
demonstrators activitis, the simulation results could be relevant for TSOs, DS&&nal Regulatory Boards,
ResearclAssociationsand all the other entities and stakeholders, directly or indirectly, involved in the evolution
of the electric power networks.

In the following chpters, the simulation activities are analyseddetail for each demonstrator, taking into
account their impact on other demonstrations activities, assessing their contribution to the overall objectives, as
well as how they complement andupport each otbr, leading to a holistic approach suitable for future
challengesFurthermore, the results achieved from simulation teate presented and discussedcheBeresults

are to be consideregbreliminary, since theyaim at verifying the operations and the reliaility of the tools and
systemsand investigatng specific operating conditioni& preparation for field tests: thewill be complemented

by the resultdrom the field tests which will be presented and reviewed in deliverables D6.7, D6.8 and D6.9.

1.3STRUCTURE OF THIB2ERABLE

This deliverable is meant to be comprehensible and-amitained in content but, since it is part of the set of
deliverables in Task 6.3, it must be always considered as one part of a largeraseagplained in chaptérl

The document structure is as follows:

1 Chapter2 describes thegeneral objecives of each simulationvithin their specific environments, highlight
differences and communalities between the approaches followed, and also point out the innovations
which come along with these new approaches;

1 Chapter3 and Chapter $resent thesimulation approach and first results eimulated scenarios for the
Germanand ltaliandemonstrator respectvely;

1 Chapter5 describes how the simulation approaches could be used inoanbined application, in an
holistic view,

1 Chapter6, as a conclusive chapter, providessammary and an outlookwvith ongoing research and open
questions
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2. OVERVIEW OF SIMULANIAPPROACHES WITMIR6

Within the Work Package 6 activities, the simulations take on two main purposes: testing the operatidhs and
reliability of the software parts (tools and systems) of the demonstratorupst and investigating specific
operating conditions, in line with the project assumptions and scopes, which cannot be replicated and tested in
the physical setps of the dermonstrators. Both these tasks need to take place in between the development of
algorithms and software tools and the field test activitiegy(re2.1). In the developmat track, simulations serve

as a check for the development work, for assessing the reliability and correctness of the software coding as wel
as for gaining valuable feedbacks for further improvements. In addition, they serve as a preparation for the
testing activities to be carried out within the physical-sgis, returning a preliminary analysis, which is helpful for
setting the suitable operating conditions for field tests.

Development m Field Test Real Operation

FIGURR.1 ¢ DEVELOPMENT TRACKVIRG

As briefly described in sectidh2, despite sharing the global scope and objectives, simulations approaches are
combined differently betwee the demonstratos, because of features, constraints and specific needs of each
demonstrator setup. How these approaches will look like and how they compare to each other and what
questions and challenges can be solved by them, will be shown in theifajleections.

2.1 OBJECTIVES OF SIMLON WITHIN WP6 DEMISTRATORS

In this section, the specific characteristics of the simulation approaches adopted for each demonstrator are
analysed in detail, giving a complete view of the objectives pursued througHasiomutests. In addition, the
reasonswhy network simulationsare not necessarfor the Finnish demonstrator are explained in detail. In the
next chaptersof this documenthe simulation activities of German and Italian demonstrators will be presented.

GERMAN DEMONSTRATOR
The German demonstratios based on a part dfigh voltagedistribution gridin the east of Germanyonnected

via 16 HV/EHV primary substations to the EHV transmission networkleardcterized by high installation of
distributed energ resources (DERs) and relatively low load. While the population and industrial centre in
Germany is mainly located in south and west, this imbalanced distribution of the energy generation and energy
demandcauses currently often congestions on the transsion grid With increasing generation connected at
distribution level(DER)the exploitationof flexibility of distribution grid to solve transmission congestion (EklV)

a priority. The main questiorthat needs to be answerei$ how to utilse the flexibility under the perequisite of
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local grid safety. The local limitation will be considered in the optimisation toolantitef introduced in detail in
deliverable 6.91].

Within the German demonstration DER flexibilities are aggregated at the grid connection points (GCPs) by the
5{h aAldySaGl &dzZlRNIAy3d (GKS ¢{hQa oAy (G(KS DSNXYIy Ol
expectal that this aggregation and use of flexibilities give both technical and economic advantages. The current
German Energy Act allows already the utilisation of ancillary service from connected DERs and will be even mor
liberal and transparent in the futuréAccording to the latest law change, an effective and economical use of the
flexibility in solving grid congestion is requested. The scope and goals of the German demonstration of project EU
SysFlex matches exactly this request. The demonstrator to berngpited for the DSO Mitnetz would be a key
point in fulfilling the request. To implement such a complex system at the grid control centre, it is essential to
test, deriskand verify the demonstrator before applying the physical assetdhe grid simulabn with realtime
capability is irthis case the suitable method.

In the German demonstratiqnhe grid simulator and grid optimisation are built as two independent paénsco-

simulationis realised through unified data interfacand cesimulation tool The reaktime grid simulatoris able to
represent the gridstatuswith enough accuracgnd containgproperly modelledassetsWith the grid simulator,
the optimisation tool of the Germandemonstration can be evaluated arfdrther innovative research oithe

I & a Bdal®eéhaviouand its impact on the gridan be carried out.

As short conclusigrthe simulation is required in th@erman Demonstratiofor the following reasons:
9 Verification of grid topology andsses modelling,
1 Analysis of impaatf different asse@ 62haviourson the grid status
1 Evaluationof the preliminary optimgation results in the simulation environment.

The innovation brought by the grid simulation lies in its functionality andimmlation capability with a remote
demonstrdor, and in the potential of application for further gird operational research purposeshé real
operation phase, a laratory demonstrationwill be synchrorsed with the grid control centreas a sacalled
digital twik g KA OK g A f f phése ia@udlleldeolthe fieyd tebt. Afmbré detdiled description will then

be given in thadeliverable 6.7 This concept describes a future scenario, in which a second system shares exactly
the data interface and functionality of the original system adackup and black box. For the German
demonstration, a second system (the laboratory demonstrator as digital twin) can receive the sarees thea

DSO demonstratorThe grid simulator will be used for the verification of opsation in the laloratory
envronment to serve as extreerification tool and analysthe potential riskunder special cases.

The preliminary simulation results in this deliverable give a full functionality verification of the tool itself.
Furthermore,the case study gives a deeper understanding of the grid impact of differentéalSsbtviours and
the performance of the optimisation tool, which collects also valuable information for the field tests.
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ITALIAN DEMONSTRANIO
The Italian demonstration ibased on gpart of the Italianmedium voltage distributiorgrid, connected via a

HV/MV primary substation to the high voltage transmission network ematactersed by a high penetration of

DERs (mainly PV plants) and relatively low load (being in a mostlyarea). This network was formerly chosen

as suitable test network for smart grid solutions, specifically network management systems and flexible assets,
focused on improving the voltage control, reducing bfedding, avoiding curtailment and incréag hosting
capacity. For these purposes, an innovative software module was installed within the network SCADA system: the
NCAS (Network Calculation Algorithm System) integrates the necessary algorithms for networkatptinim
presence of flexible asseand it is able to cope with different types of constraints, including mteitiporal
constraints. A detailed explanation of the optsation functionalities included in the NCAS module is presented in
deliverable D6.%1]. The NCAS module was not designed to perforntiredf simulations, since it can be operated

only within the SCADA system.

The provision of ancillary services from the distributed teses to the transmission network envisioned by the
EUSysFlex projectif applied to current Italian electricity system would require a challenging change of
perspective; indeed, the exploitation of power flexibilities from distributed resources in, ttalyently is not
operational and the debate on this topic is ongoing, within the Regulation AuthBgtpresent regulation§)SOs

are neither allowedto aggregatenor to provideflexibilitiesto the TSO. In such conditions, the innovation extent
endored by the ELBysFlex Project translates into a completely new way to consider and perform network
operations in the distribution networksHence it is essential not only to improvthe network management
systemsaccordingly but also to assess the actupbtential of DERswhich can be aggregated at primary
substation level This task inevitably requirevolvingfrom the actual physical arrangement of tdemonstration
network, modelling new network arrangemerttsat allow DER flexibility exploitation.

Fa the reasons outlined above, a suitable simulation approach is identified: the NCAS algorithms are modified
and installed in a dedicated simulation environment, in order to exploit the functionalities of the NCAS module in
off-line operations and apply #&m to different operating scenarios, focused on the assessment of the flexibility
potential of the demonstration network.

Specifically for the Italian demonstration, the objectives of theliof simulations cabe summarsed as:

1 Analysis of the actual nge of total active and reactive power capability of the demonstrator network, within
the primary substation boundary;

9 Evaluation of different network scenarios, in order to investigate the scalability of flexibility potential for
increasing numbers of figble resources;

1 Evaluation of the impact of flexibilities exploitation, in different operating conditions, on network constraints;

1 Assessment of the relevance of exploiting different typé flexibility resources, including network assets
(such as STAT® and BESS) and dispatchable energy sources.

The innovation brought by the simulation tests carried out for Italian demonstrator consists in the opportunity to
extract a portrayal of network operations in presence of high levels of flexible RES, cldse aperating
conditions envisioned in th@roject assumptions. This type of analysis cannot be riake relying uponthe
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physical demonstrator onlyThe corresponding results are vevaluable for supporting the vision of distributed
flexibilities expldiation for network purposes, both in Italiaglectricity systemand in the parEuropean context.
Additionally, the simulation tests results can be used as a reference for preparing fieldndétslicating which
resources cannot be exploited fully due ¢onstraints violations, on which time the flexibility range is maximum
or minimumand how many tap shiftingt the MV/HV transformeare necessario support flexibility exploitation
while keeping voltage within the limit§urthermore results likewhere and when feeder congestions may arise
as well as several more results willdieful All this information can be used for defining coherent and sound test
cases ando identify the suitable settings of the network assets to be applied in the field.tests

Concluding, the preliminary investigation performed through the simulation tests return a deeper knowledge of
the network behaviour in specific operating conditions, facilitating the subsequent field tests and returning
valuable information for the poteial future evolution of distribution networks and corresponding regulations.

FINNISH DEMONSTRATOR
As briefly explained in Chapter 1, network simulations are not relevant for the activities related to Finnish

demonstrator andhencethey are not describedn this document.However,the background othe Finnish
demonstrator, its specific scope and objectivage reviewed and the reasons behind the choice to carry out
market simulations instead of network simulations are explainedetail.

The Finnish demonstrator uses the flexibility of various assets connected to the medium and low voltage
networks in order to provide frequency control services to the TSO and reactive power compensation services to
the DSOThe purpose of the Finnishdemdrii N} G2 NJ A& (2 f221 40 (GKS A&aadzsSa
bring the marketdriven aspect to WP6. The core of the Finnish demonstrator is not only to look at the
demonstration from the technical characteristics, but also to determine the econ and market aspects of the
solutions.

Regarding theactive powerservices to the TSO, the small sbrel numberof resources and the dimensioning of

the distribution networkin the demonstration areare sichti K & dzaAy 3 (G KS I 4 &a8sé a Q
congestion or voltage problems in the network. The distribution network in Helsigkirban areds strong and
robust and does not have issues with congestion. Furthermore, the Fim@stonstration will setup the
demonstration according to thexisting TSO ancillary market rules, which do not involve local DSO. The operation
in the TSO ancillary markets considered in the demonstration is between thehESfggregator and the asset

Since the DSO does not take part in fAR%0 ancillary markeoperation nor know which assetonnected to the
distribution network are participating in the markets, no network simulations of the distribution grid are
performed nor neededfor the frequency regulation provision to the TS@® the scope of the Finrtis
demonstration.

Regarding the reactive power services to the DSO, there is a need for the DSO to evaheddsis advance.

The objective is to minire¢ the times and volumes by which the exchanges between the TSO and DSO wander
out of the allowed PQvindow. The P&vindow refers to the TSO/DSO connection points and is set by the TSO. If
the limits are exceededhe DSO must pay penalty payments to theOT8ased on experiences, it is estimated
that a forecasting method based on past active and reactive power exchanges and on temperature fongtasts
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give good results. Thus, a detailed network simulation is not envisioned in this case either. Thehefd?&
window estimation is a forecasting problem, which will be reportedD®.2 Forecast: Data, Methods and
Processing. A common descriptids.

In the Finnishdemonstration the objective is to increase the revenues obtained from the operation of the
available, so far untapped, flexible asselhese assets are targeted to provide frequency services to the TSO
through the existing frequency marketsuch as the Frequency Containment Reserves for Normal ope(&ER

N) or in case of large Disturbanc@3CRD)). The balancing of the aggregator is also taken into account and future
possible markets will be considered in simulations (such as a mavrkét’sf | NJ 42 LNBflFyRQa CI
(FFR) markét

The purpose of the market simulation tis analyse the economic and market potential of aggregating small
flexible assets connected to the distribution network to bigger entities eligible to tige arieillary markets. On

the other hand, the Finnish demonstration will test a DSO reactive power market as a proof of concept. The
demonstration will be a technical test with two assets, a lssgale battery and a PV plant. However, a vital
aspect of thereactive power market demonstration will also be to evaluate whether the approach would be
economicallysustainableor the DSOs, aggregatanad asset owners in the future.

Since market simulations differ highly from the purpose of this deliverablecentrating on the network
simulation, theresultsof the market simulations performed by the Finnish demonstration are not inclutied.
market simulations include the economic aspects for the aggregator and the asset owners. In the simulations,
future potential of flexibility resources connected to the distribution network is evaluatateShe DSO does

not participate at all in these market operations nor know which assets are activatédK S ¢ { h Q& |\
markets, no grid simulations are perforgh@or applied.The results of the market simulations will be reported in
D6.9 Finnish Market based integration of distributed resources in the transmission system operation

2.2 COMMUNALITIES ANDRBEENCES BETWEEN THE APREHES

In this sectionthe two different network simulation approaches adopted for German demonstraad Italian
demonstrator are briefly compared, in order to highlight their main differences and agralities.

First of all, it must be noted thathese two approaches must be necessadlifferent since they deal with
different network topologies, different types oietwork management processes aulifferent typesof assets as

a results, the corresponding network simulations differ. Apaoirf the intrinsic differenceselatedto the distinct
demonstrator backgunds asignificant differencdetween the approaches is hothie algorithms exploited for
simulations are arranged and bu#ip: in the German case a dedicated standalone modular software tool is
developed, while in the Italian case the SCADA calculation algorithms are implanted in a custoffi one
simulation environmentThis aspect is influenced by ahet difference between the two approachese. the
way they are intended to be applietithin their belonging system3he German simulation tool will be exploited
repeatedly in parallel to actual network managemenb verify the grid operating conditits for different
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flexibility managementThe Italian simulation environment will be used-demand whenever is requested to
model and toanalyseoperating conditions different from the real onesd to assessheir impact on the
network.

Another relevant difference is related to the scope of the simulation testsich, inthe German casas to
perform time-domain quasdynamic simulationseproducing the full operating processpnsidering all the use
casedrom forecast to optingation, as it wouldake place in real operationtn the Italian caseitis to investigate
different operating scenarios through static simulatiofr®r these reasors the German simulation tool considers
variable time step with a higher resolution of 1ceed, while Italian simulations have a fixed time step of 15
minutes (same as the time step used by 8@ADA in the real operations).

Besides these differences, which are mainly related to the way simulation are exploited within the demonstration
frameworks, the two approaches have also some features in common. They arénichiiingmodek of OLTCs,
consideing different DER control schemessingdifferent load and generation profiles, modted power and
voltage constraints fixed by the upper voltagetwerk (EHV for German case, HV for Italian caseyriat
connectionpoints, and perforning different scenario simulatiogwith a simple input parameter adjusting.

Concluding, these two approaches are very simikgardingthe modelling capability and thepplication
versatility, both being able to carry out a wide variety of analysis; on the dthed their main differences arise
when they are put intathe context of their respective demonstration, being developed to cope with specific
analysis backgrouhand for reaching different goals.

2.30PEN QUESINS WHICH SHOULDASWERED BHESIMULATIORN

The simulation approachgsesented in this documenand the results achieved through their application to the
demonstration setups canprovide valuableinformation about the exploitation of distributed flexible resources
and their impact on te network operating conditionsConsidering the demonstrats backgroundsvith their
specific needs and the corresponding simulation objectives, the simulatiomt¢egtvements are summaed in
the following, for both German and Italim@monstrations.

Within the German demonstrationthe analysis pursuedith the help ofthe simulation tool allowso determine
the impact of flexibility activatiofrom DER in distoution gridson the grid status for different cases

In detail, simulation results allow to:

1 Assesshe impacton HV grid withdifferent localreactive power control modes
9 Assess the impact on HV grid optimisation from automatic OLTC in the grid;
1 Assess theeaction ofHV grid under risk scenariesthout DSO optimisation

1 Assess the HV grid status under flexibility provision with DSO optimisation.
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Within the Italian demonstration the simulation process allows to evaluate different case scenandh an
increasing flexible resources availability, assessing the impact of aggregated flexibility gaplaita the
network. In detail, simulation results allow to:

1

= =4 —a A

Assess active and reactive power flexibility theoretical ranges and compare thenpawiér exchange at
primary substation in normal operations;

Assess how and in which conditions flexibility exploitation may leatbtations ofnetwork constraints;
Assess how the OLTCs operation may be impacted by flexibility exploitation;

Assess how dirent type of flexible assets can contribute to the global flexibility range;

Assess how the aggregated reactive power capability range changes for different days of the week and
seasons of year.

In the following chapters, the simulation approaches ahd torresponding tests carried out for German and
Italian demonstration are presented in detail, giving a comprehensive description on how the above
achievements can be reached.
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3. NETWORK SIMULATIOQH-THE GERMANEMONSTRATOR

This chapter presenthe simulation approach and the corresponding tool deped for German demonstrator.
As described in detail in Chaptrthe innovation brought by this simulation apgch lies in its functionality and
co-simulation capabilitcomplyingwith a remote demonstratgras well as itpotential of application for further
grid operation research purposes. In real operation, the simulation toolbeagynchronised with the gricontrol
centre, sharing thesamedata interface and functionalitgsthe original system, performing as a backup and black
02E OA®SP® & RA IPhé brid simiulatbrgan be Ged/ forShdivérification of optimisation in the
laboratory environmento serve as extra verification ta@nd analyse the potential risk under special cases.

Thepurposes of simulation tests withithe Germandemonstrator are here summarized:
9 Verification of grid topology and asset modelling,
1 Analysis of impact dfifferent assed 2haviours on the grid status,
9 Evaluatiorof the preliminary optimisation results in the simulation environment.

The preliminary simulation resulfgesented at the end of this chapteive a full functionality verification of the

tool itself. Furthermore, the case study gives a deeper understanding of the grid impact of different asset
behaviours and the performance of the optimisation tool, whadho collects valuable information for the field
tests.

3.1INTRODUCTION

The Germardemonstratoris mainly developed to optinse the operational conditions in the HV grid of German
DSO MITNETZ STROM and to support the upstreaningeitabling provision of available active and reactive
power flexibilities. These flexibilities are offerddough the EHV/HV grid conjunction points. In the opsation

of the German demonstration, it is considered not to violate distribution grid contingency while flexibilities in
distribution grid are activated to solve congestions or voltage violations in transmission grid. The detailed
information about availal@ flexibilities indistribution gridare clusteredto GCPs and TS050 transformersso

that the TSO gets atlecessarynformation needed for its system operation and at the same time, the amount of
information is minimised to meet data thrift goal$he approach of the German demonstration is to enable a
stable scheduldased process of congestion management and voltage control in ordexdtivessfuture
requirements of system and grid operatioto further integrate variable RESherefore, it show the availaility

of flexibilities connected to the distribution grid and the needs for coordination between DSO and TSO.

The technical reaation of the German demonstration is based on six system use ¢8tK3)(shown inFigure

3.1), described in D6.11]., which are based on two business use cases (BUC) for the German Demonstrator
described in D3.31]. These two BUC describing the processes related witlptbeision of active and reactive
power flexibility. The related siSUCare about internal and externatommunicationof demonstrator and DSO
control center optimisation of the distibution grid, an enhancedower system statdorecasting toincrease the
accuracy in theschedulebasedprocesses and the calculation of available flexibilities including the processing of
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activation requests. Within these use cas#®ere are severabasicfunctionalities included, like contingency
management of gtribution grid and state estimation.

-------------------------------------------------

4 il
I sucDE Y o . o dietributi R SUC DE Data
: Forecasting : ll SUS D:E Losls o;I)tlmlzatlon I+ congestion management in distribution \‘ Management
H ForPandQ : |' grid + local voltage contro :
1 HE
: ' !
1 : : SUC DE Enabling Provision SUC DE Enabling Provision :
: : : of Active Power to TSO of Reactive Power to TSO 1
H 1
H 11 1
: : : incl. grid estimation + incl. grid estimation + :
1 : : optimization (day-ahead and optimization (intraday/ Q and :
: 1 : intraday) V) 1
1 HH !
: X -
1 .. . 1
H i [ Optimization tool ] i
1 1
H i ! i
I il [ Grid simulation tool ] !
H 1y 1
1 [ Y ]
| AN d
\ ’ ’

i o

FIGURB.1 ¢ USE CASES, FUNCTIONAES AND TOOLS REONBHIPS SCHEMEGERMAN DEONSTRATION

The observed grid in the German demonstration, with its approximately &060®V lines, includes more than
11GW in installed capacigt HV/MV substations and 16 DSO/TSO interconnection points with 40 transformers.
The installed capacity @ER exceeds 5.5 GW with over 1,500 units and more than 4 GW in RES. That results in.
conservatively estimated range of available reactive power flexibility betw@®0 MVA and +280 NA.
However, hisis a reducedeactive power flexibility range, beca@ not all units can be controlled to adjust the
reactive power sepoint. The notdirectly controllable units operate at a fixed power factor according to a
defined Q(U) behaviour (droop controlyaking all these requirements and constraints into actpthe grid
AAYdzZ FGA2Y LINPOGARSAE +y ARSH G§Sald SYy@ANRBYYSy(d Iyl
functionalities and analyse their results.

3.2DESCRIPTION OF THHHBEATION PROCESS

In the following chapters, multiple aspects of the grichglation tool of the Germardemonstration will be
introduced. The grid model and components used in the simulation are introduced in chapter 3.32&hdhe
details of modelling grid controller will be discussed in detail in chap®@i3 The scenarios ahthe time series
data to be simulated will be discussed in detail in cha@e4 A special casstudy is introduced in chapter
3.25

3.2.1COMPONENTS OF THEBGGRMULATOR

To fulfil the objectivesdescibed in Chapter 2.3 the grid simulator is scalablend adaptive to meet the
requirements of different simulation scenarios. The simulator is designed to perforatimeakimulation at a
discrete time step of one second, which can also be user definedawgertime step of 30s, 60s, etc. The grid
simuator has a modular design, so that the functionality of each component can be developed and tested
separately and stays uncoupledne to the other. Figure3.2 shows thecomponents and data flow in the grid
simulation.
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FIGURB.2 ¢ SCHEMATICSF GRID SIMULATIONGERMANDEMONSTRATION

Sincethe goal is to analyse the midand longterm stability ofthe power system, the shoiterm/transient
stability isnot in the scope of the simulation and will not be considerBdie to the specific requirementt)e grid
simulator is mainly designedor quastdynamic simulationin which fast dynamic, frequency deviation and
generator angle variation are ignored and assumed already balamgedextensive analysis of the dynamic
behaviour of large transmission system with high penetration of RES is carried out in WP2.

The process of grid simulation can be separated into two parts (remote andslouahtion). In the local part of
the simulaton, the behaviour of equipment will be modelleahd the ime series and planned events (topology
change) will be configured. In order to account for innovative real grid operation aspectisctibehaviour of
DERs&nd theOnLoad Tap Ginger(OLTC) witout any remote control, which can be configured with parameter
as it is in the real operation or according to the user defined casest be properly modelledn the grid
simulation tool The modellingof DER and OLTi€developed in the Matla® Simulink®) with the design goal of
being adaptive and vectorised, so that with the adaption of initial data the behaviour of N elerseatjusted.
The detailed modellings presented in chapte3.2.3 Since the grid simulator shoukimulate the real grid
operation under defined scenaripshe simulation isreattime capable.The Simulini® Desktop ReatHimen
environment is used for the time synchronisation for the whole simulation.

As power flow solvepandapower[2] (based on Python) igsed for the simulation in Geram Demonstration
which calculates the voltage and load flow ielectricalpower grid. A significant advantage of pandapower is its
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standard, opersourcal data structure for the description and modelling of real grids. Since pandapoweiltis
on top of Rindas andan improvedPypowef library, it integrates the advantages from both of thewith Pandas
offering flexibility in dataprocessing data exchange in common information formaty.in JSON formaand
convenient interfacing to database, whiRypower offers the standard MatpowdB] BusBranch modelling.
pandapower is a reliabland convenientool for the power flow-based analysiespecially fo grid opeation and
planning. Although @ndapower was originally designed for load flow calculation for static grid, ingtiie
simulator, with theassetmodellingin Simulinkg) pandapower is also enabled for tirg®@main quasidynamic
simulationas the load flow slver. The data communication between Simul@dnd pandapower load flow solver
is realsed by local socket communicati@s shown irFigure3.2, which is a common method for highly efficient
localinter-process communication.

Theprocess dataf the simulation &lso simulation resuljswill be archived imdatabase calledMongoDB as key

value pairs at a usetefined rate e.g. every 30 seconddongoDB is a popular and higierformance databank
(non-SQL) with a flexible document data model. An additional measurement error block can be added to the data
flow with the archived data points in MongoDB, so that the common nowistfibuted measurement eors of
measure equipment can be considered and simulated. Similarly, the events block can be added for given tes
cases, Wen topology change and facility status change is required.

In order to enable the onlingimulation of the grid simulator withhe demonstrator, he communication
between remote process and local procesemlised by the csimulation framework name®pSim4] (shown in
Figure 3.3). In which the communication for the retime/non-reattime simulation of a multagent cross
platform system can be easily reslil. Multiple examplefave beeralready extensively studied in th@eceding
research projeOpSim and OpSimEval and verified OpSim to be a sustainable and scalable tosirfarlabon
in the aplication field of power grid.

(Non)real-time power  Distribution grid Transmission grid FTP-server with time
system simulator optimization optimization series and forecast data

T

: B | a2 |-, y
I | &
Proxy Proxy — "' ‘

Client Client - i

b

( Message bus

I e e
1 1 API
interface  VHPread L : stan far
- -~ - ! interfaces
s ol

Mastercontrol- Virtual power Controllers,
program plant operative software

FIGURB.3 ¢ SCHEMATICS OF OPSI®SIMULATION FRAMERKO

! https://github.com/pandasdev/pandas
2 https://github.com/rwl/PYPOWER
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In the remote process, thiaboratory demonstrabr will be deployed and testedThe core components and the
data flow between the components are shownFkigure3.4, which areCIM CGMES convertor to pandapower
data structure nameIM2PP, State Estimation, Grid Congestion Management and &itoni

Virtual DSO
e Demonstrator
Grid Simulator N
Data Exchange
—
Y Running on bee with Pandapower
Network
v
OpSim L Grid I opsineciM > CIM2PP » State Estimation
Measurements
A 4
. o ri ngestion
[«———P, Q Setpoints Optimization |« Grid Congestio
Management

FIGURB.4 ¢ CORE COMPONENT ANATE FLOW IN THE DEN®TRATION

The demonstrabr receivesgrid models through exchange of standar€IM CGMES-iles, which will then be
converted to pandapower networks for internatocesshy the component CIM2PRhe optimisation result (P, Q
setpoints of DERpwill betransmittedto the gridsimulator againthrough OpSimThe tools in thelemonstration
are implemented modar and uncoupledTheprocess chain within the demonstratiagsrealised on the beeDIP
[5] platform, which is a platform to integrate different tools for the grid operatioriginally developedat
Fraunhofer IEEshown inFigure3.4) and will also be used in the realisation of the field t8$te uniqueness of
the laboratory demonstrator comparing to the DSO demonstrator is thxraeOpSim data convertor
(OPSIM2CIM whichexports the required CIM CGMES files based on data from OpSim.

3.2.2NETWORK DATA

The simulation objects of the German demonstration are the HV and aggregated MV grids from the DSO MITNET
STROM. Mitnetz is a distribution system operd@E0)n Eastern Germay with the responsibility of operating

HV, MV and LV level grids across parts of the three federal states: Brandenburg, Sag@eaxonyAnhalt. The

grids in Saxony are divided into two grid regions (West Saxony and South Saxony). The four grid regions
Brandenburg, West Saxony and South Saxony, Saxony Antiatnormally operated unconnectea@nd only
coupled through the EHV grid operated by the TS0Hert?. The HV grid (110kV) of Mitnetz is characterisgd

their high DER infeed, especially in the grid region Brandenburg and Sarbalit. In 2018, the RES integrated in

the Mitnetz gridpresenteda total installed capacity of 8.87 GW, which inclsideer 4.8 GW wind, around 3.5

GW solar, 0.33 GW biomass, 85 MW tayend 13 MW others, according to the official numb&om Mitnetz,

The local grid has already a DER/load ratio of 1@4%nnual meanA geographical grid map with lines, where
congestion has occurred at some specific momeistshown inFigure3.5. As can be seen in the grid map, in
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order to be able to deliverflexibility from local DER to the EHV Grid, the frequent appearance of local grid
congestion musalsobe taken into consideration.

FIGURB.5 ¢ GRIDMAP WITH THE LINE$H®BRE LOCAL CONGESTCCUREDN MITNETZ HV GRIBOURCE: MITNE[B))

The basic information of the local grid conjuncsdo the EHV grid of TSO 50Hertz is liste@idble3.1

TABLB.1 ¢ GRID PARAMETERS RETSIMULATION

Subnet 1 Subnet 2 Subnet 3 Subnet 4
Name West Saxony South Saxony Brandenburg SaxonyAnhalt
Number of Grid Conjunction Poin| 3 6 4 3
Number of BHV-HV Transformer 7 13 10 10

Mitnetz delivered the grid data in the format &IM CGMES filefor details please refer t§7]) as shown in
Figure3.6. The real time serieare deliveredby DSOMitnetz directlyasstandard CIMCGMIESfiles, whichprovide
snapshos of the gridevery 15 minutesThe CIMCGMESiles are converted to pandapower netarks, so that it
can be conveniently converted to time series required in Simulink (M&tiehe series format)with existing
tools. The sta¢ estimation module in pandapowds used to exclude possible interpretation ersoin grid
modelling and to get more accurastate datafrom the measurements. The CIMGMESile has resolutiosof 5 -

15 minutes,and the time series willthen be interpolated to ahigher resolution (about 1 second for the
simulation). A one time step all four existing grid regions at Mitnetll be delivered in one set of CINIGMES
files. EHV grid (transmission lined)etween grid regioa and to external gl regions are disconnected, which are
modelled in CIM as substitute HQad. Each grid regidmasits own voltage reference nodéslacknode)
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FIGURB.6 ¢ DATA PROCESSING REAL TIME SERIES

For the grid simulatiorfollowinggenerated time series and real time sergs used
1. Variable day cas@eneric time series)
2. \oltage collapse 084" of October 2018 (real time series)

The variable day case was created basedms snapshot of the grid statén this snapshothe consumption and
generation inthe HV and M\fgrids (aggregatedoads and the DERvary between zero and the observed value
randomly, the EHV grid is considered to be constant in this céisee seriesvith randomly generated grid states
are generated this way and adesigned to simulate the HV grid state under large variation.

3.2.3ALGORITHMS AND MODENG

In the grid simulation, the grid topology modelled static (influence of parameters from temperaturand
transient process will be neglected) and following equipment behaviour are considered:

1. Adive and reactive power of DERS;

2. Tap switching of OTC transformer.
Sincethe simulations are carried ouh quastdynamicmanner, the load dynamics e.g. dynanbehaviour from
largeelectrical maching and generatorare considered to be already outbalanced and hence being constant

MODELLING OF DER
With increasing number of connected DERs to the MV and HV Grids, the grid simulation needs to consider the

behaviairr of DERs undeatecentralised controind central DSO optimisationOn the Mitnetz H\grid, the DERs
includng large Wind and PV parks areetliocus ofthe simulation since they are also thmain source of the
flexibility within the project scopdn order to model the DERSs for quasinamic simulation, a simplified dynamic

DER model is developed. The internal state is assumed to be constant, and the active power and reactive powe
are directly available at the grid interface.

In the real grid operatio, the active power of the DERs (mostign-synchronous machinee.g. PV and Wind
parks) is mostly limited by the availability of wind and solar irradiance amd, giid congestions and without
planned or unplanned outage, DERs will maximise the activeepinjection as they can. The reactive power
modes of the DESIn the simulationare listed inTable3.2.
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TABLE.2 ¢ DESCRIPTION REACTVE POWER MODE OFRSENIHE SIMULATION
Mode name Q Behaviour DSO Optimisation
Qo0 Q=0, no reactive power injection Not available
Cosphi Fixed Power factor (PF) = 0.95, capaci] Not available
QU Infeed Q according to the Q(U) curve | Q(U) curve can be remote controlle
Remote control Remote Q sepoint Setpoint can be remote controlled

In the simulation, the following Q modes are considered: Q0, Cosphi, QU and remote control. QO represents the
mode where no reactive power is being injected; Cosphi stands for an operation with a fixed power factor; QU
describes reactive power provision according to a defined Q(U) etaoge and remote control means providing
reactive power according to a direaaeived Q sepoint. All the DERwill be allocated with one of theeactive

power modes QO, Cosphi an@U are the Q modefor the DERs in the analysis of decentralised reactive power
control. The remote setting of Q(khurve as listed imable3.2 is not considered in the simulatioim current
phaseand thus disabledRemote control mode iswutomatically activated when a Qsetpoint is given The
completeDERmodel isshown inFigure3.7.

Model of DER
P-profile —>
: P-Controller »  P-Delay
( P-setpoint > |
< PO »(_ PDER )
S Saturation N O-DER >
Vmeas >
( : Q-Controller »  Q-Delay -
(QSetpomt >
A
(_ QMode

FIGURB.7 ¢ SCHEMASTICS OF DEFDHELLINGN GERMAN DEMONSTRAN

TheDER modetonsists of following blocks:P-Controller andP-delayblock for the PTibehaviour,Q-Controller
with mode selectorand Qdelay block, PQsaturation. The Pprofile here defines the availability of the active
power. If the Pset-point is given, the DER will follow thes&-point without exceeding the 4profile. Else, the DER
will infeed active power according topgPofile. As for the @ontroller, modes Q0 and Cosphi areommonfor
older DERsthe reactive power is unrelated to the grid situation (voltage) at the grid connection point. The new
DERs will operate under mod@U, which meanshat voltage at the grid conjunction poins essentiafor the
decentralised ontrol. Satic QU)-curve for the @roop catrol under QUmode isshown inFigure3.8a, the
DERsreable to stabilie the voltage to given voltageet point e.g. 1.05p.ufor the black line and 1.07p.u. for the
green line

® Describes the adjustment behaviouraDER if a direct sgbint is given
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The P@saturation blocksaturatesthe P, Q capability of DERs under different working pointscahclilatesthe
invertor active power losses. The reactive power available range is shokigure3.8b, which is related to the P

availability and the DER installed capacity. When P is below 10% of the DER installed capacity, no reactive pow

will be availableThe modellig will be verified, and the result will be vissall in chaptei3.3.1

QDEA A ind. Ps/ S 4
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A
/
« o..93 / / S
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a) Q(U)-characteristic curve

b) Q working range

FIGURB.8 ¢ A)DER QJ CONTROL CHRACTERIS AND Q WORKINBNGEB) Q WORKING RANGE DER

MODELLING OF TRANBMER TAP CONTROLLER

The OLTCat the HV/MV transformeiin the distribution grid isessentialfor the voltage control and voltage
stabilsation. In the grid shulation of the Germamemonstration, the redlife behaviour of the OLTC is modelled
for evaluation purposeln the Mitnetz grid, all HWV transformes are equipped with automatic voltage
controller and OLTC as showrFigure3.9.

Tap Controller

( Vref

Time
Delay

Dead
band

o
NG

Tap Changer)

< Vmeas

N

FIGURB.9 ¢ MODELLING OF THE NSAORMER TAP CONTHER.

A tap change action will be triggered when the voltagi¢he control bus exceeds the predefined allowed voltage
band. For simulation purpose, the allowed voltage band is defined as 0.9®%@.L. with the transformef a
lower-voltage side bus defined as control buke focus of the simulation i® study the impact of automatic
OLTCon the meshed HV gridsince the MV grid in the Mitnetz is not modelled in detail for the German
demonstration

In the Mitnetz grid, thechangeof the tap position of theeHVVHVtransformer will only take place through manual
contact (mainly by telephone contacts) between the grid control @ntf the bothsystemoperators It requires
the approval of both operators according to their own grid conditions, in this case DSO Mitnetz and TSO 50Hertz
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From the historical point ofiew, this action took place very rarely (onfme a couple of daysor by planned
transformer switching), so the taposition of EHWVHV transformers will be considered unchanged during the
simulation.

3.2.4DESCRIPTION OF THEH&BATION SCENARIOS

With the avaidble data and grid modellinglifferent simulatiors can be performed ashownin Fgure 3.10. In
this picture simulation typedo be carried out in the German demonstratiare defined Forthe development of
the grid simulatormodulesmust beverified individually which includes the validion of the staticgrid model,
quasidynamic modellingaind theinternal data flow. The sttic grid model will be verifiedith the measurements
recorded in the CIMCGMESile and the result from state estimation tool treesset modellingvill be validated
with the anticipated behaviour with the visusdtion of thesimulation process data

4
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1 ST T =~
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HAGURB.10¢ SIMULATION TYPESTME GERMAN DEMONSTFRMN

Different simulations with representative real time series nante@2 f G 3S O2ft t I LJASE Ay |
time series are performed and resultge presented in this deliverablehd@ DSO Mitnetz is located at the
transmission pattbetweenthe windy area in theNorth and the main energgemandin the South ofGermany.
Thecapability of activatindlexibility from the local grid wilprovide aninteresting feedbackor other European

areas with similar high penetration from DERNnd suffemg from global congestion because of the limitation in
transmission capacitgnd relevant grid safety and stability issue. In this deliverable, the processeanlts of

OFSS and OFRS will be presented. The results of the ONRS, which require the full functiorsttatempwill

be presented in dliverableD6.7. Table3.3 shows the simulation scenarios to be analysed in this deliverd@ble.

two time series to be simulated are defined as the followih§: Varfor the variable time seriesTS Cdior the

voltage collapse time series.

TABLB.3 ¢ SIMULATION OVERVIEWTHE GERMAN DEMONRRATION

Simulation Type Test Time Series Test Purpose

OFSS TS Col Validation of Grid topology and state estimation tool
OFRS TS Var Validation of modelling of DER and OLTC

OFRS TSvar/ TS Col Local grid analysis and voltage profile analysis
OFRS TS Col Verification ofresults fromDSQoptimisation
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3.2.5SCENARIO VOLTAGEIG®SE ON EHV GRIODIBITOBER 2018

Areferenceevent which occurred othe 24" of Octoberof 2018wasdeliveredby Mitnetz for the grid simulation.
Because of a high loading rate an EHV transmission line, the TSO requested NCM (Network Congestion
Management) in which multiple DERs (mainly large wind parks) in the DSO grid were requested to shut down or
curtail their infeed power,on the MitnetzGCPLauchstadtin the grid region Saxorgnhalt. The NCMbegan at
around 1030 AM* and lasted for more than four hour§he NCM was requestdd solvethe congestion on the
transmission line between grid stations Laucldstand Vieselbach, as the line loadinmrkedin Figure3.11,
implies.As a resultthe voltage ofthe EHV and HV grid hdsoppedalmostto the security margimecause of the

lack of reactive power flexibility or the lack of mechanism to utilise the reactive power flexibHity situation is
interesting to analysaincesolving this critical situation could have been greatly supportéti the help ofthe
Geman demonstratiorfunctionalities by the DSO Mitnetz

NCM on Grid Station Lauchstads
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FIGURB.11¢ GRID SITUATION OREBRID ON 24.10.20{80URCE: 50HER8}

Stand: 24.10.2018 10:00

As Figure3.12 shows, the infeed to the EHV grid from the HV grid was reduced at the GCP Lauirhshémlt
steps with the first oneshortly before 1100 AMand the second one shortly before 12:00 AiMarkedNCMin
Figure3.12). Shortly before 120 AM the voltage of the EHYfid dropped to 39V, while normally the voltage
should be stabited at around 40&V, which isshown inFigure3.13. Although the NCM wagquestedat the GCP
Lauchstadt, the transmission power from Lauchstadt to Vieselbach kept increasing frotnAMto 1200 AM
because ofhigh availabilityof wind in the north of Germanyat this time (as shown ifrigure3.14). With the
voltagein the transmission system decreasirthe current on thecongested overhead transmissidime kept
increasing As a resultan increasing need of reactive powaer the trarsmission system was caused and finally

* German Berlin time (UTC+2)
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lead to the voltage collapse below the lower voltage band limit because no reactive power compensation could
be activated.
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FIGURB.12 ¢ GRID EXCHANGE BH\WATLAUCHSTAON CASEOLTAGE COLLAPSE
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FIGURB.13¢ EHV VOLTAGE PROCEBSAUCHSTADN CASKOLTAGE COLLAPSE
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FIGURB.14 ¢ TRANSMISSION POWERJCHSTADIO VIESELBACH IN EA®TAGE COLLAPSE

The ensitivity of DERsn the HV grid region connected to substation Lauchstadt and the comparison of the
situation before and after the NCM is shownFigure3.15. Since multiple DERs were completely shut down, they
lost their availabilityfor reactive powercontribution. Neverthelessall DERs in #t region hae sensitivity to
suppot voltage at GCPalchstadtas shown inFigure3.15a. Hence, theassumption can be madehat there
would had been still enough reactive power flexibility in the DSO grid to supporgecdtaGCP. Many DERs in the
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grid region Saxonpnhaltwere still in-feeding active power and therefore available for reactive power provision,
as shown irFigure3.15c, but they were not in-feeding capacitive reactive power for the voltage stabilisation as
shown inFigure3.15d during the time of this incident. A coordinated decentralised utilisation of reactive
power flexibility ould have helped to avoidor even minimizehe voltage collaps@ this caselt is noticeable at
this point,that generallythe DERs ha much higher sensitivity tthe grid where they are connecte¢there HV)
than to theupstreaming (hereEHY grid. This is shown ifrigure3.15a andFigure3.15b, so the local voltage is
assumed to be a main limit to exploit local reactive power flexibfiity the upstream voltage levelAs a
conclusionthe grid simulationfocuses on this caseconsideringDSO optimisation of distributetliexibilities and
decentralsed reactive power control to see if the local DERuld have helped solving the voltage collapse.
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FIGURB.15¢ A) VOLTAGE SENSITWTO EHV GRID FRAM. DERS IN MITNETZ RIDSAXONANHALT
B) VOLTAGE SENSITWTO HV GRID FROM.AERS IN MITNETZ GRICBAXONMANHALT
C) RINFEED OF ALL DERMITNETZ HV GREAXONXNHALTBEFORE AND AFTER NCM
D) QINFEED OF ALL DERMITNETZ HV GREAXONYXNHALTBEFORE AND AFTER NCM
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