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EXECUTIVE SUMMARY

The German demonstratiowithin EUSysFlexhas been set up in order to prove the feasibility of innovative
congestion management and voltage control. The approach of the German demonstration is a combined and
optimised active and reactive power managemanthe distribution grid. This not only allows the DSO to enhance
efficiency in grid operation, but on the same time facilitating congestion management and voltage control support
for the TSO. To reach these goalshedulebased processes were designedidasted.

The concept of the German demonstrationds the one hand to meet the requirements of the regulatory
framework to implement successful solution in daily operation, but on the other hand to develotioss! that
also show benefits in a changesfulatory framework and proposes the needed changes.

The following benefits would be gained in using the developed Decision Support Tools in grid operation:
Hficient schedulebased management of active and otiae power forredispatch and voltage coral.
Reduced active power flexibility neday integrating reactive paer in the optimisation process.
Reduced complgity for grid operator staff.

= =4 =4

Enhanced efficiency in grid operation by reducing grid losses.

Thekey to obtain these benefits is coordinai between involved system operatorBhis design of coordination
schemeof the German demonstratioanhances the resiliency in strengthen the liability according to EU Directive
2019/944and as proven, it shalldbbased on the following principles:

1 Everysystem operator is responsible for its own grid.
Every system operator predicts the available flexibility potential in its own grid.
System operators from connected grids are being informed about available litgxioitential.
Flexibility selection andctivation is carried out by the system operator where the flexibility is connected.

= =4 =4 -

Both TSO and DSO needs and constraints are taken into account.

In case of insufficient coordination, experiences from the Gerrdamonstration evince the inaccuracy of
optimisation results and therefore insecure decisioaking in grid operation. The insecure decisinaking leads
to high security margins or high probability of additional emergency measures 8ael.inefficient @ordination
contradicts the goal of an efiient grid operation.

The German demonstration has shown the feasibility of efficient schezthgded congestion management and
voltage control with an approach that allows reduced data exchange complexitha esé of data thrift principles.

In German, the regulatory framework obliges DSOs to exchange detailed informdtianhthe German
demonstration has shown superfluous. With the approach of the German demonstration, higher level of
aggregation leads to thsame efficient decisiemaking and reducgthe amount of information exchandeThis

data thrift approach is based on the following principlesich also support thdéiability according to EU Directive
2019/944
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1 Grid data always stays in the sphere lod respective system operator.
1 Gridimpact analysis remains the responsibility of the respective system operator.
| Data exchange is aggregated a much as possible to reduce complexity.

The following key messages can be condensed from the findings of thea@eemonstration withire USysFlex:

1. The coordination offlexibility providing System Operator (SO) afigxibility demanding SO is key for an
efficient use of flexibilities.

2. Efficient Scheduldased management of active and reactive power for redispatctdaoltage control
is feasible.

3. The accuracy of forecast is the most important factor for reliable prediction of network states.
4. The prediction of reactive power deviates more than active power.

5. The complexity for grid operators can be reduced by Germaivydey & (0 NI G A 2 ypart T6oB.OA & A 2

6. The efficiency of grid operation can be increased by approximately 5 %.
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1. INTRODUCTION

Today, the energy supply within the European energy system is undergoing significant changes due to the additiol
of renewable energ sources (RES), whicteanainly integrated in distribution grids. As a result, it is followed by
increasing decentralization and complexity of the power supply. This inevitably leads to high probability of
widespread technical challenges such as lineloags, reverse energyoflvs, unforeseencongestions and sudden
voltage violationsThe renewable resources are characterized by a high level of fluctuation in power supply, which
is crucial for grid operators such as DSOs and Ti$S&rtheless, renewablgeneration units are gdually
replacing conventional power plants due to relatively low energy cost and minimal harmful impact on the
environment. In this regard, it becomes necessary to implement innovative system solutions, as well as effective
measures and tools for theptimisation of the energy system with high share of RES, including further development

in the energy market. This is the goal of-&{$sFlex.

1.1WP6 GOALS AND TASK OF THE GEREMONSTRATION

Work package WP6 of ERysFlexhas beendesgned to analyse th&8Demonstration of flexibility services from
resources connected to the distribution network". The resulting opportunities, arising from the decentralized
flexible distribution network assets, enable a secure and safe power supply sybi#mneed increased
coordination between TSO and DSO. The primary goal of the German demonstration inSisFX project is to
enable the energy system to use flexibilities connected in the high voltage distribution system in an efficient and
coordinaed way. In order t@achieve the defined goal,4tkepth analysis are carried out, in particular, to tackle the
identified technical deficiencies in developing effective tools with a focus on integrating and testing new system
services in control centres tfe distribution sgtem operator. The German demonstration is led by the distribution
system operator (DSO) MITNETZ STROM with the support of E.ON and the technical partners Fraunhofer IE
university of Kassel and INESC TEC. The rashitsvedallow increasing usage of ailable flexibilities of power
supply systems due to the enablement of active and reactive power flexibility usage coming from RES connected t
the distribution grid for the needs of DSOs and TSOs

1.2 SCOPE AND OBJECTIVES OF THIS DBLEVERA

The aim of the&GermanDemonstrationis to enable the provision of flexibility services from DSO connected sources
G2 GKS ¢{hxX FT2N G6KS ¢{hQa 0O02y3Saiizy YIylI3aSYSyid Rdz
DSO itself is using élsame services irrder to sustain a stable and secure grid operation in the distribution grid.
For these flexibility services, active and reactive power provision is managed from assets in the distribution grid.
How this is developed, implemented and exeed is describedithis deliverable.

Primarily, conventional as well as RES generation units in the high voltage (HMhdgdrmany namely 110 kV

would provide the aforementioned flexibility services. For active power flexibilities assets thatoardirectly
connected to the HV gridub rather connected to lower voltage levels, can also be utilised in gedral were
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not consideredfor the field tests. The flexibilities are not prioritised according to the voltage level but rather

according ¢ the effect on the congestion and tlo®sts.

To realise this, the following detailed objectives were pursued:

w

w

forecasting generation and consumption connected to the HV grid;

predicting power flows in the HV grid, including possible power flows due ttramted capacities for
frequency stabity services which might be activated by the TSO;

taking into account all grid constraints due to security reasons in the distribution grid including flexibility
activation for congestion management in the distributtigrid;

providing information of the aailable flexibility potential of active power (dahead and continuous
intraday update) and reactive power (intradayp to 6 hours ahead expected) to the TSO;

enabling the delivery of flexibility services and the® Odzi A 2y 2 F G KSlity¢ { hQ&a Ol £ ¢

1.3STRUCTURE OF THE DOCUMENT

The structure of the deliverable is as follows:

1

Chapter 2 describes the actual situation in thktteldeutsche Netzgesellschaft Strom mbH (MITNETZ
STROMyrid, introduces drivers anchallenges and outlines the general etfives of thedemonstration
Chapter 3 presents an overview of the development work done irddmonstrationand explains the

most important functionalities;

Chapter 4 presents the outcomes of the field tests arel@Rperience gained from the demonstiat,

Chapters describes the conclusion alk@éymessages of the German demonstration

12| 83
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2. GENERAL OVERVIEW OVERDBNMEONSTRATION

The GermarDemonstrationis being implemented in the HV (110 kV) distribution grid of NHTAISTROM in the
south of Brandenburgrad SaxomyAnhalt and in the west and south of Saxony. In the grid area of MITNETZ STROM
the installed capacity sums up to 10.2 GW of distributed energy resources (DER), of which m&B tBgi.e.

more than 93%gre renewable energy resources (RESE Glermandemonstrationusesan installed capacity of

5.5 GW of distributedassets connected tthe HVgrid, of whichd.3GW are renewablelhese available flexibilities

will be offered to the TSO, who operates therextigh voltage (EHV) grid of 220 k\d&80 kV. Th®emonstration
therefore includes TTSO/DSO interfaces at the EHV/HV interface vattrahsformers.

4 )

Challenges

Increasing share of RES

Structural changes of the powersystem

Exhausted current capacities for congestion management

Risk of counteractions due to insufficient TSO/DSO coordination
Increasing costs forcongestion management

Shortage of today’s redispatch potential

Generate future-oriented cost efficiency

EU-SysFlex Innovation

Including RES dispatch in congestion management

Set up of new coordinated process for congestion management
Automated tool for voltage Control and Reactive Power Management
Integrating new and improved forecasts for RES generation and load

FIGURE ¢ OVERVIEW OF THE GERNMINIONSTRATION
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Figurel provides a detailed overview of the innovations to tackle the challenges within the Gelenaonstration
as well as the expected results. These points are described in detail in this cbigjhiedeliverable.

2.1STATURUO, DRIVEIRAND CHALLENGES ADDRESSED BEMEBKNSTRATION

In 2030, areven moreincreasing share of RESthe energy systeris expectedHighshareof weather dependent
fluctuating generatiormakes more efficient congestion management processes for both TSOS@®Iecessary.
Alreadytoday, events occur that cause congestions in the transmission and distribution grid.

While developing the Germarethonstration, regulation for congestion management has changed. New regulation
is in action since 01. October 2021datne following description is from perspective of the former regulation.
normal operation, foreseen congestions in the transmissioth gre managed with redispatch measures according
to § 13.1 of the German Energy Industry Act (EnergiewirtschaftsgegatWG 1]) applied only to conventional
power plants connected to the transmission grid. Formally, there is also the possibility uddanmnventional
plants (> 10 MW) connected to the distribution grid in this process, but in reality this is raredylfithe redispatch
potential is not sufficient, the next step is the fegdcurtailment according to § 13.2 of the German Energy limgus
Act. In this process feeid from RES is reduced as an emergency measure. This curtailment is realizedRiEsS via
connected to the transmission grid, and only after that via RES connected to the distribution grid. The process is se
up in such a wathat the TSO issues a request for faadturtailment to the DSO. It is then the responsibility of the
DSO tdulfil the measure. This process of the congestion managemeder former regulatiomegarding solving
congestion in the transmissiogrid is vdualized irFigure2.

I
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wind, load and D50 sends

1 1 : '
_ I 1 . I
E ] switching states | | :,pdat:r: . " signals for
] .E + ' ! . r::a i ! curtailment to
& planned power : : ﬁ:::mt:::; : i RES in its own
plant schedules | ] P b ] grid
U 1 1
I N
U , I ""‘.
! ' ! = DSO has.
| 1 ! E H responsible
I i h £8 to actually
I 1 ! 8_ o fulfil the
I ] H a= curtailment
\ : I measure
U 1 I
U 1 i
i T50 sends : T50 sends o § TS50 issuesa
t changesin 1 : changesin E g request for feed-
| schedules dueto || I schedules dueto || gt in curtailment to
f redispatching to || : redispatchingto |1 & § Dso
! powerplants || l power plants | =
1 1
A4 . ! |
] 1 I
- . : 7 .
E x I 1 I 1
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E 8 I 1 : 1
o8 [ | ' 1
'f o I 1 I 1
] 1 I 1
1 1 I 1
I 1 | I )
4:00pm 5:00 pm 6:00 pm Intraday Real time t
REDISPATCH PROCESS CURTAILMENT CONGESTION SITUATION

FIGURE ¢ PROCESS OF THHEERMAN CONGESTION MANAGEMEENDRE 01. OCTOBER 2021

¢KS AYyONBFaAy3a aKINBE 2F w9{ FyR GKS FITRRAGAZ2Yythdt RS
transmission system operators (TSOs) already face challenges -o-day grid operation andperational
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planning. It has become increasingly coomthat TSOs are forced to apply remedial measures at short notice such
as redispatching in order to relieve grid congestions. In situations with higHriseaf RES, a sufficient number of
power plant suitable for redispatching in operati@re not always available. The feeid curtailments of RES
according to § 13.2 of the German Energy Industry Act, which are supposed to be emergency measetsed
in addition. Unlike redispatch measures curtent is not an energetically balanced measure anddf@e needs
additional balancing measures, such as balancing powerhakibeerresuling in compensational paymenfsr
curtaiing RES plants and, in addition, payment for the balancing energy dedths causes a double payment,
although the congestion was predicted and foreseen. Furthermore, tfugseer solutions to deal with shortage of
congestion management measures for thertsanission gridvere reaching their technical and economic limitée
approach of the German demonstration for a innovative process of including RES, connected to the distribution
grid, into scheduldased congestion management, means redispatch, is énviiith the new regulation and is
described in chaptes.
l y2GKSNJ OKFffSy3asS Aa NBftIFGSR (2 GKS @2ftaGlF3S @&y iNE
between the TSO and the DSO consists of two tools. One tool is to activate/deactivate an inductor at the interface.
The othertool is to use the on load tap changer (OLTC) on the EHV/HV transformer. Both tools are controlled by
the TSO, but used in cabnation with the DSO. The coordination process is done by phone. The operator who
needs the flexibility calls the other party tmordinate the use of the flexibility. Detecting the need is close to real
time. The DSO uses OLTC at HV/Aubstations as wewith an automatic setting to adjust the voltage to a defined
range in MV. Due to a large share of infeed from distributed gnezgources (DER), the limited operating range of
the OLTC is insufficient compared to the needed flexibility. The full paterithe OLTC is already in use for voltage
control. Thus, additional methods of providing reactive power flexibility are needed
Therefore, coordination and automation for these is required whenever the predicted voltage at the TSO/DSO
interface is edtnated to be out of the operational band meaning that the predicted voltage is either higher than
the upper bound or lover than thlower bound. A generalized example is illustrateBigure3.
Dynamic local voltage control in the distribution grid is not considered as flexibility between TSO and DSO, althoug!
it has the potential to be a third tool. TodaySOs can also adapt the power factor of big conventional pplaats
or grid assets like a phase shifter or Static Synchronous Compensator (STATCOM) for voltage control in th
transmission grid and the DSO uses static settings or in some cases dynaimiis $et local voltage control in
distribution grid. If the vilage settings and the reactive power flow at the interface between TSO and DSO are
within a defined range, there is no coordination between the two parties regarding reactive power management
the respective grid and the operators make sure to keepsiitings in this range. The usage of these two existing
tools for voltage control depends on the availability of a sufficient amount of reactive power flexibilities in extra
high voltage (EHVIRependencies on conventional plants in the EHV level doeftmioto a future power system
with an increasing share of RES that is mainly connected to the HV and lower voltage levels. These distribute
energy resources (DER) are displacing and consdgueecreasing the amount of flexibilities from EHV grid
conneded plants. The limited coordination between TSO and DSO regarding reactive power management leads tc
limited settings for voltage control.
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predicted voltage at TSO-DSO-interface
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FIGURB ¢ PREDICTED V@IGE AT TSO/DSO INTERFACE

Multiple drivers constitute the basis for the GermBemonstration which can be distinguished between internal

and external drivers. Internal drivers are situations, events or decisions that occur inside the business and are
therefore under control of theompany. External drivers on the other hand are situations, events or decisions that
occur outside of the company. The external and internal drivers of the GeDwamonstrationare displayed in

Figure4.
/ Drivers Consequence \
Increase of

External Driver Internal Driver

coordination

Increasing share of RES Cost-Efficiency between DSO and
h Structural changes in the b Use those flexibilities TSO needed
power system located near the ocurring
Shortage of redispatch scarcity

\ potential /

Already in 2017 Germany had a share of roughly 4Q]%f renewable energy resources (RES) regarding the net
electricity geneation. In 2030, an even higher shareRES is expected, as the government aims at 65% RES in 2030

FIGURE ¢ DRIVERS FOR THE GERMEMONSTRATION
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as stated in the legal amendment of the German Renewable Energy Act (EEG) 8].ZD4i8 [aising share of RES
in the system leads to significant strucilichanges of the power system.
The gneration from RES will continue to increase in the future, and therefore the number of conventional power
plants will decrease and it will result in a more decentralised power system. Due to this, the flexibilityigdoten
transmission grid will face strong decrease. Therefore, some flexibilities will have to be provided by RES, a large
share of whichis connected to the distribution grid. In Germany, the distribution grid covers voltage levels from
110 kV down tdow voltage. Most of the RES are cented to the same infrastructure as most of the consumption.
The HV distribution grid is built as a meshed grid and this means that the sensitivity and impact of generation units
on e.g. the interconnection to the TS@p#nd on load flow and grid topology.
This increasing share of distributed RES leads to higher requirements in congestion management for both TSO ar
DSO. Already today, events occur that cause congestion both in the TSO and in the DSO grids. An exemple
situation for that is when the usef@onventional power plants in the distribution grid for reserve requirements
(frequency control or frequency restoration) by the TSO causes congestion in the distribution grid. In this case,
there is a risk that if TS&hd DSO do not coordinate their amtis, the DSO solves this congestion e.g. by reducing
production of RES in the distribution grid, counteracting the measure for reserve requirements taken by the TSO.
The increase of the share of RES also leads todBHo IS 2 F {2 Rl & Q.Af uritsSdt inad thadedy LI
commercial aggregators (who set the schedule) without the TSO performing redispatch (setting a new schedule)
many lines would show congestion in the grid (see for example red transmiisgennFigures).

mgﬂ

FIGURB ¢ GERMAN TRANSMISSION GRID BEFORE REDISPATCH
(SOURCE: BNETZA, GERMAN REGULATORY AUTHORITY, 2017)

After performing redispatch at transmission level, there are still some lines with more than 100% use d¥capaci
already in the (rD)-case (red bubbles iRrigure6). The goal is to reachlwaysa line loading of less than 100% in the
(n-1)-scenario to fulfil the (r)-criterion. Including RES connected to the distribution grids in thespatith process,
would increase the redispatch potential to achieve a line loadintge transmission grid to be lower than 100% for
the (n1)-scenario.
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W

FIGURIBC GERMAN TRANSMISSION GRID AFTER REDISPATCH
(SOURCE: BNETZA, GERNREGULATORY AUTHORITY, 2017)

Additionally, the increasing share of RES is leatlinhigher requirements for voltage contrdn event from
24.10.2018 where around 1 GW of infeed was curtailed as an emergency measure in the HV grid of MITNETZ STR(
because of voltage violation in the EHV grid caused by significant forecast deviation stipulates these increasing
requirements. Reactivpower flexibility could not be used due to lack of knowledge of reactive power flexibility
potential in distribution gridTherefore, such a high amount of active power needed to be curtailed. The system for
enabling reactive power flexibility provision the TSO from the distribution grid connected flexibility resources
has beerdeveloped in EtSysFlex German demonstratioithin the WP6.

Internal Driver: Cost efficiency

The GermarDemonstrationhasshown how to use all possible generator flexibilities in the DSO grid in order to
solve grid congestions in the TSO and DSO grid in the mostffiosnt way. For cosefficiency, the amount of
needed flexibilities can be reduced if flexibilities are closgti SNBE G KS 02y 3SadAzy Aa
regime for congestion management, the costs will increase, also caused by the needed balancing. The costs fc
congestonmg  ASYSy i Ay wHwHnmTt NBIFIOKSH I ySs NBO2NR 2F modn
Reactive Power flexildiles for voltage control face the same technical problem, but toitieyamount neededis
provided via the regulations in grid connection contracts between Generation Qpeaat System Operator, so

that there are no flexibility costs. In the future, theeded amountouldrise abovehe potential availableia grid
connection contractsThe use of flexibilities for voltage control will also be shown in the Gebeamonstraion.

In summarythe main drivers considered in the Germaamonstrationare extenal drivers, namely the increased
share of RES, especially volatile RES like wind, not located close to the demand sites and increasingly connected
the distribution grid which leads to a structural change in the power system. That leads to highéereguts for
congestion management and at the same time to a shortage of redispatch potential in the transmission grid.
Uncoordinated measures of the TSO and DSO can lesaltteracting measure§.herefromarise the technical

needs of active and reactiveower flexibilities for congestion management and voltage control as well as the
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regulatory requirements for a cogffficient process. To achieve a cesticient processcoordination is needed,
that consider all constraints for TSO as well as for DSO.

2.2 GOALS OF THEMONSTRATIONND CONTRIBUTION TO WP6 AND PROJECT OBJECTIVES

The Germardemonstrationwas set up to estimate a possible flexibility range of reactive poweridtnodes at
the DSO/TSO interface, and of active power at the unit level, inraodprovide these as ancillary services to the
TSO for congestion management and voltage control in the transmission grid. Furthermodgntioastration
disaggregates thesestimated values at generating unit level to enable the addressing and usstfirution grid
LdzN1Jl2 aSad ¢KAA SadAayYldazy R28&a y2id SEAalG Ay (2RI &Q
connected to the distribution grid intde schedulebased process for congestion management and voltage control
in the trarsmission grid while considering the interdependencies between active and reactive power flexibilities of
these units.
One main research objeetasto estimate the future gd states based on grid simulations and improved forecasts
as well as the interfemces (e.qg. restrictions, dependencies or disturbances due to load flow) in the meshed grid in
order to foster a transparent coordination at the TSO/DSO interface. dBmeondration is following a new
approach. The new approadias consideed the availabiliy (including load and generation forecasts) and cost
(today regulatory fixed compensation and, in the future, potentially bids from a flexibility market) of flexibility. In
addition, the approacthasconsideed the impact on the requested operating poiint the network as a flexibility
activation changes the technical sensitivities in the grid. This approach is to find the most efficient solutions
concerning costs and impasthen managing active and reactive power requests from the TSO, considering system
stability andoptimisation of the whole power system (both in the transmission and distribution grid).
The goal of thedlemonstrationwasto result in a more accurate estiman of the power network state and its
predicted future states. With the knowledge of the power flow in the distribution network, a more realistic flexibility
range of active and reactive power can be offered to the.TB@ will result in requests thateamore accurate
from the TSO leading to less corrective actions such as curtailment of the PV, which can lead to high costs due t
the fact that currently a lot of PV units are not equipped to react to curtailmentestsy The communication and
coordinaion between TSO and DSO is improved due to direct insight for the TSO in the available flexibility range:
from the distribution grid. IrFigure?, the objectives of the Germatemonstrationare presented and which SUC's
(System Us€asestontribute to the implementation

w Forecastinggeneration and consumption connected to the HV grid;

w Predictingpower flowsin the HV grid, includinggssible power flows due to contracted capacities for
frequency stability services which might beiaated by the TSO;

w Taking into account all grid constraints due to security reasons in the distribution grid including flexibility
activation forcongestionmanagementin the distribution grid;

w Providing information of the available flexibility potentiaif active power (daaahead and continuous
intraday update) and reactive power (intradayp to 6 hours ahead expected) to the TSO;

w Enabling the deliveryof ¥ f SEAO6 AT AGEe aSNWAOSA |yR (GKS SESOdziAz
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Enabling provision of
flexibility

FIGURE ¢cOVERVIEW OF THE GOALS OF THE GERIMWKINNSTRATIONND WHICH SUC'S CONTRIBUTE TO THE IMPLEMENTATION.

2.3INNOVATION OF THEEMONSTRATION

The innovation of the Germabemonstrationin general is including RES in congestion management by setting up
a new and coordinated process for congestion management and developing an automated tool for voltage control
and reactive power mamgement. For those reasons, the integration of new and improved forecasts for RES
generation and load are needed.
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FIGURB ¢ OVERVIEW OF BYSFLEXPTIMIATION IN THE GERMAEMONSTRATION
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The innovation is furthermore reflected in the combirgatimisation of active and reactive power as it is illustrated
in Figure8. The illustration shows that the actvand reactive power provided from the distribution grid to the
transmission grid is controlled and joindptimised in the ELBysFlex optimisation. AdditionalRigure8illustrates
how the requirements for active and reactive power coming from the transmission grid are followed and how the

requirements are broken down for individual plants included inEreenonstration

2.4LIMITATIONS

The use of flexibilities in the Geam Demonstrationis subject to the regulations of RES. The settlement of
innovative products cannot bemplementeddzy’ f Sda A0 TFTAGA Ayid2 (2RI &Q& NBI
feasibility can be shown. Due to thithe use of flexibilities from RESa & S{iGf SR | & OdzNIi | A
regulations. In contrast teettlement,the technicalprocess to integrate RES is innovativel developed within the

demonstration.

2.5EXPECTED RESULTS

The expected outcome oheé GermanDemonstrationis the enabing of flexibility serviceprovisionfrom DSO
O2yySOGSR a2dz2NDOSa G2 0GKS ¢{ h ZnecH@udlio iin& I8aditgé an@voltageinita S &
violation. Figure9 shows at which voltage levahese RE$roviding flibility, are connected and to where they

are offered. It illustrates that in the Germd&emonstrationflexibility resources from the 110 kV voltage level are
offered to the transmission level and are additionally used in the 110 kV level Realiermae, Figure9 displays

what scarcities these flexibilities solve. In the GerrB@monstration the flexibilities are used as measures against

voltage violations and congestions.

FLEXIBILITIES OFFERED SCARCITIES SOLVED

1
]
PV t 1GW |:: >‘—: >
[FFH generators ( p) Active+Reactive Power
1

= \, Wind farms
< I (2.76wW) Active+Reactive Power
=0 T
5 E I'T"wﬂ Thermal power H
[UNa] = plants (1.5GW) Active+Reactive Power
0,4 kV 10/20/30 kV 110 kV 220/380/400 kV
Voltage level where flexibilities are connected/offered
1 TSO/DSO Flexibility offered S )
1 interfacein without third Voltage violation congestion
I Demo party market
** The G D enables the provisi the TS0 and the usage of the flexibilities in its own grid

FIGURB ¢ FLEXIBILITIEFEERED AND SCARCITIES SOLVED BY FLEXIBILITIES
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The GermarDemonstrationis developed to shova functional verification with real actions in field test for the
developed process in active and reactive power management. The foreeetopment result in aprototype

status ready to implement in real operating processes. That includes the proof of concept of an efficient process
with an increase of flexibilities, which can be used at the transmission grid as well a®ptimésed distribution

grid. The inease of the use of flexibilities implies a cefficient use of active and reactive power for erisgrthe
maximum feedn of RES.

The GermanDemonstrationshows as well the feasibility of a fully automated procémsa combine grid
optimisation in adwve and reactive power flow, based on an accurate forecasting. Another result of the German
Demonstratioris the proof of concept of the developed coordination process between TSO and DSO for redispatch.
Developing innovative sdgment and proof of conceps in scope of the Germddemonstration whereas pointing

2dzi GKS fAYAGLI GA 2 yautsid Bfthéi s2dpé. ha same gddes fiof rBaxké& ffaimeworks for using
the flexibilities, because market framework and settlerhare mutually dependentrad are based on regulatory

framework
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3. EUSYSFLEX DEVELOPMENTS WITHIDENHENSTRATION

The innovation in the Germabemonstrationregarding active power management is tbeordinationbetween

the TSO and the DSO within thatomated process of schedule $=d congestion management. The innovative
process is based on the existing one, using flexibilities of conventional resources in transmission grid, and is bein
broadened to integrate RE&nnected to the distribution gridn it. The main difference tde status quo process

is the integration of the DSO in the whole process and not only in emergency measures close to realgime. Th
process enabling the provision of active power from flexibilities in the distribution gritid TSO for relieving
congestbn in the transmission grid is defined as follows:

First, congestions in the distribution grid are managed by the DSO, and then the remaining flexibility potentials of
active power are offered to the TSO. The TSO calcutate®r flow inits network and equests the necessary
flexibilities from the DSO for the German and the European redispatch process. In case of flexibility requests, the
DSO breaks the flexibility call down on individual plants and gives the instruatichs eppropriate plants for
regpective timetable changes. This dalgead process is illustrated figurelO.
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FIGURBEO ¢ DAYAHEAD PROCESSR ACTIVE POWER FLEXIBILITIES

Due to forecast deviations, a continuous intraday processftive power flexibilities is set up in addition to the
described dayahead process. The intraday process is visualizB@jimel 1.
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FIGURE1¢INTRADAY PROCESS FOR ACTIVE POWER FLEXIBILITIES

The prirtiple of the ELBysFlexdemonstrationis the same as one variant defined in PG FH{pidject group of

TSO and DSOs to define how to coordinate frequency control and active power managemignthe difference

that it is put into practice in ESysFlexThe GermarDemonstrationtherefore bulds upon the results from the
defined processes of this project group of TSO and DSOs and puts one process into practice to test it. Therefor:
the needed functionalities will be defined and developed. The resultbeofield test will be evaluated to dect

further development needed for an automated proce¥ghile preparing the field test and defining the data
exchange, as described in chapted, new regulationschemes were discussed atite experience of these
preparations could be brought into this discussion. As a result, the regulation in action sif@etbher 2021 is in

line with described congestion management approach of the German demonstration.

The hnovation in the Germademonstrationregarding reactive power management is the-gptof an automated
022t F2NJ REYIYAO @2t 0GF3S O2yiGNBf FyR NBFOUGABS LRgSI
voltage control in the distribution gt is not considered asefibility for transmission grid. Theemonstrationhas

exactly the goal to show the feasibility of reactive power flexibilities from plants in the distribution grid as a service
to the TSO.

For this, the DSO runs a combinegtimisation for active and reetive power calculating the reactive power
potentials, which can be offered to the TSO. As soon as the TSO foresees possible violations of voltage limit:
flexibilities from the offered potential can be requested. The procesthieris illustrated irFigurel2. The goal is

to set up an automated process for this, which will be running in parallel at first, but is built to be running fully
automated in the long term.
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