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EXECUTIVEUMMARY

As zero operationatost variable Renewable Energy Sources are foreseen to dominate the future energy mix, the abundance of green
electricity will allow the replacement of fossil fuels in sectors such as heating, cooling, industrial processes, and ttanspo

The intermittency of such energy resources implies significant systemic requirements for flexible solutions; thus, devetophties energy

sector in general, and the power system in particular, instigate significant innovation activities in this faélpower system flexibility.
Concurrently, complexities and interdependencies of system components and multitude of actors increase the risks of adwveednd

the complexity of production and grid planning, raising the demand for stronger ane: ragile resilience means and countermeasures.
Inthiswhitek \ k " m r> _dn”~pnn oc~ do h °Cjr ~\i ag sd]dgdot npkdrcityo m"’
supply.

Power system resilience reflect s the impact of severe events and is an overarching concept, covering the whole spectrum of the
power system from design and investment decisions to planning, operations, maintenance and asset management functionh, e suc
concept of power system resilience appliesthe planning time frame that looks to build resilience into the future network, as well as the
operational time frame, in which security is managed by optimizing the inherent resilience of the existing power system.

Flexibility concerns the power syste ms ability to manage changes , with flexibility features able to improve the resilience
characteristics of the broader view system of systems, provided that they are integrated in grid planning, in defencegudnzoperly
evaluated in the energy marketesign. Flexibility capabilities need to be considered from the planning stage, using a holistic approach aimed
at grids to be flexible and resilient by design. Flexibility resources can also facilitate the restoration process byimgplsitributed blak

start capabilities including sectecoupling, which adds a new dimension to the necessary interactions pattern between electrical TSOs and
DSOs, with utilities from other sectors. Power system planning for the future grid must embrace a wide rangevafrk@nd noAnetwork
options to create operational flexibility options, including more active demand management techniques and custenséive smart load
shedding procedures.

The next level of flexibility is seen as being fully deployed and utilizeddperation and planning of the power system, being integrated in
procedures for longerm planning as well as in tools for stability support. The integrated dependency of flexibility directly impacts the
resiliency of the power system, thus flexibility lstions intended to provide resilience support must be reliable and secure to provide the
trust required for operation and planning.

Many of the worldwide ongoing initiatives can provide highly relevant knowledge to the question of How can flexibipyrisigsilience?
Indeed, they show the relevance and the potential values to be unlocked, with potentially some low hanging fruits to start wi
Some of the examined areas include:

System Integrity Protection Schemes
System Technical Performance
Alternative Grid Development

The economic value provided by large scale flexibility solutions can increase the benefit of maintaining high levelsiehcesind thus
provide incentives for resilieneenhancing investmeist Additionally, cyber security is an area with increased focus as part of the power
system digitalisation. Finally, standardisation of solutions is important to increase the reliability & acceptance in ordierde scale
deployment of flexibility.
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1. INTRODUCTION

ISGAN Annex 6on Power Transmission & Distribution Systeissan international collaborative initiative, with the objective to establish a
long-term vision for the development of the future sustainable power syste&$IP SNET WG bdn Reliable, economic, and efficient energy
system is a European Commission initige, addressing business and technology trends contributing to the overall energy system
optimisation at affordable investment and operation costs. Under the framework of a Memorandum of Understanding aimed atllynutu
benefitting of respective expertisghese two platforms have agreed on the collaborative effort to prepare this White Paper dedicated to
address how flexibility can provide value for the resilience of the power system.

This collaboration started through a common workshop uniting expersnfiSGAN Annex 6 & ETIP SNET WG1 into the Task Force on
Flexibility for ResiliendePresentations at the workshop provided multifaceted views which created a basis for further development of the
content of this Paper, including contribution from the imational work of CIGRE, the ovalt System Operation and TSO perspectives, to
the DSO and Local energy community perspectives. A large number of relevant projects and solutions were presented aretidisihss
details from these and other initiativesicluded in theAppendiof this report.

As zero operationatost variable Renewable Energy Sources (VRES), such as wind farms and photovoltaics, are foreseen to dominate the
future energy mix, the abundance of green electricity will allow the replacenoéivssil fuels in sectors such as heating, cooling, industrial
processes, and transport. The intermittency and/or level of controllability of such RES implies the need for the systege ahf@unt and
different types of flexibility meanstherefore,the development of the energy sector in general, and the power system in particular, have led

to significant innovation activities in the fields of power system flexibility. At the same time, the complexity and inemdepcies of system
components and muitude of actors increase risks of service failures, thus raising needs of reliable and more flexible resilience means and
countermeasures.

By analysing power systesrelated challenges and solutions, thighite paper provides a consolidated view and indot R&D activities

and innovation projects on power system flexibility and resilience  , in particular on how to design and exploit flexibility sources and
mechanisms also for increasing the resilience of the overall system; this includes technology, rmacketgulatory aspects of transmission
and distribution systems, as well of the coupled energy sectors. The work is based on professional expertise and intéregpienances,
contributing to the topic with different competences including: flexibilégources and tools, system operation, system planning, resilience
assessment and crossectoral view.

How to read the documenThe work has been prepared through collecting, integrating, and synthesizing information from innovation projects
(see Append), surveys, workshops, and solutieasented discussions, with the goal of delivering key messages towards all power system
actors and stakeholders.

! hitps://www.etipsnet.eu/isgarannex6-etip-snetwgl-task-force-flexibility-resilienceworkshop/ https://www.iessgan.org/isgarannex6-etip-snetwgl-task-

force-on-flexibility-for-resilienceworkshopjune-1st-2021/
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2. POWERSYSTEM TRANSFORMATION

This section, in a very concentrated way, highlightexibility and Resilience aspects leading power system transformationestablish a
long-term vision for the development of the future sustainable power systems. Targeting high VRES penetration, Flexibilitypstinaldded

for grid operation, andstarts being considered at the investment planning stage. Flexibility can support grid Resilience contributing to the
reliability measures within the perimeter of the electric power system.

2.1. Integrated systems and increased complexity

If planning ofthe power systems does not provide adequate levels and availabilityexdbility resources, especially regarding contingencies
(i.e. unforeseen, rapid changes of operational conditions), the existing resources may become insufficient to guarantde apsteation
and ensure the continuity of supply. The reinforcements and optimal utilisation of system resources are necessities toinmdiata
api "odjilgdot ja oc”™ di*“"m \ndibgt “~jhkg s \i _ ténbplanmmmng pdocessisa’ i 1
first key step to ensure the adequacy of future electricity system, i.e. sufficient ability to accommodate the growth ablegeneration
from renewable energy sources and to cope with foreseeable contingencies.
For this aimdifferent sources of flexibility must be utilized, provided by the various equipment connected to the system. This requires a
approach involving activities from the consumers and from actors in other energy systems, which can be utilised also &sérthee
resilience of power grids against a variety of future threats.
Generally, the electrical infrastructure is designed considering the possibility of a quick reaction to possible threatfoaéwnature. The
progressive electrification, as one of thdrections adopted for decarbonisation of other sectors, carries with it even greater challenges for
maintaining the stability and continuity of electricity supply. On the other hand, the activation of consumers as well psrthét of energy
efficiencyand optimization show that in the future market, the use of sources of flexibility will play a significant role in the manageof
the power system.
Furthermore, a high level of flexibility and system integration will not be possible without deep tmgiteon of all energy sectors.
Consequently, data used in the operational processes are requiring proper management in the handling of big data. Helad intéfligence
and machine learning techniques and algorithms will be able to provide sigmifigzalue and support to the energy sectébr At the same
time, the amount and the level of cyber threats increase due to the interconnections and interdependencies.
The increased complexities thus require a shift of the centre of gravity of trust:

1 from trust in the reliability and appropriateness of established human procedures

1 to trustin procedures created, activated, and executed by automatised systems.
The traditional way of addressing flexibility and resilience as separate areas is thus insulffitiecope with future developments. For the
sake of clarity, commonly accepted definitions for flexibility and resilience are needed. In the following subsectiongitsinsgbroposed
in both these regards.

2.2. Flexibility for resilience in integrat ed systems

Both Flexibility and Resilience have to be addressed: Flexibility for grid operation with high VRES penetration, staderisieged at the
investment planning stage and Resilience, based on reliability, risk analysis, systeractions analysis, within the perimeter of the electric
power system.

With a broader view, resilience can be improved also by exploiting the gkari flexibility means for operation, both within the power
system as well as from sector coupling.

Buildng on previous works on flexibility and on resilience, the target is to assess how the new flexibility features can alswéntpe
resilience characteristics of such larger system; relevant best practices and projects worldwide are then analysedaatetirepAppendix.
Flexibility measures originating from sector coupling are particularly relevant since these are additional to those wéthiauhdary of the
power system. Extraordinary events may impact energy sectors differently, meaningthailed sectors can support each other in case of
severe contingencies.

Flexibility resources can also facilitate the restoration process after severe faults by exploiting black start capabilitigeer sectors. This
further adds a new dimension to theecessary interactions pattern between electrical TSOs and DSOs, with utilities from other sectors.

2.3. Defining Flexibility in the power system context

Flexibility of the power system concerns the power systems ability to manage changes, which cactithpgreservation of a secure and
reliable operation of the power system. Flexibility solutions provide support to the grid during normal operation, wheen#fis provided

by increased flexibility include decreasing of overall costs and the ovenegrof challenges related to for example grid congestion. Flexibility
needs span the timescales from stdeconds to seasons and years, on local and eaktsystem levels, as illustrated in Figure 1.

2 Our previous work on flexibilityrttps://www.ieaisgan.org/wp

content/uploads/2019/03/ISGAN_DiscussionPaper_Flexibility Needs_In_Future_Power S3Gienmpsif

3 Our previous work on power system development treridips://www.ieasgan.org/wp
content/uploads/2020/05/ISGAN_Discussiorgta@nnex6_microVSMEGA_2020.pdf
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Figure 1 Flexibility needs fro m spatial and temporal perspective °

There are several definitions intending to describe the term flexibility, e.g.:

1  Flexibility of operatiors the ability of a power system to respond to change in demand and supp$ya characteristic of all power
systems. Flexibility is especially prized in twerfiyst century power systems, with higher levels of gddnnected variable renewable
energy: primarily, wind and solér

1  Flexibilitys the ability of a system to respond to changes in demand asadiable generatioh.

1  Flexibility expresses the extent to which a power system can modify electricity production or consumption in responsabitityari
expected or otherwise. In other words, it expresses the capability of a power system to maintain reliable supply icetbé fapid
and large imbalances, whatever the caukse

1  Flexibility means the modification of generation injection and/or consumption patterns in reaction to an external sigreakigmnal or
activation) in order to provide a service within the enesygtemy.

1  Flexibility is defined as the modification of generation injection and/or consumption patterns, on an individual or agdrieyate
often in reaction to an external signal, to provide a service within the energy system or maintain stathlepgmiation. The parameters
used to characterise flexibility can include: the amount of power modulation, generation forecasts, the duration, theatzaegé,
the response time, and the location. The delivered service should be reliable and contdlibgesecurity of the systert.

Most presented definitions have specifics coming from different perspectives, as highlight&dwhile the various needs in the power
system and solutions are extremely broad. Therefore, a broad definition as profmgéee relating to the general ability to manage changes

- has a value in the sense of widening the understanding of the flexibility as a concept and preventing limited views oarsoluti

Solutions providing flexibility become especially relevant with higteare of variable renewable energy sources. Flexibility solutions enable
connected entities to support the grid as needed, utilizing the abilities of available grid elements.

A fundamental distinction can be made between flexibility provided by marketigipants and flexibility applied by network operators. In
the context of market participants, flexibility refer provisionsgivenunder the influence of external, mainly commercial, incentives. In the
case of network operators, flexibilityesults from the obligation to ensure secure, adequate, and efficient planning and operation of the
power system, and is related to security of supply and quality of service. Such flexibility can support system operatoaintaimthe
expected level of prformance if the network is under system constraints. Increasingly important is the operational flexibility, in other words,
used in the dayto-day operation of the network.

The basic classification of flexibility, which results from the proposegulations at the EU (EU 2019/944) level, is flexibility from the point
of view of the power system and flexibility from the point of view of users. Flexibility from the point of view of the p@ystem could be
considered on two areas, namely: thetechnig \ m '\ \i _ pn " mn% ] "c\gdjpm \m \''" Adbpm -
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while maintaining the from everyday needs
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of supplies
Figure 2 Flexibility areas from the power system point of view 4

The technical area relates to the system's existing capabilities to deal with current problems. In other words, it islityet@lohanage the
existing technical structure of the network in the most effective way, allowing for the creation of conditimnednnecting new users, while
maintaining stability and continuity of supply.

Flexibility from the point of view of useris discussed further in sectiofi, Flexibility and Societal Transformation

2.4 Defining Resilience in the power system context

Resilience of the power system reflects the impact of severe events . Itis a way of describing the power systems ability to deal with
extraordinary disturbances, higimpact lowprobability (HILP) events, or rapidly changing external conditions. Assesaheasilience
include a system's ability to withstand an event, the rapid recovery from a disturbance, as well as its adaptability tog@egminst future
threats.

Some of the areas threatening the functionality of the power system relate to instahilityber security, and climate change. The energy
sector faces multiple threats from climate change, in particular from extreme weather events and increasing stress on esdaraes.
Greater resilience to climate change impacts will be essential fortdehnical viability of the energy sector and its ability to cesffectively
meet the rising energy demands driven by global economic and population growth and electrification to decrease the catpdntfob
various sectors. Moreover, in the era of didization, cyber security is playing an increasingly important role and hacker attacks may have
significant and extensive impact on the system. Other antagonistic threats to the power system invohageiog ordamaging of physical
assets, gatheringf sensitive information, strategic investments, and control of critical delivery cHains

In this document, the focus lies on engineering resilience, although other considerations of resilience include both &lcataadaptive
resiliencé®, Figure 3

Resilience

Engineering Adaptive Ecological

= Systems behavior *+ Systems learns and * Ajusts the system
close to stable self-organizes towards hew
point * Adjustments to a equilibrium state

* Quick return to new stable state + Transforms the
stable point * Complex adaptive system

* Predictable system * Resists disturbance
guasistationary * Complex adaptive
system system

Figure 3 Overview of basic type of resilience.

Engineering resiliencdescribes the ability of a system close to a stable point to quickly return to that point after a sudden event occurs.
This means that engineering resilience focuses on the state of equilibrium that the system will return to when a sudddailitystresolved.
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B’Ng i nf\ @peraatagonigta threats to the electricity supply #di  Nr ° _dnc$' 1 jg h] " m - +-,
16 BJ. Jesse, H. Heinrichs, & W.Kf n ¢ d Adaptiny thextheory of resilience to energy systems: a review and oulgok @i * mb Npno\ di Nj ~ 4
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Engineering resilience usually focuses on performance and consistency and is used for description of systems made uppté multi
components and interconnections that will be able to learn from or adapt to new situations specific to the everdahsaéd the instability.
Power system resilience is often understood from an engineering resilience perspective, with the power grids consideriidahs cr
infrastructure.

Ecological resilienctocuses on a system's ability to absorb disruptions, inclgdimpredictability and the capacity of a system to reach a

new state of equilibrium.

Adaptive resiliencéocuses on a system's ability to adjust, learn, andeeganize, including unpredictability and the capacity of a system to

reach an acceptable newesady state if the change is irreversible.

Resilience has been defined in many ways, consider, for example, the following definitions from engineering literatuyelipgaitoves, and

the academic community:

1 Resilience is the ability of the system teithstand a major disruption within acceptable degradation parameters and to recover within
an acceptable time and composite costs and risks

1 Resilience is the ability to prepare and plan for, absorb, recover from, and more successfully adapt to asiears.

1  Power system Resilience is the ability to limit the extent, severity and duration of system degradation following an estrent&

1 The resilience of the distribution system is based on three elements: prevention, recovery, and survivgbtim fcovery refers to
the use of tools and techniques to quickly restore service to as many affected customers as practical. Survivabilityoréfiersise of
innovative technologies to aid consumers, communities, and institutions in continuing seeleofenormal function without complete
access to the grid®

1 Resilience is the ability of a system (and its components) to adapt to changing conditions; and withstand and recovesfrgtivei
events?!

1 Infrastructure resilience is the ability tteduce the magnitude and/or duration of disruptive events. The effectiveness of a resilient
infrastructure or enterprise depends upon its ability to anticipate, absorb, adapt to, and/or rapidly recover from a pigtdigraptive
event??

1 Resilience ighe ability to anticipate, prepare for, and adapt to changing climate conditions and withstand, respond to, and recover
rapidly from disruptiong3

The high level of details included in and surrounding several definitions of resilience, together witladhéhat parts of the definitions

involve relations to solutions to increase resilience, are preventing a common definition to form. Resilience metrics weil; Asing e.g.,

measures of (possible) impact or quantities required to keep impact at aadettevel,seeFigure 4. Therefore, the logic of a broad definition

- relating solely to the impact of severe eventswould simplify the understanding and the discussion on solutions providing increased

resilience.
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& 5 o & —
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'
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g F
ik ) p 5
Y C i b C < >
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< ~
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Resilience-Oriented Operation

Figure 4 Resilience measures to consider different phases, with dedicated deployment before, during, and after an event 24

A set of key actionable measures can be deployed before, during, and after an event, to achieve or enhance resilienceaSuasrimclude
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anticipation; preparation; absorption; sustainment of critical system operations; rapid recovery; and adagtation.

Anticipation and preparation involve measures to be taken in advance, before any occurrence of an event. This may include scenario
based mitgating strategies and plans for emergency actions.

Absorption relates to the system's ability to absorb/withstand the impact during an event, aiming for decreased or avoided consequences.
Sustainment of critical system operations  andrapid recovery relate to processes during and after an event, to maintain the available
operational capabilities and to rebuild the system to be able to return to normal operation.

Adaptation are measures taken after an event, where application of lessons learnt are basispyvove the system and increase its
resilience to other events.

Resource adequacy vs resilience

Adequacy aims at identifying future missing assets for ensuring reliable service, so it is indeed a separate issue fraemcesib
extraordinary events, which in a sense could be seen as an extension of adequacy (in extreme conditions) when corsitienmgnd
options beyond building assets (generation or transmission); so a balanced position fromtities paper perspective can be to evidence in
our analysis the cases and situations where increased resilience can be reached simply through extisy assvhich case the solutions
from adequacy studies are sufficient also for resilience. As well as, the resource adequacy construct is transitioningsttexdote capacity
requirements, i.e., loaterm planning for flexibility. Of course, there areamy more situations/risks which cannot be solved only by extra
assets, these are more in focus of thsaper.

S CIGRRB >/ Definng potver system resiliense @G @>OM< ij) . +1' -+, 4
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3. HOW CAN FLEXIBILITY SUPPORT POWER GRID RESILIENCE

Flexibility basically relates to solutions with the objective to support the system in daily operation (during normal,sertolmormal,
operation), while resilience on the other hand is a measure of impact of extraordinary events (i.e. far from ngoeration). This section
provides details on the understanding of extraordinary events, resilience measures, and developments of the flexibilipt.conce

3.1 Resilience against extraordinary events

A common understanding and view of power system resilierscan important step toward the design of solutions to provide increased
resilience. Equally important is the identification and understanding of threats in terms of frequency and impact of extr@grdvents. It

is worth mentioning that some threats migte identified through the search for warning signs in operation and planning, while other threats
are unpredictable. Furthermore, developments in technological solutions may raise somefdes resulting in new threats which need to

be identified,see Figure 5.

Extraordinary events threatening the power system may be categorized based on their main cause and impact on the power Elystem
main type of event categories may be distinguishég:

Power system-initiated events : where main cause originatfrom technical or operational failures inside the power system (e.g.
component malfunction, faulty protective actions, operator errors, or overloading), typically evolving in a cascaded manner.

Relatively short duration is categorizing this type of eves, since, if no major mechanical breakdown occurs, restoration mainly relates
to the re-energization and resynchronisation of power system components. Power systritiated events may in many cases be prevented

by increased system reliability in the digm phase, including more backup components, redundancy schemes, and parallel connections.
External events : caused by deliberate or accidental actions by a third party, e.g., cyber and physical attacks.

Cyber-attacks are relatively new and are gaining in importance with the widespread digitization with big data, new technological
possibilities for communication, and remote access to many devices. €3fiecks resulting in severe blackouts are rare, but several cyber
incidents have occurred in the last years.

Natural hazard events : caused mainly by factors related to the environment, such as adverse weather (extreme wind, icing etc.), natural
disasters (e.qg., forest fires, landslides, earthquakes, or volcanic ergt@mrspace weather (incl. geomagnetically induced currents as result
of severe geomagnetic storms).

Extensive tripping and destruction of power system components  are often characterizing natural hazard events. Such direct impact
on the mechanical structas of the power system, as well as on other infrastructures, may significantly delay the restoration process
prolonging the duration of the blackout. Natural hazard events may in many cases be prevented by incraashdnical dimensioning

of power systemcomponents and structures and locating them in a less exposed environment.
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Figure 5: Curve for different resilience states of power distribution systems, from z,

Overall, the resilience of power grids can be assessedmlevels: at component level and at system level. Research based on the analysis
of individual elements and their resilience is important from the point of view of the proper design of the network. Howleegrower
system is made up of many parts whoseteractions are complex and difficult to calculate. In order to capture both the physical and cyber
interdependencies of these components, it makes sense to study systéte systemlevel resilience rather than analysing the resilience

of individual compnents.

% @) CdBegéptiom Prediction & Prevention of Extraordinary Events in the Power System? j ~oj m\'g oc ndn’ I Ol P’ -+, 1
27 3. Afzal, H. Mokhlis, H. A. lllias, N. N. MansoN &.\ m Statedf-the?art review on power system resilience and assessment technigies D@O B i °
Transmission & Distribution, 2021, ISSN 178687.




3.2 Resilience metrics and quantification

Flexbility for Resilience White Pape

Various commendable efforts have been made to explain power system resilience in recent yeats,8.4, *°, %, 3. In this section, several

characteristics of resilience are presented, and quantitative resilience metrics are explained, Figure 6.

As resilience is a general concept fonwinfrastructure, literature on resilience emphasizesthe h] _j n i °

highlight the fact that different types of infrastructures are interdependefif including:
Electric power delivery, with subsystems distribution, transmission, and generation;
Telecommunications, with subsystems of cable, cellular, Internet, landlines, and media;

ogakrwNE

retail;

Emergency Services, with subsystems emergency phonedmeulance, fire, police and shelters;
Financial systems, with subsystems ATM, banks, credit cards and stock exchange;

Food supply, with subsystems distribution, storage, preparation, and production;
Government, with subsystems of offices asérvices;

Health care, with subsystems of hospitals and public health.

R © oo~
B!

»]iggmhcns

Transportation, with subsystems air travebadways, fuelling: gas stations, mass transit, rail, and water and port facilities;
Utilities, with subsystems water supply, sewage treatment, sanitation, oil delivery and natural gas delivery;

Building support, with subsystems heating, ventilation,ainditioning, elevators, security and plumbing;
Business, with subsystems computer systems, hotels, insurance, gaming, manufacturing, fmaiitiene, mines, restaurants and
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Figure 6: Electric power infrastructure dependencies, from 3

Resilience metrics are tools to measure levels of resilience of the power systédsntil nowthere have been no standard resilience metrics,

nor are there standard methods to evaluate them. Although several resilience metrics have been proposed, it is still a1y aigmission

on how to establish a standardized set of resilience metrics, esplycvghen there is an opportunity of using flexibility resources to support

grid resilience Appropriate assessment of the power system resilience level leads to effective and rational strategies, e.g. to introduce

2 E. Vugrin, A. Castillo, and C. Siva i mResiliencé metrics for the electric power systenpekformancebased approach '
Albuquerque, NM, USA, Tech. Rep. SAND2833, 2017
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advanced control techniques, to improvecowery processes, or to update assumptions in grid planning. It is prop8s&d=®¢ that resilience
metrics, and methodologies for determining such metrics, should reflect a number of attributes, such as

Consistency with the adopted definition ofsilience

Distinguishing from reliability metrics through the basis of extraordinary events
Distinguishing between operational and infrastructure resilience

Supporting policymaking

Supportdecisionmaking in planning and operation

Providing quantitative or qualitative representations

Utilising data that can be obtained, transparent, replicable, and well documented
Basing on risk, considering threats, vulnerabilities, and consequences

Accouting for uncertainties inherent in the assessment.

Quantifying consequences in various measures, e.g. related to energy delivery or population/consumers without power
Easiness to apply and analyse to take appropriate action

Easiness to adapt to progressking place in the environment

Supporting planning for and responding to extraordinary events

Providing effective, precise, and consistent means to communicate resilience issues
Informing of the baseline assessments which quantify the current state ofliesce
Supporting the response to emergency and recovery activities

Supporting the creation of development plans to improve resilience to future hazards

e R I R e e I I I I B B B R |

Resilience metrics may be divided in two categories: Attribliased metrics, providing informatiomovhat makes the system more or less
resilient. Performancéased metrics providing information on how resilient the system is, based on the interpretation of quantitative data
of specific disturbanceg:urthermore, performanebased metrics could be divédl into a number of sukgroups, including the following type

of resilience metrics®

Power: levels of power or energy, such as production/load mismatch, generation capacity, unsupplied load.

Frequency: the frequency or number of affected items, such as number of disconngciestomers or lines.

Duration: the duration of impact, such as outage duration and SAIDI (System Average Interruption Duratior¥Index)

Curve: computed based on the performance curve or resilience curve, such as the area under the real performancenclitve @rea
of the resilience trapezoid (sefigure?)

Probability: probability of different aspects, such as probability of system failure and LOLP (Loss of Load Probability)
Economic: costs and economic impacts on society, such as cost of unsupplied load or loss of GRP (Gross Regional Product)
Social: socialeffect of a disaster, such as number of people without electricity

Geographic: geographic distribution of the impact, such as area affected

Safety and health : effect on humanlife and health, such as loss of human life and unavailability of hospital beds

= =4 -4 =4

= =4 =8 -8 -9

Research activities are ongoing to develop proper metrics for resilience to help e.g. regulators and utilities decidéemtedsivestment,
ocj pbc do¥n ®meedcancept dftheegilience tbapgezoid , mentioned under the curve typean beused to assess the critical
resilience dimensions, including progress of degradation, duration, and restorative phases.

34 E. Vugrin, A. Castillo, and C. Sikanroy, “"Resilience metrics for the electric power system: A performanased approach,” Sandia Nat. Labhtaries,
Albuquerque, NM, USA, Tech. Rep. SAND2833, 2017.

3% J-P. Wattson, et.al., "Conceptual Framework for Developing Resilience Metrics for the Electricity, Oil, and Gas Sedtinitéd Btates", Sandia Nat.
Laboratories, Albuguerque, NM, USéch. Rep. SAND20148019, 2015.

3% R. Habibollah, V. Vahid, M. Kamyar , Power Systems Resilience Metrics: A Comprehensive Review of Challenges and Q@@ohlovieidBér 2020.
37 Defined in the IEEE Guide for Electric Power DistribuRelability Indices

38 hitps://www.nrel.gov/docs/fy200sti/74241.pdf
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Figure 7: Resilience Trapezoid, from %

A quantification utilizing the resilience trapezoid couldidike illustrated inFigure7, which depicts the states which a power system might
reside in during an event as well as the transition betwebese states.

3.3 Requirements to integrate flexibility sources and services

The energy sector is facing a major challenge to meet the growing electricity demand, which will require massive infrastinogstments.
However, the inability to accurately te¥mine the direction in which technological development will go has a significant impact on the
investment decisiormaking process.

The shape of the new energy market will largely depend on the type of new technologies which will be used, their distiibthe area of
network operators and their universal availabilifihe network requirements for integration of flexibility sources as well as the possibilities
related to management of flexibility services are closely related to the development of sigpdds. Figure 8.

To integrate and manage flexibility sources, new monitoring, control and data collection functions will be needed, asinaléasing the
scope and use of existing ones. The existing network infrastructure, such as power lines tindstaeed to be equipped with measurement
systems, automation devices, as well as communication devices. Such an integrated structure should be managed by dedigatech§T
enabling the implementation of monitoring, control and automation processes.
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Figure 8: The main components to integrate flexibility sources

The requirements for the future grid to integrate flexibility sources include the elements of transmission & distributiehthenICT
infrastructure, with the main components:

Electricity network infrastructure:  The modernization and expansion of this infrastructure will need to consider the requirements related
to the introduction of smart grids. Therefore, it will not be a simple dcgion of the existing patterns, but the introduction of advanced
technical solutions. They will enable, among other things, remote supervision of devicesliagtiosis, monitoring, adaptation to work in
difficult climatic conditions.

Measurement syste ms and automation devices: These elements are used to measure the state of the network and to perform
autonomous functions of automation related to ensuring the continuity and reliability of electricity supplies to consuniersndst
important part are atomatic electric power protection automatics systems. They include sensors and converters of electrical and non
electrical quantities, auxiliary relays, and control devices.

Measurement systems of network users : These elements are used to measure the gtii@s that characterize the energy flow at supply
points and network characteristic points. They include measurements of municipal and industrial recipients, producerseis;ostirar
operators, transformer stations, selected lines and circuits. Thesaaf the measurement includes basic electrical quantities as well as
collecting information about the quality and reliability of supplies at the measurement site.

ICT infrastructure and platforms for collecting and exchanging data: The telecommunicationmfrastructure will be a key element
of the network's equipment. It will ensure the possibility of transferring large amount of data, both from the customersiavides to
decisionmaking centres, and in the opposite direction. In this way, it will pl@information to manage and control the network and perform
functions that require interaction with the end user, e.g. demand management, load control, reporting and implementatiexitufity
services. The development of the telecommunications infrasture will be one of the most important undertakings in the process of
integrating the sources of flexibility in the network, and the functions performed by it will become the basis for the ape@itthe new
network. Acquiring data and making them aladble to other systems and entities is the basic requirement of integration.

Network management systems and business process support: Network management and business process support systems are now
used as separate, loosely coupled systems. The intrddacbf new requirements for the network infrastructure will be related to the
integration of applications within a coherent IT environment, the creation of applications dedicated to new needs reltitechtmalysis of

the network condition and support fdiusiness processes. The whole will be ensured by appropriate IT security.

3.4 Next level of Flexibility

All power systems have a certain degree of flexibility to continuously adapt generation t@atheal demand. Volatility and uncertainty are
not new to power systems as the load varies significantly over time and energy sources can fail unexpectedly. Conver&:lgawvRE
temporarily make it difficult to achieve the system balance. Both wind and solar gneaources vary considerably over hours and days,
sometimes in a predictable manner, but often the forecasting of their generation capacity is imperfect.
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Symptoms of insufficient flexibility in the power system can include:

1 difficulties in balancing suply and demand, causing frequency changes or the need to reduce load through load shedding;

9 significant reductions in the supply of energy from renewable sources (curtailment), due to excessive supply togetheamatartr
constraints;

1 deviations from thescheduled power balance of an area, indicating the +falfilment of the balancing responsibility;

1 negative energy prices, due to insufficient ability to reduce production and increase demand, together with transfer ctgistrai

1 pricevolatility, due to transfer constraints together with limited availability of peak production units and demand reduction.

It is important to identify proper flexibility resources in terms of ensuring the secure operation of the power systemedHn@dalpart of
flexibility relates to the physical capacity of assets in the power system, regarding the abilitiés: of

supply to follow change in load,

demand to follow change in supply,

energy storage to balance supply and demand, and

grid infrastructue to allow supply to reach demand and storage.

= =4 -8 A

Utilising robust indicators to evaluate available flexibilities may support operators to make informed decisions regardingedhational
activities of managing the system. The operational part of flextpilielates to the operation of assets in the power system, constrained by
40; technical capabilities of the assets, and regulatory and market envirent.

The next level of flexibility:
Fully deployed and utilized for operation and planning of the power system, being integrated ir
procedures for longerm planning as well as in tools for stability support

Development of solutions providing the next level of flexibility is a hot topic in the power system sector. However, imgdlexibility
solutions in the longterm planning, as well as integrating dependencies of flexibility solutions to provide ifabilpporting actions, involves
significant risks, volatility, and uncertainty.

Reliable assessment of the available flexibility ~ will provide information for determining investment priorities for increasing generation
and transmission capacity. Taking the technical and operational parts of flexibility into account, the capability for dhahgeroduction /
consumption balance hich the system can achieve for a specific time horizon at a given operational scenario can be used as a measure of
the available flexibility. This available flexibility may be limited by the speed with which the assets can respond, aswglthe amouh

of power/energy to be kept operational. Other inhibitor factors for flexibility may originate from the market and reguiatongworks.

The integrated dependency of flexibility measures, as well as appropriate assessment of the availability of fiigxdifectly impact the
resiliency of the power system, therefore flexibility solutions intended to provide resilience support must be reliable@né $o provide

the trust required for operation and planninhe recent extreme weather events draw ettion to distributed energy resources, i.e., new
sources of flexibility as a coseffective measure to improve resilience. As the frequency and magnitude of extreme weather events become
more difficult to predict due to climate change, large generatordagrids become easier to fail and harder to restore. On the other hand,
DERs such as building insulation, solar plus batteries and microgrids can help consumers withstand power‘dbutages

D M @IPswer systm flexibility for the energy transition. Part\tt ¢ pt gc u d mp, 1SBN j9702-826(0k089-1; 2048F
41 https://www.canarymedia.com/articles/climatgsis/hurricanedrivenblackoutsin-new-orleans send-a-dire-warning about-the-needfor-distributed-energy
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4. FLEXIBILITY AND SOCIETAL TRANSFORMATION

The localdimension has emerged in the electrical system and is as relevant as the central dimension due to the new framework of the
power sector where consumers are placed at the central part. The new generation of consumers will become active andeattlybie r
provide system services. Therefore, this section will show its usefulness in using local assets in system balancing asiw&f& DSO
congestion management, especially now when DSOs will be posed with many local grid constraints. These issuesstauttiithrough
cooperation between all system actors and the market parties including aggregators, local energy communities, and singdersnthat

can solve the grid constraints.

4.1 Explicit and implicit demand flexibility

Demand side flexibility oflexibility from demand side response can be definedathe ability of a grid user to deviate from its normal
electricity consumption or production profile, in response to price signals or market inceftives

In this sense, demand side flexibility refeto enabling final customers to become active in the market but also to system operators to make
best use of this flexibility to ensure efficient system operation. For this reason, it is essential to understand the tsibifibes that already
exist for active demandside participation in the energy market: explicit and implicit.

Explicit and implicit demand flexibility can be defined@s

1 Implicit demand -side flexibility dn oc™ ~jinph  m%n m \”2o0dji o0oj kmd”~" ndbi\lgn)
or shorterterm market pricing, reflecting variability on the market and the network, they can adapt their behaviour (theatgmation
or personal choices) to save on energy expenses. Thistype of DeMdathd © Ag sd] dgdot d-h\ pao»i-sidmhai n
flexibility.

1 Explicit demand -side flexibility is committed, dispatchable flexibility that can be tradedn(glar to generation flexibility) on the
different energy markets (wholesale, balancing, system support and reserves markets). This is usually facilitated and maypaged
aggregator that can be an independent service provider or a supplier. This formepfabDd Side Flexibility is often referred to as
°di " i odg" -sigedexibility» _ " h\ i _

Both types of demand flexibility are complementary and can coexist allowing grid users to participate and exploit thesttisp of system
benefits from theuse of flexible mechanisms in an efficient energy system. But the success of these mechanisms is strongly dependent on
the user acceptance and engagement. In general, there is a general lack of customer awareness about what opportunitiesethere
engag in demand side flexibility.

Referring to the division of flexibility presented Figure 2 the level of behaviour of power system users is related to flexibility from the
users' point of view, Figure 9. These behaviours overlap but have differenniivess. For example, for the power system, a behaviour of the
system user consisting of the daily evening charging of an electric car is understood in terms of the need to ensure adigepibiity in

the system for the needs of the charging, while foystem users satisfying their daily needs, the behaviour will not matter until when
asked/incentivised to provide flexibility.

&)

The flexibility is not 972 :

|
activated directly on the g:;:::sg:
Implicit operators ca!l. Ugrs‘ decide Contractual
Flexibility about its LK AL provisions
response to various - Tariffs
incentives, e.g.prices I =
(€9
» The services and products [ ik
Explicit avallable on the market and $ e:,'i C;LY
Flexibility offered by system users to - Flexibility
meet the local needs of the ‘ products
network operator who
decides about its activation.
“2@pmj k> Vi Nh\mo Bmd_n FnaRéporaDeman@dg I@s kDjmov @8 mg jpkr w' Népacgtcb 200Wpgcpg _I b
43 This definition is in line with the terminology used in Directive (EU) 2019/944 wiereand response d n _ * attid change bf elecfricity load by final

customers from their nanal or current consumption patterns in response to market signals, including in response twairiadble electricity prices or incentive
payments, or in response to the acceptance of the final customer's bid to sell demand reduction or increase atia gnic@ganised market as defined in point (4)

md ?prgajc 0O md Amkkggqgml Gknjckclrgle Pcesj _ rAgiod?2, &r€&se (EW) 2019/98L06theEurép@ah u
Parliament and of the Council of 5 June 2019 aommon rules for the internal market for electricity and amending Directive 2012/27/EU.
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Figure 9: General classification of flexibility resulting from the behaviour of system users Ral

From this perspective, the level of user behaviour is understood as the ability of system users to offer activities aimeduating or
increasing the load or generation in the form of power change, or offering other services required at a given monwraramtee stable
operation of the network. This type of flexibility is also called explicit flexibility, that is, one that must be activatétté occur. This happens
at the request / call of the grid operaté.

The level of users' behaviour is alsbeir behaviour resulting from everyday needs and habits. In other words, it is a latent flexibility, that is,
one that exists in the system but is not activated directly on the grid operator's call. Its implementation occurs as tiakethd network
users having, for example, additional provisions in connection agreements concluded in order to provide certain behaviearard hiso
tariff solutions that make the customer change their habits to achieve the benefits of the tariff they have, i.etinghiheir consumption by
hours at lower prices guaranteed by the tariff. But also in the future, these may be tariffs with dynamic prices, whicmdiegen their
target structure, will constitute a certain source of flexibility that can be obtainediédtheless, flexibility level caused by customer behaviour
not related to the grid operator's explicit call, sometimes may lead to unfavourable phenomena on the network, which maygeals
constrains Then, if the available technical capabilities are sofficient to deal with these disturbances, it will be necessary to activate
flexibility from system users. At this point, it is also worth noting that sudden problems with the operation of the netwarkertain area
may mean that the grid operator witieed to activate normarketbased redispatching mechanisms if there are no market flexibility available
in the affected area.

Solutions based on implicit demarside flexibility are based on time dependent local tariffs, like tiro&use, dynamic or realime-pricing,

and can be technically implemented in a relatively simple way but they can be complex from th@end mn % kj di o j a qd r
@pmj k> \Vi Pidji <b i”t ajm oc” >jjk m\oacDistd] ao@j i mt mealp 1% oc nn
that\ _gq\ i ~° daa m iod\odji di odh™ \i_ gj~\Vodji 0 ¢ mj prigentiviset i \ h

efficient network behaviour, but such differentiation is rather complequires a sufficient level of automation, and may therefore contradict
other principles.

Explicit demaneside flexibility can be offered by grid users that have significant flexible resources and usually without heavy impact on
ANjinph® m¥%n J]e’produasdguid be)marketed as well by an aggregator. The way these flexible products can be used by system
operators is already described in the existing network codes or will need to be developed in the future ones.

Otherwise, distribution and transmission system operators are responsible for ensuring that the electricity in the systdlomchetween
their grid users. From their perspective, demand side flexibility can be used to guarantee that sufficient netywauditgas always available,
complementary to the reinforcement or construction of new electridgitirastructure Technically, it is possible to solve the problem of grid
capacity through the flexibility provided by demamdsponse participants and be uség system operators to reduce loads on their networks
and have an alternative to grid capacity investments in certain cases.

4.2 When demand side flexibility is already in place

In the previous section, the difference between explicit and implicit fleigtdnd it possible applications have been described.

In the case of explicit flexibility, its use in real systems, for example by means of demand side response programs fonenssand
aggregators who have the ability to reduce their demand, try to fulfil three main criteria. In the first place, it iméak& have a better
exploitation of the potential offered by these flexible resources, achieving an optimal utilization. The use of the diffgpestof alternative
resources, such as demand side response and storage (e.g. from electric vehiclesheanprticipation in the wholesale market should
happen on equal terms with the utilization of conventional units. Nevertheless, these programs are currently offered aegdrooly by
TSOs and there is still no such possibility for DSOs to do it irddpntly and the use of flexible resources is still incipient particularly for
TSOs.

Secondly, the secure operation of the system is an overarching principle, and it must be combined with the search otgfffoieimstance,
avoiding that the activatin of flexible resources in a certain point of the network for balancing purposes creates local congestion and vice
versa. For this reason, and as mentioned in the previous paragraph, explicit flexibility from distributed resources nbed®tsideredad

help in grid management both at the distribution and transmission le@gistem operators have always had as a top priority the secure and
efficient operation of power systems and in the context of flexibility procurement, this also means that TSOsSDs \ill have to cooperate

for the planning and the operation of their grids. TSOs and DSOs currently cooperate and exchange information, howexenahigeswill

have to be reinforced to also guarantee the efficient use of resources and secure opermatifiexibility at DSO level.

And the third criterion is the user perspective. There is a real need to facilitate market development, meaning that thatioteof flexible
resources into energy and service markets is an objective per se. The harntioniz# the electricity markets in Europe, have already
achieved important milestones such as the implementation of market coupling for the alagad market and the continuous intraday
market, but is mainly focused on the transmission system. To incorpgofi@xibility mechanisms at DSO level, new services and products
have to be clearly defined in a technologyeutral manner to enable the participation of different kinds of flexible resources. Another problem
is that DSOs may lack economic incentives t@ uBese resources.

“@ H\o\Saltged \¢j grwaxl mRag, KmZjgumRag glrcpnpcr _awhReport PE,B02@8u n_i gcr
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From the above, some barriers to the full deployment of flexibility use by system operators can be identified:

1 Optimal Utilization of Resources . The use of flexibility is already mainly by TSOs, although still limited to certain tynessizes.
On the other handDSOs still do not use distributed flexibility in the daily operations.

1  Secure and Efficient Operation . New regulation (e.g., a new Network Code on Demand Side Flexibility) and procedures are required

to enable DSOs to use fibility and also a proper coordination with TSOs.

1 Facilitate Market Development . Implementation of the existing Network Codes is an ongoing process and may bring harmonization

of products and services at TSO level, but distributed flexibility still neadsew Network Code to include mechanisms and product
characteristics for the provision of DER flexibility at DSO level.

Regarding implicit flexibility, network tariffs scheme, in which customers can choose the most appropriate ones depentliey need,
are the main tool to provide incentives for efficient usage of the grid to network users. The conditions proposed in sachidyariffs
contribute to shaping consumer behaviour because network users are exposed to price signals that reflect thogesanaheir utilization
of the grid affect future network costs and thus providing additional value to the electricity network. In this sense,riffedesign should
be targeted at reducing both the system peak and individual peaks.

At the current stag, technology is not sufficiently mature in all countries to allow the efficient use of dynamic tariffs on smaller usetts as i
requires a sufficient smart meter rolbut and a high level of automation. As an example, in 9 Member States,-tifferentiation is only
energybased and in 8 Member States time differentiation is both power and endrgged. Since dynamic tariffs are not implemented in
any Member State, this option will become more viable in the coming years as grid digitalization progressesaner networks are in
common use in the different countries.

As a recommendation, the implementation of implicit flexibility by means of network tariff schemes must be preceded byocaigimocost
benefit analysis in each country. Considering the facttdynamic tariffs come with administrative costs and complexity, principles such as
simplicity and predictability are especially important to design the correct schemes.

4.3 Load shedding and flexibility options

The concept is how load shedding can evolve and merge with demand side response (DSR): today we have, at one end, satel it m
ocmjpbc ?NM \i _ Vo oc™ joc m i _" di o -hasegldad shédding (og/¢ffed_quité randamdy ~ ¢
applied). In between, many custetailored load flexibility options can be designed before arriving to abrupidesired,and rather

indiscriminate load shedding (typically by electric area = secondary substation). We can name thispatian h\ mo gj \ _ nc"’

For example, an automatic or serautomatic arrangement that shutdown specific part of the lagddr example non necessary at least on
short term like heating or EV charging in case of low frequency or low voltsigetions would be part of the resilience measures made
possible by tools and processes developed primarily for flexibility provision. A similar system is in place in the stateeofS@nd, Australia;
the distribution network owner uses a 1,050Hz siga disconnect several hundred MW of hot water systems to flatten the load profile
during peak demand or other instances as needed. ®isowever, manual rather than automated.

\
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5. FLEXIBILITY FEATURES BENEFICIAL FOR RESILIENCE

The power systems are pne to be affected by risk and uncertainty associated with known and unknown challenges. The design of resilient
and flexible power system requires the understanding of risks and uncertainties. In this chapter various examples angesitae
presentedregarding e.g. alternative grid development, flexibility for operation and planning.

5.1 Risk management, network development and energy transition

Pi """ moldiot ~\i 1% Vo bjmdu’  _ \'n m\i_jhi nn jm $¥Rajdomnespisani j r
independent feature associated with the nature of the uncertainty whereas lack of knowledge can be improved by knowledigg, stzda

transfer, and detailed analysis. The uncertainty in input data can propagate into the design andmemtsdecisions and affect the outcomes.

The risk and uncertainty become important due to the need to maintain system resiliency against events while ensuringtyelidiz
occurrences of extraordinary events in power systems are difficult to be prediatscurately, but the probabilities of occurrences may be
estimated with a fair degree of certainty.

A system becomes resilient from propesk -management practices. The risk management practices are required to be a structured and
comprehensive with cae-consequence analysis. Prevention and control strategies in the caoasequence analysis are designed to limit
the intensity, extent and subsequent consequences of extraordinary events. The risk management strategy is broadly classiBadss
avoidance, Stress resistance and Strain adjustm&nthe strain adjustment is basically a mitigation strategy and deals with flexibility of
the system to adapt to stress. Flexible design helps in achieving the objectives as it factors uncertainty andliairapower flow.

Power systems are in general designed based on th# &titerion, to achieve high degree of reliability with economy. The flexible operation
in generation, transmission and distribution provides a degree of reliability owing to tagiability to adapt to new scenarios. The flexibility

in generation is supporting by providing fast ramping and wide ranges of operation. The transmission is becoming more dieiilg to

the augmentation in HVYDC and FACTS devices, allowing for enhaonogal of the power flow. The distribution side flexibility may utilize
Distribution Management Systems to its advantages. The capability of shifting of loads from one feeder to other is a cesiiesed flexible
approach. Demand Response also addsléxibility and resiliency. The flexible design could help in adopting to emergency conditions, where
these features act as a reserve in the hands of the system operator and in case of emergency scenarios can be easilyppuatiomw.

To prevent damagerbm an extraordinary event, an accurate understanding of the possible threats from that event is required. This is
obtained through the use of tools to analyse and update the design basis threats such as earthquakes, tsunamis, and hairBaailarly,
advances in the reliability of emergency generating units and efficient power usage during a prolonged loss of supply aire@s@nt to
prevent damage from event®. Transmission system element failure are less frequent than distribution equipment, it failure affects
larger areas, and outage durations may be much longer. This fact, combined with the high cost per transmission equipniengreqter
attention. In comparison to generation, transmission assets are extended to large geographiesl amd are more prone to failures. The
transmission line spans are also more exposed when it comes to thunderstorms/cyclones etc. The following practices aaninmport
enhance the resiliency of transmission systems:

i Underground cable®©verheadtansmgsion lines are prone to vegetation faults, cyclones, lightning strikes etc. Underground cables
at selective locations may improve resiliency. It should however be noted that underground cable faults may have significant
duration.

ii. Periodic linemaintenance: Standard practices of line maintenance help in avoiding unnecessary outage due to low clearances on
account of vegetation or any other reason.

iii. Spare availability: Can reduce the downtimes significantly.
iv. Database of personnel and material: Arpdated database of available resources in the form of manpower and Emergency
Restoration Service help in timely mobilization during crisis situations.

From theenergy transition point of view infrastructure investments can increase resilience includedyndancy and supporting solution
automation and network development as valuable solutions to ensure security and quality of supply of the systems.

As the energy transition scales up and new challenges to integrate intermittent renewable power genenaserthe use of more adaptable
solutions will become critical to ensure grid stability. On the other hand, natural disasters and extreme weather eveetganted to
increase following the climate change, leading to higher risks for distribution aadsimission networks.

In parallel with conventional solutions, alternative grid development solutions, also calledmirenalternatives, emerge which use non
traditional solutions such as advanced monitoring and control of distributed energy resourakd@mnand to defer or replace the need for
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distribution system operator shall publish at least every two years and shall submit to the regulatory authority. The network development
plan shall provide transparency on the medium and letegm flexibility services needed and shall set out the planned investments for the
next five-to-ten years, with particular emphasis on the main distribution infrastructure which is required in order to connect new gamerat
capacity and new loads, includjrecharging points for electric vehicleBhe network development plan shall also include the use of

demand response, energy efficiency, energy storage facilities or other resources that the distribution system operator is to

use as an alternative to syst em expansion) »

With the publication of this Directive, flexible assets connected to networks become available for TSOs and DSOs to mageasgots on
their networks. In the case of DSOs, for the first time, they have a framework to use flexibilityoptichise network investment decisions.
Flexibility will be a valid option as long as reliable and suitable flexibility resources can be developed and the semare isost efficient
than traditional grid reinforcement.

At this point, a relevant quesin is how to appropriately value flexibility services in order to determine whether it is the best value solution
to a particular network issue relative to existing solutions. A comparative approach could be used; for example, for anyguanvestment
scenario, the amount that the system operator is willing to pay for flexibility is determined by the cost and value of theestactual
solution avoided. The annual service expense could be calculated by converting the regulatory cost of counteirfitctumlannual amount
and, consequently, equating the value of the flexibility solution with that of the counterfactual, depending on the ducétibe flexibility
services contract.

In consequence, an internal assessment could be seen as a tool tiwledcthe use of flexibility in certain cases could be an alternative to
grid infrastructure investments. Following this assessment, a flexibility solution may not be appropriate in all casestéoice, with regard

to the criticality or timeliness othe connection. In this sense, infrastructure investments can sometimes be the only solution, and can be
seen as a key enabler to foster demand participation and the development of new flexibility services.

Furthermore, the economic anegulatory angles are inseparable from the decision process and, for this reason, National Regulatory
Authorities should acknowledge that more tailored remuneration schemes are required to make viable fleag#d solutions in addition

to traditional grid reinforcements to the efficient provision of network services. In short, costs and economic incentives for rhasgext
flexible solutions should be acknowledged by the regulatory framework.

5.2 Reliable flexibility for operators

In terms of power systenmanagement, flexibility have been developed for grid operation with high variable RES penet/@jistem
operators are primarily focusedrosecurity and eliability standards based on meeting peak demand, but this approach does not fully follow
the varieble and uncertain nature of the network utilisation especially due to the increased penetration of distributed energy essanct

the growing electrification of the economy.

The mechanisms for European TSOs to achieve balance in transmission gridseadyaimplemented through the existing networks codes

and their subsequent implementation in the different Member States. Additionally, the Directive (EU) 2019/944 also states thaH ™ h' ] ~ n
States shall provide the necessary regulatory framework to allavd @rovide incentives to distribution system operators to procure flexibility

n > mqgd”  n' di *gp_dib ~jib > nodji hYi\'b > h io di oc dm \ m ‘ian» ) O
management, as well as nefrequency ancillary ervices such as steady state voltage control, fast reactive current injections, inertia for
local grid stability, shorcircuit current, black start capability and island operation capability. The ability of system operators to use more
fine-tuned and creéve flexibility products will be enhanced with increasing visibility and control of the network through digitalisation and
adaptation to new technologies. This follows the solutions and requirements on resilience, with novel solutions required¢@sentional

ones become diminished in the same time as the system gets exposed to increased stress, Figure 10.

Resilience areas: Anticipation, Novel Resilience solutions: increase
Preparation, Containment & Mitigation, possibilities with integration of DER &
Rapid recovery, Adaptation controllable assets

Resilience solutions (conventional Resilience requirements: increase with grid
containment and restoration): diminish utilization, climate change/ severe weather,
with decommissioning of primary data handling/cybersecurity

energy reserves

Figure 10: Resilience solution and requirements.

The needs of using flexibility by operators could be dividedamws®:

2019 on common rules for the internal market for electricity and amendDgective 2012/27/EU
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For TSO:

1) Frequency regulation (FCR, FRR?’RR)
2) Reactive power regulation,

3) System balancing,

4) Congestion management

On the other hand, DSOs do not have such possibilities due to the lack of unambiguous regulations that would allow thprdenetd a
flexibility services market.

For DSO

1) Shortterm local congestion management,

2) Voltage control / reactive power management
3) Long term capacity grid management.

The development of such market and the change of the DSO's role frechnical support to a neutral market facilitator on the way to
activation of consumers should be another important step on the way to the implementation of the Clean Energy for all Erngppelage®.

Rapid customers activation and the subsequent changithe network management model in the bottomp direction seems to be the first
upcoming step. Due to the rapid development of distributed DER, stabilizing the grid at the local level supports the ptahtioa of the

entire power system. Local aread balancing and congestion management at the distribution network level, with the use of small sources
connected to the distribution networks, will thus become the basis of the new energy market model. Local balancing arpas/earaluable

in the eventof network performance problems caused by extraordinary events. The problems of the entire network should be viewed through
the prism of its weakest points and strengthened locally in such a way as to make them more resilient to various disturiratieefuture.

Flexibility fromdemand side can offer solutions for both the planning andperation of electricity networks considering that most of

the existing planning schemes do not include the flexibility requirements of the power system that considér h@ o j h™ mn% ag
characteristics such as staiip times or ramp up/down ratios. Hence, to use those flexibility services, system operators need to assess
dynamic network conditions to establish how much flexibility capacity is required, when éddad and where on the network flexibility
providers can be more efficient. At the same time, some levels of analysis and modelling of systems are required, in@adinge state
estimation based on reatime data and sophisticated demand forecasts tsaising metering data and bottorup aggregation of various

load categories.

The previous arguments are more relevant considering that the frequency and intensity of disastrous events are expectedaseue

to climate change and cybeattacks, justto mention two real threats. Network resilience is often linked to the capacities of electrical
infrastructures to mitigate and absorb shocks and rapid recovery to-gisaster conditions. Improving critical infrastructure resilience is
particularly imporant in a context of increasing electrification and high penetration of renewables and for this reason alternative, flexible
solutions, as the ones described in this chapter, can be a real solution for system operators to retain the basic stifuctctiahality of the
power systems.

Many of the ongoing projects and practices, some of which are presented inAfiendix supported by innovative demo and piloting
solutions can provide highly relevant knowledge to the questioiofv can flexibility support resilience?

Some of the mentioned solutions include projects focus on:

1 novel solutions for system protection schemes and operation (e.g. islanding, congestion mitigation) enabled through fadioddoad
and distributed generation,

situational awarenas and system state observability, enabled by increased monitoring, communication, and data exchange
cyber security, highlighted by the utilisation of common platforms for data sharing and Al & machine learning solutions paeiraf
the digitalisation d the power system

1
1l

Furthermore, standardization of solutions (architecture, tools, platforms) is important to increase the reliability andawoefor large
scale deployment of flexibility solutions.

5.3 Resilience, system flexibility and grid  planning

The design and building of new generators and transmission system takes long time and the investment planning processiimtiséep

to ensure that the power system will have sufficient flexibility and resilience. In regulated scenarios, this funedigrtarried out via a
centralized planning model in which industry participants and government agencies jointly assess potential requiremegtslifamay. In
marketbased scenario, sufficient investment signals regarding the potential need for fléyilasite required. In the absence of sufficient
investment clarity, the power system may lack the ability to operate with sufficient resilience. The resilience is thusethetothe long
term planning stage in several power systems. For instance, the wébthck start sources are required to be planned, so that they integrate
with the rest of the system. Grid planning may also consider the geography and locational aspects. For example, in caiskishgagsing
through an area prone to flooding, thegrining shall factor the outage of network/station in flooding season and be designed accordingly.

52 Frequency Containment Reserves, Frequency Restoration Reserves, Replacement Reserves
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Flexibility is relevant to many aspects of the planning proce¥sTraditional processes focused on ensuring sufficient generation and
transmission capagitto reliably meet demand during peak conditions. In processes considering broader view of resilience, can ensure that
systems can also meet and deliver the flexibility required for successful operation under all scenarios.

Investment planning, in the fon of network development plans, should be the result of a procedure that gives an overview of a complete
grid development, with particular emphasis on the main transmission and distribution infrastructure which is required int@mob@nect

new generatio capacity and new loads. Usually, it is necessary to use reference scenarios to identify the technical characteristi@s of ma
investments, especially investments which have the technical and economic potential to be deferred or replaced by fldXhitittheless,

for each network development case, system operators will have to analyse the feasibility aneeéfestiveness of any flexibility solution
versus investments in traditional infrastructures. As a result, the network development plan wilighigllreas or parts of the grid where
there is a potential need for flexibility services.

In this sense, implementation of the flexible investment planning is a relevant aspect to consider by system operatorskeraative to

their classic infrastruture development plans. When considering the potential of flexibility from a resilient perspective, it is important to
develop mechanisms based on forecast changes in customer load and plan upgrades or grid extensions, and also to antisgiate as
replacenent needs as equipment reaches the end of its useful life.

Accordingly, some of the solutions which system operators take into consideration when addressing needs in developmentipiders
Optimising infrastructure investments.

Deferring or avoidin@sset reinforcements.

Implementing more efficiently planned maintenance, asset replacements, and connection works.

Considering unplanned interruptions by mitigating effect of network outages, and thus minimising impact on customers.
Improving quality of spply.

Reducing network implementation timescales.

Optimising infrastructure use.

Increasing capacity of existing grid assets to enable new renewable generation.
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Regarding planning of lower voltage levels, it is challengingléwelop longterm development plans since these to a higher extent depend
on short economic cycles and social dynamics. Distribution system operators managing lower voltages need to improve anhe&fin
forecasts for electricity use, to ensure that the capabiliby the distribution system is expanded in a cesffective manner using smart
solutions and intelligent asset development, and, at the same time, helping to proactively determine the development @tthmition
system at higher voltage levels.

Invesiment planning activities are also significantly affected by RES variability, which becomes more complex and affected hyleveig
of uncertainty.Grid investments are capital intensive and infrastructures lifetime spans over several decades. Due gpieiae RES and
DER deployment, the generation and load scenarios upon which thebewstfit analyses for new grid infrastructures are based are
continuously and rapidly changing. As a consequence, when a new line is commissioned, the testoncehic beefits it was initially
supposed to reap could prove significantly lower than expectdditionally, building new lines meets more and more public opposition,
which makes planning activities even longer and affected by uncertaint/asiable flows from IES are generating a new type of intermittent
congestion which can sometimes be better compensated by resorting to system flexibility: in many cases, an investmenwitireefoable
would not be economically justified. Thus, establishing new T&D gridnif@nmethodologies, considering e.g. the opportunity to install
storage devices and other flexible alternatives to building new lines, is an important step forward. With local solutioopaavith RES
generation peaks, the congestion in the grid can bduced in less expensive and less environmanpacting manners. At the same time,
the increase of flexibility available in the network will positively contribute to its resilie(Bee details irAppendixA.)

5.4 Grid services and Markets

Inclusion of flexibility should be associated with the occurrence of signals that the balance stability of the systemigkatrr this case,
activation of the flexibility sources may occur because of receiving frequency signals with a dangerous dégystem imbalance. This
type of flexibility is secured by the presence of balancing offers in the market, and therefore its activation uses balaetinges offered
by the market. These can be services related to both energy and power.

The balance fleibility in its entirety refers to the needs related to the current system balancing, that is, maintaining stable and saferet
operation, especially in the frequency range. This means that the source of activation of this flexibility should be s@atsd to frequency
and the observed dynamics of their changes. Such activities are appropriate for the transmission system operator whicts ¢hsure
balancing of the power system at the national level. Pursuant to the regulations in force included iBélacing Network Code (EB GL),
these obligations are specific to the transmission system operator only and are performed through balancing services. ulthef ibe
implementation of balancing services will be a decrease in generation and an incredsed, or vice versa an increase in generation and
a decrease in load.
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European perspective:

Day-ahead marketEUPHEMIA is the algorithm that has been developed to solve the problem associated with the coupling of-titecedy
power markets in the ER region. First, Market participants start by submitting their orders to their respective power Exchange. All these
orders are collected and submitted to Euphemia that must decide which orders are to be executed and which orders areje¢atbd e
accadance with the prices to be published such that:

1 The social welfare (consumer surplus + producer surplus + congestion rent across the regions) generated by the executeid orders
maximal.

1 The power flows induced by the executed orders, resulting in the net positions do not exceed the capacity of Hamtreletwork
elements.

Euphemia handles standard and more sophisticated order types with all their requirements. It aims at rapidly finding airgbedlfition
from which it continues trying to improve and increase the overall welf&te.

Intraday Maket. The XBID Programme started as a joint initiative by Power Exchanges and TSOs from 11 countries, to create a coupled
integrated intraday crossorder market. Meanwhile the XBID Platform has been confirmed as the Single Intraday Coupling (SIDC) which
shall enable continuous croslsorder trading across Europ& This means that orders entered by market participants for continuous
matching in one country can be matched by orders similarly submitted by market participants in any other country withmihep ~ o %2n m
as long as transmission capacity is available. The intraday solution supports both explicit (where requested by NRAs)ieihdantmuous

trading and is in line with the EU Target model for an integrated intraday market. The purpose &BID initiative is to increase the overall
efficiency of intraday trading.

However, the flexibility can be used in many different markets and products. For example, if every user (or buyer) of dedesftekibility
organizes its own market, this calilead to market fragmentation and lack of transparency as well as to problems with the coordination
between different market processes (e.g. double activation, etc.).

A survey of currently used platforms and their functions, flexibility, and target rerkhows that functions mostly implemented using a
not paid platform. Regarding the problem of using flexibility in many different market and products, many energy stakelmidsider that
developing a limited/regulated number of fully integrated markeés the best way to overcome this problem. It is uncertain if the target
market model should be implemented based on one of the existing frameworks on common integral market designs for the wading
flexible energy usé&’

5.5 Flexibility coordination in Operation

In practice, power system flexibility features are very much dependent on real time operating conditions. They dependstatutef
generation, the capabilities of load, and seasonal and diurnal characteristics of wind, anthhydro resources, among other factors.
Flexibility in operation is required to maintain the loadjeneration balance. The inability to implement flexibility features may cause
excessively high or low frequency fluctuations. Inflexible operation may also cause wide variations in area control edarsdaned
reliability. The flexibility in operation are therefore important features which need to be ensured. The operational flexibilitg azardased
via solutions such as providing improved weather forecasts or enhanced visualization and monitor of the extent dfaordinary event
and projection of forecasted events. For example, in the Indian power system, solutions are available which provide rsdrtitoer
information about cyclones, thunderstorms, floods etc. (see further detaisgpendixT.) The contradvailable with operators, like ancillary
services dispatch and HVDC power order variation, are enabling elements for taking timely actions in case of extremesddsiagaobust,
engineeringbased metrics for assessing flexibility as a component ofrédgoperation study can support system operators to make informed
judgments about the tecna@conomical optimal amount and mix of flexibility measures to implement during operation.

Considering the TSO and DSO coordination in terms of grid services fridexihility viewpoint, both provided and utilized services can be
as follows. The TSOs could be providing services to collect and share metering data, and may utilise services regardamgyrequtrol

and reserves, balancing, capacity reserves and mamagnt, and voltage control. DSOs could be providing services regarding metering data,
load control, and voltage control, while utilising services regarding voltage control, congestion management, and backup\Neswese
cases where DSOs foresee the uskflexibility include: controlled islanding, operation under severe events, restoration control, and local
grid balancing. Provided services to grid customers from both TSOs and DSOs can be flexible grid connection contraxts. ¢bcagction
costs applied to customers intending to connect into a weak grid, the cost of connection might become very expensive. In sucfiedbée a

grid connection contract might be an interesting option to reduce grid connection costs. The intention of the flexibéeton contract is

to avoid or postpone grid reinforcements while connecting new customer who is willing to be flexible. In practice, thesolayroccasional
production curtailment or demand managemept.

5% EUPHEMIA is a generic algorithm: there is no hard limit on the number of markets, orders or network constraints; allf dheéesame type submitted byhe
participants are treated equally.

5 XBID is based on a common IT system with one Shared Order Book (SOB), a Capacity Management Module (CMM) and a Shep(@id)Modul
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Role st 2nd 3rd
Aggregator Eneég)sftg:g;age Smart Metering Demand Response

LV online monitoring; Online
Voltage Regulation; Smart

DSO Smart Metering RDees?gr?:e Substation/Digital
Transformers; loT Grid
Management Systems
TSO Energy Storage | Online Vo!tage Smart Metering
Systems Regulation
Figure 11: Top 3 grid services considered most relevant for the future energy system by role, from 57

Some of the main items for enabling utilisation ofekibility sources by grid operators are:

1 Increased observability at all voltage levelsneasurement data from demand, generation, and network state, are necessary for secure
grid operation and to enable advanced grid control

1 Systems to enabling safe andfficient identification and utilisation of available flexibility in the system in accordance with defined
priorities

1  Systems for identifying grid needs with possibility of assigning available flexibility sources and services

1 Systems for analysing energyetihand and advanced forecasting of production and load

The holistic LINK Solution provides an exciting alternative for operational flexibility across power grid and customerlplas#s chains of
secondary controls (links) as an instrument to realise the operational flexibility from both sides, genegatibdemand (see furthedetails
in AppendixS)

5.6 Sector coupling and System of Systems

Some of the biggest innovations and development opportunities in last decades concern battery and electrolyser techrnbbagither with

other advancements, such as increased electrification in other sectors, these technology areas make vital contributions inmexfu€@
emissions between 2030 and 2050 in our pathway. Innovation over the next ten yeaist only through research and develognt (R&D)

and demonstration but also through deploymentneeds to be accompanied by the largeale construction of the infrastructure. This will
include pipelines to transport captured €8s well as systems to move hydrogen between e.g. ports and itfdszones. Together with
solutions to efficiently convert energy between carriers (e.g. PetweBas), the sector integration will be strengthen with additional resilience
built in the system as a whole. The increased interconnection of systems canme fa = =~ i 0] 1 > ~j h™ % withnthen o © h
developed integrated solutions resulting in increased eabrefficiency, flexibility, and resilience.

It is also important to address the role of urban transformation in achieving climate goals. Spaityf to spur technological and process
design innovations to develop climateeutral urban neighbourhoods, like local energy communities, which could be building blocks of Positive
Energy Districts (PED).

PEDs are energgfficient, energyflexible andnet-zero urban areas which produce a local or regional surplus of renewable energy and
actively manage this throughout the year to reach overall y®tro carbon status. PEDs require integration of different systems and
infrastructure, including buildinggheir users and regional energy, mobility and information and communication technology systems. Where
the associated load can be assumed to feature significant flexibility, and its coordination, driven by more effectivetiose rates and
control techmlogies that enable building automation and smart EV charging strategies.

Thus, one of the important aspects is to transform existing urban structures toward climatgral neighbourhoods. For example, this could
include addressing urban retrofitting sttegies and managing complex ownership and stakeholder ecosystems and regulatory frameworks
and ringing forward innovative solutions for publarivate partnerships, business models, stakeholder mobilization and public involvement.
A systemic view should é added here: after considering resilience of individual components and resilience of the combined set of
components (interacting among them), a third step is to analyse if and how different portions of a secigsled energy system can
reciprocally sustm in case of HILP events; for example, widespread electric vehicles batteries could serve as an extra loagh kackce

for privileged local loads. The ambition is to leverage on the complexity of future system, which definitely increasektio¢ uiexpected
events, also as a resource to counteract them.

LINK solution enables the Sector Couptfhand Energy Communities as a PED building BfacRince the LINK solution was developed based
on fractal principles, the same principles can be used irstilictures (see further details in APPENDIX S). The optimisation of the electricity
system and other energy systems is realised by coordinating and adapting the locally optimised systems.

58 ETIP SNET, "Vision 2050", 208ps://www.etipsnet.eu/etipsnet-vision-2050/
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% INTERAL, Integration of Innovative Technologies of Positive Energy Districts into a Holistic Architeuttipse//www.peenteract.eu/
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6. R&D AND INNOVATION NEEDS

In the last yearsresearchers and engineers are contributing a lot and assisting to a-sigied deployment of Renewable Energy Sources
(RES) in electric Transmission and Distribution (T&D) grids as well as to an increased penetration of Distributed Eneeg/(B&R) in
distribution grids. Due to this effort, flexible resources and its variability gets closer to homes and society needs obhepiec dimensions
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of RES are more and more necessary.

Enhancing the resilience of digitalized energy systems

For smart grids, it is not sufficient to consider only the flexibility that the electrigigated parts of the power system can directly provide.
The communication networks as well as other ICT parts have to be taken into account and to be made #exilsilient. In the following,
the areas of research necessary to achieve flexibility contributions for resilience are described, ba&eéf gi, 4.

Area 1: Resilience in and through distributed structures

In a power system dominated by renewablethe distributed energy resources (DERs) rather than large power plants must contribute to
resilience. Generally, because of other and more complex incidents, new mechanisms likegselization, sebhealing, and seldefence
have to come in place.

Therefore, research efforts should be directed in the following directions:

general methods of seforganisation of DERs with special emphasis on atrtificial intelligence (machine learning, multi agent systems),
self-organized defence against malicious attacks,

optimization methods for maximum flexibility of pooled DERs,

temporay islanding and distributed black start in case of blackouts and corresponding ICT requirements,

plug and play solutions for renewable ofjrid electricity,

markets for conventional and new ancillary services,

measurement of quality of service of ancillaservices provided by DERs,

control architectures,

DSQTSO interaction, coordination and data exchange emphasizing the role of the distribution grid and the respective DERs,
potentials of crosssector integration,

involvement of customers and civic sogete.g. for acceptance, user involvement, device control, and user interaction), and
opening up of consumption flexibilities of industrial manufacturing
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Area 2: Cyberesilience

In the future, the relevant ICT components and communication networks in and outside the energy sector are importantde fexibility
and contribute to a resilient energy system. New digitalization techniques will also play their part. Obviowasbigitalized energy system,
cyberattacks pose an eminent threat.

Therefore, research efforts should be directed in the following directions:

1 mutual dependencies of public and dedicated communication networks,

1 resilient communication infrastructures,

1 integration of the status of ICT components and networks into energy management systems and SCADA systems for an enhanced
situational awareness and contingency management,

1  Operation Technology (OT) systems, which are resilient against all kind of eyhidents (e.g. with fallback solutions if parts of the OT

are compromised, virtualization),

cyber security by design (with emphasis on OT security, actors outside the typical, e.g. platforms of EV manufacturers),

interoperability and standards to integratDERS,

digital twins (also distributed digital twins as part of multi agent systems),

trust assessment of OT process data,

distributed ledger technology, and

resilience of software and service platforms
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Area 3: System design and analysis
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The future energy system is much more complex: The number of active components will be several orders of magnitude largedalya
The system behaviour will be more chaotic at times, so it will not follow well known statistical patterns. Tools areesided to measure
resilience in the face of novel, unexpected, or unknown disrupting incidents.

Therefore, research efforts should be directed in the following directions:

holistic solutions encompassing relevant energy systems (e.g., appendix S, etc.)

systemlevel control strategies,

adaptive situationdependent protection,

holistic modelling and simulation (cybgrhysical modelling, markets, customer behaviour, large scale/small scale, large/small time
rates),

test and validationapproaches, adaptable metrics for resilience,

system of systems architectures,

constraints/requirements from market and regulation,

managing system split under high renewables supply, and

planning and design of distribution grids under the constraint o$ided resilience by flexibility of DERs

E R ]
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Advancing network codes through the use of Regulatory sandboxes

The idea behind a sandbox finds its origin in software engineering: a sandlasxin a testing environment for running potentially unsafe
codes, vithout the risk of infecting the entire system. A regulatory sandbox is not unique to the energy sector and has previoesly be
introduced in other sectors such as banking and healthcare

A good starting point of what the principle of a sandbox candezived from its name: a safe playground in which to experiment, collect
cvncpgclacg _I'b nj_w ugrfmsr f_tgle rm d_ac rfc qr pdasagansptaimc q m
while playing, certain consumer safeguardre established to fulfil that task in its regulatory counterpart. Meanwhile clear entry and exit
requirements, as well as a prdefined scope, display the borders of the 1588.

The need for regulatory sandboxes is often related to solutions which werethought of or were not necessary before, but which are
related to new challenges for the energy system. Hence, the scope of experimenting mentioned and applied for most oftdatad:td®:

development of flexibility services for grid stability,
reduction in environmental impacts,

sector coupling,

energy storage integration in the power sector, and
management of local energy communities.
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These main topics for experimenting with smart grids, in which sandboxes could be considgpedsilsle instruments, require adaptations
or clarification of rules and regulations, as the related use cases have not been part of the ordinary way of running tigy eegime.

Accordingly, the main innovation goals which are considered as feasiblyeaddd with sandbox schemes are:

new products (e.g., for energy management),

new services (e.g., peer to peer exchange of energy and flexibility services),
platform solutions (e.g., distributed ledgers with blockchains) ,

new tariff-models (e.qg., grid tdfs for battery storage) and

new business models (e.g., local energy community).
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Consequently, the purpose of the regulatory sandboxes is to reach mature, economically, and technically feasible sohdi@iewathe

next phase of deployment and implemeation. The intention, therefore, is to take a more proactive approach to innovation, to identify
whether current arrangements can always deliver the right outcomes; and explore where to adapt new approach to regulatonso o j _ \ f
innovatorsarebett m \' ] g° oj ]I mdib ajmr\m_ oc®™ kmj_p”on Vi _ n > mgd” ' n oc)\
as the system transitions, the rules that govern it will evolve very fast. But, where an innovator wants to trial somethwed) or launcta

i r lpndi "nn ijr" njh” mpg n hdbco ] %] \mmd mn% oj h\fdib ocd

In this context, there is a need to evolve the regulatory framework to respond and satisfy the new needs of system oparatassd users,
achieving a balance and providing thafest possible environment for innovation and investment. Technological innovation may involve
taking some risk, so, to promote it, it is important to have a safe environment where promoters and the regulator can getkeioto
evaluate the benefits of ew technologies and services before their final implementation. Regulatory sandboxes are an example of this
approach and a valuable learning experience, whether to better understand the benefits of proposed solutions, the limitatiosed by
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existing reggulation, and to identify possible corrective measures that facilitate innovation.

Due to the complexity of the use of flexibility, Member States should start testing makiaed flexibility procurement with pilot projects
based on real use cases teffectively implement the flexible mechanisms as an alternative to grid reinforcement in certain cases. If they
are not already included in the regulation, regulators should allow regulatory sandboxes outside the current regulatiowndknte test
those pilot projects. It should be mentioned that this process may entail high technical and regulatory risks for system opesatbfey

this reason the costs incurred by these pilot activities for the system operators shall be acknowledged and fully rddeyes such
regulatory sandboxes usually guarantee.

The energy transition requires a fundamentaltleink of energy regulation in Europe. Sandboxes should be part of reply to this: an agile,
responsive, and adaptive way of working with all market parttesrealise opportunities now, while in parallel redesigning markets and

m rmdodi b mpg ]jjfn oj ]mdib \V]jpo h\lejm m ajmh) Ocdihmearthan i j
all activities will be universally beneficié all consumers, to the system, to markets and to industry participants. The implications of different
innovations for energy policy, regulation and practices will ultimately require traffse and decisions about the preferred features of

o j hj mmjrgy ®stem. The flexibility term, and especially flexibility services have to be tested very carefully to confirm the imperta

of such activities for the electricity system and for customers.
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7. CONCLUSIOMXEY MESSAGES

Both Flexibility andResilience have been so far quite well addressed in the research community:

1 Flexibility is being developed for grid operation with high VRES penetration, and starts being considered at the invesameingp
stage;

1 Resilience is based on reliabilityskianalysis, system interactions analysis; all these within the perimeter of the electric power system.

Power system resilience reflect s the impact of severe events and is an overarching concept, that covers the whole spectrum of the
power system from degjn and investment decisions to planning, operations, maintenance and asset management functions. As such, the
concept of power system resilience applies to the planning time frame that looks to build resilience into the future neasavk|l as the
operaional time frame, in which security is managed by optimizing the inherent resilience of the existing power system.

Flexibility concerns the power systems ability to manage changes , with flexibility features able to improvethe resilience
characteristicsof the broader view system of systems, provided that they are integrated in grid planning, in defence plans, and properly
evaluated in the energy market design. Flexibility capabilities need to be considered from the planning stage, usindgaapgisach aimed

at grids to be flexible and resilient by design. Flexibility resources can also facilitate the restoration process byirgplsitributed black

start capabilities including sectecoupling, which adds a new dimension to the necessary intevastpattern between electrical TSOs and
DSOs, with utilities from other sectors. Power system planning for the future grid must embrace a wide range of networrandtwork
options to create operational flexibility options, including more active demarashagement techniques and customsensitive smart load
shedding procedures.

The next level of flexibility is seen as being fully deployed and utilized for operation and planning of the power system, being integrated
in procedures for longerm planning & well as in tools for stability support. The integrated dependency of flexibility directly impacts the
resiliency of the power system, thus flexibility solutions intended to provide resilience support must be reliable and sepoogide the

trust required for operation and planning.

Many of the worldwide ongoing initiatives, some of which presentethewAppendixcan provide highly relevant knowledge to the question
of How can flexibility support resilience? Indeed, they show the relevance and the potential values to be unlocked, with
potentially some low hanging fruits to start with.  Some of the examined areas include:

System Integrity Protection Schemes (SIPS) are dations found in power systems around the world which are used to mitigate large
disturbances. Flexibility solutions, such as fast control of load and distributed generation, can be used to improving SR8 and enable
development of new solutionsnéluding: Controlled loadhedding, Islanding and island operation, Distributed recovery & bk, and
Emergency controls.

System Technical Performance can be improved through the use of flexibility solutions, where the resilience of the grid isased.
Flexibility solutions such as enabling of flexible transfer capacities and controllability of distributed assets suppoesitience in the sense
of: increased the number of mitigating measures based on the vast amount of controllable assetspwenh performance regarding
prevention of congestion, distributed voltage support, enhanced stability and reduced system losses; simplified maintdaangegms
well as operational processes.

Alternative Grid Development , provide an agile and sustaibée development of the power grid and can support power system resilience
through: optimising the investment levels versus the operational costs, and secure solutions to defer investments enalvkneffinent
planning processes. With a regulation moviogvards supportive of the total expenditure, alternative grid development solutions can become
reality as both short and longterm resilience enhancement solutions.

The economic value provided by large scale flexibility solutions, including reducésifoosecurity measures (e.g. redispatch), can increase
the benefit of maintaining high levels of resilience and thus provide incentives for resiliemt&ncing investmentsAdditionally, cyber
security is an area with increased focus, where common platfs for data sharing and Al & machine learning solutions are part of the
digitalisation of the power system. Finallgtandardisation of solutions (architecture, tools, & platforms) is important to increase the reliability
& acceptance in order for largsecale deployment of flexibility.

Possibilities for future work

A distinctive value proposition would be to find breaken conditions among preventive, containment and restoration measures.

V  Performing quantification value analysis, through stochastic risk analysis approach for adopting resilience measures whose
implementation cost is lower (in probabilistic terms) than the saved costs from system failure situations.

V  Exploration of criteria and applications for defining the breaken decisia between redundancy of investments/assets and acceptance
of degraded service risk; for example, if flexibility from other sectors can provide fast and secure restoration, a higherca® be
accepted when planning the future system, with clear econondeamtages.

V  Elaboration of schemes for adaptive load shedding, based on market bids fromuseds, extending the flexibility provision from the
Apmm i o gdhdo  _ pn° ja °dio mmpkod]g ™ “pnoj h’ mtoamarkétable opticanj mh d
increasing both customer savings and customer security of supply.

V  Deepening of the evolution of TSDSO relations to include also joint planning and operation of resilience measures, beyond grid
planning and coordinated operation.

V  Further development of holistic solutions (e.gppendix S solutiongo deploy and prove the concept of the system of system vision in

the field.
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APPENDIX

In many countries around the world, power system engineers and scientists are working hand to hand on the R&D&I projegits wath
develop, test or adoptechnologies that allows them to influence carbon emissions.

This section provides information and learning from projects and initiatives provided by the task force members from the ¥8GATIP
SNET communities, with details of each initiative providtededicated Appendices.

Here also we would like to thank the authors and contributors for sharing their research and technical knowledge on refgp@manities
and challenges, and for sharing and exploring the lessons learned from actual implememtatialysing on how to move the flexibility
concepts forward to support the resilience of the power system.
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A. FlexPlan Project

Project basic information

Main goal: The FlexPlan project aims at establishing a new grid planning methodology considering the opportunity to introduce neev storag
and flexibility resources in electricity transmission and distribution grids as an alternative to building new grid elements.

List of partners: RSE(Coordinator), EKGLEUWen, NSIDE, R&D NESTER, SINTEF, TECNADIéytriund, VITO, TERNA, REN, ELES, ENEL
Njpm~" ja api_dib5 @mjk Vi Pidji%¥n Cjmduji -+-+ m n \m~*c \i_

Duration ; 2019-2022

Webpage: https://flexplanproject.eu/

Project learnings
FlexPlan aims at providing the following contributions:

1 development of a new methodology and of a new tool optimizing T&D planning by considering the placement of nagesti@vices
as well as the flexible exercise of some loads in selected grid nodes as an alternative to traditional grid planning;

1 application of this methodology to perform a grid planning analysis over six European regional cases by considering loith thied
the longterm (2030, 2040, 2050) in one only optimization process. In addition, -famopean scenarios are run as well, in order to
establish consistent border conditions for all 6 regional cases;

1 elaboration of regulatory guidelines aimed at prdiig National Regulatory Authorities with indications on the opportune regulation to
be adopted for maximizing the benefits that can be obtained with the new grid planning methodology. These guidelinesbwilt bg
considering the potential role of fiability and storage as a support of T&D planning, resulting from the outcome of the six regional
cases.

The following sections will first outline the main characteristics of the new grid planning methodology implemented byaRlaxiél then
will concentate on the modalities adopted to select technologies and characteristics of possible flexible resources (new storage and
flexibilization of existing big loads) to be proposed to the grid planning procedure in alternative to build new linesforaeiexsting ones.

The innovative FlexPlan grid planning methodology. FlexPlan creates a new innovative grid planning tool whose ambition is to go
beyond the state of the art of planning methodologies by including the following innovative featasesessment of best planning strategy
by analysing in one shot a high number of candidate expansion options provided by prpeessor tool, simultaneous mi@nd longterm
planning assessment over three grid years (262040-2050), incorporation of full ange of Cost Benefit Analysis criteria into the target
function, integrated transmission distribution planning, embedded environmental analysis (air quality, carbon footprirgcapad
constraints), probabilistic contingency methodologies in replacemétiteotraditional N-1 criterion, application of numerical decomposition
techniques to reduce calculation efforts and analysis of variability of yearly RES and load time series through a MonterGaeks.

The objective of the grid planning tool optimizan is to maximize the system social welfare. This is obtained by minimizing the sum of T&D
grid investments, operational costs bound to system dispatch and environmental impact costs, while maximizing the betiiteddy

the use of the flexibility surces and storageTo do so, it takes in input a large number of grid expansion and flexibility candidates and
analyses them in order to quantify their costs. This is done by also taking into account environmental impact (air gieliycle assessmen

and landscape). The obtained costs are included into the optimized objective function and the bestoffadetween T&D system
investments and operational costs is finally calculated (Figug.1

The optimization is carried out in parallel for the #® scenarios defined in the Teviear Network Development Plan by ENTSO0
(https://tyndp.entsoe.eu/tyndp2018ivhereas yearly climate variants are accounted for in the framework of a Monte Carlo process.



https://flexplan-project.eu/
https://tyndp.entsoe.eu/tyndp2018/

= i . .
3 oo Flexbility for Resilience White Pape
‘e ®
Candidate grid Generation and T & D grid data
investments and demand time series  based on
flexibility options for 2030, 2040, 2050 ENTSO —e TYNDP

Quantify landscape Quantify emission and
impact costs air quality related costs
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Optimization model
Objective: Maximum social welfare consisting of investment
costs, operational costs, environmental impact, system
security impact, benefits of storage and flexibility

Decision variables: Investment decision (binary), generator
dispatch, flexibility activation, storage usage

Constraints: T&D grid constraints, T&D security constraints,
@ibility characteristics, storage constraints )

Figure 12- High level outline of the FlexPlan optimization model

The set of candidates to be provided in input to the planning tool (new lines/cables, storage elements, flexible exeegistirgf big loads)

is created byanother tool called preprocessor. This second tool is particularly delicate because its responsibility is to provide a valid set of
candidates in order to allow the planning tool to perform a really optimal selection. Unfortunately, unlike the planninthtopreprocessor
cannot be based on a cleaut set of equations, but it needs to set up a heuristic technique. The true difficulty is to incorporate in this
heuristics the knowhow human grid planners dispose of.

The FlexPlan pre-processor. The FleRlan preprocessor analyses both suitable line reinforcements (either cable or overhead lines) and
suitable nodes for investing in new storage devices as well as in converting the way to manage big loads into a flexilardranks for
each node the su#bility of different kinds of investments by using the information provided by Lagrange multipliers of line transit
constraints and nodal power balance of a nexpanded minimum cost OPF (see Figli3 Lagrange Multiplierprovide information on how
muchthe target function would improve as a consequence of a unit relaxation of the constraint.

Non-expanded Pre-processor Planning tool

OPF Lagrange Planning
multipliers candidates

Figure 13 Pre-processor elaboration chain

As initially only information on nomxpanded OPF at 2030 (the initial year of the simulation) is available, a iterative process is set up
interweaving runs of the nomexpanded OPF at the three grid years (2030, 2040 and 2050), runs of thepsoeessor ad runs of the
planning tool (see Figur&4)

Candidates set for
Non-expanded ., Pre-processor run — three grid years: » -
2030 OPF at 2030 2030, 2030, 2030 |
l Candidates set for
Non-expanded | = FUEHEEEE T P three grid years: > -
2040 OPF at 2040 2030, 2040, 2040 l
l Candidates set for
Non-expanded Pre-processor run > three grid years: > -
2050 OPF at 2050 2030, 2040, 2050

Figure 14 Pre-processor elaboration chain

Finally, determining expansion candidates by looking at Lagrange multipliers (LM) of line transit constraints generatesbieenpthat by
removing a congestion on a line, power flows increase and this could create congestion elsewhere (e.g. downstreamlikattpelogy).
A specific procedure is adopted to clusterize lines which could saturate in cascade to create what is generiealgdred as an expansion
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corridor.

The following sections deal with the process carried out by the FlexPlanpmreessor to select flexibility resources characteristics
(technology, size and cost) by also considering the peculiarities of the locatibesaithey should be inserted. Most of the information below
is extracted from two deliverables of the FlexPlan project D2.2, which deals with the flexibility elements identificatiartharatterization
(available athttps://flexplanproject.eu/publicationsand D2.3., which describes the methodology of the FlexPlarppoeessor (available in
the following weeks at the same site). References for the information provided can be found aefheence documents.

Characterization of flexible resources (Ref. D.2.2). The technological maturity and the economic viability of flexibility technologies
together with their increasing installed volume has reached a level which justifies that netplarining activities no longer rely only upon
reinforcements of the network infrastructure. Taking into account flexibility resources in network planning proceduresontetpires,
however, significant reformulations to accommodate for the uncertaintiesi dhe specific characteristics of such technologies. Depending
on the specific network challenges addressed by the planning tools, proper simplified models and acceptable level of aghregat
considerations need to be carried out.

In the FlexPlan projecapproach, two main resources are proposed as flexibility providers for the network and included in the network
planning process: Storage and Demand Response. For each of them, the characteristics of specific technologies have Iseen zaitdyies,
demand response (flexible loads), electric vehicles, hydrogen storage, pumped storage hydro, thermal loads, Combined Heatrg@HR),
Compressed Air Storage (CAES), Liquified Air Energy Storage (LAES) and thermoelectric storage. The mainly consitiesre 8sgibility
capabilities, technology maturity, costs and environmental impact. A flexibility potential assessment was carried oungpeludiview of

the typical values of the main parameters for each of the technologies. The process resuledetection of flexibility technologies to be
considered in FlexPlan.

Below, different techno economical characteristics of the flexibility resources are detailed. The possible value rangessargea in
qualitative manner to allow a comparison betweelifferent flexibility options. The values are provided in ranges due to many factors, for
example the capital expenditure varies widely between different countries and regions. However, theopessor tool can select specific
values depending on loc&in characteristics.

Power capacity. In conventional planning, power capacityeans, meeting peak demand with the net generation. The objective of
considering the flexibility resources in planning is to avoid oversizing the network, for a rarely occurring peak dematw sepdort the
fluctuations in RES generation and demandia#ion. In this perspective, the power capacity of the flexibility resources must be capable to
provide network services during the hours of generation consumption imbalances, congestion and voltage deviation. Thegfilldesi
provides a qualitative inidation of power capacity of different flexibility resources.

Table 1 Power capacity range for different flexibility resources

Flexibility resource Power Capacity Range

Battery energy storage system (Electricity Storage and Rermsegm Costs and Marke

to 2030, 2017), (eneaConsulting, 2012) (Sabihuddin, Kiprakis, & Mueller, 2015) Sl
Demand ResponsgCOWACONSORTILDomestic S kw
2016), Industrial KWMW
Electric vehicles (IRENA, 2019) KWMW
Hydrogen(IEA, The Future of HydrogeAlkaline kKW-MW
M  kj mo N dudi b ojpem KWEMW
June 2019) (Leeuwen & Zauner,
February 2020) SOEC kKW-MW
Pumped Hydro MW
Space Heating/Cooling KW-MW
Thermal loadgBaetens, 2016) ColISTarane MW
Combined heat and powéBhandari, et al., 2018fLazzarini, Aluisio, & Falorni, 201 KWEMW
(Lund & Andersen, 2005)
Compressed air storag@Nang, Wang, Wang, & Yao, 2013) kKW-MW
Liquid-Air Electricity Storage systenmlighview Power, u.d.) kKW-MW
Thermo electric storages kKW-MW

In conventional planning, energy capacity in generation units are considered to meet average demand in a year. The puroayfsupply
(fuel) is continuous and sufficient to meet the average demand except during the planned and unexpected outagts penchich the
backup resources may become necessary. In the case of flexibility resources, one of the important characteristics wheshtdeddration
of flexibility service at the desired power rate is their energy capacity.

Table 2 Energy capacity range for different flexibility resources

Flexibility resource Energy capacity range

Battery energy storage systerfElectricity Storage and Renewables: Costs and kwWh to MWh



https://flexplan-project.eu/publications/
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Markets to 2030, 2017)(eneaConsulting, 2012)(Sabihuddin, Kiprakis, & Mueller,

2015)

Domestic kWh to MWh
Demand Response Industrial(Starke & Alkadi,

2013) kWh to MWh
Electric vehicle$IRENA, 2019) kWh to MWh
Hydrogett D@<' Oc~ Apopm ja Ct_mjb i M k
2019), (Leeuwen & Zauner, February 2020) MWh
Pumped hydro TWh

Space heating /cooling kwh to MWh
LSS S Cold storage MWh
Combined heat and powéBhandari, et al., 2018)Lazzarini, Aluisio, & Falorni, 201¢
(Lund & Andersen, 2005) kWh to MWh
Compressed air storag@Vang, Wang, Wang, & Yao, 2013) MWh
Liquid-Air Electricity Storage system($lighview Power, u.d.) MWh
Thermo electric storages MWh

The larger the energy capacity of thigexibility resource, the larger the duration for which flexibility can be activated to provide network
services. At the same time, the served flexible energy will be harvested back by the flexibility resources from the sarendslexPlan
considersghe service duration of minimum period of 1 hour, the flexibility resources which can provide flexibility only for lesfithas are

not considered. Table 3 provides a qualitative indication of energy capacity of different flexibility resources consideamalysis.

Response time. Response time describes, how fast the flexibility resource can adjust its consumption to the flexibility activation signal
(Akrami, Doostizadeh, & Aminifar, 2019MHolttinen, Tuohy, Milligan, & Lannoye Vera Silva, 20BB3sponse time of the flexibility resource

is one of the important parameters to be considered. Some flexibility resources cannot be activated as and when neededlibyugve

high flexibility potental. For example, industrial demand response potential is associated with the processes in the specific industry which
may not be interrupted once started. A prior planning is heeded for activation. On the other hand, flexibility resour8&S&ean spond

to activation in very short time (in seconds). Another perspedtveng term impact of flexibility activation. For example, flexibility activation

on pumped hydro power plants will affect their capacity in long term, if the planning is not coreid@krami, Doostizadeh, & Aminifar,
2019). Table 3 listsresponse time of different flexibility resources in qualitative manner.

Table 3 Flexibility activation response time range for different flexibility resources

Flexibility resource Response time

Battery energy storage systerfSabihuddin, Kiprakis, & Mueller, 2015) seconds

Demand Respons€COVUCONSORTIUM, 2016) :?%Tse}‘::j seconds to hours

Electric vehicle$IRENA, 2019) Seconds to hours
Hydrogen(IEA, The Future of Hydrogen Report Seizing Alkaline
oj \t¥n | kkj mo,fleaiwed & aunerE p PEM
February 2020) SOEC

Pumped hydro

Thermal loadgBaetens, 2016) Space heating /cooling  Seconds to hours

Cold storage minutes
Combined heat and powéBhandari, et al., 2018)Lazzarini, Aluisio, & Falorni, 2018)
(Lund & Andersen, 2005) minutes
Compressed air storag@Vang, Wang, Wang, & Yao, 2013) minutes

Liquid-Air Electricity Storage systen(slighview Power, u.d.)

Thermo electric storages minutes

Payback time. Theflexibility activation will alter the power consumption. The change may reduce or increase the energy demand in the
flexibility activation duration. In the case of DR programs, the energy consumption reduced must be paid back. For ekamigh chargig

power is reduced to manage congestion in the network, the charging duration to serve scheduled energy delivery will iddseaghis
energy must be delivered before the EV is disconnected from the charge post. The disconnection time is not élegirneTbetween the
flexibility activation and EV disconnection time is the payback time. Similarly, for BESS, the batteries must be chargadjdisback to
prepare them for next flexibility activation. The typical full cycle usage time of the BESIS maiyback time. The followintable gives a
qualitative indication of payback time of different flexibility resources. (Hydrogen generation is considered as induRfial D

Table 4 Energy payback time range for different flexibili ~ ty sources

Flexibility resource Payback time




Battery energy storage system

Demand Response

Electric vehicle$IRENA, 2019)
Hydrogen

Pumped hydro
Thermal load{COWACONSORTIUM, 2016)

Combined heat and power
Compressed air storage

Liquid-Air Electricity Storage system(#lighview Power, u.d.)

Thermo electric storages
***Not Applicable

Physical constraints. For flexibilitytechnologies being considered as alternative solutions in the network planning process, the geographical
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6, 8 hours

Domestic(COW
CONSORTIUM, 2016)
Industrial (COWA
CONSORTIUM, 201@tarke
& Alkadi, 2013)

Alkaline Within 24 hours
PEM Within 24 hours
SOEC Within 24 hours

Space heating /cooling
Cold storage

and environmental limitations have paramount importance. This will be the case when a flexibility resource is the thearpticaim

solution at a spcific location while requirements regarding to the land area or lack of other resources in the surrounding area makes it

infeasible. Hence, overview of the requirements for the physical placement of certain flexibility resources is presentderbto screen

out infeasible alternatives.

Table 5 Energy density and site dependency for different flexibility resources

S Energy density : .
Flexibility resource (KWh/m?) Site dependencies

Battery energy storage systertElectricity
Storage and Renewables: Costs and

Sufficient space for battery pack placement
near the substation.

Markets to 2030, 2017) 10.5- 500

Domestic *x Presence ofesidential and industrial
Demand Response : L

Industrial ok customers and their willingness.

. . Presence of public/ private charging
Electric vehicledlEA, Global EV Outiook infrastructures and their willingness.
2018 - Towards crossnodal
electrification, 2018) 200 - 300
Hydrogen(EASE Energy Alkaline 30 -2550 . . .
Storage Technology PEM 30 -2550 \Tlﬁier:‘zz sof industrial customers and their
Descriptions, u.d.) SOEC 30 -2550 gness.

Pumped hydrdElectricity Storage and
Renewables: Costs and Markets to 2030,

2017)
Space heating
Thermal loads /cooling *x
Cold storage *x
Combined heat and power *x

Availability of river inflow, geographical terraii
with differential head, and political and
environmental clearance.

Presence of residential and industrial
customers and their willingness.

Geographical land potential and accessibility
to fuel supply and heat despatch.
Environmental regulations.

Compressed air storaggElectricity Storage . o
2 e 2l Cosis ) A0 Gis i undorground savites and rock sdcture
2030, 2017) 9

Liquid-Air Electricity Storage systems
(EASE Energy Storage Technology

Sufficient space for LiquigAir Electricity
Storage systems.

Descriptions, u.d.) 32-230
Thermo electric storagegSabihuddin, Presence of industrial customers and their
Kiprakis, & Mueller, 2015) 25 - 300 willingness.
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Technology maturity. Some of the flexibilityresources are not off the shelf usable today. There are cost and technological barriers. For
example, hydrogen generation by PEM is costly method as hydrogen generation by methane (natural gas) cracking procesest low
method today. Similarly, SOEC thed of hydrogen generation is not at industry scale as electrode corrosion is big technological barrier
today. However, the flexibility resources like DR are seeing visibility in the network as barriers for full scale implaéoredtag to lack of
sensorsand measurements and data availability. The followitaple lists the present and expected status of technological maturity of
different flexibility options and their barriers.

Table 6 Technology maturity of different flexibility r esources at differ ent time horizon

Flexibility resource Technology maturity
vy 2020 2030 2050

Battery energy storage systertElectricity Storage and Renewables: Costs and
Markets to 2030, 2017)(eneaConsulting, 2012)(Sabihuddin, Kiprakis, & Muell¢

2015)
Sensor, ICT
Demand Respons@inal Report: Demand Side D n a_nq q_ata
- - . omestic visibility
Flexibility Perceived barriers and proposed Sensor. ICT
recommendations, 2019) ’
and data
Industrial visibility
Sensor, ICT
Electric vehiclegFinal Report: Demand Side Flexibility Perceived barriers and and data
proposedrecommendations, 2019) visibility
Alkaline
Hydrogen(IEA, The Future of Hydrogen Report ~ PEM JEEB/PIlGE Cost
N dudi b oj _\t¥n | kile¢umenf
& Zauner, February 2020)
SOEC

Pumped hydro

Space heating /cooling Pilot scale
Thermal loadgBaetens, 2016) Cold storage Pilot scale
Combined heat and powé&Bhandari, et al., 2018)Lazzarini, Aluisio, & Falorni,
2018), (Lund & Andersen, 2005)
Compressed air storag@NVang, Wang, Wang, & Yao, 2013)
Liquid-Air Electricity Storage systen(#lighview Power, u.d.) Cost
Thermo electric storages Cost

Cost. Therefore, the CAPEXd OPEX and calculated for in terms of kW/year. European commission DG Energy report on "Impact assessment
study on downstream flexibility, price flexibility, demand response & smart metering” analyses the different demand scenatissrk
reinforcement cost, DR potential and prescribes CAPEX and OPEX f(C@RICONSORTIUM, 201@he resources which the power and
energy capacity are independent of each other, for example pumped hydro storage, hydrogen, compressed gér, $iquagair electricity

storage and thermo electric storages CAPEX and OPEX are considered for their power rating. Their storage cost deperedertn diff
parameters. For example, storage cost for hydrogen is calculated in terms of cost per kWe, k@fiykiyjogen or m of hydrogen, sedable

7 and table 8

ent time horizon
i J?R

Table 7 CAPEX range for different flexibility resources at differ
" O) e Qu b # n

2020 2030 2050

Flexibility resource

Battery energy storage systergElectricity Storage and
Renewables: Costs and Markets to 2030, 20 Babihuddin,

Kiprakis, & Mueller, 2015]Cole & Frazier, June 2019) 278 - 1475 95 - 505 67 - 226
Demand ResponsECOWICONSORTIUM, 2016) Domestic  Salyear 29/year* 15/year*
P ’ Industrial 54/year 29/year* 15/year*
Electric vehicle$COWACONSORTIUM, 2016) 54/year 29/year* 15/year*
Hydrogen(IEA, The Future of Hydrogen Report  Alkaline 05k, 1.5k 0.3k-0.7k 0.2 k 0.6 k
N dudib oj _\t%n jkkjmoPEM 12k, 1.8k 0.6k, L4k 0.2k, 08k
(Leeuwen & Zauner, February 2020) SOEC 25k-5k 07,25k 05k, 09k
Pumped hydro 40 -150 21.5-80.8* 16-43.5*
Space
heating
Uil [BECR EEEES, 20e) /cooling 54/year 29/year* 15/year*
Coldstorage |54/year 29/year* 15/year*

Combined heat and powéiTeske, 2019) 0.88k, 2.244 0.88k, 2.155 0.88 k, 2.068
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k k k
Compressed air storaggElectricity Storage and Renewables: Co
and Markets to 2030, 2017)(Vafeas, Pagano, & Peirano, 2014) |40-80 40-80 40-80
Liquid-Air Electricity Storage systenm(#lighview Power, u.d.) 60 - 600 32.3-323* 17.4-174*

Thermo electristorages
*values are calculated by taking discount rate of 6% per year as recommendgd by social discount rate, 2012)
(Value at year 'n'= Value at year '1' x {Hiscount rate/100)

Table 8 OPEX range for different flexibility resources at different time horizon
| J?R" O) eQ" b##
2020 2030 2050

Flexibility resource

Battery energy storage systergElectricity Storage and Renewable:
Costs andMarkets to 2030, 2017)(Sabihuddin, Kiprakis, & Mueller

2015) (Vafeas, Pagano, & Peirano, 2014) Very Small Very Small  Very Small

Demand ResponsgCOWACONSORTIUM, Domestic 32/year 17.2/yeara  9.2/yearn

2016) Industrial 32/year 17.2/yeara  9.2/yearn

Electric vehicle$COWICONSORTIUM, 2016) 32/year 17.2/yeara  9.2/yearn
2 % of 2 % of 2 % of

Hydrogen(IEA, The Future of Hydrogen Alkaline CAPEX CAPEX CAPEX
2019), (Leeuwen & Zauner, February 202(

Pumped hydro Small Small Small
Space heating /cooling 32/year 17.2lyeara  9.2/yearn
WSl [0S Cold storage 32/year 17.2/yeara  9.2/yearn
>jh]ldi > _ ¢ \o \i(Teskej2019)m # O* f R/0.01-0.039  0.013-0.068 0.017-0.11
Compressed air storag@Nang, Wang, Wang, & Yao, 2013) 0.15, 0.30 0.15, 0.30 0.15, 0.30
Liquid-Air Electricity Storage systems Small Small Small

Thermo electric storages
*Fuel cost,
avalues are calculated by taking discount rate of 6% per year as recommenddd by social discount rate, 2012)
(Value at year 'n'= Value at year '1' x {Hiscount rate/100)

Environmental impact. One ofthe ways to measurehe environmental impact of different flexibility resources is by £&nission on
flexibility activation. A detailed analysis of @@mission for different battery technologies based on life cycle analysis is presented in
(Sabihuddin, Kiprakis, & Mueller, 201&)d compared with other energy storage technologies. Similarly,&d@ssion due to domestic DR i
presented in( McKenna & Darby, 2017)he indicative values of G@mission on flexibility activation on different resources are listed in
table 9.

Table 9 Emission in Kg of CO2 / kWh for different fl  exibility resources

Flexibility resource kg of CO2/kWh

Battery energy storage systerfOliveira, et al., 2015)Sabihuddin, Kiprakis, & Mueller,

2015) 0.02t0 0.1
Domestic( McKenna & Darby,

Demand Response 2017) 0to 1.9
Industrial *

Electric vehiclegVafeas, Pagano, & Peirano, 2014) 0.275, 0.375

Hydrogen(Sabihuddin, Kiprakis, & Mueller, 2015) ket =0.01

(Oliveira, et al., 2015) PEM S Uil

' b SOEC <0.01

Pumped hydrdSabihuddin, Kiprakis, & Mueller, 201®)liveira, et al., 2015) <0.01
Space heating /cooling *

Thermal loads Cold storage .

Combined heat and powdfCombined Heat and Power , u.@Qogeneration, or

Combined Heat and Power (CHP), u.d.) 0.45, 0.75

Compressed air storagéSabihuddin, Kiprakis, & Mueller, 201®)liveira, et al., 2015)

(Vafeas, Pagano, & Peirano, 2014) 0.2-0.285
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Liquid-Air Electricity Storage systems *
Thermo electric storages *

** Not applicable or no data available.
For the characterization of the specific technologies, chBck.2 of FlexPlan.

Modelling of flexible resources (Ref. D.2.2). Technologies identified as flexibility resources have their own tedinibaracterizing
parameters. These parameters are essential in the development of models representing them in the formulations of the nefavmikg
tool. The level of detail of the characterizing parameters is highly dependent on the level of dynam&set to represent during the
operations of the technologies. In FlexPlan planning tool, decisions are made fehaudtime resolution analysis for primary flexibility
service of congestion management. Accordingly, individual characterizing paranfetets selected flexibility technologies are presented.
Some of the parameters are to be decided in the planning tool while other characterizing parameters are to be represetyigiddiywalues.
Two generic groups are developed for the modelling purpadsased on similarities of the characteristics of the resources. The two generic
groups are storage group and demand response group:

1 Storage modelling: reservoir and pumped hydro, batteries, CAES, LAES, hydrogen storage;ehestmio storage.
1 Demand Responsemodelling: EVs, Industrial/Residential/Commercial loads, hydrogen production as industrial load.

As input for the modelling, four types of information are considered:

1  Sets: they deal with planning horizons, periods in the planning horeath storage/flexible demand element and, in the case of flexible
demand, the time windows.

1 Variables: they define the status of the resource, mainly, power injected or absorbed and capacity level in the case of storage; and,
the case offlexible demand, power consumption, not consumed power and upward/downward demand shifted.
1 Parameters: they define the characteristics of a technology, mainly, rated power, rated capacity, maximum and minimum operation

levels, initial energy level, efficiey, ramps characteristics, etc. in the case of storage; and, in the case of flexible loads, reference

demand, maximum upward/downward shift of demand, grace period for upward/downward shifting, etc.
1 Constraints : relationships between variableend parameers are established to represent the constraints related to the storage and
flexible loads e.g., energy balance constraints, maximum and minimum energy capacity constraints, load shifting capacity, etc

The following figures show graphically the modelstudth storage and flexible loads (related to demand response strategies).
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Figure 16 Flexible node balance.
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For more details on the modelling of storaged flexible loads, checR.2.2of FlexPlan.

Flexibility candidates preselection for network planning (Ref. D2.3).  To support the planning process, théexPlan project develops
a specific software tool which performs a preelection of candidates for network expansion. Such tool acts as appoeessor of the
planning tool, and its main objective is to restrict the number of possible network expansittonspand, in this way, limit the size of the
optimisation problem to be solved.

The flexibility resources analysis is performed through the following steps:

1 Network branches potentially affected by congestion are identified on the basis df@timal power flow (OPF) simulation carried out
on a network characterised by the final generation and load scenario for the target year under study (2030, 2040 or 205@}ijllbu

before new grid investments are carried out. A ranking of congested linesk mj kj n™ _ ]\ n™ _ ji G\ bm\ib
associated to transit constraints equations for the system-tires.
T Np]l]n lp iogt' \V °2jmmd_jm \Vilgtndn» dn "\ mmd’ _ j po ushpletjusgj d _

shift congestion to some other line of the network. This analysis is done by considering the so called Power Transfertioistrdctors
(PTDF), which provide a linearized description of active power flows in the network.

1 The flexibility resource analysis tool (preprocessor) proposes a list of network expansion candidates, including storage, demand
response (DR), phasshifting transformers (PSTs) and lines/cables/transformers, to solve congestion in the identified branches. This
selection is pgformed based on congestion characteristics and on possible locatteted constraints. Cost and size details are
provided related to the technology of each selected candidate.

1  Eventually, the proposed candidates for grid congestion support are provalgte planning tool as input, which, in turn, assesses the
best planning option for the power system in the time frame of the study.

The following Figure 6 summarises graphically the steps carried out byptieeprocessor in relation with the planningab
Candidate pre-processor

Buschar. 20 L e,
‘ :’LM : Node &
i Analysis of
PTDF - congestions ‘ branch :
: selection :
t Power | [Connection
Flows matrix Line H
Transmission : routing i
network model H tool i
Distribution Network: i
network model i :
: set of Check of :
t t : candidates constraints
; for selected & charact. :
: nodes H
Candidatés. g
Pre- Li?_e
processor r(?tl;(;rl‘g

Figure 17 Pre-processor tasks in relation to FlexPlan planning methodology

As starting point, an OPF of the n@xpanded network is carried out by the OPF module included in the planning tool software suite. As a
result of this, Lagrange Multipliers (LM), Locational Marginal Prices (LMP) and Power Transfer Distribution FEDieyv&Ries are provided

0]j oc "\ iprockssar.dn additionkonthis, the pmrocessor also takes as input the network model and the bus characterization
performed by the user and included in the grid model data format. Withse inputs the man steps of preprocessor are carried out: first,

the analysis of congestions and the selection of the nodes and branches that need to be upgraded; second, the checloofdonatraints

and congestion characteristics; third, the pgelection of a setof candidate technologies, including cost and size. In this last case, an
additional tool, the line routing tool, is used to provide line candidates between to nodes or substatiorselBceed candidate technologies

are handed over to the planning toethich performs the optimization and selects among them, those that provide, altogether, a best network
expansion solution. This is performed in loop, for the three time frames 2030, 22680, 2030-2040-2050.

The two main tasks that are carried outby tige-k mj ~ > nnj m oj k>  maj mh oc” ag sd]dgdot m nj
M Selection of congestion scenarios.
1  Selection of candidates.

Selection of congestion scenarios

There are two main inputs to perform the selection@ingested scenarios:
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1  Optimal Power Flow (OPF).
T  Transmission and distribution networks models and scenarios.

Thenonexpanded OPF module run within the planning tool sditst performs an OPF for the neexpanded network for years 2030, 2040
(including a trial expansion in 2030) and 2050 (including a trial expansion in 2030 and Z046pur types of inputs are provided by the
planning tool at this stage: The Locationahhginal Prices (LMPs), the Lagrange Multipliers (LM), Power Transfer Distribution Factors (PTDF)
and the power flows in the branches of the system.

Lagrange Multipliers of lines transit constraints (LM) are a direct outcome of the solution of the optimiin problem (OPF). They
provide information about the dispatching cost reduction deriving from sending an additional MW of power through a brageioreh
they permit to identify congested lines: these lines will be characterized by-zeno LM value ad such value will correspond to the
dispatching cost reduction deriving from a unit increase of the line transit limit.

Locational Marginal Prices (LMP) show the dispatching cost variation to accommodate a unit increment of demand at a bus. They provide
useful information for the location of flexible resources (storage and DR).

We could say that the LMs represent the value of the interconnectioracty of the corresponding line and the LMPs the value of energy

in the corresponding node.

Power flow values of branches provide information about the direction of the flow of energy and about their saturation level, in refatio
their rating.

In a year-long simulation, the OPF provides a value for all these three parameters for each of the 8760 hours and for each of theamases
branches.

ThePower Transfer Distribution Factors (PTDF) matrix represents the change in the active power flow througbtaark branch as a
consequence of a unit extra injection in a given system node. This information is dependent on the topology and, thersfomsidered
constant for one year of study.

Thetopology of the network provides the relationship betweenubes and branches and the characteristics of network elements (the
kjr > m m\odib ja oc’ ] m\i~rc  n' g "fomd”M\g ~“c\m\”~ o mdnodA&uk | a
transmission and distribution networks models.

Selection of candidates. The selection of candidates is mainly linked to the relief of the congestion constraints. Therefore, a set of
candidates is proposed for each of the congestion scenarios identified at the previous step, which are related to a $pestiba in the
network.

Together with storage and demand response, conventional grid assets for network extension are provided as candidateléoming jool

to choose the best option through the optimization process. The flexibility candidates considgethd tool are the following:

Storage: batteries (lithium ion NaS and flow), hydrogen, hydro, compressed air storage (CAES) and liquid air storage (LAES).
Demand Response (DR)through flexible loads.

Conventional network assets: lines/cables (AC&DC) and transformers.

Phase-Shifting Transformers (PSTSs).

= =4 -4 -4

All the technologies above are considered as possible candidates for network extension. However, for all locations wimgrestorpis
identified, the suitability of each technology is checked through the analysis of local constraints and the characterfigtiescongestion.
The selection of candidates at a specific node or branch is screened according to this characterization: thekrietarmation provided for
nodes is used to discard, or not, some of the candidate technologies.

In order to process these characteristics automatically, a heuristic approach is assumed to check the constraints and clednanrieristics

at different levels:

1 Location constraints: the grid model allows the characterization of network nodes to include existing constraints. These are the
characteristics that can be assigned to each network node or bus (underlined are the ones used in the current vettsciooff:

1  Type of bus: substation(air, aircompact, undergrounddndustrial load(metal, paper, textile, cement, water treatment, gas industry,
mining, shipyard, high speed train, automotive, chemical, otiperker plant(wind, PV, solar, thermal co&C, biomassydrg nuclear);
commercial loadairport, other).

1 Availability of natural resources  (for substation type buseswater (river, reservoir, if no hydro power plant is present); wind (area
with wind parks near); sun (solar power plants neagyern biomass.

1 Loads supplied (for substation type buses): residential (mainly); commercial (mainly); industrial (mainly); mixed (lower voltage level
networks, suktransmission/distribution); big industrial (as above, indicate main type/s).

1 Location of bus : urban(populated city)industrial area; semirural (outskirts of populated city, small cityural.

Geographic characteristics (for rural buses)mountainousplain

1 Restricted area (not allowed to build new installations): fdines for hydro plants for hydrogen for batteries for CAES/LAE $tal

=

67 Each time the planning tool calculates a full set of expansions for the three years: 2030, 2040 and 2050
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restriction
1 Isinterconnection: if certain bus is connected to a bus in another country/region, it is considered suitable to install a PST.
1 Existence of industrial load at a selected node: it allows to propose DR candidates among tlhege loads in the system.

1 Congestion characteristics: the characteristics of the congestion, such as the number of congestion hours in one year or the number
of consecutive congestion hours, make some candidate technologies more appropriate than otteolvéothem: e.g., if congestion
tends to last more than six hours, batteries or demand response strategies might not be the best flexibility candidatesrileesare
also implemented in the prgrocessor tool.

To characterise the location, a list obdes is available for buses description. This information is introduced in the Grid Model Input File of
the planning tool. If no information is provided no restriction is considered. After the characterisation of the nodesdrapdréormed, the
rules affecting the constraints need to be prefined.

Once the most suitable technologies have been selected for a location, theomeessor provides a size and cost for each of them. In the
case of the lines, an external software for line routing between mades is used to identify the characteristics and cost of both AC and DC
candidate lines.

A second path for candidate preelection is through the direct proposal candidates by the user of the planning tool (in the frame of the
project these would be Regial Case Leaders). The users need to provideoan and to nodes, indicating the branch they would like to
assess from the congestion point of view in the system. At this moment, this is used for nodes that do not have a direettonin the
nonexpan. =~ _ bmd_ hj _~g \i _ oc\o oc”™ pn m rjpg_ gdf -prazgssordpes notdtake m \
into account this casuistry (no LM information would be available from the OPF).

Outputs from the pre -processor

Theoutputs from the process of the selection of candidates are handled over to the FlexPlan planning tool. According to tbeotogh,
ocdn ] gjr dn \ nphh\mt ja oc” hjno m g q\io diajmh\odji kmj qd

1 Alocation in the network (bus/branch id.) for the flexibility resource.

1 Alist of candidate flexibility resources  for each location is selected among the following: storage, flexible loads (leading to DR
strategies through existing loaghifting or/and reduction), Phase Shifting Transformer (PST) and line (AC, both overhead and cable,
HVDC).

1 Asize for each candidate: an approximate size for each technology is provided. In the case of flexible loads, a load reductntagerc
capabilityis indicated. This reduction is by default related to a shift of load, in the industrial and commercial sectors, which thetins
this reduction will have to be compensated in the next hours to be able to provide the same service.

1 Acost for each candidag: CAPEX or CAPEX and OPEX per power is provided (operation and maintenance costs, not related to the fue
or dispatching costs), depending on the type of technology (according to its definition in the optimization problem, \ERifpritiation
comes from

B. Coordinet Project

Project basic information

Main goal: The purpose of CoordiNet is establish different collaboration schemes between transmission system operators (TSOs),
distribution system operators (DSOs) and consumers to contribute to the development of a smart, secure and more resitignsgsiem.

Special emphasis will be on the analysis and definition of flexibility in the grid at every voltage level ranging from th@A®DSO domain

to consumer participation.

Source of funding5 @pmj k" \'i Pidji%¥n Cjmduji -+-+ m n \m~c \Vi_ diijg\lod]j
Duration: 2019-2022

Webpage: https://coordinefproject.eu/

Project learnings

The CoordiNet project is a response to the calSC3ES5-2018-- + - +' " i g 8@ CTonsumed: Nlargscale demonstrations of
innovative grid services through demand response, storageandsmall\ g~ b~ i "m\ odj i » ja oc™ Cjmduji
at demonstrating how Distribution System Operators (DSO) and Transmission System Operators (TSO) shall act in a abordiregeto
procure and activate grid services in the most reliable and efficient way through the implementation of three $@aje demonstrations.

Objectives of the project.

The project has the main objective to demonstrate to what extent DSOST®0s, acting in a coordinated manner, can provide favourable
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cooperation conditions to all actors while removing barriers to participation for customers and small market players cahtoedigtribution
networks. CoordiNet has also developed new mechasjsahich are more suitable for redime operations, to define requirements for the
development of European standard flexibility platforms, Figure 1. To achieve such goals, the Coordinet project has fonuhsddlmwing
concrete objectives:
1) The projethas defined a set of standardized grid services for T®SO needs. This objective was achieved with the participation and
consensus of all the system operators participating in the project by defining in detail all the products and servicestithbetraded
in the flexibility markets.

2) Different coordination alternatives between TSOs and DSOs were defined to make flexibility markets both possible and ctddéngnt
into account various possible scenarios. Seven possible coordination schemesddsoiitethe analysis and largescale pilots developed
in the three countries involved (Spain, Greece and Sweden) were intended to address the maximum number of conceptuélgsssibil
In each demo activity, different products have been tested, in diffétéme frames and relying on the provision of flexibility by different
types of Distributed Energy Resources (DERS).

3) Todevelop the aforementioned pilots, the project developed specific platforms to implement the exchange of informatiomesadtion
between TSOs, DSOs, market participants and aggregators, and to coordinate the different functions necessary to performiethe pr
also carried out market algorithms to select the most efficient outcomes. The first demo run has already been completéthieal
countries and the results are being published on the CoordiNet website.

4) For the remainder of the project, all the planned tests, as well as the technical and economic analysis and the analgsiabiity and
replicability will be finally perdfrmed. Having created an agile and robust operation system environment, the efficient economic signals
and regulatory conditions for the applicability of these solutions need to be in place. The economic incentives neecetirlyeset for
all agents, irluding the DSO, TSO, flexibility service providers, etc.

Example. The conditions for the Spanish demo . Three system operators were involved in the project:

- TSO. Red Eléctrica de Espafia (REE), is the system transmission network operator and owaéraoithission grid. REE, among other
activities, is in charge of solving technical restrictions of the system and keeping the system balance. To perform theseRBE runs
different ancillary service markets which include a congestion management matksblve the possible technical problems coming from
the dayahead energy market. In this technical congestion management market, which is only open for generators, participants are
remunerated following the pays-bid system.
- DSOs. In Spain, DSOs owrdaperate the distribution network including 110 kV and below. Spain has six big distribution companies with
more than 100.000 customers and more than three hundred distribution companies with less than 100.000 customers, The test bigg
distribution compnies participating in the CoordiNet Spanish demo af#®E and edistribucion. The Spanish demonstrators include
distributed resources connected to the networks of both companies. The resources connected@¥in i ~ or j mf \ m 5

1 Municipality buildings (sigficant demand loads) in Murcia province.

1 Industrial load of a cement factory in Alicante province.

1  Several facilities with renewable capacity in Murcia and Albacete provinces.
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Figure 18 Platform scheme for the Spanish demo.
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<i_ oc’ m njpm™A~ n ~jii "o _ o0oj @ _"n\%¥%n i orjmf \m> 5
1 Demandside response from municipality buildings, cogeneration, biogas unit and generation resources from small wind and solar
plants will provide flexibility fo congestion management in Malaga province.

1 Wind and solar photovoltaic (PV) will participate in congestion management and voltage control in Cadiz province.

The main objective of the congestion management use case is to procure flexibility from resocoomected at both TSO and DSO networks

in a coordinated manner to solve temporal congestions that can occur at both networks. Currently in Spain, the TSO matvegés ne
congestions that occur both at transmissioand the DSO at the distribution gridviel. This is done through a technical constraint
management market by ralispatching generation units connected at transmission, but also at other voltage levels. If needed, DSO have the
possibility to request from the TSO, curtailment of generation orispdtchof the largest units connected to their grith Spain, DSOs can
currently use DER#hese large generatorsto solve congestions in the same way as the TSO does. This process, however, is done through
the TSO in coordination with the DSO (i.e.usyng an outdated process based on an email or similar sent by the DSO to the TSO). Once
congestions in the distribution grid are identified and the DSO is not able to solve the grid problem during operatio8Qheab request a
redispatch towards the TS, given that there are generation units that have an impact on the congestion. The TSO then accesses the bids
and calculates the necessary redispatch to solve the detected constraints. In case a resource is redispatched, it wilineraiged according

to the existing market rules (which are the same as for the unitsdispatched due to congestions in the transmission grid). For planned
curtailment, producers receive no financial compensation. In addition to congestion management, DSOs may also refaesfeato the

TSO that is in the power factor range instructions sent to generation units with an installed capacity larger than 5 M\dayewihis
mechanism applies only to generators and not to demand.

Therefore, the DSO through the TSO can activatly the largest generators connected to the distribution grid for congestion management
use distributed resources for local congestion management market and voltage control and consumers with contracted poveesldiév

can participate in interruptible seices. As both the DSO and TSO send these requests, ultimately the TSO receives the congestion
management bids that can solve the constraints, selects the cleared bids and instructs the generators DER. RegardingftieEfizable

to provide services focongestion management to the DSO there are no limitations with respect to the voltage level to which providers are
connected. Participation is currently only allowed for the biggest generation units and pumped hydro units. As of togayn,iDSOs carut

sign interruptible contracts flexibility agreements with DERs. The only form of interruptible contract is between the TS@lastdal
consumers. However, DSOs may use these interruptible contracts signed with the TSO to solve constraints invtiogksreet well. From
February 2016, generation from renewable sources are also included in all the redispatching congestion management procbesBSO

or TSO is done via market mechanisms (Operation Procedure (PO) 3.2). However, since 2016 allarongastigement situations have
been solved through these markdtased mechanisms.

Moreover, the Spanish demo also includes a local market platform to manage local congestions at the distribution gridhevelDER can
offer flexibility. Once the DSO édhtifies potential congestion, the DSO sends a flexibility request to the local market platform and DER bids
their flexibility. After the market clearance, DER are activated by the DSO. Then, the local market platform informs 8Ctted the DER
activated as their activation might impact their Balancing Responsible Parties. It is important to note that the flexibility praduktslocal
market are very different from the common (redispatching managed by the TSO) to have lower entrance costs andafiagayarticipation

from DER. In sum, the combination of both a common (resdispatching) and local market allows to better exploit most ofxibditfie
potentials from DER and have a large liquidity.

Coordinet project proposes alternative solutions foore active participation of resources, including DERs. In the congestion management
markets, the processes that are currently performed manually can be performed in a-setomated manner ensuring that the needed
information is available to both the TSé@nd the affected DSOs. The purpose oistimarket would be to increase or decrease energy to solve
grid congestions.

C.iFlex Project

Project basic information

Main goal: The iFLEX project aims to empower energy consumers by making it as easy as possible for them to participate in demand
response programs, in which they adjust their energy consumption in response to signals or incentives coming from enesyygadtoas

price signals or bonuses. In addition, this project collaborates with the OneNet Project in the Northern cluster and prapgeréunity for

small energy consumers to participate in the flexibility market. In this way, iFlex will deliver simultaneangligit and explicit demand
responses.

List of partners: VTT (Coordinator), Enerim, Caverion, Smart COM, JSI, Elektro Celje d.d., ECE d.o.0, ZPS, INTRACOM, HERON, O
ENERGY,{DET.

Source of funding5 @p mj k ~ \ i Pidji %n Cj watiamprogramme- + m  n  \ m~c \ i diij

Duration ; 2020-2023
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Webpage: https://www.iflexproject.eu/

Project learnings

Introduction

The goal of the IFLEX project is to make it easy and attractive for energy consumers to participate in demand responseptagosed to
the needs of a renewable energy system. To achieve this, the project develops an intelligent assistant in calbabertt three European
pilots and 600 consumers.

The iIFLEX project creates a situation where prosumers benefit from lower electricity prices, smarter energy managemenpraveédm
sustainability by being a flexible energy prosumer who offers to adjoshsumption patterns according to the status of the energy system
and its supply. The operation can be automated for convenience and also takes into account personal preferences ensudngacaimf
stability.

This is the consumer experience that iFLEXetting the scene for by introducing the iFLEX Assistaah innovative software agent which
supports consumers in managing when and how to be flexible by acting between them and their energy systems, various stakeimuld
external systems, handling gg oc~ ~j hkg sdot | @reakihgoechmology vdthiri ArtificialiReliigence. THe mfr|EXi _
Assistant creates a digital twin of the prosumers which learns and adapts to the consumption behaviour, control policiegstemd
dynamics wih the possibility of automating the decisiemaking. The latter is particularly desirable when you have an energy system of
fluctuating renewables which calls for continuous and close to +ale demand response.

Architecture

The iFLEX project aims atrgpowering the consumers by making it as easy as possible for them to participate in Demand Response. A core
concept of the project is the IFLEX Assistant, a novel software agent that acts between consumer(s), their energy systemus, va
stakeholders, anéxternal systems helping them to achieve mutual benefits through local energy management and both explicit and implicit
Demand Response (DR).

The focus is especially on households and DR for supporting the high penetration of renewables. The iIFLEX Framework AssligftdriiX
will be demonstrated and validated with real engsers in three different pilot clusters with specific focus areas aadyeted endusers. The
three iFLEX pilot clusters thus involve the active engagement of human subjects (participants) who will be provided wigistangdthe
iIFLEX system and solution, including the iFLEX Assistant.

In this regard, the iIFLEX projectgign a common framework, which make an efficient interface between end users and building energy
management system, energy metering systems, weather forecast, district heating and electricity energy provider, distriystiem
operators, electricity andlexibility market operatorsFigure19 shows the functional view of the common iFLEX Framework, while more
details can be found in [RPE]

68 D2.3 Initial Common architecture of iFLEX Framework, 2021, Online available: https://wwpriflest.eu/?page_id=88
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Figure 19: Functional view of the common iIFLEX Framewor k

The iIFLEX assistant models the energy consumption of a building using digital twin methodology and minimizes the enegytlvest
building according to the endser preferences, wetter forecast, and retihe and forecasted energy pric@mplicit demand response). In
addition, the automated flexibility management block would offer the building flexibility to aggregator and market intetfaoptimize
simultaneously the participation of end users in different explicit demand responserprog.

D.OneNet Project

Project basic information

Main goal: The scope of the OneNeDfe Network for Europé$ to create a fully replicable and scalable architecture that enables the
whole European electrical system to operate as a single system in whicrariety of markets allows the universal participation of
stakeholders regardless of their physical locatiprat every level from small consumer to large producers.

List of partners : FhG, RRedes, RWTH, UBE, VITO, ENG, ED, EMP, UoA, ELES, COMEDISES FBUNTSE) AST, Elektrilevi, ELEN, Elering,

ESO, Fingrid, Litgrid, Nordpool, Piclo, ST, Vattenfall, Cybernetica, HEDNO/DEDDIE, IPTO/ADMIE, Protergia, Ener§@nteACCEINOT

i-DE, UFD, RTE, ENEDIS, REN, INESC, IDEA, OMIE, NESTERPSEPENEPMCBJ, NKM, PSEI, BME, CEZ Distribuce, CEZ ESCO, EC, EC
ECE, EG, EIMV, EL, FE/ULIQ&AVIR, MEI, Schneider, Unicorn, VUT, TTSA, EDE, EPRI, REScoop, EEIP, ENERC

Source of funding: @P%n ~dbcoc Am\ h r | mf K mj b mb3OhConsubnprnicrasale demenstratiors @fo g = _
innovative grid services through demand response, storage andsmall\ g~ #M@N$ b i "m\odj i » \i - m nk
carbon, climatem> ndgd " i o apopm #G>3%»

Duration: 2020-2023

Webpage: https://onenetproject.eu/

Project learnings
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Introduction

OneNet involves an unprecedented number of countries in a european project and aims at creating the conditions for a nextiageok
grid services able to fully exploit demand response, storage and distributed generation while creating fair, transparent armbogiions
for the consumer. As result, while creating One Network for Europe, the project aims to build a customer centric lappigréet operation.

This ambitious view is achieved by proposing new markets, products and services and by creating a unique IT architectpperto s
innovative mechanisms of platform federation. The project also aims at creating wide consensus eoltit®on by launching a variety of
initiatives including a largescale forum for discussion within the international energy community. The complete concept is also proven in
4 cluster demos.

Objectives of the project.

The electrical grid is moving fromeling fully centralized to a highly decentralized system and grid operators have to change their operative
business to accommodate for faster reactions and adaptive exploitation of flexibility. OneNet aims at performing thisl stgpaby
creating the caditions for a new generation of grid services able to fully exploit demand response, storage and distributed generation
while creating fair, transparent and open conditions for the consumer. The scope of OneNet is to create a fully replichbakable
architecture that enables the whole European electrical system to operate as a single system.

In this regard, the OneNet project will take seven steps, as follows:

Define new and standardized products and services starting fpyoject experience

Identify appropriate market structures in support of the defined products and services

Design open IT architecture supported by scalable data management enabling market structures
Implement architecture in a reference version to be used as the basis for afe@mo deployment
Verify-in a set of large field tests the concepts and solutions proposed by OneNet

Create European level consensus thank&RIFOppen forum with all the key stakeholders

1 Push the result of OneNet in the standardization process faignificant market uptake

1
1
1
1
1
1

The OneNet project includes 4 cluster demos involving 15 European countries, as shokiguime 20. The aim of these cluster
demonstrators are as follows:

Northern Cluster

Western Cluster

Southern Cluster™

Figure 20: The demonstration pillars of the ONENETproject

1 Northern Cluster (Ireland, Norway, Sweden, Finland, Estonia, Latvia, Lithddmed)lorthern Demonstrator is an integrated effort by
multiple TSOs and DSOs to enable markigiven flexibility uptake by thse networks in a coordinated way through multiple markets
where liquidity can be reached due to scope or existing trading volumes. Through this demonstration, the project willtbeshbig
mapping and management of network needs in multiple use casesranultiple networks.
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Southern Cluster Demonstrator (Greece and Cyprus): The objective of the Southern Demonstrator is to prescribe, devet@mmtimple
and evaluate two pilot projects in Greece and Cyprus dealing with balancing and congestion managdrakenges facing system
operators in the clean energy era, in compliance with the OneNet overall architecture. The results will be evaluatedde provi
recommendations for future market reforms in the region and harmonization for a panEU electricity marke

Western Cluster Demonstrator (Portugal, Spain and Fraride Western Demonstrator will run in three different countries and will
allow for the implementation of a wide range of flexibility mechanisms to address both DSO and TSO needs, including cioordinat
between market mechanisms and the planning and r&iate operation of the grids. Amongst the main goals to be achieved, increasing
integration of renewables and anticipating operating scenarios are relevant priorities.

Eastern Cluster Demonstrator (Czech Republic, Poland, Hungary, SloVaeri&astern Dmeonstrator will develop an interoperable
network of flexibility platforms to support the utilisation of various flexibility services, service integration and inieracs well as
the related data exchange. The development will be focused in particutafoar areas: definition of new standardized flexibility
services, elaboration of the related markégsed product and grid prequalification processes, the conceptualisation of lochtised
service activation and the coordination of access to local agstsm-level services.

In these regards, the OneNet Cluster Demonstrators provide a platform of platforms to implement appropriate architectutee for
integration of various platforms. For this purpose, the processes (use cases), architectures, andnpsatfioprevious works, such as the
INTERRFACE project, will be developed further in the OneNet project.

Early findings

Since the project started recently, the findings next stated are just from the initial analysis made in the few deliverabiee prgect
that are already public (D2.1 and D265

il

A common feature among various projects is that regarding system services definition,they all consider addressing a seaatity/
by the network operator as the driver of the service. However, although #iegonsider different definitions of products, they all
indicate that products are the means network operators use to solve the scarcities they face.

The delivery of frequency control services, mainly provided by TSOs, includes a set estadlished products that are considered
in almost all projects evaluated, while for nonfrequency control services there appears to be more heterogeneity amongaietr
definitions where all projects adopt their own product definitions.

The majority & the projects address the coordination among main actors TSOs and DSOs and the arrangements or contracts of them
with FSPs. However, a relevant share of reviewed projects concerns the joint coordination of TSO, DSO, and flexiblecsédeice p

From te national projects, OneNet can utilize mature concepts from flexibility marketplaces and platforms regarding assets
prequalification process, data exchange architectures, developed interfaces among actors in the energy value chain, aiyénnov
services directly provided by standardized products from existing wholesale markets

The potential benefits of harmonising products could be reduced when these products are used to address needs that aietspecif

a location (e.g. needs to reduce congestiohe iarmonisation of these products will still have positives effect as they would facilitate
TSGDSO coordination, DSOSO coordination as well as the investment decisinaking by FSPs. As a result, harmonisation could
still improve the efficiency of thesystem. An special case that needs to be consider is when products are harmonised not only across
SOs but also across multiple services with some of those services not having a local component. In this case, the locatobmitlo

only be relevant for sme of the needs the product can address. As a result, when considering the potential for harmonisation, it is
important to consider that, for the notocation related needs, harmonisation would facilitate the inrtegional trade while for the
needs that lave a location component, the harmonisation would benefit the coordination between different SOs.

There are cases where products are developed to address very local problems. In those cases, harmonisation could redliee the v
/ capacity of the productd deliver the actual needs. Therefore, as reflected in regulation, harmonisation across these products could
have negative effects.

DSOs are still developing their understanding of the needs that are arising with the growing number of DER while TSBsenave
addressing these challenges for a longer period of time. Harmonising the products used by the DSOs have the additidwet! thiek t
harmonised product could follow the requirements of the TSO (where more information is available) while it couldétzynpr
partially) fail to deliver the needs of some of the DSOs. This risk would reduce over time as DSO develop a better undeysiand
its future needs and, as a result, further harmonisation could be feasible in the medium to long term.

Not all bariers have the same effect on the potential for harmonisation. Barriers caused by intrinsic characteristics of the dlectrici
systems (i.e. characteristics that cannot be changed or that can be changed at a very high costs) could constitute barriers t
harmonisation in the long term. However, barriers based on-mrinsic features of the energy system (e.g. legislation) should not
have the same relevance in this analysis as they could be modified if harmonisation is shown to be beneficial.

% https://onenetproject.eu/pblic-deliverables/
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1 Boundary coditions should influence the sefip choices; however, markétased procurement through local flexibility markets
involving the DSO, the TSO, or both, in an auction mechanism is of primary interest.

1 Exists need for a standardised or, at least, harmonisedabulary to be employed to discuss flexibility procurement. The need to have

a clear understanding of the variety of procurement frameworks based on the consideration of harmonised concepts and use of a
harmonised vocabulary calls for the adoption of dptical tools and shared market model frameworks.

E. FRESH Project

Project basic information

https://www.offis.de/offis/projekt/fresh.html
Project learnings

The electric vehicle represents new electricity demand and new ancillary services to the power grid. Unlocking theyfleaibititial of
the battery energy system enhances the renewable energy integration as well as the resilient operation of the gystem. The home
EV users have been long discussed for providing ancillary services, yet a fleet of batextricity transportation is emerging as a virtual
power plant (VPP) for providing ancillary services in the energy market. The project FRESH @sing this untapped flexibility from the
fleet of automated guided vehicles (AGVs) in the Port of Hamburg to provide frequency containment reserve (FCR) withodizjagpa
logistics. The vehicles can be temporarily removed from the logistic operatshconnect with a charging station to provide electricity for
other purposes. An aggregator can combine the fleet of electric vehicles and sell ancillary services via a tender platésatedpy

B mh\i ONJn) | g mo-tbbinh bohmajagingnhe smaltiflexibiity providéts m the logistic process as shown in
Figure21.
Aggregator 11— Container Terminal Operator |
I
Logistics -::
I
I
el
L I
oo

Figure 21 1 FCR provision in the logistics system 7°

For this purpose, a flexibility management system (FlexMan) has been developed in the FRESH project to forecastatieadayf the
transport demand of the container terminal.

FlexMan TS BPMS VPP

- vodf ty —

Figure 22 Sequence diagram of day -ahead planning p hase”

The FlexMan uses artificial neural networks and mualientbased optimization to derive the FCR potential offer. However, it should be

0 Reference: https://doi.org/10.1186/s421:@20-00129-1
" Reference: https://doi.org/10.1186/s421:@20-00129-1
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noted that the FlexMan has no direct access to the energy market but behaves as the provisieahdag planningoefore sending
information to the aggregator. Figure 2 shows the process of the-@dnead planning for the FCR offer. Normally at the European energy
market, the FCR auction takes place every day with fbaur symmetric products and delivers the next ddhe dayahead (B1) planning

can define the potential of the flexibility provided by the fleet as shown in Figi2e The FlexMan forecasts the transport demand and
optimizes the flexibility of the fleet by using relevant data such as logistics datatestaf the charge, and market signals. The FlexMan
transmits the available flexibility for the FCR tender. Once the tender result is known, the VPP allocates the flexibilityhei pool and
sends the data back to the FlexMan for the intraday operatiBy.using the FlexMan, the batteslectric fleet of AVGs can participate in
the energy market for providing ancillary services to the system operators.

F. IF-Automate Project

Project basic information

The increase of distributed energy resources (DERS) in the power system has driven the need for automated operation aHdicctitns

for better redispatching of the power plants to handle the variability and uncertainty of power supply and demaridalTgptomated
operation and control functions are centralized and located at the substation automation system (SAS) at the high vol&lgeltevever,
the DERs are connected at the medium and low voltage levels, which rises the demand for automategi§difisantly at the medium
and lower voltage network. Additionally, the protection and control functions are specially designed and implemented oarbaifidvs
requires a large number of sensors and actuators; however, tooasumption and high investnmé costs may discourage the distribution
system operators (DSOs) to implement them. In addition, the installation and configuration process must be done by timegpetise
job, which is bundled with proprietary manufacturer software and protocols maktegwhole life cycle with operation and maintenance
inflexible. In order to tackle these challenges, theAutomate project proposes a modular, configurable, and testable automation
architecture for smart grids as shown in Figu?8.

Function Pool

Safety and Security Cost optimization

Topology and System
EE Integration Voltage stability Information

Data Model Test 5_\/5(9?71_‘0!
Selected Function IEC 61850 SCL application-oriented
1EC 61970 CIM testing

Distribution of Functions

2 Adjustable local network
Protection transformer

Q{uj Control

Topology

! Optimization
Energy Efficiency (EE)

Measures

Figure 23 Modular automation architecture for configuration and testing

State Estimation 4,.1

o

A function pool provides a wide range of implementations of smart grid functions, e.g. energy efficiency integration, @0l emd
network security, in which hardware and software are decoupled from each other. The modular configuration uses thinéptiata
models: IEC 6185® (Substation Configuration Language, SCL) or IEC 61300 (Common Information Model, CIM). The information
contained in the data models is used for the configuration linked to a specific module in the function pool. Fqutpigse, topology
information must be automatically transferred to a suitable software (middleware), where distributed data storage and datagement
are located. In addition, the information contained in the data models can also be used to perfornstesirios that are essential,
especially for new system solutions. In addition to the predominantly local protection functions known today, the supezosdiart
grid automation functions can also be taken into account for the communication betweers 88@DSOs. This concept was implemented
in the pilot project at a distribution network in Germany.

The modular and flexible architecture approach can reduce capital expenditure (CAPEX) and operating expense (OPEXjidsr il pa

this way, the smatrgrid technology can reach the maximum of its capacity to provide flexibility and resiliency by enabling ancillary services
of the small, distributed prosumers to the system operator.

G.Enera Project

Webpage: https://www.offis.de/en/offis/blog/article/ere-an-important step-for-the-energytransition.html
Project learnings. Battery energy storage systems provide a wide range of flexible services to system operators as well as increasing

self-consumption to a prosumer. Managing the flexibility aggregatidmlistributed energy storage providers is a technical challenge due
to the lack of efficient market mechanisms and regulations. The study on the agent system for battery energy storage hashbeen
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research interest for a decade but yet paves the wayoiqractice on how to vividly communicate the potential distributed battery energy
storage system. In addition, the proactive consumer can also provide flexibility such as heat pump operation. The ENER# @mejef
adgq” kmje ~on rgyShoddaseadbdoNlg\ md @ _\maj m oc’ @ " mbt Om\indodji
developing solutions for a climatériendly, efficient, and secure energy supply with a high percentage of renewable energy and to
demonstrate these solution®n a large scale. A citizen storage system (Burgerspeicher) is one of the potential business models for
supporting the innovative flexibility options to the energy system. A simulation model is used to optimize thecseimption of a
neighbourhood citien storage system consisting of proactive consumers and flexible prosumers with one or more battery systems. The
simulation model is based on the esimulation platform mosai@, allowing the design of several scenarios according to determine the
individual configuration for each citizen storage requirements. In this way, the created scenario can optimize tw@sslimption in
conjunction with the associated costs, which can be performed through the@ehboard, Fig.1. The user can adjust thenponent and

its characteristics for a specific scenario such as an annual consumption, number of occupants, household size, andafutetiecenario.

The generated data from the simulation can be visualized in the web application as well as the cismpdsetween scenarios.
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Figure 24 Web-based Geo-Dashboard of citizen storage (Blrgerspeicher) 72
The citizen storage platform can help to tackle the uncertainties before the investment by simulating the scenario and oanpitr
other options. For example, the user can foresee the uncertainty of electricity generation from PV be stored in the batteny er feed

in to the electricity network with/without additional investment. This software solution allows the user to exadiiferent scenarios to
determine the profitable investment strategy.

H. ANMA4L Project

Project basic information

Main goal: The ANMAL project aims at demonstrating how innovative active network management (ANM) solutions can increase the
integration of renewable energy sources in electricity distribution networks. Alternatives to traditional network exparesioeeged to
ensure sustainable development of the power grids. New technologies, methods, and markets are emerging to prozédechitexibility

in consumption, generation, and power transfer capacity. The ANM4L project will develop solutions to enable integratimwabtes

with the agility required from developments in demand and production.

List of partners : RISE(Coordinafp Lund University, RWTH Aachen, Lumenaza, E.ON, Municipality of Borgholm

Source of funding : ERANet Smart Energy Systems initiative Integrated, Regional Energy Systems

Duration : 2019-2022

Webpage: https://www.anm#eu/

Project learnings
Introduction

Active Network Management (ANM) is the exploitation of flexible network assets for the purpose of providing secure memnsasing
grid utilisation. ANM solutions involve advanced control systems often relying on increased monitoring of key netwatikegia the
grid and enhanced communication between the flexible network assets, the grid operators, as well as other stakeholdéts.idaxork
assets are resources in the power system with the ability of being controlled to support grid needs.

2 (cf. http://mosaik.offis.dg/
3 Reference: https://projelanera.de/wgcontent/uploads/ener@rojektmagazin. pdf
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Alternative Grid Development solutions such as ANM has an impact on the resilience level built into the grid, where trisstitiatians
(such as building more grid infrastructure) based on conventional solutions have well known behaviour and rel@@lgy ANM on the
other hand is relying on other systems (including integrated monitoring, control, and communication infrastructure) wittaadus
directly depending on the flexible network assets. This means that the developed ANM solutions mugtitand reliable in order not to
have negative impact on the ovall resilience.

Alternative Grid Developments imply an impact for both how the grid is being planned and operated. In thietongpvestment planning,
future scenarios are the basis wherdifferent grid development solutions are weighted against each other based on e.g., their resilience,
cost, environmental impact, and time to operation. In the shetegm maintenance planning, equipment outages are planned ahead based
on historians andorecasts together with actions to limit the impact on the customer. For operational planning, short term forecasts
influence the need to take preventive actions, while during operation events occurring may result in additional mitigdtorg ac be

taken to maintain the electricity supply.

The solutions developed in the ANMAL project are based on three pillars:

1 ANM control solutions : development of solutions to utilise and control flexible network assets to meet the basic elkéettmical
grid requrements in maintaining voltages and currents within acceptable limits

1 Business solutions: development of the cosbenefitanalysis of implementation and utilisation of ANM solutions, as well as
business cases for owners of flexible network assets

1 ICT solutions : development of dedicated solutions for interfacing monitoring and control of flexible network assets and the different
users, as well as integrating with IT solutions and infrastructure, based on-goemce solutions with high level of interoperdityi

1  These three pillars are collectively resulting in a toolbox developed to support the operation and planning of distrilsidgmmich
functionality and replicability will be tested and demonstrated within the ANMA4L project.

9  Grid limitations and control activation of flexible network assets, 7475

1  Grid capacity may be limited by equipment rating as well as voltage fluctuations. While voltage levels are local and candbedh
locally, congestion leading to risk of overload are aggregated issues whighire communication and coordination. Additional
limitations for distribution grids include regulations of the interface towards the transmission grid, which may considethmt
reactive power exchange as well as the maximum active power demand. Activedxk Management control to prevent any of these
limitations being breached, may comprise both local and centralised control solutions regulating the active and/or reastéreop
flexible network assets according to their individual capabilities. Tifec&veness of controlling either active or reactive power differs
depending on the network configuration.

The ANMA4L project distinguish three main type of flexible network assets: load, generation, and equipment in the gstuetdanks
and tap-changers). The assets have different possibilities of being controlled and do also have different levels of costs relatechto s
control. As an example, loads can typically only be controlled based on active power, while generation may be able tactvgrahd
reactive power independently.

The financial models to enable the DSO to activate flexible network assets are in the ANMAL project distinguished as svimtygerm

contracts or shorterm trading.

1  For longterm contracts, a contractual Hateral agreement is made between DSO and customer allowing the DSO to instantly access
and activate a flexibility resource upon demand. In the ANM4L project, this is defined as Demand Side Management (DSM).

1 In case of shorterm trading, flexibility reqests and offers are matched on a market enabling the DSO to procure flexibility upon
demand for a specific hour. In the ANMAL project, this is defined as Demand Response (DR).

Both DSM & DR can be considered markased approaches, with the major diffience being that a DSM solution allows the DSO to have
an asset pool to which it has direct control at any given time while resources based on a DR solution are only availabtecaite by-
case trade agreement is in place.

A centralised ANM control sdglon can utilise a flexibility dispatch list to order the available flexible network assets by monetary costs
and/or technical efficiency, before taking the decision on activating the flexibility. In this way, the flexibility didstehables an opthal
utilisation of flexibility for a given scenario with a given number of available flexible network assets.

The ANMAL toolbox. The toolbox is divided into two main functional parts, one for operation and one for planning.

Planning: The planning parinvolves a scenaridased simulation module, where control algorithms and flexible network assets are
providing the technical ANM solutions which would be meeting the scenario requirements. The identified solutions are &ssedss
financially through a A module, which adds the financial aspects to the ANM solutions. Interfaces of the modules and to the user enables
the toolbox to provide the basis of the ANM solutions as decision support to the network planner.

Operation: The operation part includesirgct control of flexible network assets, based on monitoring of voltages and currents and the
control algorithms. Interfaces include monitoring equipment, flexible network assets, the owner of flexible network assetatiie a
marketbased interactionas well presentation of information and decision support to the network operator.

“H) @_qg\ gg [Chaidgteridattomas frexBbility resource®eliverable D4.2 ANMA4L, 2021
J) N\ hp  gnnj i Reporttbh ANGIgantro] algonthms for active & reactive power 2> gdg m\ ] g> ?2.), <I|IH/ G - +-
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The functionality of the toolbox with the planning and operational parts will be tested through demonstrations in distrityrids in
Sweden and Hungary. In Sweden, theegration of wind power is today resulting in congestions and the demonstration of the operation
part will therefore include the impact of a wind power plant. In Hungary, it is foreseen that increases in PV penetratibaceihe a
constraint and the demastration will therefore involve the assessment of a present PV plant. The planning part will be tested on various
future grid development scenarios in Sweden, and the replicability of the functionality will be assessed for Htfhgary.

. FARCRO®®ject

Project basic information

Main goal: FARCROSS (FAcilitating Regional CRO@Sr Electricity Transmission through Innovation) aims to connect major stakeholders
of the energy value chain around Europe and demonstrate integrated hardware and\safiw nj gpodj in oc\ o rdgg
the resources for the crosborder electricity flows and regional cooperation.

The project propose statef-the-art digital technologies into the power system, in order to enhance and optimize the codediredfort
between TSOs and between TS@sergy producers, and establish a next generation electricity market which will operate on a regional
basis and will benefit from disperse assets and increased presence of RES, thus creating in comparable ecarwfits to the
stakeholders of the chain.

List of partners : The project has 31 partners from 16 European countries representing transmission and distribution system operators,
service providers, research institutions and universities, and manufacturers

e O} STER SmiSimd monitec

(]

= oy &ipto (’"‘""’) O APC

, s e A N ey
m= 2 P

Figure 25: FARCROSS partners

@) Cd g g JActieiNetwork danagement for AIANM4Ls a collaborative research projestVhite paper ANM4L, 2020




Flexbility for Resilience White Pape

) A
F Market Operator
Service/Technology Energy Pr?)ducer
Provider Service/Technology Provider

Research Institution/University

TS0
Market Operator
Energy Producer
Service/Technology Provider

Service /Technology Provider

Service/Technology Provider ’

. Service/Technology Provider

- -~

Market Operator
TSO

s Research Service
Institution/University A e fa Coordinator Technolo
Manufacturer - msmy}?ﬁ,“{ﬁ%ﬁ?&“ W A rso || 0 50 Pfovi?iirgv
Figure 26: FARCROSS partners profile
Source of funding: @p mj k" \'i Pidji%n Cjmduji - +-+ -48C3ESA2010cal)\ i _ diijg\lodji

Duration : 2019-2023

Webpage: https://farcross.eu/

Project learnings

Project objectives:
Develop and introduce advancembftware solutions that will increaserossborder capacity and the potential of crodsorder grid

1
1l

services;

Design and propose a robust set of technical and market coslegbling the building up of the harmonization of the network codes,

and potentially integration to the national electricity markets;

Design and present a codienefit analysigCBA), based on the outcomes and lessons learnt from the project implementations and

demonstrationsto enhance the planning of crossorder infrastructire investments;

Demonstrate hardware and software technologies and relevant concepts in realistic environments; the FARCROSS project engages

TSOs and energy producers in 8 countries;

Facilitate further research and new market opportunities across the gpendustry by ensuring an efficient disseminatiof the

FARCROSS outcomes to key stakeholders.

- ™~
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European operations mechanisms fo
E;?#ﬁ:z:i platforms o allow facilitate cross-
. forecastng ) |  border trading
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_ cross-border external stakeholders
. border capacity solutions

New developments ) Demonstration of new concepts

Figure 27: FARCROSS methodology
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FARCROSS demonstrators

5 demos in 8 different countries will apply hardware and software tools tmyde crossborder engagement, better harmonization,
flexibility solutions, forecasting services and further RES penetration:

1 Unlocking Cros8order Capacity with Modular Power Flow Control Solutions (MPFC DEMO)

1 Complex grid management technology for hiimg crossborder transmission line capaciselated issues (DL DEMO)

1 Implementation of a WideArea Protection, Automation and Control system (WAMPAC) applied to Bodsr Transmission Systems
(WAMS DEMO)

1 PanEuropean Deep Modelling Framework fompioved system operation planning/forecasting and analysis on the iit80O level
(EUROPAN DEMO)

1 Cooptimized crosshorder capacity auction algorithm (OPFBAP DEMO)

The demonstration trials will be executed in 3 demo areas, in the aim to address:

Demo area A: Smart Grid Innovations to increase crebsrder capacity} t di gj ggdi b ONJn% bmd_ di am\ nor
designed regional useases (scenarios) to improve the grid flexibility and enhance significantlyctbesborder flows.

Demo area B:Regional System Operations platforrdevelopment, to allow improved system operation forecasting on the TSO level,
which will contribute to the transmission grid security and quality of supply. Pilots will run in the B#B8@C countries ensuring the best
possible flow of information among the TSO participants and the achievement of optimal system operation at the minimunhcnsih

the maximum possible usage of the existing infrastructure.

Demo area C: Capacity allocabn for regional crossborder tradingpy optimizing the usage of the available transfer capacities for reserve
procurement and for energy trading, building on top of the current ATC based simple transfer capacity auction algorittsresshring
the sysem security and the more effective and valuable allocation of the grid capacity.

—

Figure 28: FARCROSS demo countries
Summary of achievements during the first 18 months

During the first 18 months of the project, activities related the design, preparation and installation of the demos took place, as well as
horizontal activities about ethics requirements, project and technical management, quality assurance, data and innovatagemant,
stakeholder involvement and clustering,@aitation and impactvalue creation as well as communication, dissemination and awareness
raising. In addition, regulatory and legal challenges to innovation were addressed. The CBA framework methodology foridrnaad g
market innovations in the pafEUcontext has been introduced as well as a methodology for development of prégal KPIs.

The main results achieved so far are the timely submission of the planned deliverables and the achievement of the assodiestohes.
Concerning the demos' pgoess, initial studies were conducted to identify suitable MPFC solutions and the MPFC deployment design was
completed. The 8 demonstration transmission lines were selected for the Bid@mo and the sensors were ptested and installed.

Furthermore, tle oscillation detection algorithms were identified, the WAMPAC solution was tested in the laboratory, the WAMPAC
architecture and the PMU locations were finalized. The definition of the EUROPAN architecture and system requiremengserthe sy
infrastructure developments and the first version of the energy analysis module and the EUROPAN frontend have been completed. Last
but not least, the market design and the IT architecture for the crbssder cooptimized energyreserve allocation were defined.
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More pecifically:

1 Ananalysis of the regulatory framework and RES integration of the countries participating in the demos describing chakeatges

and innovation tools, identifying similarities and differences on how their electrical grid operates im trdimd out the potential of

crosshorder harmonization between these countries has been concluded.

The MPFC deployment design was completed maximizing the impact of power flow control devices ehanaeslines.

A complex expert system has been digrsed and implemented, which serves as both a complex transmission grid management system

and a health monitoring system.

1  The DLRH system design enables the TSOs to closely monitor the condition of the transmission line and take advantage of every
moment its maximum transfer capacity of power, given the weather ambient conditions. As the project currently stands, all
demonstration sites have begun the data collection phase.

1  The design and implementation of the WAMPAC system introduced an automatic tabi@bincludes scenarios, modal analysis,
dynamic events, results and detection algorithms.

1 The EUROPAN's novel technical approach for high resolution weather forecasting enables energy quantities derived onel unit le
Vi _ oc i \bbm b\Vo™_ ojr\m_n cdbc m %\ ]nom\~odji g\t mn?¥%) Oc
computational acceleration is achieved via Neural Networks, providing added value for grid observability and alarms. This new
approach helps accomplish the tasks of facilitating the increase of RES, ensuring the system security and operationay ¢tapacit
address the internal electricity market needs.

1 The OPTIMCAP demo introduced a novel market design, featuringoptimized dayahead auction covering both energy and
balancing capacity procurement in coupled bidding zones.

1 Aninnovative CBAethodology approach has also been adopted and project specific KPIs have been introduced.

= =

Progress beyond the state of the art and expected results until the end of the project

Significant progress beyond the state of the art has been achieved durirditkt reporting period. An analysis of the regulatory framework

and RES integration of the countries participating in the demos describing challenges, status and innovation tools, ndesitififarities

and differences on how their electrical grid opges in order to find out the potential of crosborder harmonization between these
countries has been concluded. The MPFC deployment design was completed maximizing the impact of power flow control denasss on
border lines. A complex expert systemsizeen designed and implemented, which serves as both a complex transmission grid management
system and a health monitoring system. The DHRSystem design enables the TSOs to closely monitor the condition of the transmission
line and take advantage of evg moment its maximum transfer capacity of power, given the weather ambient conditions. The design and
implementation of the WAMPAC system introduced an automatic toolbox that includes scenarios, modal analysis, dynamicesuttsts,

and detection algothms. The EUROPAN's novel technical approach for high resolution weather forecasting enables energy quantities
_"mdq” _ ji \ pido g g g \i_ oc i \'bbm b\o” _ ojr\m_n doddach  m ¥\
quantity ard a computational acceleration is achieved via Neural Networks, providing added value for grid observability and alarms. This
new approach helps accomplish the tasks of facilitating the increase of RES, ensuring the system security and operatiacial tap
address the internal electricity market needs. The ORTWP demo introduced a novel market design, featuringpptimized dayahead

auction covering both energy and balancing capacity procurement in coupled bidding zones. An innovative CBA metapposagyhas

also been adopted and project specific KPIs have been introduced.

The expected results until the end of the project can be summarized as follows:

Introduce an executable framework for implementing pathways for improved ctumsler harmorzation.

Finalize the system development and the deployment works.

Perform the forecasting and grid services analysis.

Finalize the new mathematical model for the optimization algorithm and an updated, scalable andpagbhrmance algorithm
prototype.

1 Ruwn and evaluate the results of the demos, perform the CBA and the impact assessment.

1 Develop a scalability and applicability plan at EU level and provide recommendations for follingf innovations and services.

1 Report on clustering activites and the\sf “ ¢ j g_ " mn% di gj ggqg h i o)

= =4 -8 -9

FARCROSS impact

The main potential impacts are the enhancement of regional cooperation in transmission grid operation by driving commathegto

grid services that increase crodsorder flows and flexibility and by improvingrossborder wholesale market operation, the improvement

of flexibility by optimizing the use of largescale assets and infrastructure investments and the improvement of system security in the
context of increasing levels of renewable energy. The profect achieved soci@conomic impact and wider societal implications during
the first reporting period. FARCROSS has patrticipated in communication, clustering and awareness raising activities prenprtjert

and its results with digital and physical mas. FARCROSS focused on market coupling, improvedimoodsr energy flows, better resource
forecasting, and better utilization of capacity margins and is developing stat¢he art digital technologies, innovative h/w, systems and
processes. In additig it enabled coordinated efforts between cities, regions and member states as it is building strong market, technology
and electricity system links that are based on generation, demand and RES characteristics.

Summarizing, the FARCROSS project ambisioo: i
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1 Successfully integrate large amounts of renewable generation. These resources are intermittent and there are advantages to
geographic dispersion. FARCROSS proposed solutions can be used to increasmmtesslows allowing otheicountries from
importing clean energy and to maximize Bidde renewable generation;

T Reduce the need to build new infrastructure by first optimizing the existing network, whereas at the same time to achiageded
environmental impact compared to alternaé options and minimize total costs to customers;

1  Shorten connection leatimes, as FARCROSS solutions can be installed in relatively short timeframes, can minimize the grid
modifications needed to integrate new sources of generation or serve as a bridigisn.

O Competition in the European @ Creating Impact beyond the
Energy Markets project lifecycle
O Supporting the Clean Improving system security in
Energy Package ambitions the renewable energy
context

O Enhancing regional cooperation in
transmission grid

Figure 29: FARCROSS impact

J. Interrface Project

Project basic information

Main goal: INTERRFACE strategic objectives are:

1  To create a common architecture that connects market platforms to establish a seangassEuropean electricity exchange linking

wholesale and retail markets and allows all electricity market players to trade and procure energy services in a transparent,

discriminatory way.

To define and demonstrate standardised products, key parameterd,the activation and settlement process for energy services.

To drive collaboration in the procurement of grid services by TSOs and DSOs, and to create strong incentives to conrteatedscus

by improving market signals and allowing them to procure\dees based on specific locations and grid conditions.

1 Tointegrate small scale and large scale assets to increase market liquidity for grid services and facilitate scaling ey sérvices
which are compatible across Europe.

1  To promotestate-of-the-art digital technologies that consumers are familiar with in other everyday transactions @aations, e
commerce, ebanking, social networks), into the electricity value chain, in order to engagausars into next generation electricity
market transactions, creating incomparable economic benefits by deferring conventional energy infrastructure investments.

= =

List of partners: The project has 42 partners from 16 different European countries, representing transmission and distributiomsyste
operators, service providers, research institutions and universities, aggregators, and a power exchange:
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Figure 30 Interrface Project Partners
Source of funding: @p mj k * \ i Pidji¥bn Cjmduji -+-+ mn \mrc \Vi_ diijg\lodji
Duration : 2019-2022

Webpage: www.interrface.eu
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Project learnings

The European Energy System has been undergoing a radical transformation dueitatéist decades. Technology and innovation disrupt

the traditional models from generation to beyond the meter; and this has been amplified and reinforced by the electrifichtiarge

sectors of economy, decentralisation of powgenerating assets, ditalization of the grid. Energy efficiency has been placed on the top
m\if' ojb oc™m rdoc @P%n bgj]l]\g g \_"mncdk di M@N \ iarketofche i ~ ° _
future. This clean energy transition in the grdwsector of the future, has caused a transformation of the European electricity system;

novel technologies are now available and reinforce the electrification of large sectors of economy, the decentralisatimesfgeneration
resources but also the ditgilization of the grid. These three trends act in a virtuous circle and their combination amplifies their impact on
carbon reduction, customers engagement and réale interaction with the system. In this way, traditional boundaries between actors are
blurred, new actors become part of the value chain, thus increasing the complexity of the system governance.

It is a necessity nowadays for DSOs to cooperate with TSOs in planning and operating their networks and exchange allynecessar
information and data egarding the performance of generation assets and demand side response, the daily operation of their networks
and the longterm planning of network investments, so as to ensure the eefficient development and secure and reliable operation of
their netwaks.

Moreover, TSOs and DSOs shall cooperate to achieve coordinated access to resources such as distributed generation,ragergtcto

to support the needs of both distribution and transmission systems; in the meantime, European Commission urgesrNatés to
provide the necessary regulatory framework and incentivise DSOs to procure services in order to improve efficienciepérdtieroand
development of the distribution system.

Technical and Operational Objectives are:

Demonstratea PRI
Developa pan seamless pan-EU m:ﬁh:nslt'?:o
Europea_n Grid market (Linking 838
Service consumer

wholesale and

retail market,
(market and locational flexibility

services design) approach)

' (Microgrid with self
consumption, peer
to peer local

architecture

Implement/Test Develop and Develop a
Semantic Data Model, Demonstrate demonstrate a business case
secure plug-n-play data services for platform to faciliate and promote

exchange interface, congestion further R&D and startups, involve

digital technologies management and market external
(Blockchain, data local flexibility opportunities stakeholders
analytics, 1oT, Al)

New developments Demonstration of new concepts >  Business creation

Figure 31 Interrface Technical and Operational objectives

1. Todesign an Interoperable paBuropean Grid Services Architect@ifeGSA) that will connect market platforms in a transparent,-non
discriminatory manner and will allow pan-Eur@ean electricity exchange that will link wholesale and retail marlaats will enable the
trading of energy services.

2. Todesign, develop and deploy a reference IT infrastructute materialise IEGSA architecture and facilitate the operation of the
aforementioned services and the adaptation of energy market tools.

3. To test the stateof-the-art digital technologies, such as Blockchains and IoTpé&sr to peer energy transactiorthat promote local
markets and smart asset management.

4. Tomitigate congestionsnd activate local flexibilityesources for system balancing services through innovative platforms, operated by
TSOs and DSOs in a coordinated manner.

5. To promote the integration of DERs into the electricity markd&snonstrating mechanisms and platfornisading to the establishment
of a seamless parEuropean markeempowering all market participants to provide energy services in a transparent and non
discriminatory way.

6. Toengage consumermto electricity markets with clean energy flows basedonaugerk * m\ oj m °\ ggd\ i ~ " » oc\
renewable energy with effective demand response, active control, distributed storage and@gerer local markets.

7. Todemonstrate the IEGSA components and architecturd the relevant IT infrastructuar.

8. Tofacilitate further research and new market opportunities across the energy industry by ensuring an efficient dissemioiattien
INTERRFACE outcomes to key stakeholders.

9. Tocreate the foundation of new business opportunities, with #eection of SMEs and startups that will be selected through an Open
Call-following a cascade funding mechanisrfor the development of new services.

Interoperable parEuropean Grid Services Architecture (IEGSA). To support the European energy traifiotima INTERRFACE project
designs, develops and exploit the Interoperable fizuropean Grid Services Architecture (IEGSA) to act as the interface between the power
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system (TSO and DSO) and the customers and allow the seamless and coordinated opefatibrstakeholders to use and procure
common services. In the frame of this development, statithe-art digital tools will provide new opportunities for electricity market
participation and thus engage consumers into the INTERRFACE proposed marketresriicat will be designed to exploit Distributed
Energy Resources.

The aim of the IEGSA is to act as a common architecture that connects market platforms to establish a seamleBsnogrean electricity
exchange linking wholesale and retail markets andowls all electricity market players to trade and procure energy services in a
transparent, nordiscriminatory way.

The IEGSA aims to drive collaboration in the procurement of grid services by TSOs and DSOs, and to create strong ilnceminested
cugomers, by improving market signals and allowing them to procure services based on specific locations and grid condigons. Th
architecture allows for integrating small scale and large scale assets to increase market liquidity for grid services didtfascaling up

of new services which are compatible across Europe. The development of the IEGSA is not restricted only to the IT agecthitedthe

process also includes the definition and demonstration of standardised products, key parameters, ardtihation and settlement

process for energy services. Through these functions the IEGSA is abliéigate congestions of the grid at the various voltage levels and

to activate local flexibilityresources for system balancing services through innovatplatforms, operated by TSOs and DSOs in a
coordinated manner. In addition to this, the architecture engages consuimerghe electricity markets with clean energy flows based on
auserj k> m\ojm °\ggd\i”~" » oc\ o | aa mwithoeffectivecdemang\respbnhsé, dajive cantrolj dastribmted ~ r \
storage and peeto-peer local markets.

IEGSA platform has been deployed in 9 different countries, following the demonstrators of the INTERRFACE project, natoeiy,in E
Latvia, Finland, Greeg Italy, Bulgaria, Romania, Slovenia and Hungary. Local TSOs and/or DSOs have been involved in each country as
members of the consortium to safeguard the compliance of the solutions to the diverse national policies and regulatiorsathié

same timecovering the requirements of the demonstrators and following a more g#&ktentralised approach, pertaining to standards

and by defining harmonized product and services definitions. The demonstrators cover three pillars or thematic areas, cangelyton
management and balancing, pe¢o-peer trading and pa+EU electricity market.

Although the particularities of each region were taken into account, the INTERRFACE consortium put am éffeetaping standardized
definitionsfor the ancillary serviceind balancing markets that could be applicable across Europe, thus leading to a more coordinated and
efficient market operation and market coupling among countries. We focused on services such as aFRR, mFR&nshortgestion
management and operationalongestion management.

TSGDSO coordination was also targeted by the project by the definition of coordination schemes. Towards this goal, the Attme Sy
Management Report of ENTSDand the European DSO associations was used as a basis. Followingehénded up with several
coordination schemes:

1  Market options in which TSO and DSO congestion management is separated. Differences of market options with respect td the mer
order list management are examined (separated, partialerlapping, or fully integrated).

1 Market options in which TSO and DSO congestion management is combined and managed by the same market.

1 Market options in which TSO and DSO congestion management can access to balancing resources too

Finally, the IEGSAgiform taking advantage of its powerful data management middleware supports all processes that surround the
market operation, spanning from Portfolio Management for Aggregators to Product, Grid and Bid Qualification, Servicesdaictl Pro
definitions, Sendes Procurement, Activation of Services and finally the Energy Settlement.
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K. OSMOSE Project

Project basic information

Main goal: The OSMOSE project aims to identify alevelop the optimal mix of flexibilities for the European power system to enable the
Energy Transition. Four largeeale demonstrators led by Transmission System Operators explore the technical and economic feasibility of
innovative flexibility services ahproviders, including: grid forming, mu#iervices by hybrid storage, near retiine cross border exchanges,

and smart zonal energy management system.

List of partners : RTE (Coordinator), REE, TERNA, REN, ELES, ELIA, EDISON SPA, HSE, SAFT, (Bt EBIROWER), AAFACEC
ENERGIA, ENEL, CEA, EPFL, DAUPHINE, UDE, TUB, RSE SPA, ENSIEL, ULPGC, CENER, IT4POWER GMBH, EKC, R&D NESTER, ENC
HDE SRL, SCHNEIDER, FBK.

Source of funding5 @p mj k ~ \ i Pidji ¥n Cj mduj i ammeunder gnannagreeméntN° Y7B406. di i j q\ odj
Duration : 2018-2022

Webpage: https://www.osmosé2020.eu/

Project learnings

The European power system is facing new challenges, and in particulaintteasing penetration of Renewable Energy Sources. But in
parallel, new solutions are also emerging such as smarter controls or lsgge storage.

I HOLISTIC APPROACH OF FLEXIBILITY l
/FLEXIBILITY \
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‘ Balance offer-demand |
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Figure 33 OSMOSE Project Approach

System services |

OSMOSE develops an approacltépture the synergies across different needs and sources of flexibilities.

Osmose approach to flexibility ) Ag  sd]dgdot dn pi _ "mnojj_ \n \ kjr > m ntno  h¥%n
generation and grid, over different timeates. The project aims for the development of flexibilities that can be used for a better integration
of renewable energies. A holistic approach is adopted, considering at the same time:

1 the increased need of flexibilities in the system (mainly improvedamce of supply and demand in electricity markets, provision
of existing and future system services and allowance of a dynamic control of electricity flows)
1 and the sources of flexibilities (RES, demam$ponse, grid and new storages).

It addresses albystem requirements to capture the synergies proposed by the different solutions in order to avoid-stand solutions
that might be less efficient in terms of overall efficiency. Four demonstrations led by Transmission System OperatorsEETEERNA
and ELES) address different flexibility solutions and services:

Gridconnected grieforming

New hybrid and modular storage solution with the capability to offer multiple system services

Near real time cross border exchanges between Italy &halvenia

A smart energy management system including Dynamic Thermal Rating, demand response and RES in the South of Italy

=A =4 =4 =4
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OSMOSE expected impacts
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Figure 34 OSMOSE expected impacts

Related findings

Flexibility can be illustrated as an umbrella term covering various needs in the power system. When trying to identify sheromal
ones, one may mention:

1 adequacy ensuring long term equilibrium between power supply and demand

1  power transmission allowing power to flow between supply and demand, while respecting physical and operational limits on

flows between busesl

1 reactive power control keeping the bus voltages within predefined limits

1 frequency stability- ensuring frequency stability in #nevent of a large unforeseen imbalance

1 voltage stability, ensuring voltage stability in the event of insufficient reactive power infeed

Short, medium and longterm flexibility for adequacy and frequency stability all serve the same purpose: balgrsipply with demand
in energy systems with high shares of variable renewables. Yet, they differ in the time available for balancing and thg esguiged to
achieve the balance as displayed in the following figure (Figure 1). While sbari flexibility has to provide ancillary services on very
short notice, compared to lonterm seasonal storage the amount of energy required is small. The opposite applies foitdwnyflexibility.

Reaction time
Energy quantity
long-term
Forecast errors Forecasts Fundamentals

Figure 35 Typology of flexibility requireme nts
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Technological solutions of OSMOSE demonstrators

A comprehensi¥ description of technologies being developed by OSMOSE demonstrators can be consulted on the internal companion

report on the subject. Figure 2 presents the main findings regarding market synergies and market barriers identified cepthrat



https://www.osmose-h2020.eu/download/d1-2-flexibility-cost-and-operational-data-outlook/
https://www.osmose-h2020.eu/download/d1-2-flexibility-cost-and-operational-data-outlook/

Flexbility for Resilience White Pape

0SMOSE functionality/application

Electrici ) Cross-
Ancillary Renewable
ty n T&D Consumers . border
Services Integration .
Label Supply services

. Excelent Synergies

T&D upgrade deferral / OTR of lines

Customer tariff management

w o
o =]
£ =
. . ) o Blsl= & =
Good Synergies l‘I'-.Ic:barruersu:ier'n:lfn'ecj Tl =] 9 z| 5 = | B
L 2 E|E|S =18 | om
[ | Fair Synergies 7 Some barriers identified o vl Sl=|lole = ER | B
- . . R .. | = c|—| o £ T = ¢ G| 5
4 Poor Synergies ‘Majorbarners.ldennfled ¥ sl 2| Bl 5| ¥ E| 5| 5|8 2%
C - =) =g = = g
() Incompatible s 2 El w32 g% Zl® E ol &
Slzl =252 g5 52 E e
2| a | ¥~ 8 Els| gl s|Elelw|=
Z| 2 el e B[R BB == @ 5| E|E|2
reg = o ol £ c i) ) o = = [ TR
HHEHEHEEEEHEEREREE
Iy |2 S| BB E[2|e|e|E|B| 22| E
> g | E|&| | 3 Sl=l<=| 2|25 g|s
w5 | @ [ a glgl 2|28 2|2
t|lalx|le|c|Blc|la & E clc|lald|l®
c|l @Ml U|lw| =| =| @ ?é b= T I R T - B LT )
wi (&) w [} O (L) (%] (%) (=] w () o oo (%) = o
rErar T o w w T A
Hlectricitysupply  |ENErEY market arbitrage .'k_i'k_i oeew ..“
BeEricity Supply ) da  a & d la ‘ ‘ ‘ I
Capacity supply q 4 v
gl al al da 4 f
FCR .'L_ a9 \
i i da a  ala
AncillaryServices | aFRR, mFRR, RR .'n_ 9449 4 € 4
ah a a {
Dynamic voltage support . L A A ‘ ‘ ‘
da | a S B B
Grid forming / Synthetic inertia . L Bk
—
T&D Congestion management/relief . . ‘

Demand response

Consumers
Electric service reliability

Electric service power quality

OSMOSE functionalityfapplication

Renewable generation response

Renewsble Integration | penewshles Integration

Capacity firming

Network transfer capacity exchange

Cross-border services

Real-time Flexibility exchange
Figure 36 Synergies and market barriers faced by OSMOSE demos

Njipm~» 5 IJNHIN@ ?-)- °>\i_d_\Vo" h\mf > o h*~2c\ i dhtgs:iwww.osmosen™ bp g\ oj n

h2020.eu/download/d2-candidate market mechanismsand-regulatory-frameworks/

Flexibility KPIs

This project proposes a list of quantitative and qualitative key performance indicators (KPIs) thatllav comparing different market

design alternatives. The goal of this comparison is to rank different market designs regarding their performance for pydiedibility

needs given a massive integration of RES. For each aspect of markets, KPIs émveitoposed in the previous tables. A definition and
"skg\ilodjin \m” oc i bdqgq i di ? gdg m\]g~ ~-),)- Wabditd bringsal n p md
clear understanding of the calculation and the use of andicator. The process has been to identify a list of several indicators that would

allow comparing different market designs.

Functionalities and services for the power system
D4.178 compiles a detailed description of each of the functionalities that have been identified as essential, and therefore refquitiee

Multi-Component Flexibility Solution (MCFS) to fulfil the expected use cabesbllowing table shows the compatibilitnatrix between
the different functionalities.

7 Available athttps://www.osmosé2020.eu/wpcontent/uploads/2021/03/OSMOSE_WP2_Kiéssuringthe-value-of-flexibility. pdf
8 Available athttps://www.osmosé2020.eu/download/d4l-comprehensivaeporton-functionalitiesand-servicesfor-the-powersystem/



https://www.osmose-h2020.eu/download/d2-2-candidate-market-mechanisms-and-regulatory-frameworks/
https://www.osmose-h2020.eu/download/d2-2-candidate-market-mechanisms-and-regulatory-frameworks/
https://www.osmose-h2020.eu/wp-content/uploads/2021/03/OSMOSE_WP2_KPIs-measuring-the-value-of-flexibility.pdf
https://www.osmose-h2020.eu/download/d4-1-comprehensive-report-on-functionalities-and-services-for-the-power-system/
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Program
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Voltage
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Figure 37 Compatibility matrix between the different possible functionalities

In the following table main parameters to define the functionalities/services of the MCFSlayen:
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Table 10 Characterisation of expected functionalities

Emulation of

P-f regulation

Setpoint
tracking

Management of
renewable
energy
variability

[ ETET T T

Congestion
Management

No. of cycles/year <10 continuous | continuous | =100 continuo continuous
Duration of the duty | minutes continuous | n.a. minutes n.a. continuous | minut
cycle es
Initial energy  SOC= S50C=50% @na SOC=50% na na. S0C
content 100% = D%
End energy content | SOC=0 20%<S0C | na 0%<S0C< | na na. S0C
<80% 100% 100%
Maximum value of @ 100% of 100% of 100% of 100% of 100% of na. 0
active power output | Pn, P Pnn Pnin Pnn
Maximum value of | na. 100% of 100% of 100% of 100% of na. 100%
active power input Pnn Pnin Pnin Phn of
Pna
Velocity of changes | Instantane = Operation Each Each Every 10 na. Each
in the active power | ous in minute minute minutes minut
values change continuous =
after event = mode
Speed of change | na. Maximum Maximum | Maximum Maximum na. n.a.
between states of possible possible possible possible
active power ramp-rate ramp-rate | ramp-rate ramp-rate
injection/absorption
Maximum partial | ASOC=100  ASOC=30 ASOC=10 | ASOC=100 | ASOC=100 | na. n.a.
energy output % % 0% % %
Maximum partial | n.a. ASOC=30 ASQC=10 | ASOC=100 | ASOC=100 | na. ASO
energy input % 0% % % C=10
0%
Maximum walue of na. na. na. na. na 100% na.
reactive power
output
Maximum value of | na. n.a. n.a. n.a. n.a. 100% n.a.
reactive power input
Welocity of changes na. na. na. na. na. Maximum na.
in the reactive reactive
power values ramp-rate.
Speed of change | na. n.a. n.a. n.a. n.a. Maximum n.a.
between states of reactive
reactive power ramp-rate
injection/absomtion
RESOURCE SCAP, BATTERY | BATTERY | BATTERY | BATTERY | STATCOM | BATT
INVOLVED FLYWL, SCAP ERY
BATTERY BATTERY

Detailed description of each of the functionalities required for the MCFS to fulfil the expected use cases are addresseds arspecial
emphasis on how thelescribed functionalities are intended to interact, both among them, as well as in relation to the power grid itself.
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L. FLEXITRANSTORE Project

Project basic information

Main goal: FLEXITRANSTORE (An Integrated Platform for Increased FLEXIbility inRAM8mMission grids with STORage Entities and
large penetration of Renewable Energy Sources) aims to contribute to the evolution towards-BEyapean transmission network with
high flexibility and high interconnection levels. This will facilitate the tfamshation of the current energy production mix by hosting an
increasing share of renewable energy sources. Novel smart grid technologies, control and storage methods and new markehappro
will be developed, installed, demonstrated and tested introdgdlaxibility to the European power system. FLEXITRANSTORE will promote
increased crosdorder electricity flows using the valorization of flexibility services. The project takes both a national and a regional
approach, acknowledging the need to seamlessiggrate national markets, particularly in the South Eastern European network, which
still lacks the high interconnectivity that the rest of the European network has.

List of partners: ED(Coordinator), ICCS, TUS, UCY, BME, LUA, EMAX, WING, ABG, $EMA, SB/E, C&G, STER, SC, IPTO, CTSO, R&D
NESTER, OST, CEZ, ELJ, EAC, IBEX, VPP, CERA, CHALM, IEIT, COGEN.

Source of funding: @pmj k" \'i Pidji%n Cjmduji -+-+ m n \m*c \i_ diijg\lodji
Duration : 2017-2022

Webpage: http://www.flexitranstore.eu/

Project learnings

The FLEXITRANSTORE projectis in line with theSENHP 10 year R&| Roadmap and the EN'ESR&I Roadmap 2012026, which identify

the mainevolutions of the power systems in the decades to come. These evolutions include afineveasing penetration of Distributed
Renewable Sources and controllable Distributed Loads. The objectives of FLEXITRANSTORE are complementary to the R&rRbadmaps
will impact both new and existing market participants. FLEXITRANSTORE will provide the necessary technical and marketedsaoce
facilitate the safe and seamless transition towards this new era.

FLEXITRANSTORE will develop a next generation FIExiblgy Grid (FEG) which will be integrated into the European Internal Energy
Market (IEM), through the valorization of flexibility services. This FEG addresses the capabilities of a power systentaio @itinuous
service in face of rapid and large smgs in supply or demand. Thus, a wholesale market infrastructure and new business models within
this integrated FEG should be upgraded to network players, offering incentives to new ones to join, while demonstratingsimassh
perspectives for cros®order resources management and energy trading.

FLEXITRANSTORE will transform the European Power System through interventions that target the whole Energy Value Ghaivinghe f
figure presents the 8 demonstrators of the project.

System | \
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Figure 38 Flexitranstore project demonstrations
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FLEXITRANSTORE OBJECTIVES

Renewable energy is facing increasing popularity due to the unquestionable advantages that it introduces to society. Repeeswyl
facilitates systemdecarbonization, longerm energy security and its distributed nature allows the expansion of energy access to new
remote energy consumers.

An 100% integration of RES to the power system remains a challenge, though, due to the intermittent, variable predictable
production, which also poses as a problem for the energy market, in terms of dynamic pricing, and flexible trading amdcigaast
Following the current trends and EU regulations FLEXITRANSTORE has identified two main strategic objectives:

1 To enhance and accelerate the integration of renewables into European Energy systems.

1 Toincrease crosborder electricity flows across Europe.

A number of project specific objectives has also been specified, which will facilitate the fulfillment oftthéegic objectives and pave the

way towards a sustainable energy future.

1  Toincrease flexibility across the energy industry value chain by integrating BESS supporting the provision of ancilieeg §§rRES
at points such as: the TSO/DSO interface ardMarms and gas turbine plants.

1 Toincrease flexibility in the transmission grid by integrating Power Flow Controllers aiming to perform congestion managathen
redirection of power flows, by developing Dynamic Line rating methods feicéieg of powellines purposes and by developing efficient
novel controllers for active substations at the TSO/DSO border and wind power plant connections to the HV network.

1 Toincrease flexibility in the distribution grid by developing and implementing novel demesmbnse mechanisms, thus creating new
market actors and opportunities.

1 Toincrease flexibility of conventional generators by installing novel Power System Stabilizers, restoring low rotatiomal systia
and by simulating grid behavior after major events a representative grid model which will allow better insight grid dynamics and
stability.

1 To increase flexibility within the wholesale electricity markets, by the development of an integrated market platform, basanul
enhanced EUPHEMIA markeodel, which valorizes flexibility services through improved operations, demand response, enhanced
generator services, energy storage or a smarter infrastructure.

Related findings. Looking back to the outcome of FLEXITRANSTORE survey, great feedbawidisdoon the prioritization of electricity
grid and market topics set in various European countries. One interesting remark is that stakeholders rank as highly celgaamtopics

which are actually the result of various reforms, while at the sametm oc " n~ °m  aj mhn» \m> ~jind_" m _
Yoh\ mf "o ~jpkgdib% dn “~jind_"m _ g nn m g g\io oc\i YaOrdijglg,n ] j n
Yam™ i T r V] g djrankethimall tincejhorizom 'd nr od &° Y% i " mbt nojm\ b % rcd”c \nndnon
much lower.

In this sense, it can be concluded that the cateed-effect relation of innovation in grid and market (i.e. energy storage, FACTS, market
coupling, dynamic jizing etc) is not crystal clear to stakeholders with the profound topics of energy transition i.e. Renewable Integration,
Cross Border Interconnection, Grid Stability. In deliverabl® 2a3trategic decisiolh \ f di b h > ocj _ r \ n k reffents i o°

of innovation to the power system operation through specific KPIs which are elaborated in section 3, having the commotedktcaaf

flexibility improvement. Thus, the FLEXITRANSTORE approach comes to relate the cause and effect of inpogatioted through the

kmje  ~o) Do c¢c\n ] i Yoomdbb ™  m” _% ]t >=< o0jjgn ajm nh\md bmd_
Reinvestment Act, Smart Grid Investment Grant program and Smart Grid Demonstration program. Theselsgspaoadeveloped for the

US electricity markets with different reimbursement schemes for grid services depending on the various country regions.

®2-) m%Ndd”r _“Ardndji hyfdib ajm kjr " m ntno  h ag sd]dgdot ]t diijg\lodji
http://www.flexitranstore.eu/sites/default/files/pidations/Flexitranstore%2086020D2.3.pdf
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Figure 39 Flexitranstore survey results

Lately, TenneT Netherlandstroduced a relevant software platform, which models the business case of agpithected energy storage
projects, taking into account technical characteristics, costs and revenues of a project, and combines them into a busshéssvc
modef°. This isan excellent tool for energy stakeholders in their understanding of the business case of an energy storage project. Standing
on the position of the grid operators, FLEXITRANSTORE identified inflexibilities, the flexibility resources stemming 8ical phy
characteristics of the power system (b) uses the market operation characteristics (c) evaluates the innovation technola@gyecisiics

of the power system upgrade solutions and (d) provides a solution that improves the level of renewable energysisiain high grid
reliability and resilience, and generally perform high values of a specific set of related KPIs. This approach can bezadfomthe
market characteristics of the SEE countries participating, where flexibility services in eleatn@igets are still in an infant state.

The aforementioned elements @ _$ aj mhpg\-8dh\i Adji\ ganRkR\ """ » aj m Nawse\seenabod 6f 2?2 »
future power systems operation, the SDM approach. An illustration of this taskr@sosed approach is illustrated in the following figure.
®o 0 jji 0 Nojm\b Ojjg Pn m Bpd_~ Q,)+»' @ jatn -+,3" Ajhhdnndji _ ]t O




Figure 40 lllustrative representation of the SDM approach proposed by FLEXITRANSTORE, showing the various aspects
affecting the formulation of innovation use case to be eva
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3D-SDM

SYSTEM BENEFITS

luated

Key Performance Areas (KPAs) can be quantified through specific KPIs, as indicated in the following tables:

Table 11 Proposed

KPIs to be used in the FLEXITRANSTORE project

System benefits (KPAs)

Proposed KPIs of FLEXITRANSTORE

Renewables integration

Reduction in renewable curtailment on existing generation facilities
Cost of enabling new renewable interconnections relative to
conventional solutions

Share of electricity generated from renewable sources

Increased RES and DER hosting capacity

Reduced energy curtailment of RES and DER

Avoid redispatching

Congestion reduction

Reduction in redispatching
Increased network capacity
Maximum transfer capacity
RES Energy unleashed
Reduced Congestion Costs

Flexibility indices improvement

IRRE, FIX

Capacity of reserves increase

-Maximum hourly ramp of residual load

-Additional capacity (NTC) in relation to existing cross-border capacity
Grid expansion deferral by applying peak-shaving’

Improving Reliability and Quality of Supply

- LOLE, LORP,

-EENS

- Additional adequacy margin
-VOLL,

- Average Hourly Load Not r

Improved competitiveness of the electricity
market

- Type of energy pricing/market products
- Market services remuneration

- Number of market actors per activity

- Concentration ratio (CR)

Table 12 Mapping of System Benefits with different demonstration and tested technologies of FLEXITRANSTORE

Demo Technology Benefits
- Improving Improved
RES Congestion Fi,i)sgilsw Reliability competitiveness of
integration reduction improvement and the electricity
P Stability market
1 Active Distribution Node v N v v
2 Battery Energy Storage at Wind
Power Plant v v v v
3 Dynamic Line Rating v v
4 Power Flow Controller v vV v
5 Adapting wholesale market
approach v v v
6 Advanced controllers for grid v
services
7 BESS for combined cycle power
plant v v v
8 Advanced control for flexible v
synchronous generation
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Figure 41 Flowchart for strategic decision making through innovation integration

~

The strategic decisiemaking method presented in th@revious figure has been adapted to cover five specific use cases of the
technologies, focusing on various aspects of their impact on the electricity networks. The use cases presented here edenaliythe
business use cases explored in the FEG platf@and will contribute to the integration of FEG architecture. The basics of these use cases
will be presented here while in great detail are analysed on the full deliverable 2.3.

Use case 1BESS integration in Cyprus. An evaluation of BESS impact dyieis power system is being conducted for various integration
scenarios, building on the flexibility assessment platform of task 2.4 and the strategic decision making method basics\amdsented

in the previous paragraphs. Specific services and ofienal patterns for the BESS have been considered and flexibility and cost KPIs have
been calculated to illustrate the optimal scenario, in the system planning horizon of the following 5 years.

Use case 2RES integration in Greece. An indicative use 0ASES integration challenges with the Greek RES and demand characteristics
is being presented e. The BESS integration is been considered for improving the regulating reserves of the network , eeghkinig
operation cost, reserve requirements, rdliity and RES penetration are being calculated, showing the impact of the BESS on system
performance.

Use case 3 Congestion relief with power flow controller for facilitating RES project. Alternative innovative solutions to conventional
substation upgrde for improving RES integration are being provided in use case 3 through the Power Flow Controllers. The Power Flow
Control innovative solutions (namely SmartWires products) is weighed against conventional grid upgrades or a phase shififogher

in various Key Performance Areas and score as a preferable solution.

Use case 4Enabling Challenging Construction & Reduce Generation Costs. The facilitation otthecéctoring project with low additional
capacity needed is being presented in a use casglementing Power Flow Control devices. The alleviation of congestion through
alternative routes facilitates the safe implementation of the reconductoring project and security of supply with no additosty
generation.

Use case 5Innovation technlogy as an alternative to conventional transmission upgrade solutions. Another use case of a utility facing a
combination of transmission challenges is being presented: new RES capacity to be connected, load growth anguplofigkermal
capacity constiite a difficult situation. Specific strategies of modular deployment are being analysed. It is shown that modular PFC
accounts for uncertainty in future grid development as an overall better business case than traditional options like refwoimgducrhe
optionality to augment PFC deployment size at an existing installation in case the needs increase at that location, alities tatidefer
high-cost decisions to a later date.

?° gdg m\]g® -)/ ©°Ag sd]l]dgdot \A\nnbhmda\ i prdvikempdvancad fiexibibtyc assesNn@@ m~ L
studies in the SEE countries of Greece, Bulgaria and Cyprus are presented, elaborating in certain specific scenarios afpeyston

and RES integration.

Flexibility Assessment Tool

Objective

1 Review international trends and challenges in grid flexibility and assess flexibility issues in the South East EuropeaediSEE)
1 Study the flexibility requirements and resources in Greece, Bulgaria and Cyprus

81 Available athttp://www.flexitranstore.eu/sites/default/files/publications/Flexitranstore%@20D2.4. pdf
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1 Leverage the feedback of majamtakeholders in Europe through extensive survey and respective analysis of the responses, in order
to address real needs

1 Develop an analytic methodology for flexibility assessment aligned with current TSO adequacy assessment, evalatitgrm
needs of system balancing to lortgrm planning

1 Provide a pathway of strategic decision making through CBA approaches worldwide and specific Key Performance Areas and Indice
(KPAs and KPIs)

i Elaborate on future scenarios of joint operation inetiSEE region with forecasting uncertainty modelling and more interconnection
capacity

Achievement

1 Develop an upgraded flexibility adequacy assessment methodology, with a stepwise approach from IEA FAST to hourly simulations
for calculating specific flgibility indices such as Insufficient Ramping Rate Expectation, Flexibility Residual.

9 Study in detail the nefoad forecast errors and highlight the time periods of greater deviations and need for flexibility resources.

1 Implement the methodology in Greec€yprus and Bulgaria, in close cooperation with the national TSOs and analyse the future
flexibility requirements of the respective power systems.

1 Analyse the CBA methodologies applied worldwide and how they evaluate the impact of new grid upgradefpragstem operation.

1 Leverage important features of these methodologies and propose a new strategic deaisaking approach for innovation

technology integration into the transmission networks.
1 Propose five specific Key Performance Areas to be evaluaigde method and respective set of KPIs to quantify the impact of new
technology into the network operation.
1 Link the strategic decisiomaking approach with the flexibility adequacy simulation platform in order to provide an upgraded toolbox
for new teclnology promotion in planning studies.
Present and analyse five use cases of integrating new technologies solutions related with FLEXITRANSTORE demonstrations.
Highlight specific benefits of the solutions in the use cases, paving the way for further studi#gP13 of scalability and replicability
evaluation.

= =

Flexible Energy Grid Architecture (FEG)

Following the Methodological Approach, the purpose of which was to identify all the relevant components and functionzitiEE6

platform could provide tolie operators and the involved actors of the energy market, the FLEXITRANSTORE project focused on the design
and development of an IT platform (or toolbox) that will be the facilitator all functions to be offered to the finaleser. For this reason,

it is important to present the reference architecture of the FEG platform from the ICT point of view and the connected peespétii

flexibility providers. The architecture includes the definition of the main FEG platform components and how they contetmiceeet
interoperability, reliability, security and data protection requirements. All deelated activities are currently in the integration and testing

phase with FEG, as will be explained below. The FEG Platform is designed to provide a powesfulosdt to players in the Energy
community. It is envisioned as a different approach and a step ahead in flexibility, scalability, security and reusability.

In general terms, the proposed architecture for the FEG platform is firstly subdivided indtstinct main components. The first one
presents the FEG Central Component that acts as the global registry of FEG installations and integration hub, and th@sedsrite

FEG local component that represent the readyuse toolbox- installed within$ no™ h Jk >  m\ oj mn% \i _ Ag sd]d
handling requirements have been considered.

Oc ™ j ki \'m*cdo  “opm° ja oc A@B Kgloajmh kmjgd_"n ~ \tatesbhbij a di
directional communicion with external systems, thus adding a high degree of flexibility and adaptability even in extreme brownfield
situations. The following figures provide an overview of the FEG platform architecture.
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Figure 42 FEG Platform Architecture
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M.Equigy Pilot Project

Project basic information

Main goal: In this pilot project we develop a concept for systematic coordination between the TSO andvidiB@sspect to the use of
distributed flexibility resources controlled by a thifghrty aggregator. Note that even though ewz is both a DSO and aggregator in the
Swiss ancillary services market, the two roles are considered distinctly in the pilot. difeept covers both the planning and operation
phases: (i) Flexibility sharing between a TSO and DSOs in the operational planning stage creating a transparent nodabvaiatie
flexibility per grid node (ii) Coordinated activation of flexibility resoes among the TSO and DSOs in operation.

Furthermore, the pilot project aims at implementing the coordination concept on the Crowd Balancing Platf&migl a Joint Venture
of European TSOs that develops a technology to facilitate access of distributed energy resources to balancing arataledisrkets.
Equigy is envisioned as the communication and data storage layer among the TSO, DSOs, aggregators, and flexible resparmiagDe
on the complexity, the TSOSO coordination module can be either an external software component or integraiiih the Equigy
platform (partially or completely). The lorgrm vision is to establish the TSOSO coordination on a markéiased allocation of the
available flexibility.

List of partners: Swissgrid and ewz (in collaboration with Equigy and Venios)

Source of funding: internal

Duration: 2021 , 2024




- Flexbility for Resilience White Pape

Webpage:
https://www.swissgrid.ch/en/home/newsroom/newsfeed/202106Qzhtml
https://www.swissgrid.ch/en/home/newsroom/dossiers/crbaldncingplatform.html

Project | earnings

An increasing number of smaé#icale flexible resources are connected to the distribution grid, such as residential batteries, charging stations
for electric vehicles, and heat pumps. In principle, the flexibility of these resources can be upeavide services either to the TSO or to

the local DSO. In Switzerland, there already exist aggregations of such resources that provide ancillary services todSwmridegsil
services to DSOs. Today, no systematic mechanism is used to share the agdiktibility between the system operators. On the one
hand, the DSOs typically have bilateral agreements with the owners of flexibility resources and activate them accordieig teéus, but
without procuring the flexibility as a service in a marketteg. On the other hand, the TSO typically procures ancillary services in a market
and activates them through aggregators, but without considering the status and constraints of the distribution grid whereathe
connected.

Typically, an aggregator pviding ancillary services to the TSO aligns with the local DSO only at the prequalification stage. Specifically,
the aggregator informs the DSO that it intends to control resources in the DSO grid for TSO purposes, and the DSO appe@ats this
reguest. However, this is a opéme, static alignment process which can lead to inefficient utilization of the available flexibility resources
in operation. In this pilot project we develop a concept for systematic coordination between the TSO and DS@speith to the use of
distributed flexibility resources controlled by a thighrty aggregator. Note that even though ewz is both a DSO and aggregator in the
Swiss ancillary services market, the two roles are considered distinctly in the pilot. The camaps both the planning and operation
phases:

1  Flexibility sharing between a TSO and DSOs in the operational planning stage creating a transparent nodal view on alexiibitity
per grid node.
1 Coordinated activation of flexibility resource@snong the TSO and DSOs in operation.

Furthermore, the pilot project aims at implementing the coordination concept on the Crowd Balancing Platform ofE quigynt Venture

of European TSOs that develops a technology to facilitate access of distribeieaigy resources to balancing and redispatch markets.
Equigy is envisioned as the communication and data storage layer among the TSO, DSOs, aggregators, and flexible resahaess, as
in Figure44. Depending on the complexity, the TE30 coordination ntule can be either an external software component or integrated
within the Equigy platform (partially or completely).

Transmission network model

I
I
o |
Aggregator TSO DSO | [_)Is_'trlbl_m_of Eeiw_o:k_m_odel |
ewz Trading Swissgrid ewz Grid I :
3 Y K : |
| |
Available Flexibility Flexibility S | :
flexibility needs needs Flexibility bids : I
I
: .
A y y y 4 v
Equigyc Crowd Balancing Platform TSG@DSO Coordinator
Y A 4 A
Device
status .
I 1 Dispatch of flex resources
Price of flexibility
Flex Flex 000 Flex
resource resource resource

Control signals

Figure 44 Visualization of roles and data flow through the Equigy platform and the various players

The longterm vision is to establish the TSDSO coordination on a markéased allocation of the available flexibility. The idea is that
aggregators offer aggregated flexibility to a market platform and a mathematical optimization algorithm allocates the fléyibésources
to the TSO or DSO services with the highest economic value at any point in time, while ensuring that transmission andidistréiwork
constraints are satisfied. Such a common T8SO flexibility market can be implemented with either a aatized, i.e. common

82 https://equigy.com/
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optimization between TSO and DSOs, or a decentralized architecture for flexibility sharing, where only the relevant infoahaie
interface nodes between DSOs and the TSO is exchanged.

The project is structured intearious phases. In the first phase, we develop a simpler-hdsed approach for the TSOSO coordination
which consists of two elements:

1 Local flexibility model: the DSO has priority in deciding which part of the available flexibility should be kej$ fmwn needs and
which can be made available to the TSO.

1 Traffic light model: the DSO can block activations of flexible resources for TSO purposes, if these would lead to vidhations
distribution grid (and vice versa).

From the TSO point of viewhé first phase of the project will focus on the products of the Swiss Integrated Market, namely tertiary control
energy and international zonal redispatch. ewz will focus on using flexibility for congestion management in the distrigtitioiThe
conceptincludes various business processes related to registration of flexible resources, bidding of flexibility, evaluatioriraffibdight
model, and activation of resources for TSO or DSO services, as shown in BiguFae feasibility of the concept wibe demonstrated by
testing it using one or more physical flexibility resources connected to the distribution grid.

The first phase of the project officially started in April 2021 and will run until August 2022, whereas the subsequent phesespected
to run from the end of 2022 to 2024. Upon its successful completion, this pilot project will be a key milestone with higirtempe for
Switzerland due to the large number of DSOs and increasing amounts of distributed energy resources. Built on BquigyRDSO
coordination concept can become the role model for similar approaches in other European countries.

Registration Bidding Traffic Light Model Activation

Resouree awner

Aggregator
(ewz Trading)

TS0 ) NO.

[—? h i 4?-:
it conetains
farke viclates?

T Tves

Figure 45 Business processes of the TSO-DSO coordination concept.

N. TDFlex Project

Project basic information

Main goal: The project investigates whether it is techieaonomically feasible and beneficial to exploit the aggregated flexibility at the
TSOGDSO substatin provided by the distributed energy resources (DERs) connected to the distribution network for trans#@ssion
network and system benefits: (i) voltage suppdiftthere is a voltage violation in the TSO grid, is it technically and economically fieasib

to solve it with PQlexibility at the TSEDSO substation? Compared to (1) use of conventional generators by TSO and (2) technology that
can be deployed at the TSDSO substation (BESS, synchronous condensel, €ii¢.fongestion managemernif there is a congestion in

the TSO grid, is it technically and economically feasible to solve it witHl@&qgbility at the DSO substation? Compared to traditional re
dispatch by TS@.and (iii) balancing service€an the aggregated flexibility beompetitively offered in ancillary markets deashead or
intraday? Even if they are not competitive, for example, in providing reserve, can the aggregated flexibility relieve seratoge so that

these generators can produce cheap energy instead of pingireserveg?

List of partners: Research Centre for Energy NetwoeksETH Zurich (observing partners include ewz, Repower, Swissgrid)
Source of funding : Swiss Federal Office of Energy (SFOE) and Swiss Association for Energy and Network Reseajch (SGEN
Duration : 2019, 2021

Webpage: https://www.fen.ethz.ch/activities/systeaperation/tdflex.html

Project learnings
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The project investigates the following network aagstem benefits to determine whether it is techreconomically feasible and beneficial

to exploit the aggregated flexibility at the TSDSO substation provided by the distributed energy resources (DERS) connected to the
distribution network: (i) for congéisn management within the TSO grid as well as at the T8O substation, (ii) for voltage support to

the transmission system provided at the TSEBO substation and (iii) for balancing services in transmission system. By partnering with
local utilities inSwitzerland, this project examines the achievable benefits of a stronger-IDSO interaction in Switzerland.

General approach consists in using reduced representation of the DSO's grid capability by means of estimating "flexiinitipries/areas"

at the TSGDSO interfaces and computing the associated cost of providing flexibility. Once the flexibility areas and associated eosts ar
estimated, this capability is modelled as a "pseudo generator" (or flexibility generator) at eactbB&80substation for ezh transmission
service. Itis assumed that the identification of the flexibility area is performed by the utility or an aggregator eitheataad or intraday
look-ahead (e.g., 18nin-/60-min ahead). The technical and economic potentials of the flexjldii the TSGDSO interface substation are
compared to conventional methods in the following transmission services:

1 voltage supporflf there is a voltage violation in the TSO grid, is it technically and economically feasible to solve P@illxibility
at the TSGDSO substation? Compared to (1) use of conventional generators by TSO and (2) technology that can be deployed at the
TSGDSO substation (BESS, synchronous condense}, etc.)

1 congestion managemeniif there is a congestion in the T®grid, is it technically and economically feasible to solve it with- PQ
flexibility at the DSO substation? Compared to traditionabdispatch by TSQand

1 balancing service§Can the aggregated flexibility be competitively offered in ancillary markets-dagad or intraday? Even if they
are not competitive, for example, in providing reserve, can the aggregated flexibility relieve some generators so thagethesgors
can produce cheap energy instead of providing resefves?

The candidate flexibility mviders in the distribution network are selected as follows: distributed renewable energy resources, particularly
solar PV, battery energy storage systems, electric heat pumps, EV charging, and conventional electric demard6 Eigmenstrates the
°asgd’l dgdot \m \'» ~ji~r"Tko aj m ateverdtiméinstantdnomd] podji bmd_) Do dn

the operating point of the system, observed at the T8SO0 interface substation,
the available maximum solar PV generation,

the status of the electric heat pumps,

the status of the EV charging and the available number of EVs,

the state of charge (SoC) of the BESS, and

the amount of the electric demand

= =8 =4 -8 -4 9

Ocpn' oc  °%ag’ s dDsSDdntedate substatiansis tirrdeperalent andiie hape will varfgize and type) at each time
instant as shown in Figurd6. Note that the operating points at different time instants are shifted to the origin to be able to conveniently
compare the size of the flexibility area.

| DSO
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- o
i-AP W), /at 9:00 ) +AP [W]
: ““Normalized
: operating

y2Q VAT point

Figure 46 The concept of time -dependent flexibility area at the TSO -DSO substation
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Assumptions in the analysis are as follows:

1  The grid information (i.e., connectivity, line/transformer parameters, ratings) is known to be able torpekforoptimal power flow
analysis.

1  Expected amount of electricity generated by each solar PV as well as the electric demand are known by the utility/aggeggator
day-ahead, or intraday in high resolution (e.g., every 15 or 60 minutes).

1  The utility hasthe necessary DMS infrastructure to determine the operating point of the systematead as well as intraday by
using (i) the grid information, (ii) the information communicated from the custorsigle, i.e., net demand (including excess generation
due tonot locally consumed electricity generated by the solar PVs), state of charge of BESS, availability of the EVs, status of EV
charging, and status of HPs (iii) the forecasts of demand and local generation.

1  The utility has necessary telemetry infrastructute retrieve voltage and current measurement in high timesolution from each

node in the network including the THOBO0 interface substation.

The distributed generation resources (i.e., solar PV) are treated ascostagenerators for optimal power flowQPF) analysis.

The conventional electric demand provides a fixed percentage of active and reactive power flexibility (e.g., 10% of theldérhan

is, 10% of the demand at a given time instant can be ramped down or ramped up as shown in Hgufiéhe fexibility participation

can be timedependent and provided as a signal. How the consumer provides this flexibility (whether curtailing/increasing the

consumption of a device such as boiler or heat pump etc.) is not within the scope of this project. Tigcademand is assumed to

provide active and reactive flexibility.

1 Electric demand is modelled as constant active and reactive power. Constgpgdance and constanturrent models can be adopted

= =

if needed.

Conventional demand (household & commercial)
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Figure 47 The flexibility provided by conventional electric demand (left), and the PQ flexibility capability curve (right).

Each solar PV owner provides a fixed percentage of flexibility out of available PV production (e.g., 10%, Toft of the available solar
PV generation at a given time instant can be curtailed. The flexibility participation can bede@pendent and provided as a signal.

The solar PV converters can provide reactive power capability (i.e., reactive powelif@xikih respect to a given PQ capability curve as
shown in Figuret8. For illustration a Mcurve is used, however, any other curve can be adopted.

00 SolarPV production ata node
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- Pmax
500 |
P, bie ()
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Figure 48 The flexibility provided by solar PVs (left), and the PQ flexibility capability curve (right).
The EV charging (active power) flexibility is by means of reducing/increasing the charging as shown irlBidtivecharging infrastructure

at each site allow slow charging as well as continuous ramping down. The availability (the projection of the EV arrival and departure
times) of each EV is known via a signal provided by the owner. Vehicle to grid is not allowed.
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EV charging profile for 5 EVs atone node
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Figure 49 The flexibility provided by EV charging.

The electric heat pumps can provide (active power) flexibility by means of turning on/off as shown in Egu&ontinuous ramping
up/down is not allowed. The availability of HPs is known via a signal provided by the owner.

HP profile fora node
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Figure 50 The flexibility provided by electric heat pumps

It is assumed that all BESS owners own PV but not all Bisequipped with BESS. The BESS charging is driven by the excess energy
produced by the solar PV. BESS charging schedule is assumed to start either at the time when there is excess solarund dhartime
when the projected maximum solar generatiogcurs. BESS can provide active and reactive power flexibility as shown in Biyure
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Figure 51 The flexibility provided by BESS (left), and the PQ flexibility capability curve (right).
Note that +3-Q flexibility (discharging) is limited due to its dependence on the nodal voltage and the internal capacitor voltage.

The network is assumed to be structurally balanced (i.e., there are-fibghase feeders connected to aphase feeder).
The electric demand is balanced at each phase, and, thus, positgeence modelling is used.

Our initial findingsshow that thereis a potential to reduce the winter reserve requirements for hydro plants in Switzerland, thanks to the
fact that the aggregated DER flexibility spread across the country relieves congestion resulting in cheaper electricitgdnfimon the

neighbouring ountries.
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We model the energy and reserve market of Switzerland, along with the energy market of its neighbours, such that energgaands

\'m® ndhpgoli " jpngt _dnk\o”c  _) R hj _~g oc’ \ "-@EQsubstatipnrwithrits a g~ s
associated costs varying at every time insta@ur initial findingsshow that less upwards flexibility is provided by the hydro plants in
Switzerland thanks to the flexibility provided by the DERs resulting in increased energygbiarby the cheap hydro plants, which finally
reduces the overall dispatch costs.

The ways of procuringe(g., by means of bidding in a flexibility markeind schedulinge(g., by means of performing a mulberiod
scheduling over a time horizdsuch flexibility is not within the scope of this project.

O.DiGriFlex Project

Project basic information

The objective of this research project is to develop effective forecasting and optimal control methods to ensure efficiérsieanre
operation ofdistribution grids, as well as flexibility and ancillary service provision from local low voltage distribution grids tg#teeam
medium/high voltage grids, under uncertainties. The source of uncertainties varies from stochastic distributed powetigerterg., solar
and wind power generation) and demand uncertainties to system model uncertainties (e.g., uncertain parameters of ovedseaddin
cables). Secure operation deals with satisfaction of technical constraints of distribution grids suddasvoltage limits, power flow limits

of lines/cables, and technical constraints of grid connected resources such as distributed generation and battery stoigty diapts.
Efficient and optimal operation deals with both technical and economic ohjestdf local distribution operators such as minimization of
gjgo\b™ _“gd\odjin \i_ gdi >%n gjnn n' h\'sdhdul\odj i j a abdi ~dgg
minimization of realtime imbalances with respect to predefined satiules. The secondary objective of the project is to implement the
above forecasting and optimal control methods in a test case low voltage distribution grid and demonstrate the effectivehédss
developed methods for different grid operation scenarios.

List of partners: HEIGVD/IESE (Institut d'Energie et Systémes Electriques),-ARJAEPFL PWRS, University of Naples Federico I,
University of Naples Parthenope, DEPsys SA

Source of funding: Swiss Federal Office of Energy (SFOE) through-BBR¥ASmartEnergy Systems Joint Call 2018
Duration: 2019 , 2021
Webpage: http://iese.heigvd.ch/projets/digriflex

Project learnings

Context and key questiondn the context of energy transition, emerging local power distribution grids are characterized by; (a) high
penetration of intermittent and variable distributed generation from Renewable Energy Sources (RES), (b) active consurflexsbéend
consumption and (c) interconnection to the local communication and transportation systems. These impose the following challenges to
the optimal operation and control of distribution grids:

1 High stress on the low voltage distribution grids regardingdbiectionalpower flow that must be addressed, from both static and
dynamic aspects.

1 High level of uncertainties concerning the difficulties in the forecast and control of the power generation (caused bythastic
nature of RES) as well as uncertainties in powensumption (e.g., caused by the stochastic profile of electric vehicle charging).

To address these challenges, it is necessary to improve the observability (by employing measurement devices and locajudatizoac
systems), and the controllability (by employing controllable resources, such as battery energy storage systems),ilmfitintigrids.
Moreover, efficient forecasting and optimal control methods are required to ensure that controllable resources are usednosh
efficient way with respect to the state of the system. Note that the involved models/algorithms must be dedj(a) analysing the huge
amount of data coming from measurement devices and data acquisition systems, and (b) creating the control signals (fotlaioletro
resources) in very short timsteps, near reatime operation of the system.

This potentid capability of low voltage distribution grids for controlling distributed flexible resources, makes them a suitable cluwice f
provision of flexibility and ancillary services to the upstream medium and high voltage grids. In this respect, the matiogsidisat this
project addresses are:

1. How the flexible resources within distribution grids should be controlled to ensure secure operation of the grid in reaWVihas is
the impact of uncertainties associated with the local generations and demands?

2. Whatare the potential flexibilities and ancillary services that distribution grids could provide to the upstream transmissiisf? yvihat
are the technical constraints?

3.  What s the optimal strategy/schedule for controlling flexible resources within a lovageldistribution grid? What is the efficient way
to handle uncertainties in the development of the optimization problem?
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ObjectivesThe first objective of this research project is to develop effective forecasting and optimal control methods to eeffizient

and secure operation of distribution grids, as well as flexibility and ancillary service provision from local low voltagleutisn grids to

the upstream medium/high voltage grids, under uncertainties. The source of uncertainties varies fommastic distributed power
generation (e.g., solar and wind power generation) and demand uncertainties to system model uncertainties (e.g., uncartatepaof
overhead lines and cables). Secure operation deals with satisfaction of technical constadidistribution grids such as nodal voltage

limits, power flow limits of lines/cables, and technical constraints of grid connected resources such as distributed genaratibattery

storage capacity limits. Efficient and optimal operation deals withtbtechnical and economic objectives of local distribution operators
np”c \'n hdidhdulodji ja gjgo\lb” _“gd\odjin \i_ gdi  “Ymnddighn  n'
voltage grids, and minimization of redime imbalarces with respect to predefined schedules.

The second objective of the project is to implement the above forecasting and optimal control methods in a test case lagevolt
distribution grid and demonstrate the effectiveness of the developed methods fded#t grid operation scenarios.

Methodology and Outcomes

Techneeconomic studiesThe different groups of ancillary services (balancing, congestion management, voltage management and service
continuity) have been evaluated. Depending on whsietvice is considered and whether export or local use is considered, the relative value
of the service is given by (i) the cost of the equivalent network reinforcement, (ii) the cost of a tap changer distribatisformer or (iii)

the historical value bthe corresponding service in the transmission grid. Items (ii) and (iii) are relatively straightforward: figures have been
collected by considering the relevant historical costs. The novelty of the approach is however concentrated in itenneixtitreevalue of

the network reinforcement avoided. An-exte average value of this relative value for flexibility has been determined by considering a
large number of possible network reinforcements within two grid areas (rural and urban) and then computiageaage cost of the
reinforcement for each kWh that could be additionally injected into the system. The relative value of the flexibility inedtay discounting

the cost for the reinforcements in the entire grid area and computing an adequate average

Forecasting systemshe methodologies developed for dahead and near reatime forecasting (i.e., 10 minutes ahead) of load and PV

power are based on ensemble approaches, i.e., combination of individual forecasts coming from different underlyirg) Metiedologies

are developed within a probabilistic framework in which predictive quantiles of the target variable for the target forecaigbh are

generated by the forecasting system. Forecasts can be rescaled in order to extract just a singleaspe{deterministic framework), on

occurrence (e.g., to be used as inputs of the reiade optimization models).

Several methodologies have been developd:

1 A Multivariate Quantile Regression (MQR) model based on underlying Quantile Regressio@RFa3t

1 A Bayesian Bootstrap (BB) model based on underlying Linear Quantile Regression (LQR), Gradient Boosting Regression),Tree (GBR’
and Quantile Regression Neural Network (QRNN) models

1 A hierarchical GBRT/QRNN model, based on ranking and combiobNWPs

1 A DerivativePersistence (DP) model

The BB with LQR underlying model has been selected for the actual implementation

Twolevel optimization systemThe optimization system is developed based on a rolling horizon level optimization model. The first
level deals with prescheduling of controllable resources in a-dhagad basis (DA), whereas the second level deals with nearties
scheduling(RT)aa V\'gg oc’ ~jiomjgg\]g m njpm”"n) Ajm ?< jkodhdu\od
°?dnomd] podji\ggt Mjl1pno >c\i”~" >jinom\di  _ #7?M>>% Kmj bm\ h
robustness and scalability. The neaeal-time optimization is developed based on a deterministic linear programming model.

ji
hdi

Validation and demonstratiooth DA and RT optimization models are fed by the DA and RT forecasting system, then tested and validated
in the Relné® laboratory (a reconfigurable low voltage distribution grid testbed). Figiteshows the schematic of validation test in the
Relne environment. The data acquisition is developed based on the monitoring system of the Relne distribution gpecdegith GridEye
devices by DepSys.

8 Bozorg, M., Bracale, A., Cargita, De Falco, P., Mottola, F. and Proto, D., 2021\ t " nd\ i ] j j-od&dm\ kkgi b ] digdmodg kcj oj c
Solar Energy, 225, pp.57%90.

¥H) =jujmb' <) =m\ ~A\g ' K) >\m\hd\'jBhom\ kktpliggdyg Hm bmimkdd) Il &) m?kmAl
Journal of Protection and Control of Modern Power Systems, vol.5, 21;pp, 2020.

8 M. Carpita,JA) <aajgo " m' H) =jujmb' ?2) Cj\plhj\m_dj mti _ajNfh R modimgddac  °gf rDigj ga\ b
>jia " m i~ ji Kjr m @ “"omjid~An \i_ <kkgd~\odjin #@K@%, 4 @>>@ @pmj k" $'
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P.ACSICON & SCEHRRIE®ynamics projects

Project basic information

The project investigates dynamic power system stability, whici ggowing concern for both large transmission and distribution grids. The
main challenges arise from reduced inertia as converbarsed generation replaces traditional synchronous machines. Depending on the
time of day and the load flow situation, large ansmission grids already face several dynamic challenges, ranging from-entes
oscillations, temporary frequency violations, to system splits into multiple synchronous areas.

The two projects have investigated the potential of dynamic grighport from converters as well as the necessary practical considerations
regarding controller tuning to allow penetration levels of grfidrming DERs upwards of 100% of the distribution grid load. At the moment,
there is no industry consensus on what ¢l structures should be used and how to tune and configure such controllers for maximum
benefit to the overall stability of the grid. Furthermore, a large share of the converters will be installed at the distribletvel where their
effect on overall ystem stability is not well understood.

To provide a robust solution to these challenges, the projects (i) developed generic dynamic distribution grid modelssfoigsan grid
studies, (ii) deployed the models in a largeale power system simulatioof large transmission grid disturbances (including system splits)
and (iii) identified the critical share of converters with and without gsidpport to maintain power system performance at today's level.
List of partners : Research Centre for Energy Netks (ETH Zurich), Swissgrid, HitaBBB Power Grids Research

Source of funding : Swiss Federal Office of Energy, Innosuisse, Swissgrid

Duration : 2017 - 2020

Webpage:
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https://www.fen.ethz.ch/activities/systeaperation/scceffuries-dynamics.html

Project learnings

Resilience using dynamic flexibility from converteased geneation

Resilience describes the capability of a system to recover from serious disruptive events back to normal operation. Aanimnpsittence
aspect of the power grid is related to dynamic power system stability, as seen during a-olatin SouthAustralia (2016) or system
separations of the ENTSE grid (2006, 2021). In recent projects we have studied the dynamic behavior and stability during large
disturbances on all grid levels, with a particular focus on the challenges and potential from comamtmected renewable energy sources.
The energy transition is expected to lead to an increased generation from convestanected distributed energy resources (DER) like
photovoltaic and wind. At the same time, some traditional synchronous maebasedgeneration is being decommissioned, leading to
new dynamic stability challenges at both the transmission and distribution grid level,sttgnger frequency transients due to reduced
inertia and voltage problems during transients with high local shanésonverterconnected sources. Recent developments have resulted
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in so-called gridforming converter control architectures that also enable the provision of grid services such as frequency and voltage
support through adequate responses in terms of actiaed reactive power injections, for which grid operation has traditionally relied on
synchronous machinebased generation.

Since most converters will be installed at the distribution grid level, the corresponding stability challenge and supptidrfafty is the
combined result of thousands individual units. A detailed dynamic modeling of all underlying distribution grids in a traissngjsd is not
possible both for data and complexity reasons. To derive an aggregated dynamic distribution grid thedelGRE medium voltage system
(Figure53) is used as benchmark. The different DERits are equipped either with a grtbllowing (currentcontrol) or gridforming
(Virtual Synchronous Machine) architecture, linearized, and aggregated using modelioadistthniques. The resulting models can be
used with varying DERenetration levels for simulatiofbased investigations of dynamic stability and resilience.
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Figure 53 Cigre MV system used for stability studies with different penetration levels of grid -forming converters. At the
transmission grid level, the system can be modeled in an aggregate manner. 8¢

8 [Source: Kai Strunz (Convener). Benchmark systems for network integration of renewable and distributed energy resourd®spdiedv5s, CIGRE, 2013)]
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Key findings on resilience from dynamic converter control:

Thedynamic flexibility of convertebased DER has the potential to overcome the challenges caused by the replacement of conventional
synchronous machines and to maintain or even improve the overall system resilience.

The following use cases have been foutml show a high benefit for system resilience from dynamic converter support during severe
disturbances:

1. System support during faults near the distribution grid feeder:

Gridforming converters can react to such disturbances and the subsequent voltage drop by injecting reactive power to upholthiie v
level in the distribution grid and improve the recovery from the fault. Figure 2 (left) depicts the aggregated reactiver response of the
Cigre benchmark system during a voltage step for increasing shares offgritiing converters.

2. Support of distribution grid disconnections (islanding):

During this disturbance, a blagkut can be prevented if the distribution grican temporarily rely on local production units. Figure 2 (right)
shows the gridaj mhdi b ~jig mo m¥%n \bbm b\lo”_ \”"odgqg" kjr° m m nkjin’
allowing a continuous supply of the system loads. Note thag tonverter also generaggthe system frequency and perform a seamless
reconnection to the transmission grid, after the disturbance has passed (not depicted here).

3. Support during a transmission system split:

This is one of the most severe issues at the transmission grid level, short of a bdatkwhere the grid separates into multiple synchronous
areas. Figuré&6 depicts such a system split that has occurred in 2006 and is now studied with different suppdycantrol configurations.
The converters additional active power injections reduce the frequency nadir and prevent subsequent generator trips adedcastages.
Investigation over a broad range of scenarios and load distributions confirm, that eq@ppismall share of the new converters (5%
,+r$ rdoc bmd_ npkkjmo ~\Vk\]dgdod ™ n dn npaad”d i o oj mdethn o\ di
50% of the synchronous generation is otherwise replaced by converters withodtsgipport.

Figure 54 Transmission system split

(Left: Reactive power response of the Cigre benchmark system during a fault near the feeder with subsequent voltage dnope#sing
shares of gridforming converters. Additihal reactive power injection of the converters supports the voltage leRaht: Active power
response during a temporary islanding situation. The dadming converters enable continuous supply of the loads by temporarily injecting
additional active pwer and supporting a reconnection to the transmission grid after the disturbanf@ource: own simulations and
illustration])




























