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EXECUTIVE SUMMARY

This document aims to present the results of the activities related to k2 Identification and
recommendation for local technical and interoperabitisyriersof Work Package (WP)5. Those results in
particularinclude the identification and analysis of the techniaadl interoperabilitybarriers that occurred
during the deployment and demonstration periaaf the CROSSBOW produetsd provision ofsome
recommendations on specific unresolved issues.

The methodology used to prepare this report consistéthe following steps:

1 Craation andafterwardsdistribution of unique questionnaire to all relevant CROSSBOW partners in
order to identify the barriersactions undertaken to resolve them and the lessons learned by the
CROSSBOW partners during the project;

The collected information was analysed to uncover the nature of the barriers

Based on previous stepsynthesis was performed in order to determinenclusions regarding the
main barriers that influenced the deployment and demonstration activities of the CROSSBOW
products.

For the barriers that were not resolved by the end of CROSSBOW project, specific recommendations are given
based on thdessons learned and the recommendations provided by the partners.

At the end of this report, based on the detected barriers, some overall conclusions were Graelef the

main conclusionss that communication, infrastructure and interoperability repres#iree very important

traits of the CROSSBOW puats, which have to be thoroughly investigated during the design phase of the
product in order to reduce their impact to the realisation of the product. Definitely, some local technical
barriers are unavoiable (for example issues with standardisations), but they are more easily solved if they
are detected and properly addressed earlier in the project realisattwerall, thelocal technicabarriers

that occurredduring the realisation of CROSSBOW projeete, to some extent, linked to the specific
advantages, disadvantages and characteristics of ERDSSBOW product

D15.2: Identification and recommendation for local technical and interoperability barriers
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1 Introduction

1.1 Scope of the document

The purpose of this documens to describethe local technical and interoperability barriers detected in
CROSSBOW pilot clusters. More specifidgaflyesents the results of the activities that took place under the
taskT15.2 Identification and recommendation for local technical and interoperability bamliessribes the
methodology that was followed and identifies and comments on theldeyiers that occurred per product.
Furthermore, specific recommendations, where applicable and meaningful, in order to solve local technical
barriers are presented for each case.

The documentonsiss of three chapters. In the first chapter, the purposktbe document is described, its
structure, and the methodology used to prepare this report. In the second chaptetysis ofocal technical
barriersis presentedfor each CROSSBOW product and specific recommendations are made. In the third
chapter, oveall conclusions based on the results of the activities are presented.

1.2 Methodology

Barrier is something such as a rule, law, or policy that makes it difficult or impossible for something to happen
or be achievedl]. Theaim of this report is to properly recognise and define technical and interoperability
barriers on a local level, amqoviderecommendationgo solvethem successfullin some future projects.

The methodology applieiah this project is divided in three phasésthe first phaseacommonqguestionnaire

was createdn order to obtain appropriate information from the CROSSBOW partners regarding barriers that
they faced during the project execution. Thigsiestionnairewas developedin cooperation between
colleaguesrbm: Univerza v LjubljarfULD, ETRAnvestigacion Y Desarrollo TR} Security Coordination
Centre SCC Ltd. Belgra@®C) an@€entrul Roman Al Energi@REin order to gather all necessary data
required for all activities related with the tasks:

9 T15.2 Identification and recommendation for local technical and interoperability barriers;
9 T15.3 Identification and recommendation for local #tiechnical barriers

I T16.2 Recommendation for European technical and interoperability barriers;

1 T16.3 Recommendation for European #technical barriers

Thecollectionof questionnaire responses was the second phase, followed by processing and assessment of
the provided responses.Duringthis phase, many bilateral teleconferences were held in order to better
understand provided answers from certain CROSSBOW partners. Finally, in the thirdsphteesis of all
conclusions and recommendations is performed, including theparation of this deliverable and
presentation of the results. The cooperation between all the partners involved (tool developers, product and
use case leaders) was required in order to ensure high quality fulfilment of the questionnaire.

Since all theseasks required appropriate barrier assessment, WP15 and WP16 partners concluded that the
best approach is to contact all relevant CROSSBOW partners (tool developers, product and use case leaders)
using this common questionnaire. The main request for advait CROSSBOW partners was to indicate all

the barriersthat occurred during the project implementation. Therefore, the common questionnigire
constitutedwith the following questions:

1 Name of the CROSSBOW engigytner;

Role of the partner in CROSSB@\ect;

Product in which the barrier is detected;

CROSSBOMIgh Level Use casdl(l where the given barrier occurs;
CROSSBOUseCase (UC) where the given barrier is detected;

= =4 4 -
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Descriptive name of the barrier;

Detailed description of the barrieoccurred (a detailed description was needed in order to
understand the size and the quality of each barrier);

Type of the barrier local, global or local & global;
Category of the barriertechnical or nortechnical,
Subcategory of the barrier;

Status ofthe barrier- whether the barrier was solved or not;

= =4 -4 A A

Mitigation - description of the solution. The information of solving or bypassing a barrier is very useful
for the future of research;

1 Recommendationlessons learned which could be an alternative weagddress the barrier in future
research and development projects.

Table 1 represents an example of the filled questionnaire template that was distributed, updarted
provided back by ETRA.

Barrier  Barrier  Barrier

Detailed description of
i type category

barrier

Status of Mitigation
subcategory  the

barrier

9 ETRA Tool P02-HLU2GHLU3  HLU2&HLU3 Lack of efficient communication ~ When some assetsortools Local ~ Technical Communication Solved An alert system has been Implement messaging service to fasten
provider  RES Regional channels betweenthe assetsand  are down, there is agap in implemented, sending telegram  a solution of the issues
Coordination the system data and the algorithms messages when tha fault is detectad
Centre (RES-CC) cannot be run properly, to anticipate lack of data or longer
obtainning non-optimal unavailability of assets.
solutions o not even
getting a solution
10 ETRA Tool PO2-HLU2BHLUZ  HLU2&HLU3 Minimum control enabled dueto  Outdated SCADAsdonot  Local  Technical Communication The SCADA was updated in orderto  To implement messaging service to
provider  RES Regional outdated SCADAS allow intermediate control have all functionalities available for - accelerate a solution of the issues.
Coordination in power produced, only an efficient communication with RES-
Centre (RES-CC) on/off status. That was .
leading to not being able to
implement the optimal
salution found by the
system.
11 ETRA Tool PO2-HLUZGHLUZ  HLU2&HLU3 Variability of RES types (different  Difficultiesto assesscross- Local — Technical Infrastructure Part of the effort was put in There is a need to describe SCADA's
provider  RES Regional type of resources with different  border schedule dispatching improving the sources in inthe
Coordination interfaces). of RES according to the order to achieve solutions closer to  handbook of the tool, including not
Centre (RES-CC) interconnection capacity the final real of the only ion protocols but also
available. different assets and technologies  types of command and necessary
setpoints allowed, in order to resolve
detected issue.
12 ETRA Tool POGCROSSBOW  HLU3 Excess of IGM and CGM files queued The large numberof IGM  Local  Technical Datarestriction Solved A functionality has been designed to to perform specific unitary tests pre-
provider  Wide Area and CGM files may read only new messages via FTP and  deployment to ensure that the
Monitering and eventually collapse the clean the system from old messages designed countermeasures are
Awareness System system as the queue and correctly being applied.
(WAMAS) historic items can be way
too large.
21 ETRA Tool POGCROSSBOW  HLU2&HLU3 Diversity of end-user's When the tool isdeployed  Local — Technical Interoperability Solved ~WAMAS has been deployed in Deploy individual instances of the
provider  Wide Area requirements when more than one for several end-users, the different instances for all different  product and work on an interoperable
Monitoring and system operator and/or RES internal requirements that users ina modular way to adaptto  layer that bridges the gap between
Awareness System producer is involved in deploying  their legacy equipment the requirements in place and, at the local legacy equipment and external
(WAMAS) the new technology have can be different, and, same time, be able tokeep using  systems
sometimes, contrary. standardised communication
protocols in the outer layers.

Tablel Example of filled questionnaire template by ETRA

Since there was one common questionnaire for all four deliverafilespme of the defined barriers similar
approach in both local and global d@fion was usedespecially the ones defined for the specification of this
document and for D16.2 as well, since their distincti@sthe range of impactlocal or global leveBolution
wasto bilaterally communicate with partners who have defined teiclal barriers for both local and global
level, and to find appropriate definition and distinction between those two levels (e.g., limited
geographically, specific to a certain case and problematic on a local level, etc.).

In order to better cluster deteetd barriers, contacted CROSSBOW partners were asked to detethmine
subcategory of their barrierss well Local technical barriers are further divided into following subcategories:

1 Communication - obstacles regarding communication (inappropriate or
communicationsjor the developed tools

malfunctioning

9 Data restriction- lack of data, loss of metering data and bad data could cause major problems in
testing and evalJuating project’s tool s

1 Einance - barriers that are related to market framework, business models and generally the
economic environment
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91 Grid control- the physical size, presence of weak elements, lack of smart grid components such as
automated controls, remote monitoring systems, raghg technologiescan cause several barriers
at developing smart grid solutions

1 Inappropriate deployment- refers to the technical barriers that occurred during the deployment of
the tools

91 Infrastructure - this subcategory include those barriers that arose due to technical and
infrastructureissued ur i ng t he project’s implementation

1 Interoperability - these barriers aroseuk to different tools developed and the need of an operating
middleware interoperability.

Beside the variousnformation about barriers, it was also important to obtain information from the
CROSSBOW partners regarding whichstdbhd UChavebeenaffected by particular detected barrier. While
correlation of HLUs and UCs is direct, some of the products are cobgnere than one HLUs, as shown
below in theFigurel.

o |
- I

CROSSBOW ROC
balancing cockpit
CROSSBOW RES
> regional Coordination <> <\ () <> ()
Centre
| CROSSBOW hybrid RES oo o oo
< dispatchable unit NN A ZAS ~ A~ 74
CROSSBOW Regional
i i Pany o oo
> Storage Coordination <D DD OO
Centre
P CROSSBOW Virtusal o a .
Storage Plants A 4 AN Z AN~ 7y AS "4~ "4
LCE-04-C
Communication / CROSSBOW WAMAS MDD Fany
ICT technologies / system NN NS N N N E 4
control tools
4 CROSSBOW Regional DSM P oy N
integration platform b "4 A N
LCE-04-d 4 CROSSBOW Wholesale and oo o _E}
wholesale market Ancillary Market toolset VN VYN NN
CROSSBOW Cooperative >
ownership of flexibility \ N7
Assets
O Main product Key enabling product

O Auxiliary product

Figurel Correlation between CROSSBOW products and HRUs
The partners that participated in the fulfilment of the questionnaire were:
1 Toolprovider(ETRA);

1 Work Package (WP)/product leadetsl(cyberGRID GmbH & Co KGGRIDCobra Instalaciones y
Servicios SACOBRAThe Universit of Manchester- UNIMAN and

1 Note that interoperability barriers are considered as subcategory of technical barriers, so every mention of
technical barriers includes interoperability barriers by default.
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1 UC leadersSCCCrnoGorski Elektroprenosni Sistem-ADGESELektronski in PROgramski Sistemi
doo—ELPROSS | & NB a NB O+EM$ Andti@te of Cdinmunications and Computer Systems
—1CCSndependent Powerransmission OperaterIPTQ.

After the questionnaire was completed by the partners, the answers were processed. The technical barriers
that are presented and analysed in this study, consisted of the barriers that belong to specific product, are
further discussed through bilateral meetings with each partner that was involved in the questionnaire
answers. Tisresulted with higher quality answers and better understanding of the detected barriers.
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2 LOCAL TECHNICAL BARRIERS

All observedlocal technical barers, in total 21 detected during the realisation of the CROSSBOW project,
are presented in this chapteFurther analysis of local technical barriers is conducted inviays

91 Detailedanalysis of detected barriers based on their correlation with the CRO®Sproducts;
9 General analysis of detected barriers based on their correlation with the predefined subcategories.

This twodirectional approach was used in order to better understahd effects of the detected local
technical barriers to the CROSSBOWamtdfrom two different, but very important aspects:

1 How detected barriers affected the deploymemind demonstrationof particular CROSSBOW
products- obtained knowledge could be used to provide appropriate recommendations for further
developmentand deploynent of each CROSSBOW product;

1 Which type of barriers could be expected in future research and development projects with similar
products as the ones developed in CROSSBOW projatetined knowledge could be used as general
conclusions which could be malated to other similar products.

Figure2 presentsthe distribution of allobservediocal technical barriers between the CROSSBOW products
and barrier subcategorie®\s shown, for two productfRegional Storag€oordinationCentre ($0OCCand
Virtual Storage Plants (VSH)cal technical barrierdiad not been detected duringthe realisation of
CROSSBOW proje€n the other hand, majority of detected local technical barriers are correlated with
Regional Operation Centre Balancing Kpitoq ROGBQ product (eight of them to be more specific). Three
barriers each are detected fdrRenewable Energy Sources Regional Coordination Centr&ESCG and
Cooperative Flexibility PlatforrCERPproducts, while three productsybrid RES Dispatchallmits(RESDU),
Wide Area Monitoring and Awareness Syst&tAMAS andRegional Demand Side Management Integration
Platform DSMIP) have two barriers each. Finaltholesale and Ancillary Market Toolsét) product has

only one detected local technicharrier.

Distribution of all local technical barriers between CROSSBOW
products and subcategories

Communication Data restriction Finances Grid control

m Inappropriate deploymentm Infrastructure m Interoperability m Other

1
i
1

1 [
: 1 [ 1
2 2
1 1 i

ROGBC RESCC RESDU STGCC VSP WAMAS DSMIP AM CFP

Figure2 Distribution of all local technical barriers between CROSSBOW products and barrier subcategories

Figure2 alsopresents the distribution of different barriesubcategories/typeper each CROSSBOW product.
Generally,it could be concluded thatommunication barrierslominate for ROGBCand RE€Cproducts
while DSMIP has onlynfrastructure barrierobserved Other four CROSSBOW products {BESWAMAS,
AM and CFP) do not have dominaatrier type since each subcategory hasyonedetectedlocal technical
barrier.
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Distribution of al local technical barriers depending on the resolution statukichis shownon Figure3,
represents the analysis of the impact of detected local technical barriers to the realisation of CROSSBOW
products.From all detected barriers, 11 have besoivedwithin the duration of theproject, while 10 remain

as local barriers. Given the various nature of the detected barriers, this section provides detailed mitigation
actions and recommendations for future implementation. Some subcategories of barriers raalyédover

time (for exanple by improving communication links, investment in assets at certain locatioy and

some may remain as local challengestbh@ implementation of the developedCROSSBOWblutions.
However, their detection is a precondition for taking actions, whprssible, tasolvethem and allow smooth
implementation.Since the number of resolved and remaining local technical barriers is almost the same, it
could be concludethat local technical barriers had moderate impact on CROSSBOW.

Distribution of all local technical barriers
depending on the resolution status

Number of barriers

m Solved by the end of Project  m Will remain unsolved at the end of the Project

Figure3 Distribution of all local tetinical barriers depending on the resolution status

Further analysis of the resolution status of barriesygloneby determining dstribution of all local technical
barriers per product and statyas presentedn Figure4. It canbe seen that all detected RE®J, AM and
CFP barriers remadd unsolved by the end of CROSSBOW project. On the other han€QR&® WAMAS
managed to solve all detected local tectalibarriers. Finally, RCEBC and DSNP have mix status half or
more local technical barriers are solved.

Distribution of all local technical barriers per
product and status

ROGBC
RESCC
RESDU
STGCC ;
VSP ;
WAMAS
DSMIP
AM
crp

H Solved by the end of Project ~ ®Will remain unsolved at the end of the Project

Figure4 Distribution of all local technical barriers per product and status
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Followingthe describedwo-directional appoach, inthe nine subsequentsub-chapters (from2.1to 2.9) all
local technical barriers are clustered and presented on the level of each CROSSBOW product. Each of these
sub-chapters consts of three parts:

1 Short description of the CROSSBOW product;
1 Analysis of the barriers correlated with that specific CROSSBOW product;

1 Recommendation®n how to awid barriers correlated with particular CROSSBOW product in future
similar research and development projects.

In the final sukchapter2.10, general analysis of detected local technical barriers based on their correlation
with the predefined subcategories is presented.

2.1 REGIONAL OPERATION CENTRE BALANCING Cco@gaY (RO
2.1.1 Description of ROBC

ROGBC 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 radel). Its scope is the strong collaboration amongTh@nsmission System Operagor
(TSO¥of the region, to gain benefits from the combined and thus more effective management of the various
challenges emerging for system operators. Facing challengesafregional perspective facilitates the cost
efficient and reliable operation of the power grid taking advantage of economy of scale for generation assets,
while facing more effectively the various uncertainties (RES stochasticity, load fluctuationsgiotgtrie
incidents, etc.).

From the beginning of the project, RBC was designed as a very heterogenddlubl that incorporates

several very diverse Use Cases (UCs) that are all relevant to Regional Seeurity (R8Q business
processes. RGBC product improves certain RSC functions, but also defines and incorporates new services
associated with shofterm operation 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 replitwlgiéipability of these functionalities to other

RSCs in the European region.

2.1.2 Analysis of ROBC barriers

Probably due to théneterogeneous nature of RCELC, this CROSSBOW product has the most detected local
technical barriers eight in total. The list ofiocal technical barriers correlated with RBC (including their
subcategories), is shown in ti@ble2. Regarding the types of detected barriers, majority of thelmege in

total) are correlated with the communication issues, while other predefined subcategories are less
represented

1. Information And Communications Technolo@gyCT infrastructure not
fulfilling Project requirements

2. Lack of coordination within the Project during the changdrérControl | Communication
Center Communications ProtoqdCCPcodes for measurement units

3. Different file formats for dat@xchange with external systems

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

Data restrictim

5. Lack of technical standards for automatic c®mguency control scheme | Grid control

6. Difficulties of software integration between tools developed using differ| Inappropriate
programming languages deployment
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Insufficient transfer capacity (near creserders) Infrastructure

Lack of appropriate loading level of selected lines for proper evaluatig
the Dynamic Line Ratin@®LR) andorecasted Dynamic Line Rat{#pLR)

Other

Table2 Distribution of ROEBC local technical barriers between predefinedixategories

Although, the number of detected local technical barriers is relatikgizerfor ROGBC in comparison with
other CROSSBOW produdise detected barriers did not hava significanteffect to the RO@C, since
majority of them (fiveof eight) are solvedDetails obtained vi#he questionnaire for all mentioned REELC
barriers are presented imable3 to Table10below.

ROGBC Batrrier 1

Distributed system could be defined in many different ways. Coul@irefines a distributedystem asa
system in which hardware or software components located at networked computers communicate and
coordinate their actions only by message passirand Tanenbaunj4] defines it as“A collection of
independent computers that appear to the users of the system as a single coénfiéslie Lamport,
computer gientist best known for his seminal worktire distributed systemssaid that' A distributed system

is one in which the failure of a computer ydign't even know existed can render your own computer
unusablé [5].

This last quote is particularly famous, sititcéescribeson avery descriptive wag common communication
issues that occur between different componentstioé distributed systemDuring the realisation of HLU1
UC2, mentioad quote was prova since insufficiently reliable communication connection between different
system componentoften break thus leavingWAPTrotector withoutPhasor Data ConcentratoPDQ
measurements. During the realisationtbk Project, this issue was solved to certain extend.

SCC

UC leader

HLU1/UC2

ICT infrastructure not fulfilling Projectquirements

WAProtector is tool used for acquisition of Phasor Measuremignit (PMU) and
Supervisory Control And Data Acquisit{@®CAD)Rdata, which are required for several Ut
(including the one mentioned here). WAProtector is, using appropriate proto
connected with PDC on one side and ICCP system on the other, in order to a
mentioned data. During the realisation of this Usufficiently reliable communicatiol
connection between WAProtector and PDC was detected.

Communication

During the realisation of the project the following measures for increased qualil
connection were undertaken:

- Independentconnection to the Electronic Highway was established
- Better quality of ICT network maintenance was established
Table3 ROGBC Barrier 1

ROGBC Barriep

The IEC60876 Telecontrol Application Service Element 2 (TASE.2) protocol, informally known as ICCP, was
developed for data exchange over Wide Area Networks (WANS) between a utility cosritcd and other
controlcentres other utilities, power plantsrad substations. TASH.2CCP is used in almost every ultility for
inter-control centre communications between SCADA andfenergy Management SystentEMS. It is
supported by most vendors of SCADA and [BYIS
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HLU1 UC2 detectecommunication issue related tdw¢ change of ICCP codes for a set of measurements.
Namely, each measurement should havenique identifier so that it could be clearly distinguisheolni

other measuremerd. However, rarely it could happen that TSOs, owners of the measuring devices, need to
reconfigure the ICCP code due to some maintenance reasotimda casesinforming all relevant actors
about the change is the most importatiting in order to save camuity of the business proces3he
detected barrier was solved during the realisatiortted CROSSBOW project.

SCC

UC leader
HLU1/UC2

Lack of coordination within thBroject during the change of ICCP codes for measurer
units

During realisation of théoject, missing measurement data from the ICCP system
detected. Upon further investigation, it was determined thartain TSOchanged ICCI
codes for internal reasons, without providing information to Preject.

Communication

Issue was solved by manual update of ICCP codes after contacting amenable TSO.
Table4 ROGBC Barrier 2

ROGBC BarrieB

Innovative solutions introduce new processes which are often executed using already availablehitzta,
are exchanged usingredefinedfile formats. Same input files are usually not availableditierent users of
the tool, so additional development tfie system needs to be done in order to &éapted for the specific
site during the deployment process. This communication barrier between different exestiegalsystems
(which provide input data) and develop@€ROSSBOMbdule (with an innovative funtionality) is detected
and solved in HLU1 UC9.

EMSAD

UC leader
HLU1/UC9

Different file formats for data exchange with external systems

Individual Grid Mode(IGM) Quality Assessment (QA) softwazeuld collect data from
several external systems (SCADA, Market Manage®estem- MMS, Metering system,
software for creation oiGMg. Different producersof external system®ffer different
solution for dataexchange formatsSo, the IGM QA software théo be adapted for the|
specific site during the deployment proceasorder to establish communication with th
external system.

Communication

Several acquisition modules 86M QA softwareare developedin order to enablethe

import of data from3 differentexternal systemsSCADA, MM&nd Metering systemThis
feature of IGM QA software providemooth replicability andnaintenanceof the software
for different deployment sites or in case of external system replacermeanhe particular
site.

Table5 ROGBC Barrier 3
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ROGBC Barried

In order to test certain complex concepitsis often easier to start from something simple and then gradually
developthe algorithm towardssomething advanced ocomplex Going in the opposite direction, from
complex to simple solutiorgenerallyrepresents a very challengingprocess, becausegpple systematically
overlook subtractive changgg]. But this simplification problem is not just the consequence of human
behaviour, it is alsa logical thing simplified system cannot have the same behaviour as the complex one,
since some of the system traitsiveto be deducted in the process of sinfigation. In order to support HLU1

UCS8 algorithm, SCC tried to provide reduced model of the regional transmission sykiemver, more
generic, formal and standardised approach for obtaining such reduced models needs to be developed in the
future. Despitethe efforts of SCC, and provided best available solution, this barrier remained unsolved at the
end of CROSSBOW product.

ICCS

UC leader
HLU1/UCS8

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

The crossdorder Frequency Restoration Reser{feRR sizing and sharing method of th
ROGBC product requires a reduced equivalent model of the regional transmis
network, where each country is represented by a single node and different countrie
connected through a single line. Currently, there ésformal process or established tog
to provide such reduced models, both in tBeuth East EuropSEEregion specifically
but also in other coordination centres more generally.

Data restriction

There is relevantesearch literature on this topic, based on which SCC created s\
reduced model for the purposes of demonstration activities.

Table6 ROGBC Barrier 4

ROGBC Barrieb

A standard is a document that provides requirements, specifications, guidelines or characteristics that can
be used consistently to ensure that materials, products, processes and services are fit for their p8}pose
Standard allow technology to work seamlessly and establish trust so that markets can operate smoothly
they provide a common language to measure and evaluate performance, make interoperability of
components made by different companies possible and protect comssibyy ensuring safety, durability, and
market equity[9].

Based on these explanations the importance of standardization is significant since standards and their
development frame guide and normalize almost all areas of oes.liWhe lack of technical standards for
automatic overfrequency control scheme was detected as grid control barrier within HLU1 UC11, and
unfortunately this barrier was not solved during the realisation of the CROSSBOW project.

EMSAD

UC leader
HLU1/UC11

Lack of technical standards for automatic oft@quency control scheme

At present, there are no relevant standardsHoropean Network of Transmission Syst;
Operators for ElectricitfENTSER) for automatic overfrequency control scheme.

Grid control
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ETNSEE should define througtBynchronous Areas Operational Agreements spe
standards for the implementation of automatic ovigequency control scheme.

Table7 ROGBC Barrier 5

ROGBC Barrieb

From the start of CROSSBOW project, HLU1 UC1 was designed as collaboration between partners from
Elektroenergien Sistemen Operator EASQ and SCC. The idea was to have two teams that are
simultaneously developing two different partserfivisaged Regional Adequacy Assessment (RAA) algorithm
- ESO determines adequacy indicators, and then S€thas inputin order toprovide potential solubn for
detected inadequacy. This agile approach was very useful during development phase, since it sagéd a lot
time in comparison with traditional waterfall approach. However, when the developnpérise was
completed it became obvious that the used approach created some barriers for the preliminary
demonstration, since two completely different tools needed to be integrated and deployed. At that point it
was clear that demo tools used to prove the concept are not robust enough to satisfy demonstration
requirements. This barrier is solved thanks to the support of ETRA, since they were in position to grovide
team of programmers which created professional toohs a complete solution for the observed issue

SCC

UCleader
HLU1/UC1

Difficulties of software integration between tools developed using different programn
languages

In order to save resources, development of thiswis based on following idea: on top |
the already designed algorithm for calculation of adequacy indicators using probal
approach (developed by ESO), an algorithm for solving detected adequacy iss|
determining optimal adequacy transactions rfinroneighbouring countries (developed |
SCC) is added.

The issue lies in the fact that ESO already had developed a tdisual Basic Applicatio
(VBA - solution which still meets the needs it was originally designed for, but doeg
allow for further cevelopment. Since this tool was not able to support load fl
calculations, SCC had to develop an appropriate Matlab script.
This software inconsistency caused some difficulties during preliminary demonstr;
since there was additional task of connegtithese two tools.

Inappropriate deployment

In preparation for the final demonstration, the detected problem was solved
introducing new partner (ETRA) which developed new common tool that is capalt
perform both parts othe algorithm.

Table8 ROGBC Barrier 6

ROGBC Barrief

The process of unbundling of vertically structured electricgignpanyinto many different entities activated

the process othe liberalization of electricity marke®nd al® acceleragéd the integration of RES into the
electricity grid. However, this relatively fast change in the production mix, including the possibility of the
consumer to buy energy on a free market from a geographically and electrically distant produserptwa
supported with the same pace by development of the connector of the consumer and producer of electric
energy, i.e., transmission grid. Vertically structured electricigpmpany (for decades improved and
devel oped i n trandmissioh sysenrathee dn the horders where the majority of consumers
are not located) do not have enough interconnection lines to meet the demand of the mediectricity
markets As a resulta lot of congestionsccuron the closeto-border linesThis problemhas beerdetected
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many years ago and a lbas beerdone tostrengthen the electricity network and create more mashed grid,
but construction ofOverHeadLlines OHL3¥takes time, effort and represengssignificant capital investment
for TSOsthus crossborder congestions still occur, as detected by HLU1 UC6 &R4&Call these reasons,
this barrier remained unsolved at the end of the CROSSBOW project.

IPTO

UC leader
HLU1/UC6&UC7

Insufficient transfer capacity (near crekerders)

Electricity markets were historically organized at the national level, and every co
focused on selgufficiency in terms of powesupply. Within each market, electricity cg
be traded freely, without taking into consideration the physical limitations of
underlying electricity grid, since even if internal congestion exists, there are no
differences within the market zone. lihis context, market parties may assume th
transfer capacity is unconstrained within a market zom®wever, the upward trend
towards the high penetration of renewable energy is also a key element that impose
optimal use of the limited transfer capity in a local level. When renewable energy
integrated into the electricity system, the volume of renewable generation is 0
concentrated in places with advantageous geographical characteristics and we
conditions, such as wind and solar availidy. Therefore, to manage the differenc
between production and consumption, there is a need to transfer large quantitie
electrical power across regions. This may lead to congestion in which the demai
transferring the electrical power exceedsetlimits of transmission system, i.e., situatio
in which unrestricted use of the néelhug
insufficient transfer capacity is defined as a local barrier within a market zone/country
insufficient trander capacity, mainly on internal lines near borders, restricts

penetration near borders and also electricity crdswder trading.

Infrastructure

This situation creates the need to optimize the utilization of existietworks, while
respecting the physical limits of power system and also designing novel market sol
that will leverage the benefits of RES integration within the electricity system. The
evident measure network operators can take to relieve thesestraints is building morq
crossborder transport capacity. This results in more-catled technical capacity
Nevertheless, expanding the transmission systems with no limits is realistically unfe;
This measure is, of course, fairly expensive, sinould only be done when the existir
capacity is already efficiently used. From both the practical and economical points of]
new market models and capacity allocation mechanisms will propose solution
congestion and for RES penetration. The ngaial should lie in allocating transfer capac
and electricity trading utilizing potential market opportunities to solve possible conges
guaranteeing efficient utilization of the available transfer capacity.

Table9 ROGBC Barrier 7

ROGBC BarrieB

The bllowing barrier, detected in HLU1 UC4, is very specific one and thus it was difficult to cluster it in some
of the predefined subcategorigsothis is the reason why it remained in thether’” subcategory. Namely,

in order to present developed functionality of it R and FDLR modules of FB@Jroduct, it was required

to detect certain network conditions. For this particular case, it was important to have OHLs which are loaded
closerto their thermal limits - loading around 60%480% ofPermanent Admissible Transmission Loading
(PAT)Lwas expected. Unfortunately, for the first set of OHLs loading was around 40% of PATL, sathere w
no chanceto record any significant benefits of HLU UC4. To record expected effelts miodule, additional

set of OHLs was found with the required average amount of loading, thus solving this barrier.
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ELPROS

UC leader
HLU1/UC4

Lack ofappropriate loading level of selected lines for proper evaluation of the DLR
FDLR

During the project was found out that power lines selected at the beginning of the pr
were not heavily loaded.

To show the bends of DLR and FDLR power lines should be loaded.
Other

To confirm the method additional lines were included @kRmonitoring with higher
loading. In this way, it was possible to show the advantages otirralDLR anéDLR.

The demonstration period for DLR and FDLR was also extended for several mol
include the influence of the season as well.

Table10 ROGBC Barrier 8

2.1.3 Recommendations

As for local technical barriers identified in RBC CROSSBOW product, recommendations to overcome them

are as following:
1 Regarding first barrier ICT infrastructure not fulfilling Project requirementsgrough examination

of existing infrastructure and the requirements for new equipment prior setting the experiments is
recommended. In addition, a more general recommendation is to increase the investments in ICT in

the power sector.

91 As for barrierLack ofcoordination within the Project during the change of ICCP codes for
measurement unitshere is a need for regular check of input data delivery and better coordination

between consortium partners.

1 BarrierDifferent file formats for data exchange with extatisystemgsecommendsanticipation and

creation of common communication layer that could communicate with different external systems.

1 A recommendation related t@navailability or limited accuracy of reduced equivalent model of the

regional transmission networkis that a more generic, formal and standardised approach for

obtaining reduced models needs to be developed in the future (probably as a separate UC in a future

project).

1 To overcomd.ack of technical standards for automatic offr@guency control schems&andards for
overfrequency automatic control scheme for Continental Eurgpeuld be developedy relevant
international bodies as ENTEOCROSSBOWSsults may be used in that respect.

1 For the barrier Difficulties of software integtéion between tools developed using different
programming languageshe overall recommendation is to properly organise the tasks during

foundation part of the project, when all required roles (e.g., providers of input data, demonstrators,

algorithmand tooldevelopers) should be defined.

1 Regardingbarrier Insufficient transfer capacity near crdssrdersfollowing recommendation is
proposed - Electricity trading is conducted through different coordinated electricity markets.
Coordinated capacityalculation and allocation methgére required, because energy flows are not
only constrained by financial commitmenksjt by physical lavas well The purpose of a coordinated
capacity calculation process is to ensure that available transmission gapasedefficiently. The
Flow BasedHB approach could be used as a primary approach for-atasad, intraday, and

balancing capacity calculation, where the solution consists of the calculation of PTDFs and the

calculation of available margins omitical Branches (CBs) The FB approach is closer to the real
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capabilities of the system since it considers the physical constraints of the system and more
specifically the CBs. These CBs may be intkneain a marke zone/country (lines that are declared

as critical from each TSO) and/or interconnection lines. For each CB, the highest power flow that is
allowed is determined based on the thermal limit of the line and is quite important for the optimal
utilization of ransfer capacity. Therefore, the introduction of (fldneised) market coupling increases

the efficiency of transfer capacity usage. In the context of regional cooperation, it has a substantial
impact not only at a regional level but also at local/countmelewhile RES penetration near borders
increases significantly and also electricity crbesder trading is enhanced.

1 And at the endregarding the last defined local technical barrier for REIC product Lack of
appropriate loading level of selected linfor proper evaluation of the DLR and FDiw.Rrder to be
solved,better planningof the demonstration activitieat the beginning of the project with selected
assetdgs needed

2.2 RES REGIONAL COORDINATION CENTRECJRES
2.2.1 Description of REEC

The RESCC patform coves five main functionalities for therossborder management of RES generation
units:

1 Providesreaktime supervision and control;

1 Managssincidents in real time, speeding up their correction, either remotely or in coordination with
local services, and achieving higher availability rates for installations;

1 Supportselectric power management, sendipgoduction forecasts tahe systems operatrs in the
region and the RGBC

9 Interacts with the operators and ROBC sending reatime data on each generation facility, which
enables calculation of the electric power production that can be sent to the grid and maximize the
contribution of RES tthe system;

1 Provides data recording,as well asanalysis to optimize the availability and efficiency of the
installations, substations an#igh Voltage HV) lines to guarantee the delivery of the energy
generated[10].

The REECisin charge of capturing and integrating data coming from different RES units, with different
interfaces and technologies, and present each operator the relevant data and services associated to the units
under its supervision. In this way, tipeoductis design to support both, national and regional coordination,
andit isdeployed as a cloutdased application. In normal operation, each Ti§&&ble to use the RESC to
monitor and supervise the RES units affecting its country. If an abnornnatiait is detected affecting more

than one country(e.g.,crossborder congestion due to RES generajitre solution will help the involved

TSOs to coordinate a coherent strategy, proposing an action plan to be validated by all actors ijiiajlved

The final deployment and architectuef REECCe ndor se the countries pol i c
Thus, if it is required that dispatching systems are deployed in the same country where the RES units are
connected to the gri d,-Cdadodldbe ingalied in differerduntdes, b all’of o f t
them providing interfaces and services that enable them to collaborate in broaderlzoodsring scenarios.

The structure would be then hierarchical, with local RESproviding services at country level for the local

TSO, but also i regionallevel tools (AM, ROBC, regional RESC, etc.) working at a regional scale and
interacting with the local RESC. This hierarchical structure allows for a better scalability and replicability of

the solution, because new countries can be adtethe system without affecting the rest @f[10].
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2.2.2 Analysis of REEQharriers

RESCC has only three detected local technical barriers, two correlated with communication subcategory and
one connected with infrastructurélhe list of local technical barriers correlated with RES (including their
subcategories) is givean Tablell.

1. Lack of efficient communication channels between the assets and the sy,

— Communication
2. Minimum control enabled due to outdated SCADAs

3. Diversity ofRES type@ifferent type of resources with different interfaceg Infrastructure

Tablel1 Distribution of RESCC local technical barriers between predefined subcategorie

Based on performed analysis,became obvious that abarriers are solved during the realisation tbe
CROSSBOW projebeetails obtained vighe questionnaire for all mentioned REXC barriers are presented
in Tablel2to Tablel4 below.

RESCCBarrierl

The output of an algorithm is only as good as the quality of the input it receives. This concept is probably
known for centuries, but it became more popuiarthe ealy days of computing, since it created a lot of
issues for thelevelopers Similar barrier occurred in HLU2 and HaESome assets did not provide expected

data necessary for the proper run of the CROSSBOW systems. It is very difficult to develop systems that are
resilient to the given interruptions (usage of back up data is maybe the option), but in these situations it is
very important for the users of the CROSSBOW products to be afaregoing issug so thatthese
problemsdo not affect their operational decisions. Thigrrierwas solved by implementiren appropriate

alert system.

ETRA

Tool provider
HLU2 & HLU3

Lack of efficient communication channels between the assets and the system

When some assets or tools are down, there is a gatata and the algorithms cannot b
run properly, obtaining nowptimal solutions or not even getting a solution.

Communication

An alert system has been implemented, sending telegram messages when the f|
detected toanticipate lack of data or longer unavailability of assets.

Table12 RESCC Barriefl

RESCCBarrier2

The legacy system term is used to defareold, usually outdated system, that is still in us®thesystem
performs its initially designed purpo$e an expected way, thus there is no reason to replace it. However,
when there isa need to introduce innovate solutions in the existing legacy sysat usually some barriers
occur. Similaissueoccurredwhen SCADA with digeet (on/off) production control wasonsideredio be
used as CROSSBOW asset withinGRERroduct. The lack imtermediate control in produce@ower at the
given SCADA created the issue, since the implementation of the optimal solution found by {0€ RES
not possible. However, the solution was foumglupdating the SCAD# have required functionality.
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ETRA

Tool provider
HLU2 & HLU3

Minimum control enabled due to outdated SCADAs

Outdated SCADASs do not allow intermediate control in produced power, only on/off st
That was leading to not being able to implement the optimal solution found by the sys

Communication

The SCADA was updated in order to have all functionalities available for an ef
communication with RESC.

Table13RESCC Barrier 2

RESCCBarrier3

Different types of resources have different interfaces which could create al$ kirdifficulties related to the
integration and infrastructure management. This type of barrier was detected W2 Hind HLU3, but the
appropriate solution was implementecetter forecasts are implemented in order to achieve solutithrad
arecloser to the final real production of the different assets and technologies.

ETRA

Toolprovider
HLU2 & HLU3

Diversity of RES types (different type of resources with different interfaces).

Difficulties to assess cros®rder schedule dispatching of RE&ording to the availablg
interconnection capacity.

Infrastructure

Part of the effort was put in improving the forecasting sources in order to achieve solt
closer to the final real production of the different assets aachnologies

Table14 RESCC Barrier 3

2.2.3 Recommendations

Recommendations to overcoméocal technical barriers identified in REE CROSSBOW prodace
following:

9 For the first identified barrietack of efficiencommunication channels between the assets and the

systemthe recommendation to overcome it is tomplement messaging service to accelerate a
solution of the issug.

Forthe barrierMinimum control enabled due to outdated SCADwse is a need to descrid@CADA's
requirements in the deployment handbook of the tool, including not only communication protocols
but alsothe types ofallowedcommand and necessary setpoints, in order to resolve detected issue.

And at the end, for the issue d@iversityof RESypes (different type of resources with different
interfaces)oetter generation forecast should be considered a priority when deploying the solution.
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2.3 HYBRID RES DISPATCHABLE UNID(RES

2.3.1 Description of RE®U

RESDU product integratenon-dispatchable and dispatchable RES along with ergéoggige unisunder an
advanced control system based on firm hybrid power plants connected to transmission and distribution grids
in a single Point of Common Coupling (HC@)

Several technologieare considered, such as Wind amthotdvoltaic (PV) (nondispatchable RES), Biogas
Turbine, Biomass or Hydro (dispatchable RES), and along with energy storage capability, through Flow
batteries and Lithiumon batteries. The proper combination of these technologies and the advanced control
will guarantee nore secure, stable and cleaner electricity supply, thanks to flexible generation and enhanced
grid stability.

RESDU product providsthe needed tools to operate the hybrid power plant according to the electricity
system requirementdn this way, the hybd power plantis able to provide ancillary servicgswer quality
services, and of coursewayto adapt its production to the demand curve. In addition, this product stfer
the generators the possibility of increasing the revenues from the elegtsaie, considering the variability
of energy prices between peak and valley hdaf.

Another important functionality of the RESU producisbased on the possibility of offerimgpssible options
for dimensioning future hybrid power plartptimizing the configuration according to the electricity system
requirements, as well as, optimizing future retrofit of existing renewable and storage[L@]ts

2.3.2 Analysis of REBU barriers

RESDU has only two detected locchnical barriers, one correlated witbommunication subcategory and
one connected withnfrastructure The list of local technical barriers correlated with-BBSincluding their
subcategories) is given Tablel5.

1. Lack of standardization in terms of operation Communication

2. Difficulties for integrating multiple renewable technologies in a locat

. . . . . Infrastructure
enabling maximum efficiency of each of thgiwen the available resource

Table15 Distribution of RESDU local technical barrierbetween predefined subcategories

Based on performed analysis, can@mpact ofthe local technical barriers to REE&Jcould be detectedas
the two RESDUbarriersremainedunsolvedat the endof the CROSSBOW projebtetails obtained vighe
guestionnaire for all mentioned RERJ barriers are presented fablel6 and Tablel7 below.

RESDUBarrierl

A communication protocol is a system of rules that allows two or more entities of a communisay@tem

to transmit information via any kind of variation of a physical quarffity}. Communication protocols have

to be agreed among all relevant parties. To reach an agreement, communication protocols have to be
developed imo atechnical standardwhich takes a lot of time and efforteom various stakeholderdn the

era of everyday innovation in the ICT sector, standardization bodiesot keep up the pace with thiast
development of all kinds of technological solutions, thus communication barriers occur wherdtfierent,

but closely related equipmenbas different communication protocolRESDU faced this issue within HLU 7
UC4, which was solved for the demonstration phase. However, the implementation of the prisduct
influenced by the local control systems and ass#tiss itwill require certain modifications which cannot be
anticipatedin advance
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COBRA

WP leader
HLU7/UC4

Lack of standardization in terms of operation

Different communication protocols fatifferent equipment, like inverters, SCADAS, lo
control systems, etc. complicate the standard communication amongCRESNnd the
different assets to be controlled. Some particular adaptations/configurations wil
needed for each specific product.

Communication

For CROSSBOW demonstration stage the barrier and the associated problems hay
solved. However more efforts through the standardization bodies are needed, in org
establish a unified communication protocol wittdependence of the technology, counti
or equipment under control.

Table1l6 RESDU Barrier 1

RESDUBarrier2

Hybrid systems, as the name implies, combine two or more modes of electricity generation together, usually
using renewable technologies such as solar PVVeimdl turbines. Hybrid systems provide a high level of
energy security through the mix of generatimethods, and often will incorporate a storage system (battery,

fuel cell) or small fossil fuelled generator to ensure maximum supply reliability and sdatity
However, in many cases optimal location feybrid Power PlanfHPP development is difficult to find, since

a lot of different requirements have to be satisfied for each technology: appropriate amount of solar
radiation and wind velocity throughout the §g annual rainfalls, access to biogas and biomass resources,
etc. The first step in this process is to gather all relevant data for all available locations and apply advanced

algorithms capable of simulating and optimizing a range of hybrid energy syStembarrier had no impact

on the demonstration phase, but it remains an issue to be carefully considered in future implementation,

depending on the resources and specifics of the location.

COBRA

WP leader
HLU7/UC5

Difficulties for integrating multiple renewable technologies in a location enak
maximum efficiency of each of them given the available resources

One important barrier associated to the HPP, and consequently to the develop
through the RE®U functionalities (UC5), is related to the complex integration of mult
renewable technologies in a common connection point guaranteeing good wejg
conditions for each technology (solar radiation, wind velocity, annual rainfalls, acce
biogas and biomass resources, etc.). Difficulties in finding a location that hosts
weather conditions for each of the variable RES and access to affordable feedstc
biogas and biomass.

Infrastructure

This barrier has no impact in the RBS demonstration, because it is carried out at |
level combining real and simulated assets, however, at real level it constitutes a pH
and infrastricture limitation that must be analysed during the feasibility stage.

Tablel7 RESDU Barrier 2
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2.3.3 Recommendations

As for local technical barriers identified in RB$ CROSSBOW product, recommendations to overcome them
arefollowing:

1 For the first defined barriecack of standardization in terms of operatitime recommendation is to
support the activities related tor19.3 Contribution to standardizatiothat is part of WP19
Exploitation, business innovation strategy and tobation to standards in line with the needed
standardization efforts (after the project end's).

1 As for the barrier detected in the infrastructure subcategdpyfficulties for integrating multiple
renewable technologies in a location enabling maximuiieficy of each of them given the available
resourcesoverall recommendation is to analyse the limitations around the expected connection
point during the feasibility project stage.

2.4 REGIONAL STORAGE COORDINTATION CENTRE)(STO
2.4.1 Description of STEC

Following the same approach as the RES storage units require specific réale monitoring and control,
especially when they become relevant to the operation of transmission networks. CROSSBOWedevelop
STGOCCproduct in orderto provide, similarly to RESC realtime supervision and control, incident
management, seamless interaction with system operators and optimisation of install@tiohs

The same clouthased and hierarchical approach as theaescribed for the RESOs used for the ST@C.

The solutionis designed to interface different storage units i.e., different vendors and different
technologies. The focuson hydro and chemical storage. The first one is largely adopted in thenregid

the coordination of assets management is not only a requirement from the energy system operators, but
also an environmental need for the region. The second one is expected to reach high penetration in Europe
in the coming years, and it will enableet provision of specific ancillary services to be monitored and trigger
from the STACG-i.e.,frequency and voltage regulatidaO].

Moreover, the STa@ s able to interact with other innovative products being developed within the project
that rely on the use of storage. In this way, the CROSSROMict VSRs monitored and configured from
the STECC, and th®@EDUproductis considered too as a potential storage ugio].

2.4.2 Analysis of ST&@C barriers

The analysis of the context and impactS¥FGCCreveals relevant aspects to consider and potential barriers,
especially at the global levéloweverno technical and interoperability barriers have been identified at local
level in this context

2.4.3 Recommendations

Since there are no detected barriers for IO product on the local technical level, there are no
recommendations to be addressed.

2.5 VIRTUAL STORAGE PLANTS (VSP)
2.5.1 Description of VSP

During the last years, the growing interest on the sustainable development, based on a RES penetration
increment, has introduced the need of developing a storage support system, in order to compensate the
disturbances introduced in the power systems that originally were developed to operate with conventional
dispatchable energy sources, like coal, gas, nuclear[13E.

Due to thehigh-costreduction of PV and Wind technologies, joined to the current needs of renewable source
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penetration with the aim of fulfilling the European objectives, an important RES increment in the European
power system is foreseen. However, despite of the incremé&IRES penetration, the security, flexibility and
stability of the grid must be maintained or even increased, guaranteeing all the services required for proper
system operationincludingbalancing, back up capacity, eft3].

In order to solve these issuasithin the CROSSBOW projedSP product is developed atide use of
distributed storage systems controlled from a unique polr#ts been analysedconsideringdifferent
scenarios In this respect, VSP can support the locdlage in the distribution network and even export
reactive poweirfor compensation to the transmission level. Besides, VSP might be capable of supporting local
frequency when contingencies happen in the main grid. Due to the variability of ancillary sehateould

be provided by a VSP, VSP product (developed in the framework of CROSSBOW gstajelctjes
predetermined operational limits/specification as a function of the technologies and storage units grouped
as part of a VSP unit. This charactei@atllows to the system operator to know which requirements can

be fulfilled by each storage unit under different grid scenarios, and introduce each one in the energy mix
according to the grid requiremen{$3].

2.5.2 Analysis of VSP barriers

The analysis of the context and impact\BPreveals relevant aspects to consider and potential technical
barriers, especially at the local level. No technical and interoperability barriers have been identified at local
level in his context

2.5.3 Recommendations

Since there are no detected barriers for VSP product on the local technical level, there are no
recommendations to be addressed.

2.6 WIDE AREA MONITORING AND AWARENESS SYSTEM (WAMAS)

2.6.1 Description of WAMAS

WAMAS is the CROSSBOW product fortiea data exchange betweebDistribution System Operators
(DSOs)TSOs, RESs and storage devices and provides information about storage availability, congestions, and
warnings. It can also perform control actions toimain stable operation 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 arahRIESpower system stability

and dynamics. With a higher refiine 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 incase of operation close to the stability limits. In this respect, the project takes advantage of
particular WAMAS applications, such as event recording,-tireal monitoring, phasocassisted state
estimating, reatime congestion management, and recogoitiof instabilities.

2.6.2 Analysis of WAMAS barriers

WAMAShasdetectedonly two local technical barriers, one correlated wathta restriction subcategory and
one connected withinteroperability. The list of local technical barriers correlated with WAMAS (including
their subcategories) is given Tablel8.

1. Excess of IGM andb@monGrid Model (CGMjiles queued Data restriction
2. Diversityofendu s er ' s requirements when Interonerabilit
and/or RES producer is involved in deploying the new technology P y

Table18 Distribution of WAMAS local technical barriers between predefined subcategorie
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Based on performed analystee detected local barriers for the WAMAS product were removed during the
demonstration phaseDetails obtained vighe questionnaire forthe abovementioned WAMAS batrriers are
presented inTablel9and Table20 below.

WAMASBarrierl

Big data usually refers to data sets with sizes beyond the ability of commonly used software tools to capture,
curate, manage, and process data within a toleratigsed timg14]. Big data is usually associated with five

key concepts: volume, velocity, variety, variability and v@ls$. HLU3 faced the issue with the volume and
partially with the velocityof the received data, since the large number of IGM an¥@ies threatened to
collapse the system. However, this potential isauesdetected on timethe barrier is solve@nd the system

is redesigned to process only the new messages.

ETRA

Tool provider
HLU3

Excess of IGM and CGM files queued

Thelarge number of IGM and CGM files may eventually collapse the system as the
and historic items can be way too large.

Data restriction

A functionality has been designed to read only new messageBileiaransfer Protocc
(FTRand clean the system from old messages

Table19 WAMAS Barrier 1

WAMASBarrier2

An important issue of distributed systems is interoperigpilLack of interoperability between distributed
systems is a common problem with current and legacy applicafii@jsThe replacement of existing legacy
systems that operate well may require high investments.

HLU2 andHLU3 encountered the barrier regarding interoperability, since different RES producers had
different requirements in order to integrate their legacy equipment witlthe innovative CROSSBOW
solutions. However, modular deployment of WAMAS solved the issue.

ETRA

Tool provider
HLU2 & HLU3

Diversity of endu ser ' s requirements when more
producer is involved in deploying the neégchnology

When the tool is deployed for several enders, the internal requirements that the
legacy equipment have can be different, and, sometimes, contrary.

Interoperability

WAMAS ha$een deployed in different instances for all different users in a modular
to adapt to the requirements in place and, at the same time, be able to keep |
standardised communication protocols in the outer layers.

Table20 WAMAS Barrier 2
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2.6.3 Recommendations

As for local technical barriers identified in WAMAS CROSSBOW product, recommendations to overcome
them are following:

9 For the barriefexcess of IGM and CGM files queu@entified in HLU3, overakcommendation is
to perform specific unitary tests préeployment to ensure that the designed countermeasures are
correctly being applied.

f And for second barrieDiversity of endiza SN a NBI|jdzZANBYSyiia 6KSy Y2NB
and/or RES producés involved in deploying the new technologigntified in both HLU2 and HLUS3,
recommendation is to deploy individual instances of the product and work on an interoperable layer
that bridges the gap between local legacy equipment and external systems.

2.7 REGDNAL DEMAND SIDE MANAGEMENT INTEGRATION PLATFORR) (DSM
2.7.1 Description of DSMP

Demand Side Management (DSM) is seen as one of the complementary approaches for enhancing power
system flexibility in the presence of increased penetrationRESWith the rapd integration of nor
synchronous generation, the ability of the power system to operate within its stability and security limits
could be endangered. At the level of interconnected transmission networks with a high share of intermittent
renewable resourcg transhational DSM could be a viable option to maintain system flexibility and ensure
stable and secure system operation under certain circumstances, taking into account the capability of the
interconnection points. It is therefore necessary to carry aufritical assessment of the DSM potential for

the support of transmission network flexibility in these new operating conditjdig

DSM is considered to be one of the key elements of restructured power systems. ededhéeity market
operator, the coordination of DSM programs is a critical concern. The coordination is further intensified by
the addition of distributed renewable energy companies from the supply[4digle

Even thoughlsome transmission level DSM assets are already in use in some TSOs in the region, mainly for
frequency regulation, the DSIWP aims at enhancing coordinated crdggder participation of DSM assets,

which may be used to alleviate different operational issuiee., those related to frequency, voltage, line
congestion, or increased penetration of renewable generation, at a single or multiple TSO level. CROSSBOW
proposal a framework for the integration of feasible DSM solutions into the regional transmissiarork
operation[17].

2.7.2 Analysis of DSMP barriers

DSMIP has only two detected local technical barriers, both correlated wiffastructure subcategoryThe
list of local technical barriers correlated with DSRA(including their subcategories) is giveiable21.

1. Lack of DSM assets in the CROSSBOW region to influence voltages d
statutory limits

. . Infrastructure
2. Complex topology of the regional transmission system and lack of ass

see an actual control effect of DSM on systieeguency

Table21 Distribution of DSMIP local technical barriers between predefined subcategorie

Based on performed analysis, certain impact of local technical barriers telP$8buld be detected, since
one DSMIPbarrier was solvedand one DSMP barrier remained unsolved at the end CROSSBOW project.
Details obtained vithe questionnaire for all mentioned DSN? barriers are presented ifable22 and Table

23 below.
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DSMIPBarrierl

DSMrepresents the concept in modern electricity systems faced towards the modification of consumer
demand for energy through various methods such as finaimsiehtivenessand behavioural change through
education[19]. Furthermore wltage stability improvement remainamong theconcerns of the power
systemoperators The evolution inDSMtechnology with automatic control enables a large number of
appliances including energy storage devices to provide efficient ancavices for the distribution utilities

[20] and thus has potential to improve voltage stability. HLU6 UC2 tried to prove (using field experiments)
the concept that appropriate DSM actions couidtigate overvoltages in thegstem to the level below 1.05

p.u. Unfortunately, due to the restricted number of available DSM assets this idea was not pravefirst

set of experiments. However, an additional demonstration experiment was carried out with generation
assets andatisfactory conclusions regarding the influence of DSM to the voltage conditions are timasle
solving this barrier.

UNIMAN

WP leader
HLU6/UC2

Lack oDSMassetdn the CROSSBOW region to influence voltages down to statutory li

The available DSM flexibility (number of DSM assets and their size) in the demons
experiments cannot mitigate ovefoltages in the system to operatwithin the typical
statutory limits (below 1.05 p.u.). Additional resources with reactive power capal
should be used/controlled to enable this. The effect of the controlled DSM ass¢
reducing very high operating voltages observed in the regiorinduthe experiments,
however, was still evidenced and documented in the corresponding deliverables.

Infrastructure

An additional demonstration experiment was carried out with generation assets
higher reactive powercapacity pump hydro power plants) to control voltages. Tl
experiment was part of the final round of experiments and proved to be more effecti
reducing voltages, though the values were still above the 1.05 p.u. limit during
experiments. It is expected thavith more DSM assets available in the near future, |
control/reduction of voltages will achieve the required levels.

Table22 DSMIP Barrier 1

DSMIPBarrier2

Reliable and efficient control sfystemfrequengy is crucial to the operation of any power grittaditionally
frequency control is implemented on the generation side via primary and secondary control schemes. In
recent years, power systems have undergaignificant changes, such as the liberalisation of the electricity
markets, the introduction of new generation technologies, and the increased penetration of renewable
energy sources. This expansion of power systatmg with the stochastic nature oémewable energy
inevitably led to a need for faster, more efficient, and more reliable frequency control mechanisms.
Furthermore, in a smart grid paradigm, frequency control schemes can be highly distributed due to the
participation of the demaneide management. Such approaches, ipooating control on both generators

and loads, have the potential to reduce operational costs, improve system security,caedse theoverall
economic efficiency of the network's operatifi?i].

Similar infrastructure barrig as in previous case, was detected in HLU6 UC3, but now referring to the lack of
assets to present the effects of DSM control on frequenay.adidition, performing demonstration
experiments with high frequency excursions are difficult and potentiallgdeous to the system. Due to the
given reasons, this particular barrier was not solved, which means dhatitiously planned field
demonstration experiments were not proposed
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UNIMAN

WP leader
HLUG6/UC3

Complextopology of the regional transmission system and lack of assets to see an |
control effect of DSM on system frequency.

The effect of DSM on frequency is hard to observe with a limited number of assets avi
for control in a large interconnected system, i.e., the CROSSBOW region of influence
still operates with high levels of inertia. In addition, performing demonstraf
experiments with high frequency excursions is difficult and potentially dangerotlget(
system. Therefore, no field demonstration experiments were proposed for this UC.

Infrastructure

The range of change of frequency following DSM can be assessed using studii
simulated environment. Simulations were performadd presented in deliverablB9.3
CROSSBOW D@&Mplatformshowing the extent of the effect of DSM on system frequer

Table23 DSMIP Barrier 2

2.7.3 Recommendations

Both local technical barriers in DM CROSSBOW product hagen detected in HLU6. Recommendations
to overcome them are:

1 Forthe first barrier, defined irHLUBUC2with a namelLack of DSM assets in the CROSSBOW region
to influence voltages down to statutory limithhe recommendationis that DSM assets at the
transmission level should be able to provide reactive power capacity besides active power, in order
to support voltage controMain focus for @irther development oimarket and regulatory framework
for DSM services should be to facilitate thiactionality.

1 Asfor the second one, defined iHLU6UC3with a name Complex topology of the regional
transmission system and lack of assets to see an actual control effect of DSM on system frequency
recommendationis that following the results of studies in simulatedvennment, it is evidenced
that the availability of sufficient DSM assets can have an actual impact on the frequency within the
CROSSBOW region of influence. In addition, recommendations for further investment into DSM in
the regional transmission systenart be made based on these results. The development of the
market and regulatory framework for the provision of DSM services is of vital importance for
overcoming this barrier.

2.8 WHOLESALE AND ANCILLARY MARKET TOOLSET (AM)
2.8.1 Description of WHOLESALE AND ANRIYLWARKET TOOLSET

The TSOs have to maintain the balance between electricity generation and consumption within their control
areas at all times. The CROSSBOW markeistoohfigured to simulate the exchange of demands and offers

of both, energy and capdginot only within one country but also among countries through ciomsler
exchanges. For the performance of this task, the TSOs need different types of active power reserves which
could be offered through system platforms. Current idea is to preseee independent tools

1 System market platform farutomatic Frequency Restoration Reser@ERRandmanual Frequency
Restoration ReservenFRIR(UCO1)

1 Intraday energy market platforrlyC02)
1 Measurement of energies within the automatic FrequeRaserve ProcegtlC03)

First platformisused for frequency restoration reserves (aFRR and mFRR) and second pkatsechfor so
called balancing market which is conducted in intraday continuous mode. The difference between both
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marketsisin the timings, products and design since the system market platform for aFRR andsniiRR

more complex and here the knowledge and ideas from current ongoing pilot EETS®&nd TSO' s ptr
regarding ancillary serviceseused. Moreover, also the measurementiaiancing energies within aRBre
considered. On the other hand, the Balancing Market platfasnconducted in a manner of intraday
continuous trading s couldcover the wholesale market segment. In both cases microservices architecture
allowing optima deployment and scalability of the platfornase used and demonstrated how retine

integration with the external platforms (TSOs) can be supported with the use of APls. iseribnstrated

and explored how Blockchain ledger and smart contractsdcbalexplored to provide immutable storage,
decentralization and automation.

Measurement of energies within aRRs developed independently of the tradinglatforms mentioned
above. The proposed method for Balancing Energy for upwatdmatic Frequency dgtoration reserve
(UPAFR) anBalancing Energy for downwaaditomatic Frequency Restoratioaserve(DWAFR) calculation
(measurement/calculation of balancing energweithin aFRR) basedon oneminute profiles, leads to stable
and small errors (leghan 1%) in all the studiesituations. That makes the main result as the achievement
of a significantly improved accuracy of the UPARR DWAFR measurement by the metrological meters as
proposed, compared to the current solution basad EMS/SCADA measurents.

2.8.2 Analysis of AM barriers

AM has only one detected local technical barrier, which is correlated Mitdroperability subcategory, as
shown onTable24.

1. Difficulty to transition from centralized to decentralized solution Interoperability

Table24 Distribution of AM local technical barriers between predefined subcategories

Based on performed analysis, certain impact of local technical barriers to AM could be detected, since one
definedAM barrier remained unsolved at the end CROSSBOW prDjetetils obtained vithe questionnaire
for the mentioned AM barrieare presented inTable25.

AM Barrierl

Sometimes innovation and creating value for the customer means accepting the new system. Considering
that adoption of a new system usually implies fully or partly replacing@icusystem, resistance is often
manifested as failure of a user to shift from a current technology to a newly introduceff@he

When orgarsations attempt to change, varied orgaational structures and inertia behaviounrf systems
and strategies appear, because of the experience that previous models created, or because organizations
were bound by fixed operating procedurgZ3].

However, this difficulty to transit from one system to anothend just organisational issue, but many
reasons for the existence of inertia to change lies in the fact that companies do not have enough resources
(financial, technicaktc.) and expertise to make significant and fast change of used technology. Otére o
hand, migration from one system to another takes time and effort, and interoperability issues between new
and old parts of system also occur during this process. This type of interoperability barrier was detected in
HLU9 UC1 & UC2, since TSOs andehasticipants use centralised tools which are difficult to integrate
with decentralised AM producSome adjustmergare neededfor the transition to a decentralized approach

and to connect the systemw/hich means thathe AM product was noproperlytested as "production ready
software" so this barrier is detected as a future challengé@implementation and therefore, it could not

be removed by the end of the project

D15.2: Identification and recommendation for local technical and interoperability barriers 33



OSSbOl.IJ CROSS BOrder management of variable renewable energies
and storage units enabling a transnational Wholesale market

UL

WPleader
HLU9/UC1 & UC2

Difficulty to transition from centralized to decentralized solution

Usually, the tools that TSOs and market participants useamtralized. Some adjustmer
is needed to transition to a decentralized approach and to deploy/connect the sysi
Due to the importance of electricity systems, the inertia to change is often a subst:
barrier.

Interoperability

In the case of production ready software, some companies could refuse to change
policies to accommodate the decentralized approach, if they would lack the experti
solve the challenges that ariddLU9 i<ontributing to advancing this step.

Table25AM Barrier 1

2.8.3 Recommendations

Forthe singlelocal technical barriefor the AM CROSSBOW product, which has been detected inwtiJ9
a nameDifficulty to transition from centralized to decentralized solutitre recommendation is that with
the help of researcinnovation projects like CROSSB@Wsentation and demonstration of decentralized
solutions to the enetonsumers isiotably contributing tothe process of mitigation of this type bérriersin
the future.

2.9 QOOPERATIVE FLEXIBILITY PLATFORM (CFP)
2.9.1 Description of CFP

An innovative business model with underlying ICT technology for Cooperative Ownership of the Flexibility
Assetshas beerspecified, developed, demonstrated and validated in CROSSBO#&\part of CHroduct
Although Flexibility Assets, likeemand ResponseDR systems and Virtual Power PlanfgPR), are
becoming common providers of balancing services in some European markets (Austria, France, Slovenia,
United Kingdom, etc.) they are normally ownednd operated only by electricity retailers or independent
aggregators which business objectives might not necessarily be aligned with their providers of flexibility
(consumers, prosumers, distributed generators, RES, stpedg¢. The cooperative owndrg conceptis

aligned with existing regulation and general enough to support existing flexibility assets, like VPPs and DR
systems. Furthermore;FFy design enabkemultinational ownership of flexibility assets what will increase
the business opportunities and decrease some of
based on latest information technologies like blockchain and microsenitgs

The CFP platform enables cooperatives to selffldnability from the energy assets that are owned by the
members of the cooperative to the most valuable energy or balancing market without the need for the
middleman, such as retailand aggregators. The CFP relates more to the business side of selling the flexibility
to the market, but the flexibility platform on the other side is used for daily operation and activation of the
energy assets based on the accepted bids from the uanoarketd24].

CFRool enables similar minded peopte join the cooperative and provide flexibility service to the market
(e.g., balancing market].he CFP tool has no constraint in the number of such cooperatives established in a
particular region as long CFP members are able to meet the market requirefegntsminimum amount of
flexibility to be able to participate on the market). This means a particular market carahubsthora of
cooperatives that providegastnumber of flexibility energy assets which are used as flexibility providers. In
general tems, CPF offers cooperative members and their energy units a set of tools enabling them market
participation.
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2.9.2 Analysis of CFP barriers

CFPhas three detected local technical barriers, each correlated with different subcatagpywith finance,
grid control andinteroperability,asshownin Table26.

1. | Additional investment needed in flexibility assets and systems Finance
Additional projects needed to gain experience Grid control
3. Lack of interoperability between systems and assets Interoperability

Table26 Distribution of CFP local technical barriers between predefined subcategorit

Based on performed analysis, certain impact of local technical barriers to CFP could be detected, since all
three CFP barriers remained unsolved at the end CROSSBOW [Wejadt obtained vithe questionnaire
for all mentioned CFP barriers are presahta Table27to Table29.

CFPBarrierl

Digitalisation and decarbdgation of the electricity network require a lot of investments in clean energy
sourcesDue to the stochastic behaviour of RE8ditional investments are required in order to improve grid
management, increasiie system securityflexibilityand other aspects correlatl with the safe exploitation

of the electricity systemVast amount of distributed assets require investment in appropriate communication
systems and ICT platforms, as well. Last but not least, théhne isquallyimportant need forinvestment in

human esources.This barrier remained unsolved at the end of the CROSSBOW project as it is a general
challenge thatneeds to betackled on wider area— it is affecting regional network, not jushe
implementation of the CFP platform.

CGRID

WP leader
HLU8/UC4

Additional investment needed in flexibility assets and systems

The increase of RES share in the power mix requires utilization of more flexibility tha
before. One of the answers to this is the provision of aggregated demand resp
distributed generation (including RES) and storage flexibility to transmisai@h
distribution system operators. However, the way to do it is either via conventi
aggregation programmes (offered by supplier or independent aggregator) or by
organizing into energy communities and cooperatives.

Depending on the business modegquired level of intelligence, flexibility mix, safe
margin €.9.,N-1) and similar, each of the above might require investments into:

- Field communication equipment (smart meteRemote Terminal Urst— RTUs,
Programmable Logic Controlter PLCs, ety

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

- Customer, community or cooperative management ICT platfeg. (CFP)

- AdditionalBattery Energy Storage SystéRESB0 complement curtailable load:
and renewables

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

Finance

Monitor various possibilities to finance the renewable and storage projects developn
including public and private funds. Explore possibilities to utilize and monetize flexibili
these projects.

Table27 CFP Barrier 1
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CFRBarrier2

Due to many different political andconomicreasons, SEE region is lagging with the development of
electricity markets. Additional reason for this issue is also a lack of unified legal requirements, since the region
consistsof European Unior{(EU and nonrEU countries. This situation is creating a slower integration of
flexibility assets into electricity markets (aFRR, mFRR, intraday), which creates a grid control barrier, as
detected in HLU8 UC1. However, Al companies from SEE region are yabsicoming more and more

active in different researcland development projects which are funded by EU entities. In this way, new
technologies are not just introduced to SEE region, but also experts from this region are in position to
contribute to their development, thus enabling easier implementation of new solutions in the regional
network. This barrier remained unsolved at the end of the CROSSBOW pegéicis a general challenge for

the SEE region and needs further investment in experience

CGRID

WP leader
HLUS8/UC1

Additional projects needed to gain experience

Energy communities and cooperatives in the north and the westriebhber states are
trending nowadays, which seems like a reasonable decentralised approach of mai
electricity demand. However, the SEE is lagging behind this development due to v
reasons. The lack of these initiatives with the practical expeeerhbey bring faces the
slower integration of flexibilities into electricity markets (aFRR, mFRR, intraday).

A funded projects specifically targeting promotion of energy communities
cooperatives in SEE would boost their adoption, remove some of threebmand improve
the learning curve allowing for the region and its consumers to become morsidgétiient
and sustainable. Furthermore, it would bring additional confidence to grid operg
needed to accept demand response, distributed generationstotage flexibility as equg
and complementary to conventional generation.

Grid control

Monitor and apply for collaboration in the funding and procurement tenders. Follow|
energy community developments in Europe and beyond to capture the lessons learr

Table28 CFP Barrier 2

CFRBarrier3

Lackof interoperability between systems and flexibility assets is the barrier detected in HLU8 which could be
explained by the fact that there is significant development of flexibility services, which cannot be followed
with the appropriate standardation. Digitalisation of Energy Flexibilityreport of the Energy Transition
Expertise Centre (EnTEC) from the February 2R2R proves the importance of flexibility services and
providesa set of use and business cases for deeper analysis of flexibility potentiatenag2030) maturity

and facilitator requirements. Fast development of flexibility assetgiiresmanycommunication standards,

used by different equipment manufacturersdincrease the costs of CFP integratidhis barrier remained
unsolved at the end of the CROSSBOW project.

CGRID

WP leader
HLUS8

Lack of interoperability betweesystems and assets

The utilization and monetization of flexibility requires remote collection of metering (

D15.2: Identification and recommendation for local technical and interoperability barriers 36



CROSS BOrder management of variable renewable energies
and storage units enabling a transnational Wholesale market

from and dispatch of control signals to various distributed flexibility assets. These ¢
provided by reilential, commercial or industrial clients and include electricity log
renewables and storage.

The interoperable communication standard for connection of flexibility assets with
platforms (like CFP, VPP, DR etc.) is missing. There are several doationiistandards,
used by different equipment manufacturers (BESS, RES, heat pGQuomdined Heat anc
Power plant— CHP,Home Energy Management SystemsHEMS,Building Energy
Management Systems BEMSElectrical Vehicle- EV charging, etc.), sonapen other
proprietary. The standard interoperability communication framework would increase
number of assets providing flexibility and reduce the costs of integration with the plet
of communication protocols used nowadays.

Interoperallity

Following InterConnect Horizon project htips://interconnectproject.eu) and
implementing its results for interoperable communication framework for residential
commerciafflexibility assets as soon as they become available.

Table29 CFP Barrier 3

2.9.3 Recommendations

As for local technical barriers identified in last CROSSBOW product, CFP, recommendations to overcome
them are following:

1 For the first larrier, Additional investment needed in flexibility assets and systetins,
recommendation is that public and private funds investing into renewables and storage should
consider flexibility monetization as integral part of their business models and faigoleinning.
These should possibly include also the hybridization of various types of flexibility, like demand
response, distributed generation and storage with provision at balancing and intraday markets.

I Second oneAdditional projects needed to gain experienttes recommendation is thaHorizon
Europe program and local SEE governments should facilitate adoption of energy communities and
cooperatives by subsidizing the development of required services and technblaglyermore, the
dedicated consultancy services, similar to agencies offering energy efficient advice, would
additionally promote this transition. Investment into the projects might push the widely adoption.

9 And for the last identified local technical loigr, Lack of interoperability between systems and assets
recommendationis to overcome it is with Edide adoption and implementation of InterConnect
interoperable communication framework by equipment manufacturers (assets) and flexibility
management tebnology providers (systems).

2.10 GENERAL ANALYSIS OF THE LOCAL TECHNICAL BARRIERS

As mentioned above, general analysis of detected local technical barriers based on their correlation with the
predefined subcategories could be useful to understand and potentially predict the number and the type of
local technical barriers that could oacin future research and development projects which have similar
scope as CROSSBOW projeside the distribution of local technical barriers between CROSSBOW products
(showed ofFigure?2), it is also interesting to present the distribution of local technical barriers between
different predefined subcategories, which is presentedrigure5. As shown, two types of local technical
barriers stand out communication barriers (detected six times) aimfrastructure barriers (detected five
times). Interoperability barriers are also common (they are reported three times by CROSSBG&spa

and the rest of detected barriers usually occur in one or two subcategories. Among nine predefined
subcategories, only the barriers regardiogmputation resources are not detected even ongkus this
subcategory is excluded from all graphs arfolea)
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Finally, only one local technical barrier is classifiedthser and it was decided to keep that subcategory,
since this barrier (with the namieack of appropriate loading level of selected lines for proper evaluation of
the DLR and FDERiore precise presented in suthapter2.1) represents/ery specific issue which is difficult

to correlate with existing subcategories.

Distribution of all local technical barriers betweepredefined
subcategories

m Communication
m Data restriction
m Finances
Grid control
B Inappropriate deployment
H Infrastructure
H Interoperability
m Other

Figure5 Distribution of all local technical barriers between predefined subcategories

On the other hand, this analysis could also provide information about the impact of detected local technical
barriers on the CROSSBOW project, since all partners provided status of the barriers within questionnaire.
Figure6 presents the status of all detected local technical barriers per predefined baubypes. In total

11 local technical barriers are solved by the end of the CROSSBOW project, while 10 lo@zdltbalriers

will remain unsolved at the end of the CROSSBOW project.

Distribution of all local technical barriers per
type and status

Communication

Data restriction

Finances

Grid control
Inappropriate deployment
Infrastructure

Interoperability
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Other

H Solved by the end of Project  mWill remain unsolved at the end of the Project

Figure6 Distribution of all local technical barriers per type and stet
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In the following sulchapters, for each predefined barrier type frequency of oceoce, ways of
manifestation, impact on a CROSSBOW project and potential recommendations are going to be provided in
general manner.

2.10.1 Analysis ofcommunication barriers

As presented orrigure5, communication barriers consist almost one third of all detected local technical
barriers. This type of barrier is detected in three CROSSBOW productB(RARESC and RH3IU.
Communicatio barriers manifest as:

1 Technical issues between different distributed components of the same system;

I Maintenance changes in one system that are not communicated with people in charge for the
maintenance of other correlated systems;

1 The need to implement ifferent communication protocols in order to adapt developed solution to
different deployment sites;

Missing input files due to various communication issues between systems;

The need to improve communication standards for different equipment, like: inver@CADAs, local
control systems, etc.

Regardinghe impact otthe detectedcommunication barriers on the CROSSBOW project, as showigaire
6, majority of them & solved by the end dhe project, which means that this type of barriersssmall
effect to the CROSSBOW project. Finally, the list of recommendations farttmeunication barriers is given
below:

9 Better organisation and coordinated actions among amtisim partners that are developing same
tool;

9 Higherinvestments in ICT equipment;
9 Better management of ICT assets;
1 Implementation of the messaging service to accelerate a solution;

1 More tasks related to the standardization.

2.10.2 Analysis ofdata restriction barriers

Two data restriction local technical barriers have been identified during the CROSSBOW project, as presented
in Figure5. One is definedor the ROGBC CROSSBOW product, and andibrethe WAMAS product. Data
restriction barriers manifest as:

1 Unavailability to obtain appropriate input data (chiced equivalent model of the regional
transmission networkthatis requiredfor execution othe developed algorithm

9 Possibility of vast number of deliveréaput files (IGMand CGM) to eventually collapse the system.

Regarding the impact afetecteddata restriction barriers on the CROSSBOW project, as showigore6,
half of the barriers have been solved until the end of #reject, which means that there is a certain effect
to the project. Therefore, the list giotential recommendations to overconuata restrictionbarriersis given
below:

1 Need for development of anore generic, formal and standardisegbproach for acquisitin of
reduced equivalent models of the regional transmission network;

1 Performance of specific unique tests prior to deploymasinsuranceof correctly appliedlesigned
countermeasures.
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2.10.3 Analysis offinances barriers

One technical barrier has been iddrd in this subcategorngs presented orfrigure5, and it is within the
CFP product of the CROSSBOW project. This barrier manifest as:

1 The need of additional investemt in flexibility assets and systertield communication equipment,
flexibility management ICT platform, human resources, etc);

As shown orFigures, this identified barrier remained unresolved until the end of the project. In order to
overcomeFinance barrierssecommendation in short has been made:

1 Hexibility monetizationas integral part of private and public funds financial planning;
1 Possible inclu®n of the hybridisation oheterogeneougypes of flexibility.

2.10.4 Analysis ofgrid control barriers

As forgrid control technical barriers, there are two defined barriéas shown orfFigureb), one in ROBC
product, and another within CFP product. These barriers appear as:

91 Deficiency in technical standards that are in correlation with automatic -tregjuency control
scheme;

9 Lack of practical experience in BSiegardirg demand response, distributed generation and storage
flexibility;

1 Sower integration offlexibility providersinto electricity markets (aFRR, mFRR, intraday).

These two identified technical barrielmvenot been resolved until the end of theROSSBOWoject, as
shown onFigure6. Recommendations for possible resolutiongofl controlbarriers are:

1 Proposal of standard definition for ovdrequency control scheme for Continental Europe;

1 Subsidizingof the development of required services and technoloigy order to gain needed
experience

91 Development ofdedicated consultancy services, similar to agencies offering energy efficient;advice

1 Investment into the projectselated to the development ofnergy commauities and cooperatives

2.10.5 Analysis ofinappropriate deployment barriers

As shown orFigure5, for the barrier typeinappropriate deploymenbnly one local technical barier is
identified within the ROEC product of the CROSSBOW project. This barrier is stated as:

9 Lack of coordination between tool and algorithm developers;
91 Differencesbetween tools that are developed using different programming languages.

This barrier was successfully solved during the CROSSBOW ,pageshown onFigure 6. Main
recommendatiorto detectinappropriate deploymenbarrierson time and to predicthem are:

1 Better organisation of the work during the beginning, when all required rbeseto be defined
1 Inclusion otool developersprogrammerin the early stages to algeghm development andesting

1 Definition of unique system architecture and development environment that wilfdewed by
different development teams
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2.10.6 Analysis ofinfrastructure barriers

Infrastructure barriergepresent almosbne quarterof the overall detected local technical barriers in the
CROSSBOW projeass shown otrigure5. This typeof barrier is defined within four CROSSBOW products:
ROGBCRESCC, REBU and DSMP. These barriers manifest as:

1 Insufficient transfer capacity, mainly on internal lines near bordetschrestricts RES penetration
and also electricity crodsorder trading

91 Difficulties to assess cro$mrder schedule dispatang of RES according to the interconnection
capacity availabte

1 Qurrently available number of DSM assets and their siztae demonstration experiments cannot
mitigate overvoltages in the system

1 The effect of DSM on frequency is hard to observe withratdéd number of assets available for
control;

1 Performance ofdemonstration experiments with high frequency excursiarauld bedifficult and
potentially dangerous to the system

1 CGomplex integration of multiple renewable technologies in a common conneptiam guaranteeing
goodperspectives for availability of the primary resoufoe each technology

1 Difficulties in finding a location that hosts good weather conditions for each of the variable RES and
access to affordable feedstock for biogas &immass.

Three of five defined braers in this subcategorgreresolved until the end of the projecas shown offrigure
6. Since there are more unresolved than resolved barriers, their impact t€R@SSBOYoject should not
be neglected. Proper recommendations fofrastructurebarriers have been made:

1 Introduction of (flowbased) market coupling, in which the trade iedatricity is integrated with the
allocation of cros$order capacityincreaseghe efficiency of capacity usage

1 Description of SCADAs r equirements in the dlowedtpesne nt h @
command and necessary setpoints

1 Ability of DSM asds on transmission level to provide reactive power capacity, besides active power,
in order to support voltage control;

Market and regulatory framework for DSM services should be in the focus of further developments
Further investment in DSM/hich will beconnectedin the transmission systesn

Analysis of the limitations around the expected connection pofriiiPRluring the feasibility project
stage.

2.10.7 Analysis ofinteroperability barriers

Interoperabilitybarriers also represent significant part of the overall detected local technical barriers in the
CROSSBOW project, as shamrigure5. This typeof barrier is defind within three CROSSBOW products:
WAMAS AMand CFPThesebarriers manifest as:

1 Missinginteroperable communication standard for connection of flexibility assets with the platforms
(like CFP, VPP, DR etc.)

9 Sgnificant inertiatowardschange from centradied to decentralised market systems;

91 Interoperability difficulties between internal requirements of the legacy systems
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Only oneof defined barriers in this subcategoigresolved until the end of the project, as shown Bigure
6. Since there are more unresolved than resolved barriers, their impact to the CROSSBOW project should not
be neglected. Proper recommendations foteroperabilitybarriers have been made:

1 Implementation of standard communication framework would increase the number of assets
providing flexibility and reduce the costs of integration with the plethora of communication protocols
used nowadays

presentation of decentralised market solutions usiegearchinnovation projects
development ofinteroperable layer that bridges the gap between local legacy equipment and
external systems

2.10.8 Analysis ofother barriers

In the subcategorgther barriers, only one local technical barrier remained due its gy, as showrin
Figureb. The manifest of this RGBCbarrier could be generalisad the following wg:

9 Appropriate conditions of the network parameters were sirgy, so the designed functionality of the
tool could not be demonstrated.

This barrier was solved, as shownkigure, so it does not have significant impact to the CROSSBOW project.
Deducted recommendation for this barrier is:

9 Better planningof the demonstration activitiest the beginningof the project withthe selected
assetdgs needed
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3 CONCLUSIONS

This report presersithe results of the activities related to ta3i.5.2 Identification and recommendation for
local technical and interoperability barriecd WPB, where the identification and analysis of théocal
technicaland interoperabilitybarriers that the CROSSBOW produdtced during thedeployment and
demonstration of theCROSSBO¥®lutionswas required To do so, the involved partners were requested to
fulfil a questionnaireand identify the barriers, the actions undertaken to resolve them, and the lessons
learned by them. Following that, an analysis of the technical barriers took place and recommendations on
the unresolved barrieravere provided based on replies of the partnersgarding the lessons learned.

The number ofocal technical barriers detected during the realisation of CROSSBOW progativelylow

—only 21 barriers are reported during the deployment and demonstration of nine complex and extensive
CROSSBOW puts. Besides thaBTOCCand VSRdid not detect any local technical barriers, which could
be interpreted that all major obstacdeegarding local technical barriers are foresesn avoided during the
design of the mention products.

Regarding the igtribution of all local technical barriers between CROSSBOW proguetented orFigure

2), it could be concluded th&® OGBChas the most barriers detectedeight in total. Explanation behind this
outcome could be the fact that, among all other CROSSBOW proB@E8BChas themostheterogeneous
structure, since it has 11 different UCs/modules, which could be clustered in 4 different groups based on
similarity of their scope and functionality:

1 Cluster 1:Advanced approachefr close to real time QA of IGMs and CGMs (HLU1 UC2 add
UC9 according to the documedé.2 CROSSBOW Regional Operation Centre Balancing Cockpit (ROC
BC)[26]);

1 Cluster 2Regional coordination for improving security of supply and cost effici@dty1 UC1, UCS8
and UC10 accordinto the documenD4.2 CROSSBOW Regional Operation Centre Balancing Cockpit
(ROEBC)[26));

9 Cluster 3: éssborder congestion evaluation and manageméhi_LU1 UC4, UC5, UC6 and UCY
according to the documerd4.2 CROSSBOW Regional Operation Centre Balancing CockCjROC
[26]);

9 Cluster 4: Ovefrequency real time control scheme (HLU1 UC11 according to the docubdent
CROSSBN Regional Operation Centre Balancing Cockpit-gR@)je6]).

Organisation oROGBCwas also challenging, since there were several develdpiaigs,whosework had

to be coordinated in order to produce high quality deliverabladditional reason for the higher number of
local technical barriers iIROGBCthen other CROSSBOW products could be the fact that majofRpEBC
modules were designed as distributed systems, comprisiethnovative CROSSBOW tools and already
existirg tools (used usually to provide input data ROCBCproduct). This statement could be supported by
the fact that dominant type of local technical barriersROECBC(as shown orfFigure2) arecommunication
barriers, which are quite common for distributed systems.

Also, detected local technical barriers had moderate impact toREEBCproduct (as shown ofigured),

since five out of eight barriers are solved by the end of the CROSSBOW project. Nowtherkeis a
possibility tosummarize the outcomes dROGCBCproduct and see the condgxity of WP4, it could be
concluded that eacROGBCcluster could be easily represented as separate product. Organisation of smaller
and morehomogeneougproducts and teams could probably reduce the number of local technical barriers.

Among remaining S®KROSSBOW products, when it comes to the distribution of local technical barriers, they
have pretty much uniform distribution, varying from three to one barrier, which is the average number of
detected local technical barriers per product (this value ROSSBOW project is 2.33). It could be mentioned
that dominant types of local technical barriersRESCC RESDU, WAMAS DSMIP, AM and CFRas shown

on Figure2) are communication,infrastructure andinteroperability barriers. The same conclusion the
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level of whole CROSSBOW projsatieducted from theéFigure5, where all detected technical barriers are
presented per different barrier type. Beside mentioned dominapmmunication, infrastructure and
interoperability barriersgrid control anddata restriction could be mentioned as secondary dominant barrier

types.

So, it could be concluded that communication, infrastructure and interoperability represent three very
important traits of CROSSBOW products (or in general products with similar strus QRGSSBOW project),
which have to bahoroughlyinvestigated during the design phase of thmjectin order to reduce their
impact to the realisation of the produst Definitely, some local technical barriers arsavoidable(for
example issues with staardisation), but they are more easily solved if they are detected and properly
addressed earlier in the project realisation. On the other hand, this analysis proposes that some barriers
could be avoided if the different organisation, structure, technologwrchitecture of the certain products
were applied from the beginning of the project. Of course, there is no guarantee that these changes will not
create other types of barriers insteathe mentioned three subcategories Finally, communication,
infrastructure and interoperability do not represettie only important traits of the productsthis analysis

does not cover potential barriers that are already detected and avoided in the design phase of the
CROSSBOW project, since it is more focused on thetémtalical barriers detected in later stages of the
project realisation.

The resolution status of detected local technical barriers at the end of CROSSBOW project (presented on
Figure 3) is moderate— 11 barriers are solved and 10 barriers will remain unsolved at the end of the
CROSSBOW project. Further analysis of these results (presentéiguoé 6) shows that majority of
infrastructure andnteroperability barriers are unsolved, which could indicate that better asset management
could be applied during the realisation thie CROSSBOWoject. Also, two more barrier types stand out,

grid control andfinance, since all three detected barriers in these two barrier types remained unsolved.
Barriers that have remained unsolved could not be removed within the duration of the project fausari
reasons:

1 Some barriers represent very particular problems that needs to be tackled by speociists for
that particular field of scienceefficient utilization of the available transfer capacitynited accuracy
of reduced equivalent modeéfficiency limitations of hybrid systems

1 Some barriergefer to more generaissueswhere all members of society need to be included in
order to overcome it- lack of assetsstandardisationand projects targeting promotion of energy
communities challemes oftransition from centralized to decentralized solut®n

Both extreme cases, too specific of too general issage equally challenging amdayrequiremore time to
change as opposed to chargyen communication requiremenishich could beresolved &ster due to the
increased need for exchange of information and ddtaerefore,vast majority ofcommunication barriers
are solved which is commendable.

On the other hand, when we compare resolution status of detected local technical basgaisst the
CROSSBOW produgshown onFigure4), RESCCand WAMASstand out since all detected barriers are
solved. HoweveRESDU, AM and CFRalso stand out fortie completely opposite reason since none of their
barriers is solved by the end of CROSSBOW project. FRaI§BCstands out as the CROSSBOW product
with the biggest number of solved barriers (five from eight), wBigMIP has half success rate (onehsed

and one unsolved barrier). The reasons for both resolution statuses of all barriers are difficult to determine
since they could be depending on the amount of effort that was invested to solve the barrier (e. g. majority
of communication barriers needeo be solved so that the normal functioning of CROSSBOW products could
be established), complexity of the barrier (in some cases barriers are so complex that its solution is out of
scope of CROSSBOW project), financial invested needed to solve baangrifiinastructure barriers require
significant amount of capital investment in different equipment), etc.
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Overall, thelocal technicabarriers that occurredluring the realisation of CROSSBOW project wersome

extent, linked to the specific advantagjadisadvantages and characteristics of eaBOSSBOW produén

the other side many of them occurred tgeveral CROSSBOW prodymtsentially indicating an inherent
problemof thei nsuf fi ci ent “maturity” s experianceregarfling these i n f
technologiesThe most important recommendations which could potentially improve further development

of CROSSBOW products and provide more insight in how to overnaneecasilfocal technical barriers in

some future projects are given here

1 Betterorganistion ofthe tasks during foundation part of the project, when all required roles (e.qg.,
providers of input data, demonstrators, algorithm developers and tool deve®pshould be
defined

1 Betterexamination of existing infrastructure and thequirements for new equipment prior setting
the experiments

1 Deployment ofindividual instances of the product and wargon an interoperable layer that bridges
the gap between local legacy equipment and external systems

9 Better cooperation between diffent actors (RSCs, TSOs, DSO, Market Operators, Regulators, etc.)
and bettersupportof regional coordination initiatives;

Definition of missing standards and contribution to the standardization process;

Introduction of (flowbased) market couplingouldincrease the efficiency of transfer capacity usage,
increaseRES penetration near borders amohance theelectricity crossborder trading

1 Usage ofresearchinnovation projects todemonstrat decentralizedmarket solutions (based on
blockchain or similarechnologiesjo the endusers

1 Improvement oimarket and regulatory framework for DSM servidesludingfurther investment in
DSMconnected to theransmission system

1 Further investment intorenewables and storageincluding hybridization of various types of
flexibility, like demand response, distributed generation and storage with provision at balancing and
intraday markets

9 Introduction ofdedicated consultancy servic¢agencies offering energy efficient advicenergy
communities and coogratives by subsidizing the development of required services and techiaslog
by Horizon Europe program and local SEE governments

D15.2: Identification and recommendation for local technical and interoperability barriers



CROSS BOrder management of variable renewable energies
and storage units enabling a transnational Wholesale market

4 REFERENCES AND ACRONYMS

4.1

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

REFERENCES

“Definition of 'barrier',” Collins dictionary, [Online]. Available:
https://www.collinsdictionary.com/dictionary/english/barrier. [Accessed 25. 03. 2022].

CROSSBOW consortium, “D2.2 CROSSBOW Use cases, scenarios and KPls identification,”
2018.

G. Couloris, J. Dollimore, and T. Kinberg, Distributed Systems — Concepts and Design, Fifth
Edition, Boston: Addison-Wesley, Pearson, 2012.

A. S. Tanenbaum, M. Van Steen , Distributed Systems: Principles and Paradigms, Second
edition, New Jersey: Prentice Hall, Pearson Education, 2007.

T. K. Attwood, S. R. Pettifer, D. Thorne, Bioinformatics Challenges at the Interface of Biology
and Computer Science: Mind the Gap, Oxford: John Wiley & Sons, 2016.

“IEC 60870-6 (ICCP),” Internet archive, Wayback Machine, [Online]. Available:
https://web.archive.org/web/20110818142754/http://intelligrid.ipower.com/IntelliGrid_Archite
cture/New_Technologies/Tech IEC _60870-6_(ICCP).htm. [Accessed 27. 03. 2022].

G. S. Adams, B. A. Converse, A. H. Hales, et al., “People systematically overlook subtractive
changes,” Nature, vol. 592, p. 258-261, 2021.

“THE DIFFERENT TYPES OF ISO PUBLICATIONS,” ISO, [Online]. Available:
https://www.iso.org/deliverables-all.html#lS. [Accessed 25. 03. 2021].

“Standards & Measurements,” NIST, [Online]. Available: https://www.nist.gov/services-
resources/standards-and-measurements. [Accessed 25. 03. 2022].

CROSSBOW consortium, “D2.1 CROSSBOW project requirements definition,” 2018.

R. E. Hilpisch, M. Seel, P. Soren, K. Hansen and R. Duchscher, “Wireless communication
protocol”. World Intellectual Property Organisation Patent WO2005101731A3, 2006.

M. B. Kamal, G. J. Mendis, J. Wei, “Intelligent Soft Computing-Based Security Control for
Energy Management Architecture of Hybrid Emergency Power System for More-Electric
Aircrafts,” IEEE Journal of Selected Topics in Signal Processing, vol. 12, no. 4, pp. 806-816,
2018.

CROSSBOW consortium, “D7.2 Techno-economic framework and algorithms for advanced
coordinated use of distributed storage technologies,” 2019.

C. Snijders, U. Matzat, U. D. Reips, “Big Data : Big Gaps of Knowledge in the Field of Internet
Science,” International Journal of Internet Science, vol. 7, no. 1, pp. 1-5, 2012.

“The 5 V’s of big data,” IBM, [Online]. Available: https://www.ibm.com/blogs/watson-
health/the-5-vs-of-big-data/. [Accessed 25. 03. 2022].

S. K. Makki, “The Integration and Interoperability Issues of Legacy and Distributed Systems,”
in 2006 Seventh International Conference on Web-Age Information Management Workshops,
Hong Kong, 2006.

CROSSBOW consortium, “D9.1 Practical approaches to DSM for wide scale roll out,” 2019.

CROSSBOW consortium, “D9.2 DSM suitability for improving cross border issues with
increased penetration of RES,” 2019.

D15.2: Identification and recommendation for local technical and interoperability barriers 46



/C;;Sbow CROSS BOrder management of variable renewable energies

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

and storage units enabling a transnational Wholesale market

W. Chiu, H. Sun and H. V. Poor, “Energy Imbalance Management Using a Robust Pricing
Scheme,” IEEE Transactions on Smart Grid, vol. 4, no. 2, pp. 896-904, 2016.

P. Gupta, Y. Pal Verma, “Voltage profile improvement using demand side management in
distribution networks under frequency linked pricing regime,” Applied Energy, vol. 295, 2021.

E. Devane, A. Kasis, C. Spanias, M. Antoniou, I. Lestas, “Chapter 9: Distributed frequency
control and demand-side management,” in Smarter Energy: From Smart Metering to the
Smart Grid, London, The Institution of Engineering and Technology, 2016, pp. 245-268.

E. Moradi, S. M. Jafari, Z. M. Doorbash, A. Mirzaei, “Impact of organizational inertia on
business model innovation, open innovation and corporate performance,” Asia Pacific
Management Review, vol. 26, no. 4, pp. 171-179, 2021.

H. C. Huang, M. C. Lai, L. H. Lin, C. T. Chen, “Overcoming organizational inertia to strengthen
business model innovation: An open innovation perspective,” Journal of Organizational
Change Management, vol. 26, no. 6, pp. 977-1002, 2013.

CROSSBOW consortium, “D11.3 Validation infrastructure report of cooperative ownership of
flexibility assets,” 2020.

M. Antretter, M. Klobasa, M. Kiihnbach, et al., “Digitalisation of energy flexibility,” European
Commission, Directorate-General for Energy, 2022.

CROSSBOW consortium, “D4.2 CROSSBOW Regional Operation Centre Balancing Cockpit
(ROC-BC),” 2019.

D15.2: Identification and recommendation for local technical and interoperability barriers 47



CROSS BOrder management of variable renewable energies
and storage units enabling a transnational Wholesale market

4.2 ACRONYMSBIST

automatic Frequency Restoration Reserve

Wholesale and Ancillary Market toolset

Building Energy Management Systems

Battery Energy Storage System

Critical Branch

Cooperative Flexibility Platform

CrnoGorski Elektroprenosni Sistem AD

Common Grid Model

cyberGRID GmbH & Co KG

Combined Heat and Power plant

Cobra Instalaciones y Servicios SA

Centrul Roman al Energiei

Dynamic Line Rating

Demand Response

Demand Side Management

Demand Side Management Integration Platform

Distribution System Operator

Balancing Energy for downward automatic Frequency Restoration reserve

ELektronski in PROgramski Sistemi doo

Energy Management System

EmektroMreZa Srbije AD

Energy Transition Expertise Centre

European Network of Transmission System Operators for Electricity

Elektroenergien Sistemen Operator EAD

ETRA Investigacion Y Desarrollo SA

European Union

Electrical Vehicle

Flow Based

Forecasted Dynamic Line Rating

Frequency Restoration Reserve

File Transfer Protocol
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Home Energy Management Systems

High Level Use case

Hybrid Power Plant

High Voltage

InterControl Center Communications Protocol

Institute of Communications and Computer Systems

Information and Communications Technology

Individual Grid Model

Independent Power Transmission Operator

manual Frequency Restoration Reserve

Market Management System

OverHead Line

Permanent Admissible Transmission Loading

Point of Common Coupling

Phasor Data Concentrator

Programmable Logic Controller

Phasor Measurement Unit

PhotoVoltaic

Quiality Assessment

Regional Adequacy Assessment

Renewable Energy Sources

Renewable Energy Sources regional Coordination Centre

hybrid Renewable Energy Sources Dispatchable Unit

Regional Operation Center Balancing Cockpit

Regional Security Coordinator

Remote Terminal Unit

Supervisory Control And Data Acquisition

Security Coordination Centre SCC Ltd. Belgrade

South East Europe

regional Storage Coordination Centre

Telecontrol Application Service Element

Transmission System Operator

Use Case

Ss. Cyril and Methodius University in Skopje
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Univerza v Ljubljani

The University of Manchester

Balancing Energy for upward automatic Frequency Restoration reserve

Visual Basic Application

Virtual Power Plant

Virtual Storage Plants

Wide Area Monitoring and Awareness System

Wide Area Network

Work Package
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