
 

 

 

 

D13.1 Demonstration activities planning  1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

 

 

 

 

 

 

*Type: P: Prototype; R:  Report; D: Demonstrator; O: Other. 

**Security Class: PU: Public; PP: Restricted to other programme participants (including the Commission); RE: Restricted to a group 
defined by the consortium (including the Commission); CO: Confidential, only for members of the consortium (including the 
Commission). 

 

 

 

 

 

 

 

  

Title: Document Version: 

Deliverable 13.1: Demonstration activities planning V1.0 

Project Number: Project Acronym: Project Title: 

H2020- 773430 CROSSBOW CROSS BOrder management of variable renewable energies and 
storage units enabling a transnational Wholesale market. 

Contractual Delivery Date: Actual Delivery Date: Deliverable Type*-Security*: 

M30 (April2020) M30 (April2020) R-PU 

Responsible: Organisation: Contributing WP: 

Esteban Pastor ETRA WP13 

Authors (organisation): 

Esteban Pastor (ETRA), Luis Viguer (ETRA), Lucas Pons (ETRA), Manuel Serrano (ETRA), Jan Jeriha (UL), Andrej Gubina 
(UL), Jelena Ponoćko (UNIMAN), Jovica V. Milanović (UNIMAN), Carlos Cruzat Hermosilla (UNIMAN), , Xiao Wang 
(UNIMAN), Alessandra Parisio (UNIMAN),  Daniel Rayo (COBRA), Rubén de Arriba (COBRA), Dimitrios Papadaska-
lopoulos (ICCS), Athanasios Botsis (ICCS), Panagiotis Pediaditis (ICCS), Dimitris Trakas (ICCS), Vasilakis Athanasios 
(ICCS), Andraž Andolšek (CGRID), Peter Nemček (CGRID). 

Abstract: 

For the sake of an optimal demonstration realization, it is essential to define in advanced the outline of activities to 
be performed and provide a certain timeframe for each one of these. This report analyses, for each one of the HLU’s 
UCs, the necessary activities to be performed for its demonstration and define a time window within the two 
demonstration phases foreseen in CROSSBOW. 

Keywords: 

Demonstration activities planning, demo, schedule 

Ref. Ares(2020)2448483 - 08/05/2020



 

 

 

 

D13.1 Demonstration activities planning  2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

 

Revision History 

 

 

 

 

 

This project has received funding from the 

European Union’s Horizon 2020 Research and Innovation Programme  

under Grant Agreement № 773430. 

More information available at https://crossbowproject.eu 

 

 

 

Copyright Statement 

 
The work described in this document has been conducted within the CROSSBOW project. This document 
reflects only the CROSSBOW Consortium view and the European Union is not responsible for any use that 
may be made of the information it contains. 

This document and its content are the property of the CROSSBOW Consortium. All rights relevant to this 
document are determined by the applicable laws. Access to this document does not grant any right or license 
on the document or its contents. This document or its contents are not to be used or treated in any manner 
inconsistent with the rights or interests of the CROSSBOW Consortium or the Partners detriment and are not 
to be disclosed externally without prior written consent from the CROSSBOW Partners. 

Each CROSSBOW Partner may use this document in conformity with the CROSSBOW Consortium Grant Agree-
ment provisions.  

Revision Date Description Author (Organisation) 

V0.1 19.09.2019 Table of contents Esteban Pastor, Luis Viguer 
(ETRA) 

V0.2 23.12.2019 Preliminary demonstration section All 

V0.3 15.01.2020 Merged document Esteban Pastor (ETRA) 

V0.4 17.04.2020 Final demonstration section All 

V0.5 21.04.2020 Merged document Esteban Pastor (ETRA) 

V0.6 23.04.2020 Conclusions and summary Esteban Pastor (ETRA) 

V0.7 28.04.2020 Document for review Esteban Pastor (ETRA) 

V1.0 30.04.2020 Final document Manuel Serrano (ETRA) 

https://crossbowproject.eu/


 

 

 

 

D13.1 Demonstration activities planning  3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

 

Executive Summary 
 

WP13 aims at the demonstrating the CROSSBOW integrated ecosystem solution in the 9 large scale 
demonstration clusters. Following the iterative methodology used by the project and the two different 
deployments from previous WP, two different period of trials are planned, summing up a total demonstration 
period of 18 months. As a first activity, WP13will deliver the exact planning of the demonstration activities, 
focusing on the way data will have to be gathered for further evaluation of the project impact. 

Deliverable D13.1 deals with the planning of the demonstration activities to be performed in CROSSBOW. 
Reporting T13.1, the goal of this task is, considering the use cases, business models and legal, social and 
ethics aspects analysed in SP1, and also the technical analysis done in WP12 for each pilot cluster, defining a 
complete plan and time line, of the specific and detailed demonstration activities that will take place in order 
to achieve the expecting objectives in each pilot cluster. Special attention will be given to the definition of 
the data gathering methodology for the evaluation of the project results in WP14 

Section 2 on Preliminary Demonstration was completed, as it is shown in the revision history, in December 
2019 before the start of the preliminary demonstration phase. Planning the foreseen schedules and UCs to 
be tested in advance of this stage. Once the preliminary demonstration phase was planned, the consortium 
proceeded to the development of section 3 on Final Demonstration planning. 
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1 INTRODUCTION 

1.1 PURPOSE OF THE DOCUMENT 

Deliverable D13.1 deals with the planning of the demonstration activities to be performed in CROSSBOW. 
Reporting T13.1, the goal of this task is, considering the use cases, business models and legal, social and 
ethics aspects analysed in SP1, and also the technical analysis done in WP12 for each pilot cluster, defining a 
complete plan and time line, of the specific and detailed demonstration activities that will take place in order 
to achieve the expecting objectives in each pilot cluster. Special attention will be given to the definition of 
the data gathering methodology for the evaluation of the project results in WP14. 

1.2 SCOPE OF THE DOCUMENT 

WP13 aims at the demonstrating the CROSSBOW integrated ecosystem solution in the 9 large scale 
demonstration clusters. Following the iterative methodology used by the project and the two different 
deployments from previous WP, two different period of trials are planned, summing up a total demonstration 
period of 18 months. As a first activity, WP13will deliver the exact planning of the demonstration activities, 
focusing on the way data will have to be gathered for further evaluation of the project impact. 
 

In the current deliverable, D13.3, all CROSSBOW HLUs are considered in order to define a preliminary and 
final demonstration planning. 

 

Section 2 on Preliminary Demonstration was completed, as it is shown in the revision history, in December 
2019 before the start of the preliminary demonstration phase. Planning the foreseen schedules and UCs to 
be tested in advance of this stage. Once the preliminary demonstration phase was planned, the consortium 
proceeded to the development of section 3 on Final Demonstration planning 
 

1.3 STRUCTURE OF THE DOCUMENT 

After the introduction to the deliverable in section 1, the core content of the deliverable is developed in 
sections 2 and 3, which are divided in the nine different HLUs which CROSSBOW is composed of. Under each 
HLU, product leaders have presented the demonstration planning for each the use cases  

 

Then, the conclusion drawn from sections 2 and 3 are presented in section 5. Finally, section 4 informs of the 
main re-scheduling that had to be defined due to the eventual delays that the COVID-19 crisis may cause. 
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2 Preliminary demonstration  

2.1 HLU1 - REGIONAL OPERATION CENTRE 

 IGM/CGM validation 

2.1.1.1 UC02 - Real time quality check of Common Grid Models 
It is planned to perform experimental demonstration during development and implementation of the system 
until May 2020 (M31). 

All demonstration activities will be done based on real-time (RT) data. SCC will provide forecasted data on 
different time horizons, while WAProtector will acquire RT forecasted data. Also, quality indicators will be 
calculated in RT for automatic report and on request for manual report. 

This is a field trial, since RT TSOs’ information will be used, though it will not affect the regional network as 
much as some other possible field experiments (e.g. disconnection of network element or change of gener-
ator engagement). 

It is expected to carry out a preliminary demonstration by the end of June 2020 (M32). This demonstration 
will prove that all connections between different hardware and software are established, that defined out-
puts can be generated and that calculated indicators can provide insights in CGM quality. 

2.1.1.2 UC03 - Enhanced method for Preliminary Net Position estimation 
After developing the prediction model based on data from the TSOs, the model will be extended and tested. 
It is planned to perform experimental demonstration during the development of the model until May 2020 
(M31). 

2.1.1.3 UC09 - Individual Grid Model Quality Assessment 
When speaking about IGMs, it is important to stress that migration from UCTE to far more complex CGMES 
format is planned. During the phase of conceptual design drafting, some TSOs commented that software for 
CGMES format should be created as well. Therefore, in case software version is created as planned by the 
end of 2019, a preliminary plan is created for IGM QA software, version CGMES, as follows: 

- First demo IGM QA software CGMES version development (data sources: SRAMMD, MMS, SCADA, 

IGM, data types: generation P, Q, U, lead P, Q): January 2020 – February 2020   

- First demo IGM QA software CGMES version testing: March 2020  

- First demo IGM QA software CGMES version improvement:  March 2020 – April 2020 

- Second demo software CGMES version development (inclusion of topology data): March 2020 – April 

2020 

- Second demo IGM QA software CGMES version testing: April 2020 – May 2020  

- Second demo IGM QA software CGMES version improvement: May 2020 

 

 Cross-border congestion evaluation 

2.1.2.1 UC05 - Determination of capacity calculation input data 
All demonstrational activities will be done based on simulations. Once full calculations are done, there is no 
need to repeat them, since input data will not change significantly by the end of the project. If the proposed 
methodology for determination of capacity calculation input data is accepted by SEE TSOs, it is foreseen that 
this process is performed no more than once a year. 

The preliminary demonstration will be done by the end of June 2020 (M32). This demonstration will show 
results of the proposed methodology for 3 TSOs (CGES, EMS and NOSBiH).  
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2.1.2.2 UC06 and UC07- Identification of cross-border congestion through flow-based algorithm and 
ATC-based algorithm 

We define four main pillars regarding the development and the subsequent demonstration activities. The 
pillars are presented below: 

Stage 1: 06/11/2019 - 31/12/2019 

During this stage ADMIE/IPTO will perform the following tasks. Firstly, we will test the ATC method in a 3-
countries scenario. The countries involved will be Greece, North Macedonia and Bulgaria. The above initial 
simulation will give us some first results regarding the method, its suitability within the region, and will facil-
itate the evaluation of the algorithm developed by ADMIE. Moreover, during this period ADMIE will retrieve 
any other missing real network data needed in order to further develop and evaluate the algorithms. The 
data will be provided from SCC and the department which is responsible for cross border trading in ADMIE. 
Finally, ADMIE will perform a final assessment of the ATC algorithm, it will evaluate the results and conduct 
any corrections and improvements. 

Stage 2: 14/11/2019 - 15/01/2020 

During this period the main topic will be the development and the initial evaluation of the FB algorithm. At 
first, ADMIE will retrieve the real network data that is needed in order to conduct the simulations. This data 
refers to the Critical Network Elements, the PTDF values and the Common Grid Model. This data is critical for 
the further progress and the course of the whole use case since the FB method utilizes the physical network 
constraints. After having received the required data, ADMIE will begin testing the algorithm initially with a 3-
countries example. The countries involved will be Greece, North Macedonia and Bulgaria. The results will 
offer the necessary feedback for the further development of the FB algorithm. At the last stage, the FB algo-
rithm will be evaluated and any necessary problems that may arise will be corrected. Also, the FB algorithm 
will be improved and its functionalities may be enhanced, driven by the outcomes of the assessment. Finally, 
the results between the ATC and FB algorithm will be compared and an initial inference regarding the suita-
bility of the methods will be done.  

Stage 3: 01/01/2020 - 31/03/2020 

In stage 3 ADMIE will perform the following tasks. Initially, both the FB and ATC algorithms will be tested in 
a wider region. This region will consist of 5 countries, namely Greece, North Macedonia, Bulgaria, Serbia and 
Romania. By the time we will receive the data for the aforementioned countries, this task will offer the op-
portunity to evaluate the scalability of the algorithms and gives us a better view regarding the cross border 
energy trading within the region by identifying the special characteristics of the SEE region. Consequently, in 
this stage any issues, problems and challenges will be unveiled and this will be the first step towards facing 
the issues, making any remedial actions needed and finally improve the proposed algorithms.    

Stage 4: 01/04/2020 – 31/05/2020  

In the final stage of the Use Cases ADMIE will focus on the final assessment of the developed algorithms. The 
algorithms will be evaluated based on their scalability, execution time, suitability for the region’s real network 
examined, total social welfare achieved and the identification of any congestion phenomena that may be 
caused due to the cross border trading. After the final evaluation, we will reach a conclusion and a suggestion 
to the Regional Operating Center (ROC) product which method is more applicable and sufficient for the coun-
tries investigated. Moreover, the final remarks will include advices regarding the expansion of the algorithms 
and suggestions for further research steps on the topic of cross border energy trading.     
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 Dynamic line rating forecast 

2.1.3.1 UC04 - Dynamic Line Rating Forecast for overhead lines 

Preliminary demonstration will be done by the end of June 2020 (M32). This demonstration will show results 

of the proposed methodology for some defined period, based on historical data. Forecast errors of different 

time horizons and for different OHLs will be displayed. Also, potential benefits of DLR forecast, in terms of 

regional security and cross-border capacities, will be demonstrated. Since PMUs data from ELPROS started 

to be recorded on 1st of November 2019, just nine months of historical data will be used for this purpose. 

 Probabilistic regional adequacy assessment calculation 

2.1.4.1 UC01 - Probabilistic approach for Regional Adequacy Assessment in SEE region 
Following expectations and deadlines from CROSSBOW deliverable D12.1, future demonstration of this use 
case will consist of 4 phases: 

- Demonstration activities planning [M25 – M30]. 

- CB integrated ecosystem preliminary demonstration [M27 – M36]. 

- CB integrated ecosystem final demonstration [M37 – M48]. 

- Data gathering necessary for demonstration activities. 

All demonstrations will be performed “ex ante”, meaning that adequacy calculations will be done “before 
the event” or in our case before the predefined timestamp. In this way, it is possible to simulate realistic 
process of adequacy forecast and to compare obtained results with official ENTSO-E STA process. In order to 
present our results to adequacy experts, all demonstrations will be preliminary announced to following in-
terested parties 

- ENTSO-E participants of STA Task Force and Project Group; 

- Stakeholders of ESO and SCC; 

- CROSSBOW partners. 

Preliminary demonstration of this use case will be done in January and February 2020 (M27 and M28). The 
goal of this demonstration is to prove that continual delivery of expected results is possible. Due to its com-
plexity, it is unexpected that CROSSBOW RAA tool, for which this specification is prepared, will be operational 
in M27. Since prototype demonstration, used in development phase to prove the concept, is performed using 
at least 3 different tools, including a lot of manual software calibration, preliminary demonstration should be 
reduced in the following manner: 

- one full calculation per week for one critical hour of upcoming week is performed on Fridays, 

o full calculation includes bottom-up and top-down part of RAA algorithm, 

o critical hour is the hour with the biggest value of TIC, 

o week is considered as period from Saturday to Friday, 

- in total 4 successful calculations should be performed in defined period (8 possible Weeks for calcu-

lation from 3rd January up to 21st of February) , where:   

o successful calculation means that process is finished on time with all expected and verified 

results. 

Business process for preliminary demonstration will be organized by the following schedule: 

- 08:30 CET TSOs provide requested input data, quality check of input files is performed and mail 

to TSOs with missing or rejected files is sent as a reminder to fix bad data issue; 

- 09:00 CET Gate for upload of missing or rejected input data is closed, RAA process is started; 
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- 10:30 CET Estimated ERIC values for all 11 TSOs of SEE region for upcoming 168 hours are cal-

culated by ESO and sent to SCC; 

- 12:00 CET Flow based cross-border re-distribution is performed by SCC and final RAA results are 

provided to all interested parties (end of business process). 

 Frequency restoration reserve 

2.1.5.1 UC08: TSO FR reserves probabilistic sizing using reserves from other TSOs via interconnections  
The first step of the preliminary demonstration plan lies in gathering real data from the CROSSBOW systems, 
ideally coming from the CROSSBOW partners, to perform extended demonstrations under quasi-real condi-
tions. Indicative ways of calculating the system generation margin will be demonstrated to serve as examples. 

It is important to highlight that the probabilistic cross-border FRR sharing tool will be used as an auxiliary 
instrument assisting the ROC operation. By nature of FRR commitment and scheduling, it does not require 
online coupling with other functionalities. Its data inputs can be delivered in simple data formats like csv. 
Therefore, any demonstration requires simply gathering necessary data inputs before the operation of the 
tool. 

The demonstration scheduled is planned as follows: 

- Tool testing with quasi-real data of the full functionality internally at ICCS: End of 2019 

- Full demonstration testing at ICCS using real-time data: Jan-Feb 2019 

- Full demonstration testing at SCC: March-April 2019 

 Resilience enhancement 

2.1.6.1 UC10: Enhance transmission system resilience during emergencies  
Due to the difficulties of demonstrating emergency conditions in a real power system, only simulations will 
be executed as part of the demonstration plan. However, the simulations could be executed based on real 
weather data obtained online which will be scaled up in order to model extreme weather events. 

Future steps include the modelling of the cross-border exchange problem (until January 2020) and the exe-
cution of simulations using data provided by the TSOs participating in CROSSBOW and SCC (until March 2020). 
The aim is to run simulations using the simplified networks of the TSOs and realistic data for the generators 
and interconnections.  

 Over- and under-frequency real-time control scheme using PMUs 

2.1.7.1 UC11 and UC12: Over- and under-frequency real-time control scheme using PMUs  
The planned demonstrations will include 3 parts: 

- Demonstration 1: Calculation of OFP settings 

- Demonstration 2: IED/PMU receives setpoint from WAMPAC 

- Demonstration 3: WAMPAC sends the disconnection command to RTU 

Future steps of the demonstration activities regarding the Demonstration 1 - Calculation of OFP settings, 
have to focus on a technical solution based on disconnecting of the production unit by the local protective 
device switching, as preliminary results are pointing to a necessity to improve algorithm for the TSO level. 

Based on the final algorithm for the TSO level, it is also necessary to define a regional algorithm, which will 
probably be very similar to the regional algorithm created for the solution based on disconnecting of the 
production unit by remote command of the centralized system of OFP. 
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It is planned that all activities related with this demonstration should be finished by December 2019. Addi-
tional activities are possible only if a software for the calculation of OFP in WAMPAC is created, but this is 
not very likely to happen.   

As mentioned before, two more demonstrations are defined for this use case, but both are related to WAM-
PAC functionalities. Therefore, it was agreed that this should be done within WP8, hence these issues will 
not be commented in this part of the deliverable. 
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2.2 HLU2 - CROSS-BORDER RES MANAGEMENT 

 Bosnian-Croatian border congestion 
 

2.2.1.1 UC01 - Command dispatching to RES production units 
Face to contingency situations in the system operation, the System Operator (SO) has the alternative of dis-
connect or curtail RES generation evacuated in a certain network point. However, to select the appropriate 
RES and to measure the curtailment required in a contingence situation requires several assessments and 
communications between the SO and each individual wind park. RES-CC will be the intermediate entity, con-
necting the RES plants and considering regional characteristics.   

The goal of this UC will be to integrate the control of the renewable parks in the region (southern Bosnian-
Croatian border) in the system operator mFRR portfolio.  

This service ( mFRR ) always require de manual intervention of an operator to validate or check the action. In 
this scenario, action will be a limitation in the production for a certain amount of time. 

For the demonstration, the system operator will make use of the WAMAS tool to select the appropriate 
commands to apply to a RES generator. The steps are the following: 

1) The WAMAS tool will present the operator with updated information about current and forecasted 

network status: Power flows, voltages, topology status, etc. Problematic situations are highlighted 

so that the operator can easily notice about them. Different views will be provided to help the oper-

ators better understand the problems.    

2) The operator will select in this interface different RES assets in the region and will specify for them 

production limitations based on their expertise and knowledge. The aim of the actions will be to solve 

the identified problems. 

3) For the different actions, the WAMAS interface will show the cost of the action based on the mFRR 

market bids made by for the RES assets in the relevant period. The operator will use this to identify 

the best and cheaper set of solving actions. 

4) The actions could be marked for immediate execution, or scheduled for a future period. At the ap-

propriate time, activation of the actions will be sent to the RES-CC, that will reply confirming the 

reception. WAMAS interface will present operator with the successful (or not) reception of the mes-

sage by RES-CC. 

5) RES-CC user interface will warn RES operator on the reception of the mFRR activation command. 

Since the command will be specific for a certain generator, this limitation will be directly passed to 

the generator with no further processing. 

6) For this scenario, we will not have direct control of any RES asset in the region, because of the eco-

nomic impact of the application of the actions, nevertheless the impact of the actions could be ana-

lyzed and compared against the real actions taken by the operators. 

 

2.2.1.2 UC02 - RES generation forecast including scheduled maintenance 
The purpose of this UC will be to accurately predict the generation of the RES portfolio for two main purposes: 

- To participate in the energy market offering the most accurate amount of energy for the different 

periods, and. 

- To pass this information to the relevant system operator so that this information can be used to 

better control the network and predict problems. 
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Different forecast for the same future period can be generated if new data is available or conditions change. 
Also, there are two other things that may affect the production forecast:  

- The maintenance periods, and 

- The power production limitation activations 

Maintenance periods refer to periods of time agreed between RES plant and system operator where the RES 
producer can stop offering their potential production to the grid, normally because some maintenance is 
planned for the period. The definition of these periods goes through this process: 

1) The RES owner identifies in RES-CC a period of time where a maintenance would be needed 

2) This request is received by the system operator 

3) Requests are shown to system operator in WAMAS user interface to accept them or not 

4) The RES-CC receives the confirmation (or rejection) and adjust the production accordingly. 

For the demonstration in the scenario, the steps will be the following: 

1) RES-CC will periodically query weather forecast services to obtain the most accurate weather predic-
tion 

2) Based on these measurements along with the generation models built for each of the RES plants in 
the region (assets in the southern Croatian-Bosnian border), a forecast of production will be gener-
ated. In this scenario RES assets close to the southern Bosnian-Croatian border are considered 

3) Testing maintenance periods will be requested for some of the assets and agreed with the system 
operator. For those, the forecast of production will be adjusted accordingly 

4) With this forecast, RES-CC will generate bids to the energy markets to try to sell all the available 
energy for the upcoming periods 

5) The market will eventually accept the generation bids and the production schedule will be stored  

6) In case the production forecast changes a lot from previous estimations, it may be necessary to go 
to the market again to try to correct the position of the RES in the intraday market to avoid imbal-
ances 

7) Periodically the RES-CC will update the System operator with the most up-to-date information about 
the scheduled production of RES assets for upcoming periods 

2.2.1.3 UC03 - RES units monitoring 
This Use Case is related to the monitoring of the assets and how the information is presented to the operator. 
The different mechanisms and gateways used to access the data sources have been already described in 
D12.2 & D12.3. 

2.2.1.4 UC04 - Analysis of RES curtailment strategies 
In the HLU2-UC01 the selection by the system operator of specific assets to curtail and the corresponding 
amount of energy is tested and demonstrated; this UC covers a different scenario where the system operator 
identifies a region whose RES production may be curtailed and the curtailment amount, and passes this lim-
itation to the RES-CC. With this limitation in mind, the RES-CC optimal curtailment algorithms aim to obtain 
the best operation point for the RES parks in a region, regarding the limitations imposed by the SO. This 
mechanism is easier to implement by the system operator, because the curtailment details are calculated by 
the RES-CC. Normally the system operator identifies the regions by a representing substation (normally a 
400kv or 22kv substation). In the particular scenario of Bosnian-Croatian border, the regions selected to test 
will be the substations of Konjsko and Mostar4: 
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Figure 1. Bosnian-Croatian border 

And the RES assets connected are: 

Konsjko region: 

- HPP Dubrovnik 1 126 MW, connected to 110 kV transmission network 

- WPP Rudine 12x2,85 MW, connected to 110 kV transmission network 

- WPP Ponikve 16x2,3 MW, connected to 110 kV transmission network 

- HPP Zakučac 4x144 MW, connected to 110 kV (1&4) & 220 kV (2&3) transmission network 

- HPP Kraljevac 2x20,8 MW, connected to 110 kV transmission network 

- HPP Đale 2x20,4 MW, connected to 110 kV transmission network 

- HPP Orlovac 3x79 MW, connected to 220 kV transmission network 

- HPP Peruća 2x30,6 MW, connected to 110 kV transmission network 

- HPP Buško Blato 3x3,8 MW/3x-3,4 MW (pump HPP), connected to 110 kV transmission network 

- WPP Voštane 7x3 MW, connected to 110 kV transmission network 

- WPP Ogorje 14x3 MW, connected to 110 kV transmission network 

- WPP Pometeno Brdo 15×1 MW + 2,5 MW, connected to 110 kV transmission network 

- WPP Jelinak 20x1,5 MW, connected to 110 kV transmission network 

- HPP Velebit 2x138 MW/2x-120 MW (pump HPP), connected on 400 kV transmission network 

- WPP Zelengrad 14x3 MW, connected to 110 kV transmission network 

Mostar region: 

- HPP Capljina 2x210MW (pump HPP), connected on 220kV transmission network 

- HPP Trebinje 1 3x60MW, connected on 220kV transmission network 
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- HPP Dubrovnik 2 126MW, connected on 220kV transmission network 

- HPP Mostarsko blato 2x30MW, connected on 110kV transmission network 

- HPP Mostar 3x25MW, connected on 110kV transmission network 

- HPP Pec Mlini 2x15MW, connected on 110kV transmission network 

- WPP Mesihovina 50,6MW, connected on 110kV transmission network 

This UC will at the end solve some of the problems identified by the System operator by applying curtailment 
commands, but in this case the details of the curtailment and how it is distributed in the portfolio of renew-
ables is calculated by the RES-CC according to different strategies:  

- Priority list   

- LIFO (Last in first out) 

- Pro rata 

- Shedding Rota 

- Generation size 

In all of the strategies, the SO limitation will be honored, but the impact in the RES asset portfolio after a 
number of activations will be different: some of the strategies will tend to always select the same assets to 
curtail, whilst other will distribute the effort in a fair way. 

For demonstrating the use case the approach will be similar to the one described in HLU2-UC01, with the 
difference that the System operator will select substations and not generators for the curtailment. The pro-
cess is the following: 

1) The WAMAS tool will present the operator with updated information about current and forecasted 

network status: Power flows, voltages, topology status, etc. Problematic situations are highlighted 

so that the operator can easily notice about them. Different views will be provided to help the oper-

ators better understand the problems.    

2) The operator will select in this interface different substations in the region (Konjsko and /or Mostar) 

and will specify for them production limitations based on their expertise and knowledge. The aim of 

the actions will be to solve the identified problems. 

3) The actions could be marked for immediate execution, or scheduled for a future period. At the ap-

propriate time, activation of the actions will be sent to the RES-CC, that will reply confirming the 

reception. WAMAS interface will present operator with the successful (or not) reception of the mes-

sage by RES-CC. 

4) The RES-CC will analyze the limitation and will distribute it to the portfolio of assets according to the 

five identified strategies. Five different solutions will the generated 

5) KPIs will be generated to evaluate the impact of the five different set of commands in the exploitation 

of the elements in the portfolio. The KPIs will be accessible in the RES-CC user interface 

6) The system operator will activate these mechanisms several times during the testing period so that 

the KPI’s are properly filled and conclusions can be extracted from the application of the different 

algorithms 

7) For this scenario, we will not have direct control of any RES asset in the region, because of the eco-

nomic impact of the application of the actions, nevertheless the impact of the actions could be ana-

lyzed and compared against the actions taken by the operators. 
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2.2.1.5 UC05 - Analysis of RES curtailment based on market 

This use case will be tested in the final demonstration, when the ancillary services market is deployed 

2.2.1.6 UC07 - Minimal curtailment required 
Similarly to HLU2-UC01 and HLU02-UC04, the aim of this UC will be to help system operator handling network 
problematic situations in the southern border between Croatia and Bosnia & Herzegovina. The problems we 
are focusing are high voltages in the main substations, linked to a big amount of production in a relatively 
small area, and congestion in the corridors for the same reason. The situations will be automatically identified 
in WAMAS tool and a minimal set of curtailment commands required to solve the problem will be automati-
cally generated. Unlike HLU2-UC01 and HLU02-UC04, this UC will not require the system operator to decide 
on the most appropriate control actions but just to asses and confirm the actions automatically proposed.  

The UC will try to obtain the most efficient control actions to solve the identified network problems whilst 
minimizing the changes in the RES production plans. After the set of control actions is identified, they are 
sent to the RES-CC and the UC continues the same as HLU2-UC01 and HLU02-UC04. 

The identification of the optimal control actions requires the calculation of the sensitivity factors. These fac-
tors identify how much the variation of 1 MW/h in the generators schedule affects some critical network 
element (in this case the main substations in the affected area and the corridors).  This could be later used 
to select on the most appropriate elements to redispatch in order to solve the problem and the amount of 
energy required. 

Thus, the steps to demonstrate this UC will be: 

1) WAMAS tool periodically receives real time and forecasted status of the network. Problems are iden-
tified in these scenarios based on thresholds. For demonstration purposes, the thresholds will be 
lowered so that situations that are currently accepted or valid but close to the limit will be identified 
as problematic and will trigger the execution of the algorithm 

2) The sensitivity factors will be calculated for the network topology of the identified problematic sce-
nario 

3) WAMAS curtailment calculation algorithms will try to obtain the set of control commands that solve 
the identified problem with the minimal impact. Sensitivity factors and market-based redispatching 
cost of the RES units are taken into account in the calculation 

4) The results will be presented to the System operator in WAMAS tool, for the demonstration the con-
firmation will not be needed 

5) The actions could be marked for immediate execution, or scheduled for a future period. At the ap-
propriate time, activation of the actions will be sent to the RES-CC, that will reply confirming the 
reception. WAMAS interface will present operator with the successful (or not) reception of the mes-
sage by RES-CC. 

6) RES-CC user interface will warn RES operator on the reception of the mFRR activation command. 
Since the command will be specific for a certain generator, this limitation will be directly passed to 
the generator with no further processing. 

7) For this scenario, we will not have direct control of any RES asset in the region, because of the eco-
nomic impact of the application of the actions, nevertheless the impact of the actions could be ana-
lyzed and compared against the real actions taken by the operators. 
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 RES in Bulgaria 
 

2.2.2.1 UC02 - RES generation forecast including scheduled maintenance 
Same as the UC demonstration described in Bosnian-Croatian border congestion scenario but here referred 
to the whole Bulgarian portfolio of assets 

 

2.2.2.2 UC03 - RES units monitoring 
Same as the UC demonstration described in Bosnian-Croatian border congestion scenario but here referred 
to the whole Bulgarian portfolio of assets 

 

 Supporting the large-scale integration of res by using the black sea corridor  
 

2.2.3.1 UC01 - Command dispatching to RES production units 
Same as the UC demonstration described in Bosnian-Croatian border congestion scenario, but in this case 
the border will be between Rumania and Bulgaria and the predominant power flow will be north-south 

2.2.3.2 UC02 - RES generation forecast including scheduled maintenance 
Same as the UC demonstration described in Bosnian-Croatian border congestion scenario but with the assets 
in Romania  

 

2.2.3.3 UC03 - RES units monitoring 
Same as the UC demonstration described in Bosnian-Croatian border congestion scenario but with the assets 
in Romania  

 

2.2.3.4 UC04 - Analysis of RES curtailment strategies 
Same as the UC demonstration described in Bosnian-Croatian border congestion scenario but the region to 
consider for curtailment distribution will be the area of Tariverde, with three different wind farms and a 
capacity of more than 600MW 

 

2.2.3.5 UC05 - Analysis of intra-day RES curtailment based on market 

This use case will be tested in the final demonstration, when the ancillary services market is deployed 
 

2.2.3.6 UC06 - Participate with RES units in the secondary (upward) reserves market 
RES units are normally scheduled to offer all their production to the spot market. In such a scenario, intraday 
imbalances (upward) are always solved by means of the use of secondary (or tertiary) reserves provided by 
non-RES, expensive production units. It can be the case that some of the available RES production can be 
reserved to be offered as an upward reserve in the secondary reserves market. This will enable the TSO to 
use part of those available and un-scheduled RES energy in case of intraday imbalance. In addition, the cost 
of the secondary reserves will be lowered, because the RES reserves will be cheaper than the conventional 
reserves. The feasibility of this will be assessed, taking into account:  

- Lack of accuracy of the forecasts. possible penalties if the energy could not be delivered  
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- Lack of revenues for not offering all the energy in the spot market 

- Need to respond in real time to commands from System Operator  

 

KPIs will be generated to evaluate the feasibility of the use case: Total curtailed energy, time in curtailment 
state, average loses, influence over RES owners ROI, cost of the balancing services for the grid operator, etc. 
KPI’s will be obtained by both real and simulated systems. The results will help policy makers and regulators 
adopting the most convenient approach towards boosting the installation of new RES units and protecting 
the ROI of new and existing RES units. 

This UC will not be demonstrated in real in this scenario, but the concept will be checked on top of the real 
data taken from the RES assets in Tariverde. Simulations will be done on RES limitation of the production 
offered to the energy market for certain periods, to be able to participate in the upward secondary (mFRR) 
market and be eventually activated by the system operator to solve the frequency problems. The steps will 
be: 

1) RES-CC will periodically query weather forecast services to obtain the most accurate weather predic-
tion 

2) Based on these measurements along with the generation models built for each of the RES plants in 
the region (Tariverde), a forecast of production will be generated. 

3) With this forecast, RES-CC will generate bids to the energy markets to try to sell all the available 
energy but a small amount for the upcoming periods. 

4) The market will eventually accept the generation bids and the production schedule will be stored  

5) The potential energy not offered to the energy market is offered as upward energy to the mFRR 
market 

6) In case the production forecast changes a lot from previous estimations, it may be necessary to go 
to the market again to try to correct the position of the RES in the intraday market to avoid imbal-
ances. The same happened with the mFRR market 

7) When a frequency problem is identified by the system operator, the RES bids in the mFRR market 
will be activated. The activations will be simulated based on the data taken from ENTSO-E transpar-
ency platform for Romania  

8) KPIs will be generated with the performance of the process and the economical balance 

 

2.2.3.7 UC07 - Minimal curtailment required 
Same as the UC demonstration described in Bosnian-Croatian border congestion scenario but here focusing 
on congestions in the Romanian-Bulgarian corridor 
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2.3 HLU3 - CROSS-BORDER STORAGE OF RES PRODUCTION/OUTPUT 

There will not be preliminary demonstration of the scenarios in this High-level use case because not all the 
required assets will be available in time. The final demonstration will include these demonstrations. 
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2.4 HLU4 - DISTRIBUTED STORAGE FOR SYSTEM STABILITY AND ENERGY QUALITY CONTROL 

 Storage in Serbia 

2.4.1.1 UC01 - Command dispatching to storage units 
The experiment concerning UC01 will test the ICT infrastructure of STO-CC. To this end, some commands will 
be sent to STO-CC, and the reception of the signals will have to be validated by the storage system operator 
(EPS). Initially, this will be just the validation of signals only and not the execution of actions. Depending on 
the results obtained, further implementation could be tested as well. Also, it will be possible to run some 
scenarios in SCADA with a significant excess of RES to assess the potential benefits of STO-CC to increase the 
level of penetration of RES. The experiments will be ideally tested between March and June of 2020.  
 

The remaining of the UCs requires greater logistic and a more elaborate plan since they have the potential 
to jeopardise the adequacy and security of the network. For instance, frequency regulation (UC02) experi-
ments are the most challenging experiment to deploy. In particular, because UC02 tests could cause major 
disturbances in the interconnected network. This could easily lead to additional operating issues such as 
cascading failures or blackout within the Serbian system. Voltage regulation (UC03), and network congestion 
(UC04) are easier to implement when compared to UC02. Yet they also required coordinated planning that 
needs to consider the scheduled maintenance program of other components within the network.  Thus, 
within this context, UC01 is deemed the only experiment to be run during the Primary Demonstration plan.   
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2.5 HLU5 - VIRTUAL STORAGE PLANTS 

 SmartGrid Laboratory in University of Zagreb 
The goal of the laboratory demonstration is to demonstrate congestion management, frequency and voltage 
control with distributed storage units using distributed optimization and control algorithms developed by 
UNIMAN. Outcome of the demonstration will serve as a practical proof-of-concept and give insight into scal-
ing up the concept onto a real regional-level transmission system. 

The setup of the UNIZG Smart Grid Lab (SGLab) will be used to emulate a real distribution and transmission 
system. The SGLab consists of a physical 400 V / 230 V grid with buses, AC lines, AC and DC loads, synchronous 
generators and energy storage units as shown in ¡Error! No se encuentra el origen de la referencia.. 

 

Figure 2. Electrical diagram of the SGLab 

 

The SGLab grid consists of 7 buses (400 V line-to-line / 230 V line-to-ground), 11 lines and 5 AC loads. The lab 
can operate standalone or connected to the external grid (at E1). 20 kVA Synchronous generator E3 is 
equipped with an automatic voltage regulator and is driven by a Pelton hydraulic turbine (water is pumped 
from the basin below the lab). 13 kW PV plant located on the roof of the laboratory can also be connected 
to the lab infrastructure if needed.  Energy storage portfolio consists of a 2.5 kW/6.5 kWh VARTA Li-ion bat-
tery with integrated inverter and two 18 kW/18kWh Li-ion battery racks by PowerTech Systems. Each battery 
rack is modular consisting of 7x2.5 kW/2.5 kWh batteries. DC loads are 2.5 kW each. At the moment, only 
one AC-DC-AC converter is available for interfacing the battery racks to the AC grid, while additional two 
converters are currently being tested. With 3 converters and VARTA battery, 4 storage units would be avail-
able to act as distributed storage unit. Additionally, the hydroelectric generator can act as a PHS. The energy 
sources can be connected to any bus in the grid shown in ¡Error! No se encuentra el origen de la referencia.. 
For more details on equipment, please refer to [1]. 
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VSP concept in a transmission network is illustrated in ¡Error! No se encuentra el origen de la referencia.. 
From a transmission level perspective, the operator only sees an aggregated energy storage unit as a single 
entity connected to a single interconnection point between the transmission and distribution levels. Such a 
unit can be dispatched centrally from the premises of the regional operator. However, behind the intercon-
nection point on a distribution system level, the distributed storage assets are controlled in a distributed 
manner using the VSP framework (right diagram of ¡Error! No se encuentra el origen de la referencia., which 
might correspond to the physical laboratory network in ¡Error! No se encuentra el origen de la referencia..). 
Note, however, that when the assets on a distribution level are organised as a single unit, several such ag-
gregated units can also be coordinated in a distributed manner on the transmission level (left diagram of 
¡Error! No se encuentra el origen de la referencia. corresponding to the simulated 4 TSO network in South 
East Europe in ), which offers benefits in terms of reduced communication cost and increased robustness 
over the typical centralized operation. .  

 

Figure 3. VSP Hierarchy Illustrated in Standard IEEE Networks 
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