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EXECUTIVE SUMMARY

Within the framework of ROSSBOWfoject,a series of solutionand productshave been definedhat will
contribute to the improvement of therossbordermanagement context of variable renewable energies and
storage units enabling a transnational wholesale market

The adoption and implementation of the proposed solutions and products faeesraltechnical and
interoperability challenges, as wellasthdséi a 2 OAF i SR gA 0K (GKS a32 G2 YI N
a local impact, others with a larggeale impact at European lev@hus, hese technical and netechnical
challenges materialize in a series of barriers with different degrees of compbaxityhaving different
perspectives, considering their characteristasswell as the level at which they operate, local or wide scale,
European.

Given the complex issue of barriers, they were divided into four main categories, each category representing
the object of a dedicated deliverabl&@he analysis of the context of the adoption and implementation of
CROSSBOWbIutions and products to identify all the categories of barriers that are subject to the four deliv-
erables, followed a common framework for te&haustive identification of all relevant aspectsibsequent
analyzes of each identified barrier, in terms of all their valences and characteristics, placed them in the rele-
vant category and were allocated to deliverables accordjtiglgomplete their aalysis and description

This deliverable is dedicated to identifying technical and interoperability barriers at European level, as well
as proposing solutions and recommendations for their overcoming and mitigation.

A wide range of issues weamalyzed foproducingthis deliverable, includingspects otritical, wide scale
interoperability infrastructure.

The starting point in our analysis was the informationfrprh ¢ FNBY 020K &Ly G0 S3INI A
/ wh{{.h2 S0O2aeaisS yescatedemonstiatioh gttvitied pf lthBldntegrated CROSSBOW
SO02aeaitsSyYé¢ o62tmo0Z aASNBAy3 G2 QI t AWéfal@GvedhayProddet £ A
centered" approacho identify the relevant technical and interoperability barriers la¢ tEU level, within the

context of the HLUs amgbingto a degree of detail down to the level of each.UC

We furtherclosely folloved the analysis strategy performed in Task 16.1 belonging to the same package of
works (WP16), on scalingp and replicatiomoadmap consideredasthe critical path to properly identifwll

the relevant aspects for a complete definitiontbé technical and interoperability barriers aitepeanUnion
(EU)level

Most of the barriers have been identified in connection with tH@@EBC and AM Toolset products

In the context of the adoption ahe product ROGBG the barries dnsufficient transfer capacity on cross

borders SAGF FSNBYy G FA{S F2NX¥I Ga T2 N} RRackof téchnd stafidhi®s 6 A |
for automatic ovesF NB Ij dzSy O& O angyihhlB & criticdDifaSat $1¢ realization and deployment

of the product.

With reference to the RES Regional Coordination CenterQRESroduct, the identified critical barrier refers
to the lack ofcomputational power and excess of dataflows to be assumed by the blockchain.

In the context of the product Hybrid RES dispatchable unit-gRESbarriers identified as relevant at
European level refer both to the lack of standardization in terms of opevand todifficulties for integrating
multiple renewable technologies in a common connection point with advantageous weather conditions

In relation to the Regional Storage Coordination Center {STP productonly one barrier has been
identified as retvant, that is aboutlack of fast response energy storage systems, and the solution to
overcome it is to select an appropriate network compatible with the product when implementing

Also, in connection with the Wide Area Monitoring and Awareness SystetASAproduct, we have only
one barrier identified from a widescale/ European perspective, namely lack of homogeneity and
standardization in network codes and data models of the neighboring deployed countries.
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For theRegional DSM Integration Platform (D$8R) product, in the context of both HLU6 UCs 2 and 3, the
barrier identified as critical is the lack of assets to see control effect.

The farriers related to the transition from centralized to decentralized solutions and the risks of changes in
the marketdesign, may have a crucial impact on the adoption of the CROSSBOW Wholesale and Ancillary
market toolset.

In connectiorwith the adoption and implementation of the Cooperative flexibility platform (CFP), a number
of critical barriers have been identified, starting from the lack of interoperability between systems and assets,
in a context lacking energy community or coogef@ initiatives, and not in lastly, lack of flexibility
aggregation infrastructure.

From the perspective of the distribution of identified barriens subcategorieshalf of them is allocated to
infrastructure and interoperability

For each of the iderfied barriers, we have proposed concrete measures and actions to reduce their gffects
to mitigate and overcomethem, plus recommendations that can generate lelmegn sustainability.The
informationwas included in the final chapter which concludes thikveeable.
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1 Introduction

1.1 Scopeof the document

Starting from the analysis of the scalability and replicability of CROSSBOW technical solutions and business
models across Europe, specifically with reference to the context of European existing infrastructure, the
scope of the document is to repodn the technical barriers whicltan affect the implementation of
CROSSBOW integrated solutiand productsand to formulate recommendations to overcome and mitigate

the identified barriers.

We refer to the technical perspective on the barriers assessmentumipEan level, in the context of the
broader objective of the project to make specific recommendations and a roadmap to overcome these
barriers efficiently and properly scaliugp and replicate the project solutions.

1.2 Structureof the document

The structure of the document is based on the identification of technical barriers at European level related
to the characteristics and functionalities dROSSBOWoducts. It has a "keep it simple" approach, having
three main chapters.

Thefirst chapterdescribes the objectives, structure, as well as the interconnections among project work
packages and tasks, alongside with the information flow feeding in the deliverable, in accordance with the
frameworkof producing this deliverable.

The second chapteiis providing the definition of European technical and interoperability barrier in the
context of CROSSBOW projecorder to have the concrete reporting benchrkand theclearperspective

of this deliverableAlso, in the samehapter2 is presented the methodology and framework for the analysis
of the context and the identification of the European technical and interoperability barriers, and further how
we can relate to them for their mitigation and overcoming.

Having a "producbased"approach and identification of barriers in the context of HLUSs, tthiel main
chapter of this Deliverable describgthe context of ROSSBOWroducts, andthe barriers identified in
relation to the setup and fatures of each of the 9RDSSBOWoducts Thus, there is a section dedicated

to each product and the associated barriers, presenting the context of each identified barrier, mitigation
solutions and recommendations for their overcoming.

1.3 How to read this deument

In the context of identifying technical and interoperability barriers at European level, the primary source of
AYF2NXYIEGAZ2Y A& {tc FNRY 020K aGLYydSaANIGA2Y |yR RSI

scale demonstration activities of theinS ANJ G SR / wh{ {. h2 SO2aeaidSYé¢ 62twm
life condition the project outcome§.he overall framework is presertén Figurel.

Also, the critical path to properly identify the technical and interoperability barriers at EU level, closely
follows the analysis strategy performed in Task 16.1 belonging to the same package of works (WP16), on
scalingup and replicatiomoadmap.

D16.2 Identification and recommendation for European technical and interoperability barriers 10
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Step 2: To make specific
recommendations and
roadmap to overcome
the identified barriers

Input data from SP6:

- “Integration and
deployment of CROSSBOW
ecosystem” (WP12)

Stepl1: To define how the * Analysing the scalability and
European existing replicability of CROSSBOW

infrastructure can affect solutions across Europe (Task
16.1)

the implementation of * |dentifying and describing the
CROSSBOW solutions technical barriers

- “Large scale demonstration
activities of the integrated
CROSSBOW ecosystem”
(WP13)

Figurel - Overall framework
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2 EUROPEAN TECHNICAL AND INTEROPERABILITY BARRIER DEFINITION IN Tt
CONTEXT OF CROSSBOW PROJECT

2.1 Barrier definition

Barrier in the context of ROSSBOWoject is a factor that is influencing the project products deployment
with the following main characteristics

9 External factor to the effective implementation of the projectannot be influenced by direct means
of the project management

1 Itis identifed from the perspective of a potential wide scale technical and interoperability impact at
European, crosborder leve]

1 Can have a significant impact in testing and deployment of project products and tools.

2.2 Methodology used in the analysis and identifitan of technical and interoperability barri-
ers at the European level

The barrier identification is CROSSBOW producteethtplaced in the context of the Hidlevel Use cases
(HLU) according to the project structure. In the CROSSBOW project therénarkllnls - HLUL to HLU9, in
the context of which 9 products are tested”1 to P9.

The CROSSBOW products mentioned briefly beldihe presented in more detail in the following sections,
in which the identified barriers will be associated with the regpe products:

1 P1-Regional Operation Centre Balancing Cockpit (ROC

P2- RegionalCoordination Centre (RESC)

P3- Hybrid RES Dispatchable Unit (RES

P4- Regional Storage Coordination Centre (£15)

P5 Virtual Storage Plants (VSP)

P6- Wide Aea Monitoring and Awareness System (WAMAS)

P7- Regional DSM integration platform (DSR)

P8- Wholesale and Ancillary Market toolset (ANnd

P9- Cooperative Owned Flexibility Assets Platf¢@fP).

The HLU#® the context of which theroductcentered barriers will be identified, are the following
HLU 1- RegionalOperation Centre;

HLU 2 Gossborder RES Mnagement

HLU 3 Qossborder Sorageof RES f@duction

HLU 4 Distributed Soragefor SystemSability and EnergyQuality Gontrol;
HLU & Virtual SoragePants,

HLU 6 TransnationaDemandSde Management;

HLU 7 Hybrid RES BpatchablePlants;

HLU 8 GooperativeOwnershipof Hexibility Assets; and

HLU 9 TransnationalAncillaryand WholesaleMarket.

=A =4 4 4 -4 -4 a4 -4

=A =4 =4 4 -4 -4 4 - -9
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Within the project frameworkthere is noone-to-one correspondencéetween CROSSBOW products and
HLUs they are tested.

The matrix indicating the testing of the products in each Hiabd the HLUs leadeispresentedn the Table
1 below.

CROSSBOW PRODUCTS

P1

P2

P3

P4

P5

P6

P7

P8

P9

HLU$
Leader

Regional

Operation

Centre Bal
ancing

RES Re-
gional Co-
ordination

Hybrid RES
Dispatcha-
ble Unit

Regional
Storage Cqd
ordination

Virtual
Storage
Plants

Wide Area
Monitoring
and Aware-

Regional
DSM inte-
gration plat-

Wholesale
and Ancil-
lary Markef

Coopera-
tive Owned
Flexibility

Assets Pla
form

toolset
(AM)

Centre
(STGCC)

Centre
(RESCC)

form (DSM

Cockpit IP)

(ROGBC)
T

(RESDU) (VSP) |ness Syster

HLU 1
ICS
HLU 2
ETRA
HLU 3
ETRA
HLU 4
UNIM.
HLU %
UNIM.
HLU 6
UNIM.
HLU 7
COBR/
HLU 8
CGRILO
HLU 9
UL

Tablel. Matrix of testing Products by HLUs

The barrier analysis in the actudgliverable is organized by produgctsointing outat the same time the
HLUsEach HUhas a nominated leader from the partner entities involved in phaject, and for each HLUs
thereismore than one Use Casmalyzed

For the barrieranalysis andissessmentwe used the collection of information based on the questionnaire,
carried outunder the coordination of HLUs leaders, focused on CROSSBOWtgraddayoing to the level
of detail of each Use Case.

The identification and definition of barriend the collection of information was made through several
successive iterationsThe processwag 2 f f 26 SR o6& ySOSaalNE YSSiAiAy3a
editors, to reach to the form that is found in the final version of the deliverable.
This queBonnaire was the tool focollectingthe information for all the barriers focused deliverables:

1 D15.2 Identification and recommendation for local technical and interoperability baffigrs
1 D15.3 Identificatiorand recommendation for local netechnical barrier$2],
1 D16.2 Identificatiorand recommendation foEuropean technicand interoperability barrier§3],
1 D16.3 Identification and recommendation fachl nontechnicaland barrierq4].
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The questionnaire was sent to all HLU leaders to identify the barriers that they encountered in the HLU
development and testingrhe identifiedypesof barrierswere categorizedvithin local / European category,
and technical / nortechnical category.

The questionnairevasasking the HLU leaders to identtfye product cenered barriersandto definethem
by providing informatiorbased on the following structure

1 HLU that identified the barrier and UC
91 Descriptive name of the barrier
9 Detailed description of the barrier
1 Type of barrier:

o Local

o0 Global (European)
1 Category of the barrier:

0 Technical

o Nontechnical
1 Subcategory of the barrier:

o Commercial
Communication
Data restriction
Energy Markets
Grid control
Inappropriate deployment
Infrastructure
Interoperability

O O O O o o o o

Regulatory
0 Social andOthers
9 Status of theébarrier duringthe project evolution

1 Mitigation means used during the project developmentdeerride the effects over the project
products

1 Recommendation folong-term solving the issues due to the barrier

After the first version of the questionnaire wasmpleted,a set of oneto-one meetings were held to refine

and clarify the information from the first version of questionnaire. The second version of the questionnaire
was segregated on Local / European, Technical Aonical sections, and became the input didaall 4
deliverables that were developed together.

The process overview including the main steps to reach the final version of the D16.2 is presented in the
diagram belowg Figure2. The stages of the D16.2 elaboration.
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3 EUROPEANREHNICAIAND INTEROPERABIBARRIER®ENTIFIEBY
HAVINGA CROSSBOW PROOBCENTRED APPROACH

3.1 REGIONAL OPERATION CENTRE BALACING COCKBTJOQROESBOW PRODUCT

A Regional Operation Center (ROC) is a fundamental element of a fully implemented smart grid when
realizing ambitious targets of Renewable Energy Resources (RES) integration within a modern and unified
European market framework (as set out by the target model). Its scope is the strong collab@madion
coordinationamong the TSOs of the region, to ghienefits from the combined and thus more effective
management of the various challenges emerging for system operators. Facing challenges from a regional
perspective facilitates the cosffficient and reliable operation of the power grid taking advantade o
economy of scale for generation assets, while facing more effectively the various uncertainties (RES
stochasticity, load fluctuations, unpredictable incidents, etc.).

From the beginning of the project, ROC was designed as a very heterogeneous Hhtbthatates several

very diverse Use Cases (UCs) that are all relevant to Regional Security Centers' (RSCs) business processes
ROGBC product improves certain RSC functions, but also defines and incorporates new services associated
with shortterm operaton tasks that are currently not supported by RSCs. Since the interested stakeholders

of this product are the RSCs of the European region, special care at the developing stage of this product has
been given to enable the scalability and replicability caigmf these functionalities to other RSCs in the
European region.

3.1.1 Challenges in forecasting the production of dispatchable generation ufridsn a wide
scale/ European perspective ID: ROGBGO1

3.1.1.1 Context of the barrier

This algorithm was developed relginon historical input data provided by the TSOs participating in
CROSSBOW. For some of them those data were enough to obtain good prediction of preliminary net positions
(PNPs), but for most of them significant discrepancies were obtained. iftestigating the reasons for
0KSAS RS@OAIFIGAR2YyaszE AG ol & O2yOfdzRSR GKIG KA&AG2NRO
generation. Several reasons for variable production behavior under the same weather conditions were
identified and some othem are listed in the table below.

Claimed by Entity CGES
Entity role UC leader

CROSSBOW Hug | HLUTUC3
Descriptive name of Challenges in forecasting the production of dispatchable generation units

the barrier

Detailed description | PreliminaryNet Positions (PNP) represent the netted sum of electricity exports and im|
of the barrier for each market time unit for a bidding zone. PNP, or estimated values of net posi
constitute an integral part of Individual Grid Models (IGMs) cradig each TSO. Propos
algorithm of PNP estimation is composed of consumption and generation forec
Consumption forecast results have relatively small deviations, while generation for
causes higher deviations of PNP estimated values. The deaificactivating the
dispatchable generator units depends on many factors. First are technical and sg
reasons, then financial. From the historical data we obtained from participating TSC
concluded that even in the same weather conditions the diagof production can variate
which is not the case with the consumption. Variable generation diagram has signi
AYLI OG0 2y SaltAYlFGA2y 2F tbtad ¢KIFGQa

we have stable either export or import for one Hidg zone. Variable electricit
export/import depends on hydrological conditions, energy prices or technical reason
all these information need to be compiled in the final algorithm. We also believe thal
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production of dispatchable units largely dapds on activation of balancing services. t
day ahead market results arid 0 prices.

Subcategory Others

Mitigation The inclusion of overall network structure (per each bidding zone) is also somethin
could improve the final result&eparate generation forecast for different generation tyf
(renewables, thermal and dispatchadbrge hydro) means better insight of th
prospective situation of available generation units and their production. For instance,
have one system with nialy run of river hydro power plants (Albania) in such a case
production will probably depend on hydrological conditions.

Table2. ROEGBCO1

3.1.1.2 Recommendation

Theinvestigatiorstartedrelying only on historical data (generation, consumption, net positions) and weather
conditions For the purpose of better estimatioit,is proposedo includea wider range of input data such

as day aheadntraday and balancingnarket data (energy pré& capacity price, carbon pricgnd possibly

to adjust the proposed algorithm to each bidding zone for which estimation is performed. That means that
results could also depend on the network composition/structure. It is very important to clarify witidrda

have significant impact on croebsrder energy exchange (thus net positions) and to develop an algorithm
from a very beginning implying all these necessary input data. All these recommendations are related to
better generation forecast, because thefsctors could impact (financial and technological) production
scheduling.

3.1.2 Insufficient transfer capacity on crogsorders¢ ID: ROGBGO02
3.1.2.1 Context of the barrier

The interconnection lines between the national transmission systems were originally designed to ensure
alloftS 2LISNIXridAzy yR (42 NBYRSN) FaaradlyOS Ay GKS
coupling across Europe has led to increased irsteire crossborder electricity trading. The market coupling
revealed thenegative effect obf congestion between markets. In energy markets, the physical constraints
of transmission systems will always be a factor that limits the energy flows and cdeatgsling of markets.
According to the EU regulation, Capacity Allocation & Congestion Management (CACM), the term
GO2y3SaidAz2yé¢ OFly o6S OflFraaAFASR Ayidz2yY
1 at KeaArAolf O2y3SadAz2yzé 6KAOK AYLI ASa |ye
power flows violée the thermal limits of grid elements and the voltage stability or the
angle stability limits of the power system, and
f a{ GNHzOGdzNF £ O2y3SaidAzy>séeé oKAOK AYLI ASa O2
unambiguously defined, is predictable, is gemrically stable over time, and is
frequently reoccurring under normal power system conditions.
Thus, the insufficient transfer capacity on crtmsders is defined as a barrier at a European level, which was
evolving in recent years as a result of the increased electricity tramtingssborders. The increase of RES
integration in the last years anthe market coupling procedures on regions led to more demanding
transmission line capacity and congestion managemiet,efore the discussion is focused on the increase
of capacity on crosborder lines (the European regulation now impese least 70% sable capacity from
the technical limit).

Several approaches have been described and implemented across Europe for the mitigation of this capacity
barrier. As the marketouplingl 2y Sa I NBy Qi RS@St2LIAYy3a Ay G(KS alyS$S (
new trends and solutions are testddr the crossborder lines and will keep tested in the next years as we

will always keep searching for more capacity.
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Claimed by Entity ADMIE
Entity role UC leader

CROSSBOW HLU/U( HLU1/ UB&7
Descriptive name of Insufficient transfer capacity on crebsrders

the barrier

Detailed description | Crossborder trade leads to excessive pressure on the interconnection lines, resulti
of the barrier increasing network congestion, which in turn restricts the electyritiade. Congestior
refers to situations in which the demand for transferring the electrical power exceed;
limits of transmission system, i.e., situations in which unrestricted use of the net
g2dzZZ R LJ2asS | NARa|l G2 (kephysicalaonssaindsain esed/ O
these should be respected since the system security is the most important factoi
shapes its operation. In some cases, there is no sufficient transfer capacity on
borders. This may lead to RES and/or loadtaiiment since the supply/deman;
requirements may not to be metAlso, in the long term, the absence of crdmsder
trading or even the delay of projects for interconnection extension may lead to an inci
of both CQ emissions and generation costl the EU electricity markets, mark
participants may assume thdtansfer capacity between market zones constraints 1
abilities of market partiesSolutions foravoiding and reduction of such capacity constrai
are for high interest.

Subcategory Infrastructure

Mitigation The most evident measure network operators can take to relieve these constrail
building more crosborder transport capacity. This results in morecsdled technical
capacity.Nevertheless, expanding the transmission systems with no limits is realligt
unfeasible This measure is, of course, fairly expensive, and should only be done wh
existing capacity is already efficiently ustdthat context, crosdorder trading takes int
account the physical infrastructure, but from a different gegstive. Therefore, electricity
trading is conducted through differeimeframe segments of the wholesatdectricity
market. To this end, forward and future markets are successfoiywed byday-ahead
and intraday marketand finally byreaktime babkncing market.

From both the practical and economical points of view, new market models will pro
solutions for congestion and for RES penetration. SpecificRIE$ penetration neg
borders could add value in crebsrder trading via market couplinghese actions offer
positive environmental and economic impacts at a {iaropean level. However, all thes
manifold constraints should not only be addressed, but also be communicated b
energy market participants.

Table3. ROEBG02

3.1.2.2 Recommendation

To prevent overloading of the transmission system by cbasder energy transfers and the related risk to
network security, a coordinated capacity calculation and allocation mechanism is requiredinatord

across different market areas is essential since electricity flows can not only be restricted by commercial
agreements, but also follow the laws of physics. A coordinated capacity calculation mechanism ensures an
efficient allocation of transmissipcapacity, since it keeps the balance between the cbasder capacity

used by market results and the security of power supply. The way in which the available capacity for trading
is calculated is of great importance for the market. There are two appexmon coordinated capacity
calculation. NTC current market clearing design only considers commercial exchange between the market
if2ySad {AyOS be¢/ R2Sa& y20 I 002dzyi F2N) LIKeaAaAlokt O2
b26ad h LILIeFB indhodolgy sonsiders the physical laws of the network. By implementing the
FB methodology, one creates market solutions closer to physical reality as well as respecting the operational
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security of the grid. Thus, through the introduction of markeupling (mainly via the FB approach) in which
the trade in electricity is integrated with the allocation of crd&sder capacity, the efficiency of capacity
usage has increased strongly over the past year and a more effective use of transmissionesesour
achieved.

3.1.3 Unavailability or limited accuracy of reduced equivalent model of the regional transmis-
sion network¢ ID: ROGBG03

3.1.3.1 Context of the barrier

The tool for optimal crosborder FRR sizing of Frequency Restoration Reservesu(fEE3a representation

of the power network where one balancing area (a country in most cases) is represented by onemde (
node equivalent This is becauseitdesigned to be applied after and on top of the clearing of the-Blagad

market auction whichin most cases, is performed per balancing area. Limitations in the accuracy of the one
node equivalent model of the network can have regional or European impact depending on the scale to which
the tool is applied. Within CROSSBOW, the tool was integtatdtk ROC, hence its impact was regional,
i.e., the region of soutteast Europe (SEE), similar to that of ROC itself.

Claimed by Entity ICCS
Entity role UC leader

CROSSBOW HLU/U( HLU1/ U8
Descriptive name of Unavailability ofimited accuracy of reduced equivalent model of the regional transmi
the barrier sion network

Detailed description | First to the best of our knowledge, shared sizing of FRR isvitlely usedyet as a formal
of the barrier process among European countries. It is imaot to highlight the difference in FR
activation, which is modestly established and FRR sizing (called also dimensioning
is not and is a different kind of process in its requirements.

In CROSSBOW we proved that shared sizing of FRR can giétsighenefits in terms of
reducing FRR sizing overall volume and costs. The tool was demonstrated in region;
namely SEE, which is the area covered by the ROC. It was designed to have low e
times, in order to facilitate application at Eapean level.

With regards to the on@ode reduced model as a barrier, the scale to which the to(
applied defines the impact of the barrier via the loss of accuracy as the scale of the g
network model increases. This increasing loss of accusagly educated assumptions K
the authors of the method and not a proven fact.

Subcategory Data restriction

Mitigation There is modest relevant research literature on this topic, based on which SCC
created such a reduced model for tharposes of demonstration activities. The topic its
is not extensively established; more insights might occur if the FRR sizing mode
popularity. Increasing accuracy will probably require extensive dedicated research,
topic appears ratheramplex in its details.

Table4. ROEGBGO03

3.1.3.2 Recommendation

Despite SCE&tontribution, a more generic, formal, and standardized approach for obtaining such reduced
models needs to be developed in the future (probably as a separate UC in a future project).

The relevant literature should be researched, and if necessary, be @éegaloreover, standard metrics for
the verification of the accuracy should be established.
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3.1.4 Different file formats for data exchange with external systerfrem a wide scale/ Euro-
pean perspective; ID: ROCBG04

3.1.4.1 Context of the barrier

The specifiperspective of the Individual Grid Model Quality Assessment (IGM QA) software solution, in the
context of the Crossbow project, regarding the different file formats for data exchange with external systems
is a common barrier that is generally faced byrasaf ICT solutions, a phenomenon that causes limitations
and has a wide impact at European level.

Claimed by Entity EMS
Entity role UC leader
HLU1/ UG

CROSSBOW HLU/U

Descriptive name of
the barrier

Different file formats for data exchange wiéxternal systems

Detailed description
of the barrier

Individual Grid Model Quality Assessment (IGM QA) software collects data from s
external systems (SCADA, Market Management system, Metering system, softwe
creation of Individual Grid Modelspifferent producers offer different solution for dat
import and export. So, the IGM QA softwameust be adapted for the specific site i
deployment process and in case of changes of each ekeernal system.

Communication

Subcategory
Mitigation

IGM QA software developer has to adapt import of data from external systems for
software deployment site and in case of external system replacement (SCADA,
Metering systens, etc). This is an obstacle for IGM QA smoatplicability and
maintenance.

Table5. ROEGBC04

3.1.4.2 Recommendation

The adoption of technical standards, as well as the promotion and support ofsmpene ICT solutions and
platforms at European level, together with the introduction of ICT requiremaeuritisin existing network
codes, couldhave a positive impact timcrease the degree of uniformity and portability between ICT systems.

3.1.5 Lack oftechnical standards for automatic overequency control schemeat a wide scale/
European levet ID: ROGBG05

3.1.5.1 Context of the barrier

Technical standards are established norms or requirements. They are usually available as formal documents
that determine uniform engineering, technical, performance and interoperability criteria, methods,
processes,and practices They contribute to a large extent to uniformity and transferability, and the
European context for the application of standards is of major impm#gaMore specific, in relation to
Regional Operation CentdBalancing CockpifROEQ Crossbow product, there is a lack of technical
standards for automatic ovdrequency control scheme

Claimed by Entity EMS

Entity role UC leader

CROSSBOMLU/UC | HLUL/UC1

Descriptive name of | Lack of technical standards for automatic oeguency control scheme

the barrier

Detailed description | At present there are no relevant standardsplace in relation to automatic ovdrequency
of the barrier control scheme. (@ical aspects that need to be standardized at European level in ord|
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facilitate the adoption and implementation in good conditions ROEBC CROSSBOY
product, must be in the attentiorof organizations working at European level in the fielc
standardization

This is important to each TSGhviously having an individual and local impact |ebeit
this lack of technical standards for automatic ofquency control scheme become
gereral gap at the European level.

Subcategory Grid control

Mitigation The relevant Europeaorganization in the field of standardizati@hnould define through
Synchronous Areas Operational Agreements specific standards for the implementat
automatic overfrequency control scheme.

Table6. ROEGBC05

3.1.5.2 Recommendation

EMS will proposéo relevant organizations involved in European standard$-8s CERENELEENTSE
etc.,to define standards for overequency automatic control scheme for Continental EurofeOSSBOW
results may be used in that respe@ynergies with other European projects must also be exploited to
demonstrate the need and produce arguments for theseassary standards.

3.2 RES REGIONAL COORDINATION CENTREJRBRESSSBOW PRODUCT

In a fully implemented smart grid, RES go beyond thedispatchable bulk energy production and become

an actor that can provide other services to gystemoperator to operate the grid better and mosedficiently

and environmentaifriendly. In such sceario, intermittent energy sources that are normally problematic to
integrate in the system turn into service providers at the same level as other conventional energy sources.
Moreover, the benefits of the smart management of RES can agrassborders. Fa instance, if the total

share of RES a country can manage (as a % of the total proddetioand cannot be satisfied with the
national RES productiondue to a peak in demand or a fluctuation of production, priority can be given to
RES generation comifigm neighboring countriesThis solution can be uséuastead of activating expensive

and highly polluting generation units to cover the demand

To orchestrate all these energy flows and services, different techniques are investigated witpiothist

All of them require a smart integration of the RES in the CROSSBOW developed system to worowith up
date information. The CROSSBOW RES regional Coordination CenteCjR&&rsee capturing and
integrating data coming from different RES units witliedé&nt interfaces and technologies

3.2.1 Lack of computational power and excess of dataflows to be assumed by the blockchain
in a wide scale/ European perspectivelD: RESCCO01

3.2.1.1 Context of the barrier

When coupling markets and acting in a coordinated manner in a-b@sker environment, the number of
variables and dataflows that IT systems have to compute and for which an optimal solution must be found,
increase to the power of N. If th&& combinedith a technology that already uses a complex scheme to run,
this can become a bottleneck for the operation of the system.

Claimed by Entity ETRA
Entity role UC leader

CROSSBOW HLU/U( HLL
Descriptive name of | Lack ocomputational power and excess of dataflows to be assumed by the blockcha

the barrier
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Detailed description | Potential of inability of a specific blockchain to manage large market offers volumes.
of the barrier volume of market offers may not be manageable wightain blockchains. Although usir
a PoA blockchain, the speed to execute the distributed contracts is a bottleneck for @
execution of the offers.

In a resilient andlecentralizechetwork, the number of operations and offers that must |
executed in parallel is way larger, thus, the technology behind should never be an ob
but rather the most optimal enabler to obtain the best result.

Subcategory Data restriction

Mitigation Specific development and tool architecture has been conditioned and modifie
acceleratethe process.

The conceptual choice of blockchain as the running technology behind, due to its reli
and traceability has been brought to the core of thedithitecture, enabling faste
responses and providing more optimized inputs.

Table7. RESCGO1

3.2.1.2 Recommendation

In parallel to the redefinition of the architecture, one of the main lessons learnt has been the use of more
powerfulnode network and dedicated hardware, with a higher return in terms of cost and benefit due to an
exponential increase in the quality of the results achieved.

3.3 HYBRID RES DISPATCHABLE UNID(REROSSBOW PRODUCT

The management of available energfprage across the SoutBast Europe (SEE) regis a central pillar
within the context of combining different technologies to achiemdispatchable unjit is of high importance

to properly support thancreaseof RES penetration. The excess of RES8yatamn should be stored in any
available facilityof the regionthrough a flexible mechanism. This mechanism should allow the access to all
relevant actors and consider market operation and network constraints. Thus, the system should be able to
calculatethe cost to transfer the energy to specific locations, considering the troster transactions and

the special local market conditions. Additionally, the solution should consider any technical constraint such
as the capacity of the network. Thpsoduct, tested within the context oHLU7, will be based on the access

to wholesale market and ancillary services as aglbnthe Wide Area Awareness System (WAMAS).

A producer in a specific country is interested in storing the excess of production inrdoong countryg

due to low demand in the country with RES production surplus or due to curtailment rules in that country.
The producer has specific agreements with operators of storage facilities in the destination country to store
and later recover thestored energy. The energy that can be stored in destination country will depend not
only on the capability of the producer and operators of storage, but also on the capabilityabdsborder
capacities i.e., transfer capacity betweeproduction and storage locations. The effect of geographical
location of the RES and storage units and transfer capability between the two must be studied with special
attention paid to fair and transparent market rules to avoid market abuse for illegitirgain of parties
involved.

3.3.1 Lack of standardization in terms of operaticat the European levet ID: RESDU-01
3.3.1.1 Context of the barrier

This barrier is present in Europe and the rest of wald, due to thefact thattechnological equipment is
manufactured and configured arappliedin different projectsaaroundthe world. The compatibility problems
associated to the lack of standardizati@me common barries to practical installation and use dhe
technological equiment This is the reason for theecent higher requirements of compatibility among
different devicesThis barrier, which also has effects locally, represerksydechnical and interoperability
challenge with a largscale, European impact.
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Claimed by Entity COBRA
Entity role UC leader

CROSSBOW HLU/U( HLU7/UC4
Descriptive name of | Lack of standardization in terms of operation

the barrier

Detailed description | Recently, the communication requirements were limited to speoifiters with the Systen
of the barrier Operator or instructions among different components of a common power plant. Howg
the RESDU concept involves multiple technologies and consequently, multiple equipn
originally manufactured and enabled with different (commeation) purposes.

Despite of the renewable or storage technologies involved inMRESre limited to six
some of them, like photovoltaionay useinverters from variousmanufactures (SMA
Huawei, Fronius, etg with similar characteristics (at software level), but withfetiént
internal configurationswhichrequires specific instructions for accessing the same dati
casethat the required information is obtained from the SCADA or local control systy
the situation is similar. Different communication protocols forfetiént equipment, like
inverters, SCADAS, local control systems, etc. make the standard communication
RESDU and different assets to be controlled more difficult. Some adaptatic
configurations will be needed for each specific product.

This barrieis not critical, but it implies a higher effort in terms of programming for crea|
specific connectors, and consequently a higher development cost. Additionally, it wi
more complexity to the project development (in terms of HES$ configuration) ad
operation and maintenance activities.

Subcategory Communication

Mitigation For CROSSBOW demonstration stage the barrier and the associated problems hay
solved. However more efforts through the standardization bodies are needed, in ord
stablish a unified communication protocol with independence of the technology, cot
or equipment under control.

While this higher level of standardization arrives to the market, specific connectors c
developed for the main equipment and th€r2 Y Y dzy A OF GA2ya az27Fi
allow a quick response in future opportunities of HEL$ deployment and will constituty
an intermediate standardization step, adapted to the current situation.

Table8. RE®DUO1

3.3.1.2 Recomnendation

The first recommendation is to support the activities related to T19.3 in line with the needed standardization
efforts after project ending, in a similar way than during the CROSSBOW project execution. And the second
recommendation is focused oiitéring the first RE®U developments and deployments trying to prioritize
those hybrid power plants with accessible communication protocols, or at least depending on easy
communication connectors.

3.3.2 Difficulties for integrating multiple renewable technoldgs in a common connection
point with advantageous weather conditionsrom a wide scale/ Europeaperspectiveq
ID: RESDU-02

3.3.2.1 Context of the barrier

In a similar wayo the previous barrier, this one al$@sglobal effects, beyond the local ondsis complex
to promote a new hybrid power plant with all the technologies available in thelRESroduct. The balance
between environmental impact and weather resources availabitity be in position taletermine the best
Hybrid Power Plant configutian.
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Claimed by Entity COBRA
Entity role UC leader

CROSSBOW HLU/U{ HLU7/UCS
Descriptive name of | Difficulties for integrating multiple renewable technologies in a common connection
the barrier point with advantageous weather conditions.

Detailed description | One important barrier associated to the HPP, and consequently to the develop
of the barrier through the RE®U functionalities (UC5), is related to the complex integration of mult
renewable technologies in a common connectionint guaranteeing good weathe
conditions for each technology (solar radiation, wind velocity, annual rainfalls, acce
biogas and biomass resources, etc.). This barrier reflects difficulties in finding a lo
that hosts good weather conditions feach of the variable RES and access to afford|
feedstock for biogas and biomass.

At European level, in general terms the technology with higher geographical limitatig
hydro pump storag€éHPS)due to the high environmental impact and the lacladéquate
locations for installing this technology. In addition, once the location for the HPS has
selected the following relevant step is to select the PV and Wind location close to the
In this case, the critical point will be to select a locatwith a good level of solar radiatio
and wind velocity along the year.

Subcategory Infrastructure

Mitigation This barrier has no impact in the RBESdemonstration becausi is carried out at lab leve
combining real and simulated assets, however, at real level it constitutes a physic;
infrastructure limitation that must beanalyzedduring the feasibility stage. The be
alternative, based on the UC5 capabilities,tasanalyzemultiple HPP configuration
consideringthe limitations of each technology in terms of capacity (as a consequen
the location and weather limitations), for selecting the most appropriated configuraf
This analysis can conclude in reducasgmaximum as possible some technologies dui
their unfeasibility for the selected location

Table9. RE®DDU-02

3.3.2.2 Recommendation

To analyzethe limitations around the expected connection point during the feasibility project stage and
preselect those technologies compatible with the natural resources and weather conditions of the project
locations. Different configurations could be selectedpiihg the KPI objectives and selecting the proper
technologies (batteries instead of HPS, or PV/wind farm depending on the weather conditions) in the
framework of UC5 simulations.

3.4 REGIONAL STORAGE COORDINTATION CENTREXR@SSBOW PRODUCT

One of theoutputs of the CROSSBOW projsdhelarge-scale storage solution for the transmission network

- Regional Storage Coordination Centre (£K0). Its major goal is to effectively incorporate intermittent
renewable energy generation while also resolvingesysstability concerns and increasing the European
linked network's resilience. STCC seeks to promote the optimal coordination of centralized storage units
at national and regional level for improved system stability, allowing inecR&ES penetratioriacilitating
crossborder power transmissiorsupportingfrequency and voltage control, and so on.

As a result, many different energy sector actors (system operators, RES producers, prosumers, retailers,
aggregators, and consumers) will be able to berfafiin the product's outputs. By boosting the penetration

of RES (i.edispatchable andon-dispatchable generation) and therefore optimizing their generation,-STO

CC, helps to lower the system's generation cost. Nonetheless, the goal-&¥fGiBQ0 use b both operate

the grid more effectively and at reduced costs, rather than simply store energy to trade later.
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To facilitate the efficient administration of centralized energy storage systems participating i€ GTah
optimization method is created. Ehalgorithm provides effective control ahcillaryservice provision and
increased RES generation. To this aim, the-STQilgorithm considers the uncertainties in transmission
network performance caused by demand fluctuations as well as the intermitigtiure of renewable energy
supply.

As a result, the STOC algorithm assures optimal transmission network performance by coordinating the
necessary measures to allow crdssrder storage/recovery of excess/needed energy production/demand
that cannot bestored/recovered in/from local energy storage facilities.

3.4.1 Lack of fast response energy storage systemswide scale/ European feature ID: STO
CCo1

3.4.1.1 Context of the barrier

STGCC can provide different ancillary services at national and redmreds for parEuropean transmission
network. To facilitate mutually beneficial collaboration between storage units, RESs and TSOs, high
penetration of distributed RESs and storage units in the network is essential. Further to the number and size
of the units connected, the storage technology used (having different performance characteristics) is critical,
as this is a barrier defined in the table below. The type of the storage technologies used, the size of storage
systems and their geographical wiilsution in the interconnected system are essential for provision tailored
frequency response in the interconnected systems with high penetration of renewable energy sources

Claimed by Entity UNIMAN
Entity role UC leader

CROSSBOW HLU/U( HLUW/ U@
Descriptive name of | Lack of fast response energy storage systems (applicable for some networks)

the barrier

Detailed description | As mentioned above, one of the main use cases of HLU4 is surplus utilization of sto
of the barrier provide ancillary s&ices such as frequency restoration. The higher the amount of g
scale storage units distributed in the p&uropean transmission network is, the mo
effective frequency restoration provided by STQ will be. Meanwhile, the frequen
response perforrance of the storage units is of great importance even though a t
amount of power has already been stored from gaaropean transmission network K
using STEC when it is operated under regional phase of operation. In other w83,
CC can support fopiency during transientollowing a disturbance(such as loss of a bi
generator or a transmission lineh this regard, it is essenti&d havea fast response 0
the energy storage systeniypically, battery storage systems are suitable to this dihe

pump hydro power plants(PHPP)annotprovidesignificant contributiorat required time
scales as their response time is longer even if they were connected to the system

time of disturtance due to associated inertia of synchronous machines, as oppos
battery storage systems which apewer electronic basednd hence inertia les#t can be
concluded that there is an external barrier (lack of fast response storage system)

impedes the full implementation of the product in some networkSlearly, to participate
in/help with fast frequency response, all the energy storage technologies must |
technical requirements to be able to provide such service, so one of the barrie
overcome is that storage technologies involved in £XOmust qualify for provision of sui
service before it can be expected to be provided by the-STOIt should be mentione|
though thatthe only storage systemvailable irthe considered network (Serbiaretwork)

wasa PHShence fast frequency response could not be demonstrated.

Subcategory Others

Mitigation Obviously, installation of new battery storages artiization ofexistingbattery storages
in the transmission network can strengthen teffectiveness of the producOnce the fast
response storage systems are incorporated in the network, the-GT@an contributg

D16.2 Identification and recommendation for European technical and interoperability barriers 25



and storage units enabling a transnational Wholesale market

G;Sbow CROSS BOrder management of variable renewable energies

much more to supress RES curtailment and support frequency restoration. For tra
frequency restoration, battery storaggstems are essential part of a STC.

Tablel0. STGCCGO1

3.4.1.2 Recommendation

To properly assess the full potential of the STO product, it is recommended to deploy it in a network with
numerous distributed storage systems based on different technoloBesgeloping and simulating a set of
scenarios in a network with (substantibBttery storage systems can be used to estimate and fully appreciate
potential STACC contribution in the future. It is also recommended to ensure that future-G3T0
incorporates wide range of technologies including those that nteehnical specificatios required for
provision of fast frequency support.

3.5 CROSSBOW PRODUU¥IRTUAL STORAGE PLANTS

The European member states have developed NatiBnalgy and Climate PlafiECP)sto define the paths

for achieving significant RES penetratiamithin the franework of CEPIn such highpenetration RES
scenarios, applications of energy storage technologies could potentially contribute to total system savings.
Bulk and distributed storage systems are connected to different sectors of power networks, including
generation, transmission, and distribution levels. Strategic studies indicate that the value of storage systems
in low carbon energy systems having large concentrations of renewable generation is significant, and it is
likely that a portfolio of different strage technologies will be required to suit a range of applications.
Although technical innovations of storage usage are advancing and improving, challenges still exist to justify
that the investment of storage can be adequately rewarded in the currenketatructures, which need to

be improved to prevent posing barriers on c@stective storage applications.

The aggressive deployment of RES poses reliability issues on network operations while opens new areas for
energy storage devicetn most of the onsortium countries, bulk storage devices are available for energy
management, but the ancillary services can be delivered by such large and centralized storage assets are still
limited. The current regulation frameworks prevent full participating of bslérage systems providing
services in the markeCompared to the bulk storage facilities, distributed storage technologies providing
flexibility at the customer side are more attractive options, but almost none of the TSOs within the
consortium countriedias experience in operating smaller storage geographically dispersed in the networks.
Therefore, the value of distributed storage needs to be further demonstrated with appropriately designed
coordination methods and remuneration mechanisms.

The analysis of the context and impact of Virtual Storage Plants reveals relevant aspects to coaside
potential barriers, especially at the local level. No technical and interoperability barriers have been
identified at European level in this context

3.6 WIDE AREA MONITORING AND AWARENESS SYGAMAS)CROSSBOW PRODUCT

Wide Area Monitoring andAwareness System (WAMAS) is the CROSSBOW product fomeedlata

exchange between TSOs, DSOs, RESs and storage devices and provides information about storage availability,
congestions, and warnings. It can also perform control actions to maintain stpblation of the power

system. The goal is to ensure the stable power system operation with integration or RES and storages in
dynamic electricity market conditions.

The purpose of WAMAS is to show the influence of the market actions and RES on theysterarstability

and dynamics. With a higher reitine resolution metering it is possible to evaluate the direct impact on
electricity market and RES penetration limits, providing to the grid power system dynamics and awareness
capabilities in case of opation close to the stability limits. In this respect, the project takes advantage of
particular WAMAS applications, such as event recording, -tie@ monitoring, phasocassisted state
estimating, reatime congestion management, and recognition of inditibs.
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3.6.1 Lack of homogeneity and standardization in network codes and data models of the
neighboringdeployed countries; ID: WAMASO1

3.6.1.1 Context of the barrier

WAMAS system is designed as being a ebosder system, exceeding the local, national, geographical lim-
its. While EU network codes are EU regulations and should be implemented fully by all EU member states,
without exemptions and any changes in the coriteaf the documents, othernon-EU countries adopt and
implement their national network codes to set the rules for operation of transmission and distribution sys-
tems.Bven in thecaseof EU member statethe degree of compliance is differemtll these diferencesre-

guire to consider additional constraints in development and deployment of technical solutions.

Claimed by Entity ETRA
Entity role Tool provider

CROSSBOW HLU/U( HLUZ & HLU3
Descriptive name of | Lack of homogeneity and standardization in network codes and data models g
the barrier neighboringdeployed countries.

Detailed description | The norhomogeneity in network codes used and data models among the diffe
of the barrier countries, slows down the dépyment of the tools for cross border actions, needing
adapt it to each different code and consider different constraints for different count
(e.g., when identifying potential clients through the commercial delegations of ETI
South America).

Sibcategory Interoperability

Mitigation The tools have been adapted and provided with the necessary developments to of
under the different network codes with a minimum set of functionalities that will oper
independentlyof the network code although providing limited scope but deliverargy
added value anyhow.

Tablell. WAMASO1

3.6.1.2 Recommendation

To overcome potential issues, it is important toderstand the network code of the country before
performing any commercial approach to react more dynamically and ease the deployment and integration.
It would be beneficial tonvestadequateresources in pre&eommercial approach and ease the deployment of
the tool.

3.7 REGIONAL DSM INTEGRATION PLATFORMRPSROSSBOW PRODUCT

The DSMP platform comprises of communication interfaces for monitoring and control of dispatchable
(flexible) loads, advanced algorithms for integration of DSM for impropmger flows and network
operability in the presence of high penetration of RES, as well as interfaces with regional control centres,
TSADSO coordination platform, and applications for business and market actors. The main aim of the
platform is to facilitée integration of DSM into the electricity markets, including close to real time markets

3.7.1 Lack of assets tdemonstrate controleffect (UC2) ID: DSMIP-01
3.7.1.1 Context of the barrier

It was expected that the transmission network operating constraints, in isedib the currently limited
number of DSM assets in the region, especially those with reactive power capabilities, will impede ideal
conditions for testing the full capabilities of cressrder DSM for voltage regulation. This was verified in the
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evidenced. Further details of this barrier are providedhaeTablel2 below.

This is a barrier that we can identify at the local level in the context of almost all European cowmtdes,

through its magnitude it becomeslarge-scale barrieat European level.

CROSSBOW HLU/U

Claimed by Entity UNIMAN
Entityrole UC leader
HLW/ U2

Descriptive name of
the barrier

Lack of assets tdemonstratecontrol effect

Detailed description
of the barrier

The available DSM flexibility (the number of DSM assets and their size in MWSs)
demonstration experiments cannot mitigate oveoltages in the system. Additionj
resources should be used/controlled to enable this. It is important to highlight hexe
the deployment of the available DSM assets in the first round of experiments confi
the effective reduction of voltages, as expected, demonstrating that the available a
can have a positive influence. For the CROSSBOW region monitored in thenexpe at
the time of the performed experiments (early hours in the morning), it was evidenced
more assets would be required to have more control (i.e., achieve more reductio
voltages if statutory limits were to be achieved. The operating gelaat the monitored
buses were above the typical limit of 1.05 p.u. and even after the DSM operation i
experiments (first round), though reduced, voltages were still higher than 1.05
Therefore, with more flexible capacity (namely, reactive pgwerore effective voltage
reduction would have been achieved.

In the second round of experiments, the reactive power available from pump hydro p
plants, which also constitute DSM assets, was used as an additional control meas
reducing the voltges. This was effective as voltages were able to be reduced r
reaching values close and in some cases below the 1.05 p.u. limit. For some
however, higher voltages were still observed during the experiments (performed in
hours of the mornig as well, i.e., in low load conditions).

The resultsummarizedabove indicate that more DSM assets would be needed to fur
reduce voltages in the region of interest. However, this may be due to other sp
conditions such as the time of experimsrgerformed (in early morning hours in which tl
network may operate with higher voltages due to low system demand), so higher opel
voltages can be acceptable for the system under certain conditions. Hence, this bal
not critical and can be oveome with future, higher availability of flexible assets. Thi
expected to be achieved with the development of the market and regulatory framew
for DSM services in the SEE region.

Subcategory

Infrastructure

Mitigation

The additionademonstration experiment carried out demonstrated that voltages can
further controlled in the region of interest. As already stated, this barrier is not consid
highly critical and can be overcome with the expected development of the markets
reguation for DSM services in the SEE region.

Tablel2. DSMIP-01

3.7.1.2 Recommendation

It is important to include and have available other flexibility resources in the mix of assets if critical

over/under voltages are to beontrolled besides typical industrial/aggregated loads, in case the latter are

not available/effective to control such voltages. The development of the madtetthe legislative
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framework for market integration of DSM vital to have more assets in tegstem, so the focus/monitor-
ing on this aspect should be prime in the near future.

3.7.2 Lack of assets tdemonstratecontrol effect (UC3Y ID: DSMIP-02
3.7.2.1 Context of the barrier

Topological conditions of the region of interest (larijerconnected cross border systems) and the
criticality of frequency regulation, as well as the magnitude of DSM actions (the number of DSM assets and
their size in MWSs) needed to achieve an observable variation of frequency, prevented any field erfpgerime
for this use case. Therefore, tests in a simulated environment were required and performed successfully for
this UC. More details are providedthe Tablel3 below.

The same as in the case of the same barrier within the context of UCZs thisarrier that we can identify at
the local level in the context of almost all European countrés] through its magnitude, it becomesa
obviouslarge-scde barrierat European level.

Claimed by Entity UNIMAN
Entity role UC leader

CROSSBOW HLU/U{ HLW/ UG
Descriptive name of | Lack of assets tdemonstratecontrol effect

the barrier

Detailed description | The effect of DSM on frequency is hard to observe with a limited number of assets av;
of the barrier for control considering the large interconnected system conforming the CROSSBOW
of influence, which still has a massive operating inertia in normal operatinditions. In
addition, and as a result of this, performing demonstration experiments with signifi
frequency excursions are difficult and potentially dangerous to the system. Mleldn
demonstration was therefore proposed for this UC. However,stegtre performed in ¢
AAYdzZ F SR SYy@ANRYYSYyild YR LINBaSyiSRIAX
corresponding to WP 9. The test network used is representative enough of the CROS
region of interest and results obtained in simulations have beglidated with infield

experiments results for other UCs in the D8Mproduct, confirming the validity of th
developed simulated testystem.

In the simulations performed, it was found that increased DSM capacity will enlarg
impact of DSM on frequeey stability, and that care must be taken to ensure that |
operation of DSM assets is always positive towards the frequency stability, e.c
frequency stability, load reconnection is more beneficial to the system. Therefore
capability of DSM aets for frequency control was evidenced, and the lack of t
developed for UC3 does not represent a critical barrier for the IDSproduct.

Subcategory Infrastructure

Mitigation The range of change of frequency following DSM can be assesseg studies in g
AAYdzZ F SR SYGANRYYSYyld ¢KAA o6& LISNF2I
DSMLt LI I GF2NYE O2NNBALRYRAYy3I G2 2t o

Tablel3. DSMIP-02

3.7.2.2 Recommendation

As stated above, results of the performed simulation tests were positive, and it is expected that DSM assets
will be effective to control frequency in the region of interest. The focus is hence to ensure a smooth
development of the market and regulatoryamework for DSMnarket integrationin order to havemore
availablecontrollable assets to achieve the minimum required Midfsan observable/significant impact on
system frequency.
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3.8 WHOLESK AND ANCILLARY MARKET TOOLSETRDHSBOW PRODUCT

Theancillary market toolset (AM) is tested in seveddl included in HLUheAM CROSSBOW product is
further described through the followingCs:

UC1¢ System Market Platform for MFRR

The System market platform for Frequency Restoration Reserves withiahantivation (MFRR System
platform) represent an Ancillary services market intended for TSOs to procure balancing energy. The mFRR
System platform make use of a TE@SO model, where Balancing Service Eergi (BSPs) can send their

bids to the TSO anthe TSOs forward them to the platform. The mFRR platform, should bolster non
discrimination between market participants (MRg)nsidering various technical needs and capabilities of
generation sources, energorage and demand response solutions. The gt define the services in a
transparent and technologically neutral manner and ensure-disgriminatory access to all MPs. Bids are
merged into a common merit order list for activation by TSOs througbnarmn activation optimisation
function (AOF). &ivation signals are sent manually. mFRR System platform introduces and demonstrate
innovative concepts, based on blockchain technology, microservices and APls to demonstrate the contractual
and payment possibilitiesnFRR System platform is developedaesoftware demonstration and does not
achieve the production ready status. mFRR System platform is described in more dERIOBSBAN&
D10.2: Novel balancing and wholesale electricity market design, section 3.3.

UCZ2¢ Intraday Energy Market Platform

The Intraday Energy Market platform (ID platform) represents a wholesale market conducted in an intraday
continuous mode. The ID platform is developed as a software demonstration and does not achieve the
production ready status. The ID platform represermswholesale electricity market, where market
participants (MPs) can trade based on closed contracts. The ID platform could offer its MPs 24/7 trading with
predefined energy products. The ID platform enables clhasser trading among multiple countries and
could increase the efficiency compared to the single (only between two countries or bidding zones) cross
border intraday trading that is sometimes still present in the countries of SEE region. The platform would
enable MPs from one country to view orddérem another, not necessary neighbouring, country, or bidding
zone. Similarly, orders can be matched between two MPs from different countries or bidding zones present
on the platform. The only constraint for crebsrder trading is the available Cregend Capacity(CZQ.

Market platform introduces and demonstrates innovative concepts, based on blockchain technology,
microservices and APIs to demonstrate the contractual and payment possibilitiesintraday Energy
Market platform is described in more d@tinCROSSBQWA 5mMn ®HY b2@St ot fFyOAy3
market desigr5], Section 3.2

UC3¢ Measurement of Energies within AFRP

It consists of new proposed solutions for the measurement of balanemgrgies within Frequency
Restoration Reserves with automatic activation (aFRRansmission system operators (TSOs) are
responsible for power system balancing, to always maintain the balance between electricity generation and
consumption within loadreqdzSy 08 O2y GNRf O6W[ C/ Q0 I NBlFa Ay UGKSANJI
task, TSOs operationally use several types of balancing services, including aFRR address dfeRRvith.
activated automatically and continuously in both directions (upwaind downward regulation). aFRR is a
fast and automatic process with noticeably short activation time (between 30 seconds and 15 minutes) and
remains active as long as itisneededdzZNNB y G f @ (GKS YI Ay &az2tdziazy ¥F2NJ
ordeNE A&dadzSR G2 3ISYSNIG2NE® ! OO2NRAYy3I (2 DNARR /
YSIadNBYSyid 2F olflyOAy3d SySNHASadé ¢KAa !'asS [/
automatic frequency restoration for a specific unit thata LINP @A RAY 3 | Cww oI &
A
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3.8.1 Difficulty to transition from centralized to decentralized solutiowithin the European
contextc ID: AM-01

3.8.1.1 Context of the barrier

Recentstudies[6] consistently show that centralized designs are more efficient in the short run, whereas
they are not as nearly efficient in the long run due to lediscaling. Hencehe CROSSBOW platform utilizes
decentralized architecture.

In light of recent developmds in the electricity market, an electricity market reform has been mentioned

as one of the possibilities to mitigate shartS N @2 f | GAf AG& 2F (GKS LINAOS aA3
the endconsumers[7]. This pgsible modification would mostly target the intraday market (scope of
CROSSBOW) and the ddnead market (out of scope). The market reform would certainly impact the
electricity market design and therefore require adaptations on trading platforms. The SERNG AM

product is designed with the decentralized approach and with having the latest EU legislation in mind. The
design of the AM product and its modular approach could mitigate these changes in the market design, that
would otherwise have critical impato the adoption of the product, more efficiently and easily.

Claimed by Entity UL

Entity role UC leader
CROSSBOW HLU/u( HLU9/ UC1 & HLU9/UC2

Descriptive name of | Difficulty to transition from centralized to decentralizedlution/ Inertia to change

the barrier

Detailed description | The increasing share of intermittent renewables increased the importance of the flexi
of the barrier of the market design. While the markets are growing and delivery periods are shorti
the scalabity of designs has become an important issue. Transitioning from a centrg
to a decentralized solution solves this issue as well as increases the opportuni
investors of all sizes to enter the energy market and for-eodsumers to improve thei
profits. If done correctly, everyone benefits. However, transitioning from centralize
decentralized solution introduces additional complexity when implementing the -r
service communication mechanisms as well as requests that span multiple semite
testing the interactions between services.

Subcategory Interoperability

Mitigation Decentralization provides a novel environment utilizing different concepts as tradit|
trust management in information system technology. Some compamigst, therefore,
refuse to change their policies to utilize the decentralized approach, often due to lin
resources and lack of expertise. Similarly, some companies that have prodtezidy
software (TRL9) in use could refuse to change their poliesccommodate the
decentralized approach. By demonstrating the usage and advantages of the blockct
a Distributed Ledger we are contributing to advancing this step.

Tablel4. AM-01

3.8.1.2 Recommendation

Researchinnovation projects, such as CROSSBOW, contribute towards the mitigation of this barrier in the
future by presenting and demonstrating decentralized solutions and their advantages, such as effortless
scalability, high availability, and resources distribution optitira Moreover, by reducing points of
weakness, no single point of failure can occur on such solution.

3.8.2 Lack of integration with other, more developed market platforngsiD: AM-02

3.8.2.1 Context of the barrier

As the goal of the EU Network Codes is to hasimgle marketin parallel to the CROSSBOW project there
are also other projects such as the ENESIthplementation project Manually Activated Reserves Initiative

D16.2 Identification and recommendation for European technical and interoperability barriers 31



G;Sbow CROSS BOrder management of variable renewable energies

and storage units enabling a transnational Wholesale market

(MARI), which aims at establishing a European mFRR platform (mFRR markegnd(Single tmaday
Coupling (SIDC) project, which aims at establishing a single Eanasintraday electricity marketVithin

this conext,a barrier for the integration and interoperability of the solutions developed within CROSSBOW
with other solution emerges.

Jaimed by- Entity UL
Entity role HLU leader
CROSSBOW HLU/U{ HLU9/ UC1 & HLU9/UC?2

Descriptive name of | Lack of integration with othemore developednarket platform
the barrier

Detailed description | Due to the presence of othesimilar solutions (MARI & SIDC) that have reached hif
of the barrier maturity, a barrier for implementation is the lack of integration (interoperability) w
these other platforms. The barrier is explained in more detail in deliverables D16.]
partially in D19.2 ad summarized:

- Decentralized architecture: Based on publicly available information, the soft
developed as part of the MARI project and the SIDC trading platform(s) ar
and will not be decentralized. On the other hand, the CROSSBOW tr
platformsare decentralized, providing additional transparency and security.

- Stage of implementation: Additionally, it is worth noting that the first part of {
MARI project's implementation stage is scheduled to be completed by Q3 1
which represents a highéfechnology Readiness Level than the one observe
CROSSBOW solutions, which is betwe8n[3].

Field of activity The ENST-@ initiatives' operational area is primarily comprised of
member states and their TSABnly a few of the SEE TSOs in the CROSSBOW projt
EU members (Bulgaria, Croatia, Greece, and Romania), while others aEtnmembers
with less developed markets, making further implementation more difficult.

Subcategory Interoperability

Mitigation Similarly, as the barrier itself, the mitigation of the barrier can also be divided into t
segments:
- Decentralized architecture: There is the possibility of connectirgraralized
platform (for example, the MARI platform) to a decentralized blockchain platf
(for example, the mFRR platform developed within the CROSSBOW projec
this would requireconsiderable time, effort, and software upgrades and wo
likely be quite unstable, posing significant risk due to failures.

- Stage of implementation: The tools developed within CROSSBOW adhg
current EU regulation and legislation, as well as withpkeg the examples o
good practice from ENTS following their data exchange schemas, timin
products, etc., the solution developed in CROSSBOW could be integrated in
bigger ENTSA@ initiatives.

- Field of activity: Through their participation indlCROSSBOW project, TSOs f
the SEE region actively participated in the development of the mFRR a
markets; providing feedback, suggestions for improvements, how to connect
their systems, adapt data exchange schemas, and participated activbby finst
simulation (Intraday trading) and final demonstration (ID trading + mFRR trag

Steps to check for possible integration between the competitive projects are planne(
integration with project like MARI is highly unlikely at this pointie project.

Tablel5. AM-02

3.8.2.2 Recommendation

Possible integration or coexistence (interoperability) between already existing projects in Europe must be
checked during the specification design phase. This knowledge, we believe, will assist TSOs in organizing their
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activities within their daily operatinal work and prepare them toin initiatives when the time comes more
easily TSOs from the SEE region knows in which direction they should go, ensuring that future expansion of
the MARI and SIDC project proceeds more smoothly as a result of our géjeaivledge and experiences.

3.8.3 Manageability of large volume of offers with blockchain (ID platformai the European
level ¢ ID: AM-03

3.8.3.1 Context of the barrier

Operating in reatime and managing large volumes of data is a necessary yet difficult requiremareet.

It is of utmost importance that such an aspect is considered when designing the architecture of the software
solution. The CROSSBOW platform could be of interest to a wider community since the manageability of
volumes of data with blockchain wasrdenstrated.

Claimed by Entity UL
Entity role HLUleader

CROSSBOW HLU/U( HLU9/ U@
Descriptive name of | Manageability of large volume of offers with blockchain (ID platform)

the barrier

Detailed description | The ID tradingplatform uses the Proof of authority (PoA) algorithm with blockch:
of the barrier Managing large volumes of offers while utilizing the blockchain caused slow operatj
the CROSSBOW platform that was mainly related to the limitations of blockchain.
was a limied number of offers that could be included in one block in the previ
configuration. This was a design decision at the start of the project. Due to the numi
offers that were received at that time, the creation of new blocks presented

bottleneck.
Subcategory Computational resources
Mitigation Adding an additional layer for aggregating the offers improved the throughput of

platform. Offers are written to the blockchain after a preconfigured amount of ti
elapses. The improvemenincreases the throughput of the platform from <]
orders/second to a magnitude of >100s orders/second.

Tablel6. AM-03

3.8.3.2 Recommendation

Design the architecture of the software solution by keeping this in nStateof-the-art technologies should

be studied irdepth and used. Moreover, the development of the platform should consist of defining life
cycles, requirements, architecture, and individual services. Utilizing an iterative approach enables the
delivery d business value within each iteration while adjusting goals and technologies for the next iteration.

3.8.4 Opposition of interested parts to changadopted practices; ID: AM-04
3.8.4.1 Context of the barrier

According to the EU regulation in force related to balancihg balancing energies can be measured either

by SCADA means (majority for current days) or by metrological meters (only partly applied for now). The
SCADA solution is mostly accepted for time being as balancing service providers and TSOs admit that the
technical approach is an issue. Thus, the SCADA solution is an acmpprdmiseand all parts are satisfied

to handle this issue.

Claimed by Entity UL
Entity role HLUleader
CROSSBOW HLU/U{ HLU9/ UG
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Descriptive name of
the barrier

Opposition of interested parts to changelopted practices

Detailed description
of the barrier

The Actors involved in aFRReasurementvould not be happy to change procedures th
are already in place.

The balancing energies can be measured either by SCADA means (majority for |
days) or by metrological meters (only partly applied for now). The current solution ap
based on SCADIs facile and involved parts are satisfied with the situation. On the g
hand, themeter-basedsolution (subject of this HLUC) is more complicated but much n
accurate (10 times more accurate). The main convincing approach would be to hig
that better regulation quality would bring higher incomes to balancing service provi(
This would encourage the balancing providers to use more accurate measuring sol
(i.e our proposed solution).

Subcategory

Interoperability

Mitigation

Various and extended presentation to involved actors. By these presentations shol
highlighted that balancing service providers have very variated capabilities and tht
quality of the regulation itself can be significantly differémm a providerto another.

Tablel7. AM-04

3.8.4.2 Recommendation

The recommendation related to this barrier is to develop solutions that are simple, yet effective in their use.
That approach would be focused to improve the SW user friendlyeapthin for the balancing providers

how a small effort could significantly increaseittincome (for the same services).

3.8.5 Lack of optimalkssetsstructure and components; ID: AM-05

3.8.5.1 Context of the barrier

Compared to current measurement solution by the 0§&CADA, the new solution would require additional
HW pne minute load profilesneters, communication interface and computing facility) and also associated

SW to be procured by the balancing providers.

CROSSBOW HLU/U

Claimed by Entity UL
Entity role HLUleader
HLU9/ UG

Descriptive name of
the barrier

Lack of optimal assets structure and components

Detailed description
of the barrier

For the new measurement solution meters with one minute load profiles capability ¢
standard or specialized PC would be required. The new solution would require addi
assets asiW (meter, communication interface and computing facility) and also assoc
SW to be procured by the balancisgrviceproviders, compared tthe solution ofSCADA
used today. Additionally, the SW application provided under our HLUC 09 03 w
required for each balancing provider generating unit.

Subcategory

Computational resources

Mitigation

To mitigate this, technical solutions could considexisting PC for the propose
application for example, the same computer used as central unit of a megesystem car|
be used also for BALQIT applicajiandavoid increase of computers number.

Tablel8. AM-05

3.8.5.2 Recommendation

Try to identify first the generators that already have meters with one minute load profiles capability. In such
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cases, the additional meter would not be an issue anymore as tharonete load profile meter already
exist in the facility.

Also,considerthe useof an existing PC for the proposed applicatitor xample, the same computer used
as central unit of a metering system can be used also for BALQIT app)ication

3.9 CROSSBOW PRODUCODOPERATIVE OWNED FLEXIBILITY ASSETS PLATFORM

Cooperativeflexibility platform (CFP) tool enables similar minded people join into the cooperative and
provide flexibility service to the market (e.g., balancing market). The CFP tool has no constraint in the number
of such cooperatives established in a particulzgion as long CFP members are able to meet the market
requirements (e.g., minimum amount of flexibility to be able to participate on the market). This means a
particular market can host plethora of cooperatives that provides the unlimited number ofifigxénergy

assets which are used as flexibility providers. In general terms, CPF offers cooperative members and their
energy units a set of tools enabling them market participati®ased on the same approach and following

the product definition abovethere are further presented the European technical and interoperability
barriers identified in relation to the CFP product.

3.9.1 Lack of interoperability between systems and asseisa wide scale/ European levelID:
CFPO1

3.9.1.1 Context of the barrier

The lackof interoperability communication standards for-thirectional data transfer between flexibility
assets and aggregation systeissa barrier having a widgcale European effect, further explathén the
Tablel9 below.

Claimed by Entity CGRID
Entity role UC leader

CROSSBOW HLU/U( HLU8
Descriptive name of | Lack of interoperability between systems and assets.

the barrier

Detaileddescription | The utilization and monetization of flexibility requires remote collection of metering ¢
of the barrier from and dispatch of control signals to various distributed flexibility assets. These ¢
provided by residential, commercial or industrial clients and incluletecity loads,
renewables and storage.

The interoperable communication standard for connection of flexibility assets with
platforms (like CFP, VPP, DR etc.) is missing. There are several communication st:
used by different equipment manufaaters (BESS, RES, heat pumps, CHP, HEMS,
EV charging, etc.), some open other proprietary. The standard interopera
communication framework would increase the number of assets providing flexibility
reduce the costs of integration with the plora of communication protocols use

nowadays.
Subcategory Interoperability
Mitigation Following InterConnect Horizon project htips://interconnectproject.eu) and

implementing its results fointeroperable communication framework for residential ai
commercial flexibility assets as soon as they become available.

Tablel9. CFRO1

3.9.1.2 Recommendation

A solution to overcome the identified barrier would be thevélopment of common and standard protocol
of data exchangef-urthermore, theEUwide adoption and implementation of InterConnect interoperable
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communication framework by equipment manufacturers (assets) and flexibility management technology
providers (sy'ems)would be the sequent important step to positively impacting Europeahhpugh solving
this gap.

3.9.2 Lack of energy community or cooperative initiativedD: CFP02

3.9.2.1 Context of the barrier

The lack of energy community or cooperatiuéiatives, which could provide many lessons and practical
know-how for their widespread adoption and inclusion into power system, it is a barrier identified as
having a largescale regional impact in the SEE countries.

Claimed by Entity CGRID
Entity role UC leader

CROSSBOW HLU/u{ HLU8/ UC1
Descriptive name of Lack of energy community or cooperative initiatives

the barrier

Detailed description | Energy communities and cooperatives in the north and the west EU member state
of the barrier trending nowadays, which seems like a reasonable decentralized approach of mai
electricity demand. However, the SE Europe is lagging this development due to v
reasons. The lack of these initiatives with the practical experiences they bringtfeecs
slower integration of flexibilities into electricity markets (aFRR, mFRR, intraday).

Projects specifically targeting promotion of energy communities and cooperatives ir
would boost their adoption, remove some of the barriers and improve the legrourve
allowing for the region and its consumers to become more-sdfficient and sustainable
Furthermore, it would bring additional confidence to grid operators needed to ac|
demand response, distributed generation, and storage flexibility as lecarad
complementary to conventional generation.

Subcategory Grid control

Mitigation Monitor and apply for collaboration in the funding and procurement tenders. Follow
energy community developments in Europe and beyond to capture the ledsansed.
Implementing more practical examples.

Table20. CFF02

3.9.2.2 Recommendation

Horizon Europe program and local SEE governments should facilitate adoption of energy communities and
cooperatives by subsidizing théevelopment of required services and technology. Furthermore, the
dedicated consultancy services, similar to agencies offering energy efficient advice, would additionally
promote this transition. Investment into the projects might push the widely adoptaomd a common
approach, agreed at European level, beyomdat SEE governments wilb individually,can generate
uniformity and effectiveness.

3.9.3 Lack of flexibility aggregation infrastructure ID: CFPO3

3.9.3.1 Context of the barrier

The lack of specific flexiltyt assets (like BESS) and associ&edrt Gridglexibility aggregation, utilization
and monetization ICT equipment and systems, which is related to the lack of suitable financial resources, is
a barrier on a SEE regional scale

Claimed by Entity CGRID
Entity role UC leader
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CROSSBOW HLU/u( HLU8/ UC4
Descriptive name of | Lack of flexibility aggregation infrastructure

the barrier

Detailed description | The increase of RES share in the power mix requires utilization of more flexibility tha
of the barrier before. One of the answers to this is the provision of aggregated demand resp
distributed generation (including RES) and storage flexibility to transmisaiah
distribution system operators. Howevehe provision of flexibility from distributed energ
resources requires a Smart Grids flexibility aggregation infrastructure to be in place.

Depending on the business model, required level of intelligence bilixi mix, safety
margin (e.g. NL) and similar each of the above might require investments into:

- Field communication equipment (smart meters, RTUs, PLCs, etc.)

- Flexibility management ICT platform (like DR, VPP, etc.)

- Customer, community azooperative management ICT platform (e.g. CFP)
- Additional BESS to complement curtailable loads and renewables

- Human resources to manage, operate and maintain the flexibility business

- Etc.
Subcategory Smart Grids infrastructure
Mitigation Monitor various possibilities to finance th®8mart Grids infrastructureienewable and

storage projects development, including public and private funds. Explore possibilit
utilize and monetize flexibility of these projects

Table21. CFFO3

3.9.3.2 Recommendation

Public and private funds investing into renewables and storage should consider flexibility monetization as
integral part of their business models and financial planning. These should poaksiblyncludethe
hybridization of various types of flexibilitiike demand response, distributegeneration,and storage with
provision at balancing and intraday markeThe same common approach addressing this barrier at the
European level, would be beneficial through ensuring uniformity and impact effectiveness.
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4 CLASSIFICATION OF THE CROSSBOW RECOMMENDATIONS

Within this deliverable, assigned to the description of technical and interoperability barriers at European
level, there were identified 20 barriers associated to 8 of the 9 CROSSBOW products, in theod@oda
HLUs in which the products have been tested.

Most of the barriers have been identified in connection with the ABlICand AM Toolset products, their
distribution by product is shown in the diagram below.

BARRIERS DISTRIBUTION ON CROSSBOW PRODUCTS

- CFP, 3,15%

ROGBC
RESCC
RESDU
STGCC
VSP
WAMAS
DSMIP
AM Toolset
CFP

ROCBC, 5, 25%

AM Toolset, ES-CC, 1,5%

RES-DU, 2, 10%

w [0 [N |k |O |k N (kO]

DSM-IP, 2, 10%

WAMAS, 1, 5%

Figure3. Barriers distribution on CROSSBOW products

From the perspective of the distribution of identified barriens subcategorigshalf of themis allocated to
infrastructure and interoperability, according to the diagram below.

BARRIERS DISTRIBUTION ON SUBCATEGORIES
Computational
rES]l.J:;::ES

Others
10%

Others

Interoperability
25%

Infrastructure
25%

Infrastructure

Data restriction

Communication
Grid Control

Interoperability

N O N (N[N o N

Grid control
10%

Data restriction

Computational resources L%

Figured. Barriers distribution on subcategories

For each of the technical and interoperability barriers identified at European levéjation solutions and
overcoming recommendations are of particular relevance.
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Also, the recommendations for overcoming the barriers consideseddifferent perspectiveshe reference
to internal use and future work for CROSSBOW partners or entiti@sgt@aver CROSSBOW research, or
recommendations addressed to external parties, beyond scope of CROSSBOW consortium capabilities.

CROSS BOrder management of variable renewable energies
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Based on the two perspectives mentioned above, the technical and interoperability barriers identified at
European level are sumarizedin Table22 below. The summary of the recommendations associated with

each identified barrier is iAnnex 1of this deliverable.

Internal use ROGBCO1 | Challenges in forecasting the production of dispatche
generation units

Internal use ROGBGO3 | Unavailability or limited accuracy of reduced equivalent mode
the regional transmission network

Internal use RESCC01 | Lack ofcomputational power and excess of dataflows to
assumed by the blockchain

Internal use RESDU02 | Difficulties for integrating multiple renewable technologies ir
common connection point with advantageous weather conditi

Internal use STOCCO1 | Lack of fast response energy storage systems

External parties ROGBCO02 | Insufficient transfer capacity on crebsrders

External parties ROGBC04 | Different file formats for data exchange with external systems

External parties ROGBGO5 | Lack dtechnical standards for automatic ovisequency control
scheme

External parties DSMIP-01 | Lack of assets tdemonstratecontrol effect (UC2)

External parties DSMIP-02 | Lack of assets tdemonstratecontrol effect (UC3)

External parties AM-01 Difficulty to transition from centralized to decentralized solutd

External parties AM-02 Lack of integration with other, more developed market platfor

External parties AM-04 Opposition of interested parts to changeopted practices

External parties AM-05 Lack of optimal assets structure and components

External parties CFRO1 Lack of interoperability between systems and assets

External parties CFR03 Lack of flexibility aggregation infrastructure

Both Internal we &| RESDUO01 | Lack of standardization in terms of operation at the Europ

External parties level

Both Internal use & WAMASOL | Lack of homogeneity and standardization in network co

External parties outside EU and data models of theeighboring deployed
countries.

Both Internal use & AM-03 Manageability of large volume of offers with blockchain

External parties platform) at the European level

Both Internal use &| CFRO2 Lack of energy community or cooperativeiatives

External parties

Table22. Perspectives on the European technical and interoperability barriers
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5 CONCLUSIONS

The European technical and interoperability context to which we refer for the implementatidcR@ESBOW
products and solutions is very complex and heterogenebusddition, each HLU and further considering

the specific contextual aspects of each UC, reveals a multitude of benchmarks that have been analyzed to
identify relevant barriersSome of themhavirg a straightforward identification processthers have been
identified in a caus@nd-effect projection exercise

Although at European level, there are concrete organizations and initiatives to address the technical and
interoperability challenges of engy systems, many of which contribute to facilitating the potential
implementation of C(ROSSBOWroducts and solutionshe complexity and heterogeneity of this context
further generates various analysis scenarios and implicitlyraber of barriers which hd to be identified

and further found solutions for their mitigation and overcoming

Relying also on the work carried out within the project in Task 16.1 and following the logic and the
benchmarks regarding scaltup and replication of theCROSSBOWesults the barriers were identified
through a synergic and pragmatic approach, in close collaborationrelggkiant partners

Also, the identified barriers, as well as the proposed solutions and recommendations for their mitigation and
overcoming, passed thrgi the filter of the expertise of the practitioners in the field.

In the context of the adoption ahe product ROGBG the barries dinsufficient transfer capacity on craess
border¢ 5 AGF FSNBYy (G FAES F2NXYI (& ¥F2 N} RRackof tschnB& staidh@s 6 A ( |
for automatic ovesF NB Ij dzSy O& O angyihhlB & criticdDifaSat $1¢é realization and deployment

of the product. Insufficient transfer capacity of the crdmsder OHLSs is a challenging problem that could be
mitigated by adopting the flobased method, however the capacity expansion of the ebmsser corridors
seems to be the most prevalent approach to solve this issue. Furthermore, standardizdtieriarfats for

data exchange with external systems from aevscale/ European perspectii®recommended in order to
facilitate the integration and interoperability across different regions with different vendors and systems.
Finally, the dck of technical standards for automatic oMegquency control scheme at wide scale/
European levetould be potentially hazardous for provoking wider system disturbances due to the fast
penetration of RES production units with inherent volatility. The respective committees should take care of
such preventive measures, in ord® mitigate phenomena related to high production in the system that
could lead to disturbances threatening to expand across close interconnected systems or regions.

With reference toRESCCproduct, the identified critical barrier refers to the lack aheputational power

and excess of dataflows to be assumed by the blockchain. The recommendation to overcome this barrier is
to use a more powerful node network and dedicated hardwarepamallel to the redefinition of the
architecture, with a higher returin terms of cost and benefit

In the context of the produdRESDU, barriers identified as relevant at European level refer both to the lack
of standardization in terms of operation anddificulties for integrating multiple renewable technologies in

a ammmon connection point with advantageous weather conditidifse mitigation and overcoming solution

for the latter is to analyze the limitations around the expected connection point during the feasibility project
stage and preselect those technologies catilple with the natural resources and weather conditions of the
project locations.

In relation to theSTOGCCproduct, only one barrier has been identified as relevahit is aboutlack of fast
response energy storage systems, and the solution to overcibrigeto select an appropriate network
compatible with the product when implementing\nother recommendation is utilization of the stored
energy (provided by STOC) in secondary reserved power of transmission network in which the fast response
of the unts is not critical.

Also, in connection with th&VAMAS product, we have only one barrier identified from a wideale/
European perspective, namely lack of homogeneity and standardization in network codes and data models
of the neighboringleployed countriesThe ecommendation to address this barrier in good conditiete
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understand the network code of the country before performing any commercial approach to react more
dynamically and ease the deployment antegration.

For theRegionaDSMIP product, in the context of both HLU6 UCs 2 and 3, the barrier identified as critical is
the lack of assets tdemonstratecontrol effect.It is important to have power plants in the mix of DSM assets
if critical over/under voltages are to be conlied, besides typicahdustrial/aggregated loads, in case the
latter are not available/effective to control such voltages.

The larriers related to the transition from centralized to decentralized solutions and the risks of changes in
the market design, iy have aignificanimpact on the adoption of the CROSSBOW Wholesale and Ancillary
market toolsetthe market reform would certainly impact the electricity market design and therefore require
adaptations on trading platforms. The design of &ié productcould mitigate these changes in the market
design, that would otherwise have critidgaipact to the adoption of the product, more efficiently and easily.

In connectionwith the adoption and implementation of th€FRP a number of critical barriers have been
identified, starting from the lack of interoperability between systems and assets, in a context lacking energy
community or cooperative initiatives, and not in lastck of flexibility aggregation infrastructui®olutions

to reduce the effects and overcome these multiple barriers, would be first and foremost the development of
EUwide common and standard protocol of data exchanigefacilitate the adoption of enggy communities

and cooperatives by subsidizing the development of required services and techrasidgyublic and private

funds investing into renewables and storage should consider flexibility monetization as integral part of their
business models andiaincial planning.

Also, a summary of overcoming recommendations for the identified barriers, considering both internal and
external factor analyses, were included in the AnnexSummary of recommendations to overcome the
identified barriers
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ACRONYM MEANING

AFRR automatic FrequenciRestoration Reserve

AM Wholesale and Ancillary Market toolset

BEMS Building Energy Management Systems

BESS Battery Energy Storage System

CB CrossBorder

CEP clean energy package

CFP Cooperative Flexibility Platform

CGES CrnoGorskklektroprenosni Sistem AD

CGM Common Grid Model

CGRID cyberGRID GmbH & Co KG

CHP Combined Heat and Power plant

COBRA Cobra Instalaciones y Servicios SA

CRE Centrul Roman al Energiei

CROSSBOW CRO_SS BOrder me_magement of variable reneveidggies and storage units
enabling a transnational Wholesale market

DLR Dynamic Line Rating

DR Demand Response

DSM Demand Side Management

DSMIP Demand Side Management Integration Platform

EC European Comision

ELPROS ELektronski iPROgramski Sistemi doo

EMS Energy Menagement System

EMSAD 9YS{GNRBaNBOlI {NbBA2S !5

ENTSEE European Network of Transmission System Operators for Electricity

ESO Elektroenergien Sistemen Operator EAD

ETRA Etra Investigacion Y Desarrollo SA

EU European Union

EV Electrical Vehicle

FB Flow Based

FDLR Forecasted Dynamic Line Rating

FRR Frequency Restoration Reserve

FTP File Transfer Protocol

HEMS Home Energy Management Systems

HLU High Level Use case

HPP Hybrid Power Plant

HPS HydroPump Storage

HV High Voltage

HW Hardware

ICCP InterControl Center Communications Protocol

ICCS Institute of Communications and Computer Systems

ICT Information and Communications Technology

IGM Individual Grid Model

IPTO Independent Powelransmission Operator

MFRR manual Frequency Restoration Reserve

MMS Market Management System

MVAR MegaVolt Ampere of Reactive power

NECB National Energy and Climate Plans
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NTC Net Transfer Capacities

OPF Optimal Power Flow

PATL PermanentAdmissible Transmission Loading
PCC Point of Common Coupling

PDC Phasor Data Concentrator

PHPP Pump Hydro Power Plant

PLC Programmable Logic Controller

PMU Phasor Measurement Unit

POA Proof of Authority

PV Photovoltaic

QA Quality Assessment

RAA Regional Adequacy Assessment

RES Renewable Energy Resources

RESCC Renewable Energy Resources regional Coordination Centre
RESDU hybrid Renewable Energy Resources Dispatchable Unit
ROGBC Regional Operation Center Balancing Cockpit
RPU Report PUblic

RSC Regional Security Coordinator

RTU Remote Terminal Unit

SCADA Supervisory Control And Data Acquisition
SCC Security Coordination Centre SCC Ltd. Belgrade
SEE SouthEast Europe

STGCC regional Storage Coordination Centre

SW Software

TASE Telecontrol Application Service Element

TSO Transmission System Operator

ucC Use Case

UKIM Ss. Cyril and Methodius University in Skopje
UL Univerza v Ljubljani

UNIMAN TheUniversity of Manchester

VBA Visual Basic Application

VPP Virtual Power Plant

VSP Virtual Storage Plants

WAMAS Wide Area Monitoring and Awareness System
WP Work Package
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Annex 1- Summary of recommendations to overcome the identifiddrriers

Internal use

ROEGBCO1

Challenges in
forecasting the
production of
dispatchable generatior
units from a wide scale
European perspective

The investigation started relying only ¢
historical data (generation, consumption, n
positions) and weather conditions. For tk
purpose of better estimation, it is propose
to include a wider range of input data such
day ahead, intraday and balancing mark
data (energy price, capacity pricearbon
price), and possibly to adjust the propos
algorithm to each bidding zone for whig
estimation is performed. That means th
results could also depend on the netwo
composition/structure. It is very importan
to clarify which factors have sigiént
impact on crosdorder energy exchang
(thus net positions) and to develop &
algorithm from a very beginning implying i
these necessary input data. All the
recommendations are related to bette
generation forecast, because these factg
could inmpact (financial and technologica
production scheduling.

Internal use

ROEGBCGO3

Unavailability or limited
accuracy of reduced
equivalent model of the
regional transmission
network

Despite SCC's contribution, a more gene
formal, and standardized appach for
obtaining such reduced models needs to
developed in the future (probably as

separate UC in a future project).

The relevant literature should be researche
and if necessary, be expanded. Moreov
standard metrics for theverification of the
accuracy should be established.

Internal use

RESCCO1

Lack of computational
power and excess of
dataflows to be
assumed by the
blockchain, in a wide
scale/ European
perspective

In parallel to the redefinition of the
architecture, oneof the main lessons learn
has been the use of more powerful noc
network and dedicated hardware, with
higher return in terms of cost and benefit du
to an exponential increase in the quality
the results achieved.

Internal use

RESDU02

Difficulties for
integrating multiple
renewable technologies
in a common
connection point with
advantageous weather
conditions, from a wide
scale/ European
perspective

To analyze the limitations around th
expected connection point during th
feasibility poject stage and preselect thos
technologies compatible with the natura
resources and weather conditions of th
project locations. Different configuration
could be selected adapting the KPI objecti
and selecting the proper technologie
(batteries insead of HPS, or PV/wind farr
depending on the weather conditions) in th
framework of UC5 simulations.
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STGCGO1
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Lack of fast response
energy storage systems
- a wide scale/
European feature

To properly assess the full potential of tk
STOGCC product, it is recommended
deploy it in a network with numerou
distributed storage systems based
different technologies. Developing an
simulating a set of scenarios in a netwqg
with (substantial) battery storage systen
can be used to estiate and fully appreciate
potential STACC contribution in the future
It is also recommended to ensure that futu
STOGCC incorporates wide range
technologies including those that me¢
technical  specifications required  fq
provision of fast frequencyupport.

External parties

ROEBC02

Insufficient transfer
capacity on cross
borders

To prevent overloading of the transmissic
system by crosborder energy transfers an
the related risk to network security,

coordinated capacity calculation an
allocation mechanism is  require(
Coordination across different market areas
essential since electricity flows can not or
be restricted by commercial agreements, b
also follow the laws of physics. A coordinat,
capacity calculation mechanism ensuras
efficient allocation of transmission capacit
since it keeps the balance between the cro
border capacity used by market results a
the security of power supply. The way
which the available capacity for trading
calculated is of great importaecfor the
market. There are two approaches (
coordinated capacity calculation. N1
current market clearing design on
considers commercial exchange between {
market zones. Since NTC does not accq
F2N) LIKeaAOlrt O2yaidN
may diffeNJ FNRBY YI NJ Si
Opposite this, the FB methodology considg
the physical laws of the network. B
implementing the FB methodology, or
creates market solutions closer to physic
reality as well as respecting the operation
security of the grid. Thus, through the
introduction of market coupling (mainly vi
the FB approach) in which the trade

electricity is integrated with the allocation ¢
crossborder capacity, the efficiency ¢
capacity usage has increased strongly o
the past year and a me effective use of
transmission resources is achieved.

External parties

ROGBC04

Different file formats

for data exchange with
external systems from g
wide scale/ European

perspective

The adoption of technical standards, as w
as the promotion and support of oper
source ICT solutions and platforms
European level, together with th
introduction of ICT requirements withi
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existing network codes, could have a posit
impact to increae the degree of uniformity
and portability between ICT systems.

External parties

ROEGBCO5

Lack of technical
standards for automatic|
over-frequency control
scheme at a wide scale
European level

EMS will propose to relevant organizatio
involved inEuropean standards, as IEC, €
CENELEC, ENTBSCetc., to define standard
for overfrequency automatic contro
scheme for Continental Europe. CROSSE
results may be used in that respeq
Synergies with other European projects mt
also be exploited to emonstrate the need
and produce arguments for these necess
standards.

External parties

DSMIP-01

Lack of assets to
demonstratecontrol
effect (UC2)

It is important to include and have availabl
other flexibility resources in the mix of as-
sets ifcritical over/under voltages are to be
controlled, besides typical industrial/aggre
gated loads, in case the latter are not avai
ble/effective to control such voltages. The
development of the markets and the legisl
tive framework for market integration of
DSM is vital to have more assets in the sy
tem, so the focus/monitoring on this aspec
should be prime in the near future.

External parties

DSMIP-02

Lack of assets to
demonstratecontrol
effect (UC3)

Asin the description of the barrieresults of
the performed simulation tests wer
positive, and it is expected that DSM ass
will be effective to control frequency in th
region of interest. The focus is hence

ensure a smooth development of the matk|
and regulatory framework for DSM mark
integration in order to have more availab
controllable assets to achieve the minimu
required MWs for an observable/significa
impact on system frequency.

External parties

AM-01

Difficulty totransition
from centralized to
decentralized solution
within the European
context

Researchinnovation projects, such a
CROSSBOW, contribute towards
mitigation of this barrier in the future by
presenting and demonstrating decentraliz¢
solutions and tleir advantages, such &
effortless scalability, high availability, ar
resources distribution optimization
Moreover, by reducing points of weakneg
no single point of failure can occur on su
solution.

External parties

AM-02

Lack ofintegration with
other, more developed
market platforms

Possible integration or  coexisteng
(interoperability) between already existin
projects in Europe must be checked duri
the specification design phase. Tk
knowledge, we believe, will assist TS@S
organizing their activities within their dail
operational work and prepare them to joi
initiatives when the time comes more easi
TSOs from the SEE region knows in wik
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direction they should go, ensuring thi
future expansion of the MARI and Sl
project proceeds more smoothly as a res
of our project's knowledge and experience

External parties

AM-04

Opposition of
interested parts to
changeadopted
practices

The recommendation related to this barrig
is to develop solutions that arsimple, yet
effective in their use. That approach wou
be focused to improve the SW user frienc
and explain for the balancing providers hg
a small effort could significantly increa
their income (for the same services).

External parties

AM-05

Lack of optimal assets
structure and
components

Try to identify first the generators tha
already have meters with one minute log
profiles capability. In such cases, t
additional meter would not be an issu
anymore as the oneninute load profile
meter dready exist in the facility.

Also, consider the use of an existing PC
the proposed application (for example, th
same computer used as central unit of
metering system can be used also for BAL
application).

External parties

CFPO1

Lack ofinteroperability
between systems and
assets at a wide scale/
European level

A solution to overcome the identified barrie
would be the development of common an
standard protocol of data exchang
Furthermore, the Elvide adoption and

implementation of InerConnect
interoperable communication framework b,
equipment manufacturers (assets) af

flexibility management technology provide
(systems) would be the sequent importa
step to positively impacting Europeanl
through solving this gap.

External parties

CFRO3

Lack of flexibility
aggregation
infrastructure

Public and private funds investing in
renewables and storage should consig
flexibility monetization as integral part ¢
their business models and financial plannir
These should pssibly also include thg
hybridization of various types of flexibility
like demand response, distribute
generation, and storage with provision
balancing and intraday markets. The sa
common approach addressing this barrier
the European level, woulthe beneficial
through ensuring uniformity and impac
effectiveness.

Both Internal use &
External parties

RESDUO01

Lack of standardization
in terms of operation at
the European level

The first recommendation is to support th
activities related to T19.3 in line with th
needed standardization efforts after proje
ending, in a similar way than during th
CROSSBOW project execution. And

second recommendation is focused

filtering the first RE®U developments an
deployments trying to prioritize those hybri
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