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EXECUTIVE SUMMARY

Deliverable 2.3 describes and compiles the results of the third task of WP2adlhigeals with the formal
analysis of the demo clusters of CROSSBOW pr@&ased on the requirements, scenarios and use cases
defined in previous tasks, this deliverable formally analyses and further details the already identified HLUs to
be demonstratel at each pilot cluster. More specifically, this deliverable describes the scope and identifies
the products and partners involved in each HLU, presents details of the assets and infrastructure involved in
the relevant demonstrations and outlines a prelvary demonstration plan for each HLU.

¢tKAad R20dzyYSy Gz G(G23SGKSNJ gAGK GKS 5udm at Ne2SOiG NB
YtLa ARSYGAFTAOIGARZ2YéS aSia (GKS F2dzyRIlGA2ya 2F GKS
and development activities of the CROSSBOW by specifying the set of use cases to be deployed and
implemented in each demo cluster.

Nevertheless, the information included in this deliverable will be enhanced and updated further on in the
project. Specifiand detailed deployment and demonstration plans will be developed for each demo cluster
in WPL2.

The methodology adopted for the formal analysis of the demo clusters and the preparation of this deliverable
included the following steps:
1) AleadingpartneKl & 6SSy RSGSN¥YAYSR F2NJ SIOK 1 [! X o &SF
expertise. Specifically, the leading partners include: ICCS (HLU1), ETRA (HLU2 and HLU3), UNIMAN
(HLU4, HLUS5 and HLU6), COBRA (HLU7), CGRID (HLU8) and UL (HLU9).

2) Aninitial Ist of the end users participating in each HLU has been determined, based on their interests
and requirements, particularly with respect to the operational challenges in their respective systems
and the availability of relevant infrastructure test the sdutions being developed within the project.

This list has been regularly updated, following discussions among the project partners.

3) The leading partner of each HLU has contacted the respective participating end users to gather
information regarding the relvant assets and infrastructure in their systems. This process involved
numerous dedicated teleconferences, questionnaires and discussions during physical project
meetings.

4) The leading partner of each HLU has prepared a first draft of the respective chapthe
deliverable, describing the scope and identifying the products and partners involved in their
respective HLU, presenting details of the assets and infrastructure involved in the relevant
demonstrations and outlining a preliminary demonstrationmptd their respective HLU.

5) ICCS, as the responsible partner for Deliverable 2.3, has refined the content, structure and
presentation style of the inputs obtained from each HLU leading partner and produced the final
version of this document.

Deliverable 2.3ncludes one chapter for each of the 9 HLU of the CROSSBOW project. Each chapter includes
5 sections:

- The scope and general description of the respective.HLU
- The products involved in the respective HLU
- The partners involved in the respective HLU

- Adetdled discussion of the assets and infrastructure involved in the respective HLU (which constitute
the core of this deliverable)

- A preliminary demonstration plan of the respective HLU

D2.3 CROSSBOW demo clusters formal analysis
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1 INTRODUCTION

1.1 SCOPE OF THE DOCUMEN

Deliverable 2.3lescribes and compiles the results of the third task of WP2. This task deals with the formal
analysis of the demo clusters of CROSSBOW pr@&ased on the requirements, scenarios and use cases
defined in previous tds, this deliverable formally analyses and further details the already identified HLUs to
be demonstrated at each pilot cluster. More specifically, this deliverable describes the scope and identifies
the products and partners involved in each HLU, preséetasils of the assets and infrastructure involved in

the relevant demonstrations and outlines a preliminary demonstration plan for each HLU.

¢tKA&d R20dzyYSy Gz G(G23SGKSNJ gAGK GKS 5uHdm at Ne2SOiG NB
KPIsi@y GAFTAOI GA2Yyéx aSGa GKS F2dzyRIFIdAzya 2F (GKS LINE.
and development activities of the CROSSBOW by specifying the set of use cases to be deployed and

implemented in each demo cluster.

Nevertheless, thenformation included in this deliverable will be enhanced and updated further on in the
project. Specific and detailed deployment and demonstration plans will be developed foroédoh 10
demo clustesin WP12. Deployment and demonstration plans will eedicated to the specific demo clusters.

The main target audience of this documemtolvesCROSSBOW research and development teams, but also
the stakeholders of the sector could be interested in the resutisbetter understand the challenges the
projed is trying to cover with the set of tools being investigated.

1.2 ADOPTED METHODOLOGY

The methodology adopted for the formal analysis of the demo clustersremnpreparation of this deliverable
included the following steps:

1) A leading partner has beendetekmy SR F2NJ SIF OK 1 [ !X o6FlaSR 2y G4KS
expertise. Specificallyhe leading partners includdCCS (HLU1), ETRA (HLU2 and HLU3), UNIMAN
(HLU4, HLU5 and HLU6), COBRA (HLU7), CGRID (HLU8) and UL (HLU9).

2) Aninitial list of the end sers participating in each HLU has been determined, based on their interests
and requirements, particularly with respect to the operational challenges in their respective systems
and the availability of relevant infrastructure test the solutions beingrneposed by the projectThis
list has been regularly updated, following discussions among the project partners.

3) The leading partner of each HLU has contacted the respective participating end users to gather
information regarding the relevant assets andrasitructure in their systems. This process involved
numerous dedicated teleconferences, questionnaires and discussions during physical project
meetings.

4) The leading partner of each HLU has prepared a first draft of the respective chapter of the
deliverable describing the scope and identifying the products and partners involved in their
respective HLU, presenting details of the assets and infrastructure involved in the relevant
demonstrations and outlining a preliminary demonstration plan of their respedtiiU.

5) ICCS, as the responsible partner for Deliverable 2.3, has refined the content, structure and
presentation style of the inputs obtained from each HLU leading partner and produced the final
version of this document.

D2.3 CROSSBOW demo clusters formal analysis
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1.3 STRUCTURE OF THEUDMENT

Deliveable 2.3 includes one chapter for each of the 9 HLU of the CROSSBOW project. Each chapter includes
5 sections:

- The scope and general description of the respective.HLU
- The products involved in the respective HLU
- The partners involved in the respective HLU

- Adetailed discussion of the assets and infrastructure involved in the respective HLU (which constitute
the core of this deliverable)

- A preliminary demonstration plan of the respective HLU

D2.3 CROSSBOW demo clusters formal analysis 13



and storage units enabling a transnational Wholesale market

G;Sbow CROSS BOrder management of variable renewable energies

2 HLU1: REGIONAL OPERATION CENTRE

2.1 SCOPE AND GENERAISCRIPTION

CROSSBOWmMs at enabling a higher penetration of variable renewable generation in the south eastern
European power system through tlshared use and cro®rder management of various resourc@hese
resources include both available renewalgienerators in the participating countries as well as flexibility
technologies contributing to the higher utilisation of renewable energy such as centralised / distributed
energy storage and demand response resources in these countries. The shared usessimbrder
management of these resources is a key focus of CROSSBOW since it is envisageddltedtihe size and

the diversity of resources in different countries will enable higher levels of-effisient and secure
renewable energy integratiomnd higher economic benefits for these resourcesth respect to a silo
approach involvingeparate efforts towards decarbonisation by each of the different participating countries.
In a nutshell, CROSSB@Yd¥poses an integrated approadar the managementind the operation of the
transmission aetwork in southEasternEurope.

An essential tool towardalising such an integratebproach is the creation ofragional operation centre
(ROCywhich will be responsible for coordinating tkestefficient and ecureoperation ofthe whole south
EasternEurope transmission network and enabling the shared use of resources. It should be stressed at this
point that the establishment of centres for regional cooperation among multiple countries is not an entirely
new concept.A number ofregional security coordination centrefRSChave beendevelopedin the past,
including CORESO in the western EulfdpeTSCNET in the central Eur¢pe SCC in the Balkan regif®j,
NORDIC in the Nordic regi¢fi], and Balic RSC in the Baltic regi¢d]. The establishment of regional
cooperationthrough RSC centres is strongly supportedEbif SCEE[6].

However,the role of these RSC centres has mainly been acting as an advisory and supporting body for the
AYRA@DARdz f Btlzy/Wondd they @ake réchrdmendations that individual TSOs in the majority

of cases fotlw but can deviate from ifequired for ensuring security of suppKs such, their services and
functionalities are mainly associated witlhedium and longterm coordination and planning of the
transmission network in the respective region and not witke tshortterm operation, which remains a
responsibility of the individual { hcanfRol centresThe services of the RSC centres accordifig]iaclude:

1) Improved individual grid model (IGM) / Common grid model (CGM) delivergating forecasts of the
individual¢ { h & Q 3 Ngh&Ring¥rR with ach other and merging them to a Common Grid Model

2) Coordinated security analysigvaluating the consequences of contingencies in the interconnected grid,
and planning remediaictions including coordinated ones

3) Coordinated capacity calculatianoptimising available capacity for crelssrder trading while ensuring
the security of the grid

4) Outage planning coordinationcoordinating planned outages on equipment with crbssder influence
to avoid security issues

5) Short and mediumterm adequacy forecastsassessing the adequacy of the grid in the short and medium
term.

The scope of CROSSBOW HLUL lies in two directions. First of all, given that an RSC&ateadyexists

in the Balkan region and constitutes a CROSSBOW partner, HLU1 will demonstrate how its provided services
can be enhanced bynproving the supporting calculation methodologies and extending the provided services

to other countries participating inhie project apart from the ones that are already memberdhef SCC
Furthermoreand more importantly HLUlhas the ambitious target tdefine andincorporate new services

and functionalities associated with shdadgrm operation tasks, thus demonstratingQC functionalities

These services may include imbalance management, congestioagament and voltage management,
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whichare currently the sole responsibility ofdividual TSOd$n order to achieve this paradigm change, this
HLU will build on the enhancetkchange of data and information between national control centfeser to
reaktime and the development of a balancing cockpit.

2.2 CROSSBOW PRODUCNMOIN/ED

Giventhat the whole CROSSBOW projéotuses on the shared use and créisder management of
resaurces and the ROC constitutes an essential tool towards realising such an integrated approach, all the
identified CROSSBOW products will be involved in the HLU1 demonstration. These products are presented in
Tablel below. In other words, HLU1 will act as a parent demonstration of the project. However, the leading
product for this HLU1 will be Product 1 (CROSSBOW ROC balancing cockpit) as it cansténtdser for
coordinating shorterm balancing actions at a regional level.

CROSSBOW ROC balancing cockpit

CROSSBOW RES regional Coordination Centre
CROSSBOW hybrid RES dispatchable unit
CROSSBOW Regional Storage Coordinagotre
CROSSBOW Virtual Storage Plants

CROSSBOW WAMAS system

CROSSBOW Regional DSM integration platform
CROSSBOW Wholesale and Ancillary Market toolset

Table 1: CROSSBOW products involved in HLU1

OINO|OBWIN|F-

2.3 PARTNERS INVOLVED

Giventhat the ROC involves enhanced peaation between all theTSOdn the south eastern European
region, it is envisaged thahost of theparticipating TSOs will be involved in this HLU1. Furthermore, the
existing RSC centre in the Balkan regle@Cwill be a key participating partner given its vast experience in
regional coorihation functionalitiesTable2 below presents the partners involved in HLU1.

1 | Independent Power Transmission Operator SA GR ADMIE
2 | Elektroenergien systemen operator EAD BG ESO

3 | Joint Stock Company Elektromreza Srbije Belgrade RS EMS

4 | Nezavisni Operator sistema u BiH BA NOS BiH
5 | Crnogorski Elektroprenosni Sistem ME CGES
6 | Operator na elektroprenosniot sistem na Makedonija MK MEPSO
7 | Security Coordination Centigd. Belgrade RS SCC

Table 2: Partners involved in HLU1

Figurel illustrates the countries participating in HLU1.
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Figure 1. Countries participating in HLU1

2.4 ASSETS AND INFRASTRURE INVOLVED

As discussed aboyelLU1 will build on the fact that an RSC cerfd@Calready exists in the Balkan region

and constitutes a CROSSBOW partner. Specifically, HLU1 will demonstrate how its provided services can be
enhanced by improving the supporting calculation method@egand extending the provided services to

other countries participating in the project apart from the ones that are already members of the SCC.
Furthermore, HLU1 has the ambitious target to define and incorporate new services and functionalities
associatedwith shortterm operation tasks, thus demonstrating how an RSC centre can evolve to a ROC.
Therefore, this Section aims at presenting the available assets at the SCC premises as well as the
communicationinfrastructurewith TSOspther RS€in Europe andENTSE2.

2.41 GENERAL INFORMATIRBEGARDING SCC PREBIS

SCC premises currently include an operational room with five work stations (dedicated to operation and
development tasks aback office with three work stations (exclusively dedicated to dgamakent tasks) and

three management offices (corresponding to the director, the technical director and the secretary). All
premises are located in an EMS building, which means that high standard IT and telecommunication
infrastructure is at disposal of SQ@reover, data protection is accomplished on a physical level, as well as
through cyber security.
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However, due to a huge increase of operational work and constant participation in v&ioLSEe project

teams and other projects relevant to the developreri the transmission grid in the SEE region, SCC has
initiated the process of expanding its premises. In cooperation with EMS, reconstruction of an unused part
of the building has been initiated. This project will be completed in two stages:

9 First stage; four offices for twelve operators and three new management offices witebadyin the
third quarter of 2018;

1 Second stagetwo more offices for eight workers, a new operational room for six operators, a
meeting room for ten people, an operational workarmager office and acoopanying utility rooms
will be readyin the second quarteof 2019.

Regarding future workshops and meetings dedicated for demonstrationedfEROSSBOW results, $&&
useits operating room (for possible demonstration of softwarels) andthe EMS meeting room which can
host around 25 people

2.4.2 INFORMATION TECHN@XO(IT) ASSETS
The IT architecture in the SC@mises is depicted iRigure2 below.

Firewall 1 Firewall 2

eternetswitchl eternet switch 2

HP 2 HP 3

Wilware cluster

FC switch

Storage

Figure 2: IT architecture in SCC premises
IT assets in this architecture include:
- Firewalls ASA 5508
- Central Ethernet Switches Cisco Catalyst 2960
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- Servers HP ProLiant DL380Q G7

- Fibre Channel (FC) Switches I8base (0) ort Enabled SAN

- Storage NetApp FAS 2040

- Various workstation, laptops and printers required for the operation of. SCC

The virtualization cluste’VMware is used for hostingnportant servers QPDE components, databases,
security informatiorand event managemen8{EN), integration platformetc.), mainly using Linux operating
systemsapart from theredundant domain controller which is implemented on two MW Windows 2016
servers.

Themostimportant software package that is used the core business processin SCC ithe Transmission
Network Analyser(TNA) from Schneider Electric DMS NS. At the mometdndalone desktop versioof
this package is availabtand SC@ossessefive licenses.

However SCC haalsoarranged the financing and wdbonsign with Schneider Electric DMS NS the contract
for a new software solutiorg the Electricity NetworkAnalysingSoftware (ENASYhis newsoftware will
provide comprehensive solutisfior analysingand planning Energylanagement System (EMS) functions. It
will mergethe European Merging Function (EMF) amdet of analytic functions into one secure, unified
solution with advanced functiongommon data modaland Graphic User Interface (GUI).

At the highest level, theolution will have two dedicated environments (zones) for different usage scenarios,
accesed by different types of user$he new ENAS system will be implemented on a new VMware cluster
based on three hosts (HPE DL360 Genl0 2x Intel@&etmh6154 (3.0GHIB-core) Processor Kit with28 GB
RAM).

2.43 COMMUNICATION INFRABJCTURE

SCC possesses ICT infrastructure that allows internal communication as well as reliable and secure
communication with other TSOs and RSCs throughEtR& S Operational Plannindpata Bvironment
(OPDE) and Electronic Highway (EH) service layers.

Data Publishing
Data Subscription

Data Publishing ENVI RONMENT
Data Subscripfion = OPDE

Individual Grid Model 'I‘Subscrip!ion to all IGMs
IGM 2.Merging process

3. Publishing of CGM

L Data Publishing
Data Subscription

- Pan-European private network based on TSO -
owned backbone network for nonreal-time
operational and markef-operations related data

Figure 3: lllustration of OPDE function

The OPDF] has been developed by ENTE@nd serves ashasis forthe secure and optimal continuous
exchange of sensitive operational planning data between TSOs, RSCs andeEdsTe@onstratedn Figure

3.0PDEisabrandnew,8t&% 2F GKS | NIz WwaeadsSy 2F aeadsSvyaQ RA3T

D2.3 CROSSBOW demo clusters formal analysis 18



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

! CfOSSbOUJ

to central elements and vice versa. It is designed on the basis of a layered architecture consistent with the
SmartGrid Architecture Model. The OPDE will see the developaieentral business apps for usage across
TSOs as a first stewhich could beopen at a later stage to other stakeholders of the digital energy value
chain. The OPDE is the central layer: a standard middleware integration layer. The bottom laygoisetbm

of a dedicated communication network called ATOM on which the OPDE is running for high security and
service levels. The data exchange standard used in the OPDE is based on the Common Information Model
(CIM), the international standard of reference fitata exchanges within the energy sector managed by the
International Electrotechnical Commission (IEC).

The EH [8] is a private network dedicated to data exchange among TSOs that operates under the
responsibility of the membefSOs and the network management by the two ENEN@twork Operation
Centres (NOCs), primary (pNOC) and secondary (SERNC3IEE has establishetiis networkto providethe
necessary infrastructure to support all data exchanges among T&®sgrimary scope of the EH is the real

time data exchange, in support of TSO operational processes, aimed at enhancing the security of electricity
supply in Europe. As a result of this, rdale data traffic has the highest priority amongst all the atdata
communicated.

SCC exchanges a large volume of diversa @ih the participating TSO$able3 below presents the data
exchanges and the SCC services theyesdhe frequency and direction of each exchange as well as the
communication system used in each exchange.

For majority TSOs

Intraday Congestiofrorecast Individual |hourly,

Grid Models for some TSOs every TS0 > SCC |EH
hours

Intraday Congestion Forecast Common ¢ Every 8 hours SCC > TSO |EH

Models

Results of model validation displayed on Every 8 hours SCC > TSO |EH

QAS portal
Daily
(at least one version
for each hour of the

Day Ahead Congestion Forecast Individyday,

Grid Models but depending on the TSO > SCC |EH
quality of IGMs

Improved IGM / could be more than
CGM delivery one version)

Common Grid Models Daily SCC >TSO |EH

Results of modelalidation displayed on .

QAS portal Daily SCC >TSO |EH
Always available,

IDCF & DACF exchange program download when

balanced after gate closure needed for IDCF/DAC TS0 >SCC |EH
process

Planned exchange program for SMM Several versionduring Tso > scc |En

control block every day

Planned generation Severdleisiofls duanSO > SCC |Mall
every day

Planned exchange program Several versions duanSO > SCC |Mall
every day

Planned generation, exchange program {Daily TSO > SCC |Mail
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load
Realisecexchange program and load Daily TSO > SCC |Mail
Planned load Daily TSO > SCC |Mail
Planned generation Daily TSO > SCC |Mail
Planned exchange program Daily TSO > SCC |Mail
Planned topology Daily TSO > SCC |Mail
Load flow losses Daily SCC >TSO |EH
PreProcessing Data
(Preliminary Net Positions, Feasibility  |Daily TSO > SCC |Mall
Ranges, ...)
Forgcasted con;umpuon and reliable Weekly TSO > SCC |EH
available capacity

Adequacy forecast Mail &
Results of SMTA process Weekly SCC >TSO |[ENTS€E

SharePoint

Int_raday Results of Security Analysis Every 8 hours SCC > TSO |EH
pairs of Outage/Overload
Da_y Ahead Results of Security Analysis Daily Sce > TSO |EH
pairs of Outage/Overload

Coordinated Results of additional Security Analytsiat Daily SCC > TSO |Mail

security analysis |include EMS 110kV network
Security Analysis statistics
(number of specific pairs Outage/Overlog Monthly,
number of Overloads, number of Yearly
Divergences, ...)
List ofagreed OHL disconnections in SEE

SCC > TSO |Mail or EH

. Weekly TSO > SCC |Mail
Outage planning region
o OHL unavailability plans in RG CE Weekly TSO > SCC |Mail
and coordination ENTSE
Results of OPIl assessment Weekly SCC >TSO .
SharePoint
2 Days Ahead Congestion Forecast .
Coordinated Individual Grid Models Weekly TS0 >SCC |Mail or EH
capacity calculatlor;Zriz)sctgsS of Dryun Net Transfer Capacity Weekly SCC > TSO |Mail or EH

Table 3: Data exchanges between SCC and TSOs

2.5 PRELIMINARY DEMONSTRONPLAN
The demonstration plafor HLU1 will be structured in three stages.

In the first stage, theurrent functionalities and services provided by the existing RSC centre in the SEE region
-SCewill be reviewed and analysed in order to identify the capabilities on which demonstsatidl be built

on as well as gaps and opportunities for improving the supporting calculation methodologies. In this process,
the data exchanges between SCC and TSOs will be investigated and the supporting calculation methodologies
will be discussed witthe participating partners.

In the second stage, proposals for enhancements of the currently provided services will be developed,
through the improvement of the supporting calculation methodologies and the extension to other countries
participating in theproject apart from the ones that are already members of the SCC (Serbia, Montenegro,
Bosnia and Herzegovina). For each relevant use case a demonstration site will be selected (including at least
two TSOs with the corresponding interconnections and basethemssets and infrastructure available in

other HLU) and the proposed enhancement in the calculation methodologies will be compared against the
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businessasusual case in terms of a set of performance indicators (total systemadussirption of renewable
energy emissionsetc.).

Finally, in the third stage new services and functionalities associated withtshortoperation tasks will be
proposed and demonstrated@hese servicewill include imbalance management, congestion management
and voltage maagement, which are currently the sole responsibility of individual TSOs. In order to achieve
this, the requireddataexchangs, the calculation methodologies and the outputs for each relevant use case
will be defined and discussed with the participatingtpars. For each of these use cases a demonstration
site will be selected (again including at least two TSOs with the corresponding interconnections and based
on the assets and infrastructure available in other HLU) and the value of new services in termest of
performance indicators will be demonstrated.
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3 HLU2: CROSBORDER RES MANAGEMENT

3.1 SCOPE AND GENERAETHPTION

In a fully implementedsmart grid, renewable energy sourc8RESpo beyond the nosdispatchable bulk
energy production and becomes antor that can provide other services to the grid operator to better and
more environmentallyefficiently operate the grid. In such a scenario, intermittent energy sources that are
normally problematic to integrate in the system turn into service prosdet the same level as other
conventional energy sources.

Moreover, the benefits of thesmart management of REE&n span crosbordering. For instance, if the total
share of RES a country can manage (as a % of the total demanded production) cannofibd gailisthe
national RES productioq due to a peak in demand or a fluctuatimf production, mstead of activating
expensive and highly polluting generation units to cover the demand, prizaityoegiven to RES generation
coming from neighbouring cotmes. For both, HLU2 and HLU3, it is not only necessary to share the
information on forecast demand, reiime demand, scheduled/forecast pradtion and reatime
production,but it is alsocrucialto shareg at someextent ¢ a wholesale market. At leadtis necessary to
identify the business flow and compensating rules.

In order to orchestrate all these energy flows and services, different techniques will be investigated within
this HLU All of them require a smatrt integration of the RES in the CROS88@Myped system in order to
work with up to date information TheCROSSBOWRES regional Coordination CentflRESCC)will be in
charge of capturing and integratindata coming from different RES unitsth different interfaces and
technologies.

The final deployment and architecture will be also constrained by the countries policies and security
legislation.In a typical scenaridhe RES units dispatching systemuld be deployed in the same country
where they areconnected to the grid, so diff&y & WA y & (i I y-@Ccaud betifstallédkirsdifferént
countries, but all of them providg interfaces and services that enables them to be integrated in broader
crossbordering systems. The structukeill be then hierarchicalwith local RE€Cproviding services at
country level for the local TSO, but also with regioteVel tools (AM, ROC, regional RES working at a
crossborder scale and interacting with the local RES This hierarchical structure allows for a better
scalability and replidaility of the solution, because new countriesuldbe added to theregional solution
without affecting the rest of the system.

The maimactorsinvolved in theuse casesf this scenario are

- TS(Transmission System Operatomhe system Operator, respdhge for the operation of the grid.
Interacts with the RES for solving the intfay imbalances by activating the most convenient
balancing energy bids

- RESnanager. The owner of the 8hewableEnergy Source It is responsible fahe maintenance and
operation of the RES. It interacts with market through the figure of a linked BRP actor, and it interacts
with the TSO through a linked BSP.

- BSP (Balancing Service ProvideEvery energy producer should have a balance delivery cdntrac
with a BSP. TSO interacts with BSPs to procure balancing services required by the grid

- BRP (Balance responsible party) party that has a contract proving financial security and identifying
balance responsibility with the Imbalance Settlement jResible of the Market Balance Area
entitling the party to operate in the market. This is the only role allowing a party to nominate energy
on a wholesale level. The energy producers delegates the market participation to this role

The rextfigure depicts the relations betweethe above actors
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Figure 4: Relations between actors involved in HLU2

The RESanager TSOBSP and BRP are ROLESijreactualsystems the entities and persons playing these
roles couldoverlap

- In some cases, the TSO comphag directcontrol overthe RESunits (national property)and thus
is responsibldor:

0 Themanagement of the plant (RES manager role)
0 Themarket participation (BRP role)
- In some casegentral dispatch modelRE®nanagers act aBSP for the whole area

Historically, European countries have chosen different approaches to implement these elements in their
electricity markets. The main hidavel alternatives of the market design options are the following:

- Central Dipatch: An arrangement, where the unit commitment scheduling is centralised and market
participants are given their position based on a central decision. The TSO determines the dispatch
values and issues instructions directly to generators (or demand).

- SelfDispatch: An arrangement where generators determine a desired schedule and commitment for
themselves based on their own economic criteria. Under this arrangement, the generators provide
the TSO nominations of the intended output of their generators, whietomes the starting point
for the dispatch and balancing activities performed by the TSO to meet security requirements.

The European Target Model is flexible and allows for both Central an®iSpé#tch higHevel electricity
market design options; buh the SEE region all the countries have opted for a Central Dispatch model. In this
model, the TSO controls the dispatching of the portfolio of generators and demand side assets.

In the intradaytimescale the TSO has to eventually activate balancingises provided by RE#&plying
potential disconnection cdome RES units. Howeverprderto select and to disconnect the appropriate RES
units in acontingencyrequires several assessments and communications betweeSyhtem OperatorSQ

and each idividual RES unitDelegated Dispatches (DD) are supposed to be zonal intermediate entities,
connecting the RES of a region with fi®80. Therefore, the DD aims to obtain the best operation point for
the RES of a regioaccounting fotthe limitations impsed by theTSO.

The different type of RE&anagement system arrangements (central vs-digpatch and DD vs ndbD) will
be consideredand supported in HLU2. Adaptiomsd specific configurations ilvbe generated in the
CROSSBOW0oIs to support the intgration of systems and assets in place in the different pibointries.
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3.2 CROSSBOW PRODUCMOIN/ED

Table4 presents the products involved in the HLU2 demonstratidme leading product for this HLU will be
the CROSSBORES regional coordination centre.

CROSSBOW RES Regiboatdination Centre
CROSSBOW hybrid RES dispatchable unit
CROSSBOW WAMAS system

CROSSBOW Wholesale and Ancillary Market toolset

Table 4: CROSSBOW products involved in HLU2

AlWIN|F

3.3 PARTNERSIVOLVED

Figurebelow illustrates thecountries participating in HLUZ2.

Figure 5: Countries participating in HLU2

Thecountries and respective partners involved in this ldab be found at the following tahle
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1 | Nezavisni Operator sistema u BiH BA NOS BiH
2 | Hrvatski operator prijenosnog sustava d.o.o. HR HOPS
3 Yhb2dLwOSY2SNAY3I || SYSNHSUA] dg HR KONCAR

of some of the RES units)
I 2YLI YA bl oA2yl f N ERGricet Nansekedidzal

4 SA RO TRANS
5 | Elektroenergien Sistemen Operator EAD BG ESO
6 | Independent Power Transmission Operator SA GR ADMIE
7 | Public Power Corporation S.A. (RES producer) GR PPC

Table 5: Partners involved in HLU2

3.4 ASSETS AND INFRASTRURE INVOLVED
3.4.1 CONGESTION PREM IN THE BOSNKOIROATIABORDER

The geographical areaf interest consists of parts of NOS BIH & HOPS grid, heavily meshed with lot of
production asset$Figure6).

©
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Figure 6: Bosnian-Croatian border area considered in HLU2

The identified problenis high voltages itthe grid. The available measure famitigating this networlkproblem
is the disconnection of low loaded OHLs, taking into accdhatsecurity level othe grid, or usage of HPP
Velebit 2x138 MW/2:120 MW (pump HPP) asynchrormus condenser 2x80 WK In case ohigh voltages,
the available measure fomitigatingthem isthe disconnectiorof low loaded OHLgaking into accounthe
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security level othe grid. Finally,during periods ohydrologyand wind conditions, in case that some internal
tie lines in HR or BiH are not in operation, network congestions are idenfdfgzient countermeasurefor
all these network problemshould besuitable coordinatedetween NOS BIH and HOPS.

Theabove néwork problemswill be tackledhrough the following strategies
1) RESCC will be installed in both countries, receiving measures from renewables
2) Aregional instance of the RE® will be also deployed for the coordination between both countries.
3) Grid willbe monitored to identifyvoltage and thermabroblems
4) Markets will be simulated to allow fanarketbased cooperation and services

The infrastructure involved ithis scenario is presented in detail below

KONJSKO MOSTAR 400KV
AT N MOSTAR 220 kV
PLAT TREBINJE 220 kV
t9w! 0! 6. ! ~Yh ' ~Yh [ 100 kV
STRMICA B. GRAHOVO 110 kV
IMOTSKI GRUDE 110 kV
VRGORAC [W .| ~YL 110 kV
OPUZEN NEUM 110 kV

STON NEUM 110 kV
KOMOLAC TREBINJE 110 kV

Table 6: Cross-border substations between Bosnia and Croatia

Production assets connected to the transmission level

HPP DUBROVNIK 1 126 110kV
WPP RUDINE. 12x285 110kV
WPP PONIKVE 16x23 110kV
ltt %l Y! 21/ 4x144 ;;8 Exg‘g%)
HPP KRALJEVAC 2x208 110kV

ltt 7!'[9® 2x204 110kV

HPP ORLOVAC. 3x79 220KV
ltt tow! O! 2x306 110kV
ltt .!~Yh . [!{ 3x38/3%34 (pump HPP) 110kV
2tt +th~¢! b9d 7x3 110kV
WPP OGORJE. 14x3 110kV
WPP POMETENO BRDO 15+ 25 110kV
WPPJELINAK 20x15 110kV
HPP VELEBIT 2x138/2%120 (pump HPP) 400KV
WPP ZELENGRAD 14x3 110KV

Table 7: Croatian production assets connected to the transmission network
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HPP CAPLJINA 2x210 (pumHPP) 220KV
HPP TREBINJE 1 3x60 220KV
HPP DUBROVNIK 2 126 220KV
HPP MOSTARSKO BLATO 2x30 110KV
HPP MOSTAR 3x25 110KV
HPP PEC MLINI 2x15 110KV
WPP MESIHOVINA 506 110KV

Table 8: Bosnian production assets connected to the transmission network

Production assets connected to the distribution level

WPP ZADAR4 9.2
WPP CRNO BRDO 105
WPP TRTAR KRTOLIN 11.2
WPP ORLICE 9.6
HPP MILJACKA 24
SPpP 10 MW production asset; at distribution network @mea
of interest

Table 9: Croatian production assets connected to the distribution network
3.4.2 RENEWABLE ENERGBUNGARIA

On the field of renewable and green energy, Bulgaria is among the best perfdedaayintries. The @untry
not just reached the required 16% green energy productiarget, but managed to ensure even better
performance. According to Eurostdulgariahas achieved 49% share of green energy production.

However Bulgarian consumers and loedéctricity deliverycompaniesare failing to benefit from theehigh
renewable energy penetration level)]. As there have been questions the positive environmental impact

of newrenewable unitsthe government's permissive attitude towards timelustry has given rise to growing
controversy on cost and efficiency of subsidy policiége mandatory purchase of renewable energy from

the distribution network is one of the elements that, in recent years, has led to signifjoawth of the final

price ofenergy consumed by households and businesses. The diffefemmoethe actual market cost is
covered by the National Electric Company (NEK), which turns losses, at least in part, on the final consumers.

In recent years, the sector experienced a fpated development, especially for wind farms and solar energy
(and, to a lesser extent, for new hydroelectric power plants), with the peak of installed capacity being reached
in 2012[10]. Howeverthere are serious doubts on the economic sustainability of some of the existing and
planned installations.

CROSSBOW expectation for gusnario is to help policy makers and regulators to understand how they can
better integrate the RES into the grithe RES producers can benefit from new business rsdlat could
make them less dependent on subsidies.

The area considered will be the whole country atidthe renewables will be monitored, even though no
broad direct control is planned:he involved reneable (PV and windyjeneration assets are detailed in the
following tables and figures.
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OSSbOl.IJ CROSS BOrder management of variable renewable energies

PVPP SAMOVODENE 21.00 110kV Sub. 400kV Tsarevets
PVPP ZLATARITSA 20.00 110kV Sub. 400kV Tsarevets
PVPP SLIVEN INDUST} 10.08 110kV Sub. 400kV M2
PVPP KARADZHALOV 60.00 110kV Sub. 400kV Plovdiv
PVPP DABOVO 9.66 110kV Sub. 400kV M2
PVPP CHERGANOVO 29.30 110kV Sub. 400kV M2
PVPP ENERGY 10.10 110kV Sub. 400kV Mizia
PVPP SOLAR 15.15 110kV Sub. 400kV Mizia
PVPP LACH 50.00 110kV Sub. 400kV Mizia
PVPP KAZANLAK 25.00 110kV Sub. 400kV Plovdiv
PVPP ELEKTRA VOLT 0.88 110kV Sub. 400kV M3B
PVPP KER 14.07 110kV Sub. 400kV Dobrudzha

Table 10: PV generation assets connected to the transmission level in Bulgaria

Figure 7: Location of PV generation assets connected to the transmission level in Bulgaria
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