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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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ACRONYMS
Acronyms List

CCC

Coordinated Capacity Calculations

CCRs

Capacity Calculation Regions

CE

Continental Europe

CGMs

Common Grid Models

CNEC

Critical Network Element and Contingency

DACF

Day Ahead Congestion Forecast

DAS

Data Acquisition System

DLR

Dynamic Line Rating

DPU

Data Processing Unit

EMS

Energy Management System

FB

Flow Based

HIS

Historical Database

HLU

High Level Use case

HV OHL

High Voltage Overhead Lines

IDCF

Intraday Congestion Forecast

IGMs

Individual Grid Models

NTC

Net Transfer Capacity

RAA

Regional Adequacy Assessment

RAs

Remedial Actions

ROC

Regional Operational Centre

RSCs

Regional Security Coordinators

RT

Real Time

SA

Security Analysis
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SCADA

Supervisory Control and Data Acquisition

SEE

Southeast Europe

TSO

Transmission System Operator

UC

Use Case

WAMS

Wide Area Monitoring System
Table 1. Acronyms list
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1
1.1

INTRODUCTION
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 generator 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 outputs 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 3countries 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 facilitate 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 3countries 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 algorithm 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 suitability 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 opportunity 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 countries 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 interested 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 complexity, 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 calculation 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 calculated 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 conditions. 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 execution 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. Additional 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 WAMPAC 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 disconnect 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, connecting 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 BosnianCroatian 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 operators 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 appropriate 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 message 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 economic impact of the application of the actions, nevertheless the impact of the actions could be analyzed 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 prediction
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 generated. 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 imbalances
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 limitation 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 renewables 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 process 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 operators 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 appropriate 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 message 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 economic impact of the application of the actions, nevertheless the impact of the actions could be analyzed 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 automatically 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 factors 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 identified 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 scenario
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 confirmation will not be needed
5) The actions could be marked for immediate execution, or scheduled for a future period. At the appropriate 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 message 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 economic impact of the application of the actions, nevertheless the impact of the actions could be analyzed 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 prediction
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 imbalances. 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 transparency 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) experiments 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 scaling 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..
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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 battery 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 available 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 interconnection 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 aggregated 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. .
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Figure 3. VSP Hierarchy Illustrated in Standard IEEE Networks
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Figure 4. The Equivalent 4 TSO Network in South East Europe

Illustration of this concept on a regional level of South-eastern Europe is shown in ¡Error! No se encuentra
el origen de la referencia. using Croatian and Serbian transmission system. Aggregated storage units are
controlled in a distributed manner behind the interconnection point on the distribution level, while the large
scale storage units on the transmission level (both aggregated and traditional such as pumped hydro) can
also be controlled in a distributed manner: both storage units inside a single country’s borders as well as
cross-border control for voltage and frequency control and tie-line congestion management, which covers
the UC 2 to UC 4 in HLU 5.
Croatia

Serbia

Aggregator

WTG

BESS

SupCap

Flywheel

Figure 5. VSP concept on the example of Croatia – Serbia transmission system

2.5.1.1 UC02 - Frequency regulation by VSP coordination
Frequency is a global variable and its steady-state value is kept the same in a synchronous interconnection.
¡Error! No se encuentra el origen de la referencia. shows the infrastructure of the SGLab emulating interconnected systems of Croatia and Serbia. In this example, the hydroelectric turbine-generator plant is emulating large-scale PHS plant, while batteries act as aggregated distributed storage units as described in previous section. If a disturbance happens in the network causing a frequency deviation, these units provide a
coordinated response using distributed control framework. With this experiment, it is possible to demonstrate the capability of VSP framework to provide fast and automatic frequency response in a distributed
manner.
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Similarly, if the grid from ¡Error! No se encuentra el origen de la referencia. is considered as some distribution area in a single country, then the VSP aggregator (SGLab SCADA) can receive a power setpoint from STOCC in terms of tertiary regulations. By measuring the power flow into a certain bus (e.g. if the lab grid is
connected to the external grid as in ¡Error! No se encuentra el origen de la referencia. instead of operating
standalone), a successful experiment can show that the VSP can deliver the requested power at the interconnection point while fulfil the local loads. In this case, the PCC is the external grid bus acting as a substation
with step-down transformer from transmission level to distribution level.

Figure 6. SGLab grid emulating Croatia – Serbia interconnection

2.5.1.2 UC03 - Voltage support by VSP coordination
Voltage is a local characteristic, although its stability can lead to cascade problems in the system throughout
an observed period in time. Therefore, in voltage/reactive power control the focus is more on the functionality itself since the most observable impact of voltage control will be around the local bus where the voltage/reactive power control is applied.
One common issue that transmission systems have is high voltages in transmission network during the night
when the wind power production is high and loading of the grid is low. Distributed storage assets throughout
the network can be ordered to consume reactive power or to charge in order to bring the node voltages
closer to rated value. Since the bus voltages are local variables, having coordinated storage assets in the
transmission grid could have positive voltage impact throughout the grid instead of e.g. only having one large
unit in a system connected to a single point in the network.
The laboratory setup for this experiment is the same as in ¡Error! No se encuentra el origen de la referencia.,
with the only difference being the PV plant acting as a wind/PV power plant with high production during the
night since they are both inverter-interfaced to the grid and not dispatchable. The goal of the experiment is
to show that VSP can provide local voltage control in a distributed manner.
2.5.1.3 UC04 - Congestion mitigation by VSP coordination
From a purely mathematical perspective, dealing with a congested line means reducing power flow through
that line. Therefore, referring to ¡Error! No se encuentra el origen de la referencia., the initial dispatch of
the laboratory assets should be such that the lines 4, 10 and/or 11 (acting as interconnection lines between
the two countries) are highly loaded. Then, using the VSP framework and the physical storage units in SGLab,
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the power flows through those lines will be reduced. The goal of this experiment is to demonstrate that the
power flows on a congested line can be relieved using the developed VSP framework and distributed assets.

Congestion in Peloponnese
2.5.2.1 UC01 - TSO-DSO cooperation for voltage control-congestion management
When the storage assets on the distribution level are organised as an aggregated single unit power source,
thus forming a Virtual Storage Plant, from the transmission operator’s perspective, a VSP aggregator with
sufficient storage capacity can provide ancillary services, such as voltage control and congestion management
to the transmission network as well, if a coordination platform between system operators is established.
From a transmission level perspective, the operator only sees an aggregated energy storage unit as a single
entity connected to a single inter-connection point (substation) between the transmission and the distribution level. When a suitable coordination platform exists, the technical parameters and the various constraints
of the VSP can be taken into account from the TSO when trying to mitigate the deviations that occur in the
transmission network. In this case, when the transmission operator faces grid problems, he can request ancillary services from the DSO through the TSO-DSO coordination platform. The activation of ancillary services
should be dispatched from the premises of the distribution system operator in order the latter to ensure that
the dispatching orders to the VSP will respect and not endanger the safe operation of the distribution network.
For the preliminary demonstration of this UC, the goal is to establish the ICT platform between the SCADA
and the DMS system which are located to the transmission and distribution operators’ premises respectively.
The ICT infrastructure constitutes a mandatory requirement while serving as the TSO-DSO backbone framework for this UC. It will enable the potential to demonstrate the final stage of this UC in the area of Peloponnese at the southern part of Greece, utilising real grid data, in parallel with a suitable algorithm to identify
network deviations and subsequently forwarding the appropriate commands to the DSO in order to assess
and dispatch the necessary set points to the VSP. The VSP will be simulated through a lab battery rack in
ICCS’s premises with the appropriate communication interface to receive communication signals (set points).
The preliminary evaluation scheduled until June 2020 (M36) has the following goals
•

Validate communication with EMS over a period of at least 2 weeks and verify that assets in the area
of Peloponnese are accessible

•

Validate integration of EMS measurements in the Apache Synapse

•

Validate integration of SLAMs in the Apache Synapse

•

Validate integration of small storage in the Apache Synapse

2.5.2.2 UC05 – VSP market participation
As part of the preliminary demonstration plan, we will gather actual energy and balancing price data and
perform VSP market participation analysis for all 8 CROSSBOW countries. Since the price data from the ENTSO-E Transparency platform is limited, this data gathering will be performed in cooperation with the 8 TSOs
participating in the project.
Regarding the final demonstration plan, we will apply the VSP market participation tool in a lab trial, by employing a battery system in the ICCS lab. As part of this activity, we will be able to incorporate a more detailed
representation of the actual operating characteristics and constraints of real battery systems, instead of the
generic, simplified characteristics used so far.
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2.6

HLU6 - TRANSNATIONAL DEMAND SIDE MANAGEMENT
DSM in Croatia and Bosnia and Herzegovina

The preliminary demonstration activities in HOPS and NSOBiH foresee three parts:
•
•
•

The simultaneous activation of distributed DSMs in HOPS
The activation DSM Cemex with switching on/off tie-line 400 kV Konjsko – Mostar 4
The simultaneous activation of Cemex (HOPS) and PHPP Capljina (NOSBiH)

The HLU6 use cases addressed in these activities are the following:
•
•
•
•
•

UC01 - Management of load profile by appropriate DSM coordination
UC02 - Management of system voltage profile using DSM coordination
UC03 - Maintaining system frequency profile using DSM coordination
UC04 - Increasing RES penetration and facilitating low carbon network operation using DSM coordination
UC05 - Managing network congestion using DSM coordination

2.6.1.1 The simultaneous activation of distributed DSMs in HOPS
This demo case includes the simultaneous activation of all current contracted DSMs in Croatian control area.
The experiment should show to what extent the existing DSM capacity could be used for solving congestion
and balancing issues in the power system. The experiment includes DSMs and their flexibilities:
• DS Smith Belisce Croatia d.o.o – 6 MW flexibility
• Cemex Hrvatska d.d – 20 MW flexibility
• NASICECEMENT d.d – 9 MW flexibility
• Messer Croatia Plin d.d. – 6 MW flexibility
• Petrokemija d.d. – 5 MW flexibility
The activation should be with the maximum value of their flexibility as mentioned above. Moreover, the
environments in the grid might be:
•
•
•
•

Imbalance of regional power systems, lack of energy – the system needs balancing energy, and/or
The real time production of wind farms is much lower than planned production, and/or
Congestion issues occur in the region with a possible positive impact of load reduction, and/or
The period of experiments can be during the night and lower production due to existing problems
with high voltage levels.
An example of the experiment protocol is given in ¡Error! No se encuentra el origen de la referencia..
DSMs

Example of the experiment
Day 1 (working day) – Experiment period and DSM activation period: 09:00 – 10:00

Belisce
Cemex
NASICECEMENT
Messer
Petrokemija

Measuring P, Q, V at the surrounding buses and interconnections with DSMs load
reduction during and after congestion period.
If the tie-line 400 kV Konjsko – Mostar 4 is out of the system (which causes congestion
in 220 kV line Zakucac-Mostar):
at 09:30 should be its switching on
Collecting data in period 09:00 – 10:00
Day 2 (working day) –Experiment period: 09:00 – 10:00
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Measuring P, Q, V at the surrounding buses and interconnections without DSMs load
reduction during and after congestion.
If the tie-line 400 kV Konjsko – Mostar 4 is out of the system:
at 09:30 should be its switching on
Collecting data in period 09:00 – 10:00
Table 2. Example of the experiment protocol

2.6.1.2 The activation DSM Cemex with switching on/off tie-line 400 kV Konjsko – Mostar
An example of the experiment protocol is given in ¡Error! No se encuentra el origen de la referencia.
DSMs

Cemex

Day 1 (weekend night) – Experiment period and DSM activation period: 01:00 – 03:00
Measuring P, Q, V at the surrounding buses and interconnections with DSM load
reduction before and after disturbance.
If the tie-line 400 kV Konjsko – Mostar 4 is out of the system:
at 01:30 should be its switching on, and
at 02:30 switching off
Collecting data in period 01:00 – 03:00
Day 2 (weekend night) – Experiment period: 01:00 – 03:00
Measuring P, Q, V at the surrounding buses and interconnections without DSM load
reduction before and after disturbance.
If the tie-line 400 kV Konjsko – Mostar 4 is out of the system:
at 01:30 should be its switching on, and
at 02:30 switching off
Collecting data in period 01:00 – 03:00
Table 3. Example of the experiment protocol

2.6.1.3

The simultaneous activation of Cemex and PHPP Capljina
DSMs

Cemex
PHPP Capljina

Day 1 (weekend night) – Experiment period and DSM activation period: 01:00 – 03:00;
PHPP Capljina out of the system (neither working as a pump nor as a generator)
Measuring P, Q, V at the surrounding buses and interconnections with DSM load
reduction before and after disturbance.
If the tie-line 400 kV Konjsko – Mostar 4 is out of the system:
at 01:30 should be its switching on, and
at 02:30 switching off
Collecting data in period 01:00 – 03:00
Day 2 (weekend night) – Experiment period 01:00-03:00; PHPP Capljina synchronization at 01:00)
Measuring P, Q, V at the surrounding buses and interconnections without DSM load
reduction before and after disturbance.
If the tie-line 400 kV Konjsko – Mostar 4 is out of the system:
at 01:30 should be its switching on, and
at 02:30 switching off
Collecting data in period 01:00 – 03:00
Table 4. Example of the experiment protocol

Congestion in Peloponnese
2.6.2.1 UC06 - TSO-DSO cooperation for voltage control-congestion management via demand response
In this UC there are delays since the communication with the SCADA/EMS of ADMIE has not been established
yet, but expected to happen soon. The Apache Synapse enterprise service bus (ESB) has been installed and
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tested with the IGSS. Assuming that the communication with the EMS will be established soon the phases of
the demonstration are the following:
The preliminary evaluation scheduled until June 2020 (M36) has the following goals
•
•
•
•

Validate communication with EMS over a period of at least 2 weeks and verify that assets in the
area of Peloponnese are accessible
Validate integration of EMS measurements in the Apache Synapse
Validate integration of SLAMs in the Apache Synapse
Validate integration of small storage in the Apache Synapse

Voltage/Congestion/Adequacy problems in Crete
2.6.3.1

UC06 - TSO-DSO cooperation for voltage control-congestion management via demand response

The goal of this Demo is to optimize the curtailment in the island of Crete in case of power outages. The
system considers the current legal framework and the Market Operation in the island. The starting point of
the simulation is the calculation of the Rolling Day Ahead Schedule and the identification of power outages.
Next the system will estimate the load and RES production on substation level and will propose the optimal
shedding.
For the demonstration case in Crete the communication with the SCADA of PPC has been established as well
the necessary forecasting services. Currently the setup of the EMS and the corresponding services are under
testing. Next figure presents the main screen of the EMS:

Figure 7. EMS setup and corresponding services
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The next figure presents the window that manages the estimation of the curtailment at substation level, and
actually, 4 primary substations have been selected: Sitia, Heraklio, Ag. Nikolaos and Chania¨

Figure 8. Curtailment estimation at primary substations

Two demonstration phases are planned:
The preliminary evaluation scheduled until June 2020 (M36) has the following goals
•
•
•

Validate forecasts functionality at primary substation
Validate the functionality to identify power outages in the island
Validate the functionality to calculate the load shedding and present results to the user (both
operator of Transmission Network and operator of Distribution Network)
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2.7

HLU7 - HYBRID RES DISPATCHABLE PLANTS

This section is focused on the Preliminary demonstration associated to HLU7 – Hybrid RES Dispatchable Plants
and the uses cases considered on CROSSBOW D2.2:
-

UC01: Application of Hybrid Power plants for Ancillary Services

-

UC02: Revenues improvement from Hybrid power plants

-

UC03: Analysis of quality services provided by Hybrid power Plants

-

UC04: Analysis of power supply according to the demand

-

UC05: Hybrid Power Plant design according to System Operator Requirements

For this HLU7 the main CROSSBOW product involved is RES-DU, however, RES-CC product also has important
role, due it is the connector with the rest of the CROSSBOW product, so this document will be oriented to
the demonstration of the functionalities of the RES-DU product, as well as, the interaction between RES-DU
and RES-CC products. In addition, an expected schedule for the demonstration activities is included for each
of the UCs.
Due to the TRL associated to RES-DU product, as well as, the absence on real Hybrid Power Plants, the demonstration plan will be totally developed in the Smart Rue Lab (Athens), where PV, Wind and Battery technologies are available.

SmartRue Lab: hybrid power plant management
As mentioned in deliverables associated to CROSSBOW WP12, Smart Rue Lab has several renewable and
storage technologies available for the CROSSBOW demonstration purposes. Through the combination of PV,
Wind and batteries, a basic configuration of HPP (Hybrid Power Plant) connected to a PCC (Point of Common
Coupling) will be considered for the HLU7 demonstration plan. In addition, the simulation models developed
in CROSSBOW D5.1 will allow to consider the rest of technologies that usually do not exist at lab level (Biomass, Biogas, and HPS) due to the difficulty for scaling – at lab level – the different types of turbines involved
(hydro, steam turbine, gas turbine) in the most complete HPP.

2.7.1.1 UC01 - Application of Hybrid Power Plants for Ancillary Services
The main functionalities associated to this UC01, during this preliminary demonstration stage, will be focused
on the application of ME4HP and Hybrid Dynamic HRES models and their associated algorithms for providing
Ancillary Services.
In spite of some that extra functionalities will be needed for the final demonstration, some of these extra
functions are common to other HLU7-UCs, so they will be considered in the following UCs. The demonstration
for UC01 will be limited to the generation of a theoretical PPP for providing Ancillary Services, and the analysis
of dynamic response into the grid.
Jan20

Feb20

Mar20

Apr20

May20

Preparation of theoretical inputs for demonstration
Generation of optimized PPP for ancillary services
Analysis of dynamic response based on previous PPP
Visualization of Smart Rue Lab operation – real time
Table 5. Expected schedule for HLU7-UC01
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For the final demonstration it is expected to focus the activities on a final refinement of the algorithm developed for providing ancillary services, and a specific module to be developed after the preliminary demonstration for remedial actions, to be applied for compensating the deviation among the theoretical PPP and
the real lab power production.
2.7.1.2 UC02 - Revenues improvement from Hybrid power plants
This UC02, together UC04 and UC05, contains one of the most advanced (at development level) algorithms
at the moment of this preliminary demonstration between January-May 2020, as indicated in CROSSBOW
D5.3 – interim version. For this reason, the demonstration activities of these UCs start before the rest of
HLU7-UCs.
With regard to the demonstration and the activities expected during this preliminary stage, the main objective will be focused on to demonstrate the proper performance of the main algorithm associated to the
ME4HP response and the generation of the associated PPP (Power Production Profile). However, for reaching
a right demonstration it will be needed to guarantee some previous functionalities:
-

Automatic connection with ENTSO-e data bases for updating the energy demand and wholesale energy prices day ahead.

-

Automatic connection with weather data base for day ahead forecasting.

Besides, it will be very important to demonstrate the correct communication among ME4HP and Equivalent
Dynamic HRES model for guaranteeing that the original PPP (focused on revenues optimization) calculated
by ME4HP is acceptable by the grid from the dynamic side. In addition, at the end of this stage, it will be
needed to demonstrate that the RES-DU product is able to read and store the real operation parameters
from Smart Rue Lab.
The following schedule summarized the expected plan for the preliminary demonstration of UC02 functionalities.
Jan20

Feb20

Mar20

Apr20

May20

Automatic connection with ENTSO-e data base
Automatic connection with weather forecast service
Generation of optimized PPP for revenues increment
Analysis of dynamic response based on previous PPP
Visualization of Smart Rue Lab operation – real time
Table 6. Expected schedule for HLU7-UC02

For the final demonstration it is expected to focus the activities on a final refinement of the revenues optimization algorithm – oriented to HPS technology, due to the limitations imposed by its low daily global performance (~70%) versus the battery performance (~90%). As well as, the development of module for remedial actions to be applied for compensating the deviation among the theoretical PPP and the real lab power
production.
2.7.1.3 UC03 - Analysis of quality services provided by Hybrid power plants
Regarding this UC03, the demonstration activities during this preliminary stage will be limited to the operation of the ME4HP and Equivalent Dynamic HRES models and their associated algorithms for this UC03, in a
similar way than UC01. Despite of the components of the product RES-DU under demonstration will be the
same, the functionalities under study will be focused on: to provide support for black start and to select the
best energy mix for increasing the system inertia, based on theoretical inputs.
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Jan20

Feb20

Mar20

Apr20

May20

Preparation of theoretical inputs for demonstration
Generation of optimized PPP for black start support
Generation of optimized PPP for increasing inertia
Analysis of dynamic response based on previous PPP
Visualization of Smart Rue Lab operation – real time
Table 7. Expected schedule for HLU7-UC03

For the final demonstration it is expected to focus the activities on a final refinement of the algorithm developed for providing i) support for black-start, and ii) increasing inertia, and a specific module to be developed after the preliminary demonstration for remedial actions, to be applied for compensating the deviation
among the theoretical PPP and the real lab power production.
2.7.1.4 UC04 - Analysis of power supply according to the demand
Besides to demonstrate one of the main functionalities of the RES-DU, the capability of adapting the energy
mix of an existing HPP to a variable or flat power demand curve, as demonstrated in CROSSBOW D5.3 (interim
version); the UC04 allows to demonstrate the integration of the RES-DU product with the CROSSBOW environment, through the integration the RES-CC tool. This integration will allow to know the expected generation profile, in the same way than other RES power plants, and on the other hand, RES-DU will be able to
adapt the original PPP to the requested imposed by RES-CC according to the grid/power system needs.
The following schedule summarized the expected plan for the preliminary demonstration of UC04 functionalities.
Jan20

Feb20

Mar20

Apr20

May20

Automatic connection with ENTSO-e data base
Automatic connection with weather forecast service
Generation of optimized PPP different power demand
curve
Analysis of dynamic response based on previous PPP
and recommendations
Integration with RES-CC product (interaction among
RES-CC + RES-DU: CROSSBOW ECOSYSTEM)
Visualization of Smart Rue Lab operation – real time
Table 8. Expected schedule for HLU7-UC04

For the final demonstration it is expected to focus the activities on a final refinement of the PPP generator
for maximizing the power demand coverage. As well as, the development of module for remedial actions
to be applied for compensating the deviation among the theoretical PPP and the real lab power production.
Special attention will be paid to the connection and interaction with RES-CC tool as part of the CROSSBOW
ecosystem.
2.7.1.5 UC05 - Hybrid power plant design according to System Operator requirements
As mentioned in CROSSBOW D5.2, this HLU7-UC05 is a special use case, due their functionalities are limited
to the theoretical design of new Hybrid Power Plants for a specific location based on three main inputs:
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-

Typical Meteorological Year (TMY)

-

Annual energy price curve (€/MWh) – Wholesale market

-

Annual energy demand (MWh) – at country/region level

In addition, the design of the HPP can be limited by the values associated to different KPIs that the functionality can take into account:
-

Dispatchability

-

Firmness

-

Curtailment

The functionality associated to HLU7-UC05 carries out several simulations in order to select the best Hybrid
Power Plant configuration in terms of Levelized Cost of Energy (LCoE), providing also a detailed annual power
production profile (1 hour time-step).
This UC05 has been demonstrated in CROSSBOW D5.1 for Greece, and in CROSSBOW D5.2 for Romania, Bulgaria and Serbia, selecting hypothetical locations with good weather resources, and considering the energy
prices and annual power demand provided by ADMIE, TRANS, ESO and EMS. However, more detailed analysis
can be carried out through the algorithm refinement. The following schedule summarized the expected plan
for updating the results, initially provided in CROSSBOW D5.1 and D5.2.
Jan20

Feb20

Mar20

Apr20

May20

Algorithm refinement process
HPP final design for Greece
HPP final design for Romania
HPP final design for Bulgaria
HPP final design for Serbia
Table 9. Expected schedule for HLU7-UC05
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2.8

HLU8 - COOPERATIVE OWNERSHIP OF FLEXIBILITY ASSETS
Cooperative ownership of flexibility platform for providing balancing services

The cooperative flexibility platform (CFP) is an extension to the cyberGRID’s flexibility platform with the name
cyberNOC.
The goal of this section is to present the preliminary testing scenarios taking into account both parts of the
CFP platform, i.e.: CFP extension and the new cyberNOC features developed for the CB project.
The main functionality of the CFP is:
-

Establishment of the cooperative

-

Users (asset owners) onboarding

-

Voting

-

Reporting

On the other hand, the main functionalities of the cyberNOC newly developed features are:
-

Integration with energy assets (simulated, VARTA batteries and Sončna zadruga assets)

-

Monitoring and controlling connected energy assets

-

Integration with the AM product (bidding with Intraday and mFRR markets)

-

Simulating activations requests (Intraday, mFRR, aFRR)

2.8.1.1 UC01 - Cooperative establishment
Description
A market actor or group of actors (e.g. RES, C&I consumers, community, retailer, aggregator, balance group,
etc.) can set up a Cooperative to aggregate and monetize flexibilities on electricity markets. This can be
achieved by Cooperative Flexibility Platform (CFP). The Cooperative is set up to serve the interests of its
members. Cooperative is set up according to basic cooperative standards that demand democratic control
and profit-sharing scheme. Cooperative bylaws should be set up in a way to reach the standards and at the
same time follow the government legislation.
Level of testing
During the preliminary phase the demonstration of the UC1 will be mainly with the consortium WP11 partners by following the detail testing procedures defined in the D11.3. The purpose of this section is to test the
high-level demonstration of the UC.
The UC1 is more related to the administrative processes than with technical tools developed in the CB.
Tests
1.

Set-up Cooperative organization with defined governance procedures,

2.

Opened user accounts for founding members

3.

Defined identity and business purpose of the cooperative

4.

Defined cooperative’s bylaws (mandatory and voluntary members’ shares, profit sharing scheme,
voting and decision-making procedures, cooperative bodies – general assembly, a president, the
governing council, monitoring council and an optional director/management council)

5.

Achieved outreach (gaining new members)

WP11 will simulate (describe the needed process) preparation of the necessary procedures to establish the
cooperative organisation by the legal manners with general rules. Finally, we will prepare the proposed outreach of how to attract new members to join the cooperative.
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Move over to the final demonstration the we will take under consideration the Slovenian legislation and
prepare/describe the process of opening such cooperative.
2.8.1.2 UC02 - Membership management
Description
Membership must be established by a governing body (this is determined in cooperative’s bylaws and it is
either a governing council or a general assembly).
Membership in the cooperative gives a right to profit sharing and decision making/electing governing bodies.
Membership is achieved once a member is accepted by a governing body and once member pays a
mandatory membership fee i.e. a membership share.
Membership is based on the principle of voluntariness and openness (no discrimination allowed on the base
of ethnicity, religion or creed). Membership is transparent, each member has access to the membership list.
A membership share grants one vote, and each member is limited to one vote, thus achieving the democratic
standard (one member one vote) within the cooperative.
Level of testing
During the preliminary phase the demonstration of the U02 will be mainly with the consortium WP11 partners by following the detail testing procedures defined in the D11.3. The purpose of this section is to test the
high-level demonstration of the UC.
Tests
1. Establish new CFP tool
2. Administrator (the one that established the cooperative) can login and specify the initial rules
3. New users are able to register to the CFP
4. CFP members are able to vote (one member one vote rule) if the new user is able to participate in
the CFP
2.8.1.3 UC03 - Democratic governance
Description
Decision making right is attached to a membership share, and because each member only has one membership share, each member has only one vote. This is how democratic cooperative standard is achieved.
A member can vote on (i) the general issues in the general assembly, and (ii) for a president, the governing
council and the monitoring council. In this way, decision making is taking place on two different levels.
On the first level are decision made by elected representatives (director or management assembly) under
designation (ii) above. This are day-to-day decision related to business, sales, management, small investments, project-management, suppliers, contractors etc.
On the second level are decision made by the general assembly, which consists of all members within a cooperative and is the highest authority within a cooperative. The general assembly decides (by deliberation
and voting) on the long-term politics: bylaws, profit sharing, voting on representatives, issuing shares, about
the existence of a coop, possibility of restructuring etc.
The CFP will provide online voting processes to support this democratic governance use case. Each voting
result will be recorded in blockchain, to enable historical tracking, secure archiving and preventing fraud. The
added value of the CFP platform is to allow more efficient democratic decision-making process, which allows
to shift certain day-to-day decisions from the first level (director or governing council) to second level (members of the cooperative). For example - decisions on accepting new members, investments etc.
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Level of testing
During the preliminary phase the demonstration of the U03 will be mainly with the consortium WP11 partners by following the detail testing procedures defined in the D11.3. The purpose of this section is to test the
high-level demonstration of the UC.
Tests
1. Administration assign the voting permissions to the users
2. Administration assign the permission to the users who are able to create new votes
3. User create new votes. Notifications are redistributed to the users to vote
4. Users are participating on the voting by approving or rejecting the vote
5. Voting result is persistent to the blockchain
6. Users can see the recent voting result & archive of voting results
2.8.1.4 UC04 - Payments & Accounting
Description
Cooperative will be paid for its flexibility services. This will be its source of income. On the expense side, the
main costs will be flexibility payments to DG/DR units, setting up the cooperative, member-coordination, IT
solutions, governance, management, accounting etc.
The costs will be covered with the difference between the purchase price of the flexibilities from the
members and the selling price of the flexibilities. The profit is the residual that remains after the cooperative
covers its costs and is distributed to its members according to its bylaws and government legislation.
The objective of the Payments & Accounting use case is to enable money transfers within the CFP and with
third parties, and to handle efficient and transparent bookkeeping according to appropriate accounting
standards. Where applicable a seamless connection or integration with selected third-party payments and
accounting solution provider(s) will be supported.
Level of testing
During the preliminary phase the demonstration of the U04 will be mainly with the consortium WP11 partners by following the detail testing procedures defined in the D11.3. The purpose of this section is to test the
high-level demonstration of the UC.
Tests
1. Users with appropriate permissions will be able to see the selling price of the flexibility to the market
by observing the bid reports
2. Users with appropriate permissions will be able to see the actual money distribution between the
costs and sell prices when particular activation is finished for the defined accounting period
3. Users will be able to see his own reports of actual costs provided by activation of his own energy
assets
4. Users will be able to see timeseries of the monitoring data from his own energy assets for the validation purposes
5. CFP will allow 3rd party API integration
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2.8.1.5 UC05 - API - VPP integration with Market
Description
The objective is to provide mFRR flexible capacity bids which could be offered to mFRR electricity balancing
markets and different products available on the AM product.
The use-case describes functionality how user can interact with Flexibility service provider platform and define static or dynamic templates which will create different types of flexible capacity – bids and fit them to
specific rules in different electricity balancing markets.
Level of testing
During the preliminary phase the demonstration of the U05 will be mainly with the consortium WP11 partners by following the detail testing procedures defined in the D11.3. The purpose of this section is to test the
high-level demonstration of the UC.
Tests
1. CFP admin, creates new mFRR markets and various products (15min, 30min, 1h) in the cyberNOC
flexibility platform
2. CFP admin, observes the flexibilities available in the cyberNOC and decides how much of flexibility
can be traded on the market
3. CFP admin, enters mFRR bids to the AM product
4. Upon gate closure time cyberNOC automatically checks for the accepted and reject bids and save
them to the cyberNOC
5. CFP admin, creates new aFRR markets and various products (15min, 30min, 1h) in the cyberNOC
flexibility platform
6. CFP admin, observes the flexibilities available in the cyberNOC and decides how much of flexibility
can be traded on the market
7. CFP admin, enters aFRR bids to the AM product
8. Upon gate closure time cyberNOC automatically checks for the accepted and reject bids and save
them to the cyberNOC

2.8.1.6 UC06 - API - VPP integration with TSO
Description
The objective is to send near real time data from Flexibility service provider to TSO to perform validation and
receive back continues controlling signal (set-point) and redistribute this signal to the energy assets.
The use-case describes what kind of data flow is exchanged among TSO and Flexibility service platform (validation data and set-point data) and enable Flexibility service platform to be part of electricity balancing services, which provides the needed flexible capacity.
Level of testing
During the preliminary phase the demonstration of the U06 will be mainly with the consortium WP11 partners and simulated energy asset by following the detail testing procedures defined in the D11.3. The purpose
of this section is to test the high-level demonstration of the UC.
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Tests
1. mFRR bids were acquired on the market. CyberNOC platform receives the mFRR activation request
from the emulated TSO and start the activation process
2. Simulated energy assets receive the setpoint and follow the requested activation
a. Simulated energy assets are following the requested setpoint
b. Simulated energy assets are not following the requested setpoint as they should, but with
10% of deviations
3. Users are able to monitor the ongoing activation
4. aFRR bids were acquired on the market. CyberNOC platform receives the aFRR activation request
from the emulated TSO and start the activation process
5. Simulated energy assets receive the setpoint and follow the requested activation
a. Simulated energy assets are following the requested setpoint
b. Simulated energy assets are not following the requested setpoint as they should, but with
10% of deviations
6. Users are able to monitor the ongoing activation

2.8.1.7 UC07 - API - VPP integration with CFP
Description
When Flexibility service provider (VPP) activates DR&DG units it generates revenue. Part of this revenue
needs to be redistributed to the energy asset owner/owners defined in the CFP.
Level of testing
During the preliminary phase the demonstration of the U07 will be mainly with the consortium WP11 partners and simulated energy asset by following the detail testing procedures defined in the D11.3. The purpose
of this section is to test the high-level demonstration of the UC.
Tests
1. CFP lists accepted bids from the cyberNOC platform
2. cyberNOC platform generates the activation/energy asset reports
3. CFP lists bids and energy asset reports from the cyberNOC platform
4. CFP enables asset owners (users of the CFP) to proxy the reporting API used by the 3rd party

2.8.1.8 UC08 - BESS integration with the Intraday market via CFP
Description
Battery energy storage systems (BESS) nowadays can be used for different purposes. One option is to use the
battery for providing ancillary services. Due to its performance it can be used for all types (FCR, mFRR, aFRR)
of ancillary services. But when battery is used for e.g. aFRR for some time the state of charge (SOC) decreases
or increases from the initial SOC point, which is usually 50% so it can be used on both positive and negative
product. When SOC is with an offset from the 50%, the battery needs to be put back to the initial SOC point.
Best option is to run opposite product, but this doesn’t always happen.
The idea of the UC08 is to use the intraday energy market (AM product) and use its SELL or BUY offers to
charge or discharge the battery to the initial SOC point of e.g. 50%.
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Level of testing
During the preliminary phase the demonstration of the U08 will be mainly with the consortium WP11 partners and simulated energy asset by following the detail testing procedures defined in the D11.3. The purpose
of this section is to test the high-level demonstration of the UC.
Tests
1. CFP admin wants to charge the battery with the placement of the BUY offer on the intraday market
2. BUY offers is successful. CyberNOC automatically creates market activation and start charging the
battery for the duration of the Intraday market offer.
3. CFP admin wants to discarge the battery with the placement of the SELL offer on the intraday market
4. SELL offers is successful. CyberNOC automatically creates market activation and start discharging the
battery for the duration of the Intraday market offer.
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2.9

HLU9 - TRANSNATIONAL ANCILLARY AND WHOLESALE MARKET

Regarding the first two UCs within HLU9, it was decided that for the preliminary demonstration, only the
Intraday energy market platform will be demonstrated. All of the expected functionalities of the ID platform
will be included in the preliminary demonstration, but the level of their maturity will vary. Very limited functionalities of the System market platform for mFRR will be present in the preliminary demonstration.

Intraday energy market platform
2.9.1.1 UC02 - System market platform for Balancing Market
The UC02 has changed the name and partly its content. It was always intended for this software solution to
represent a wholesale market platform, conducted in an intraday continuous manner with instant matching
of bids and offers. The naming was changed to the “Intraday energy market platform” to reflect its description.
All of the functionalities that will be included were described in detail in D10.2: Novel balancing and wholesale electricity market design.
The functionalities presented below that will be developed for the preliminary demonstration. These functionalities include:
-

Onboarding-authentication/login;

-

Administration-management of markets;

-

Market enrolment;

-

Trading on the ID market;

-

Asset management (Cash, Energy, Orders, Trades);

-

Cross-zonal capacity;

-

Integration API for ID market.

It is important to note, that all of the above mentioned functionalities will be partially implemented. Full
implementation of these functionalities will be included in the final demonstration. Full implementation of
these functionalities will be included in the final demonstration. The functionalities for the preliminary
demonstration will be demonstrated in the first half of 2020. The full scope of the software solution will be
prepared until M31 and demonstrated until the end of 2020.
The preliminary version of the Intraday energy market platform has been live (online) since M24 and market
participants are able to check all of the above listed functionalities. Gradually, the platform will be updated,
and newer versions will be deployed. At M24, the platform’s functionalities are briefly described below:
-

Onboarding-authentication/login → Basic Authentication/login for the market platform is provided;

-

Administration-management of markets → The platform administrators can manage and create markets that follow certain parameters defined at its creation;

-

Market enrolment→ Market participants can enrol or leave markets (only works for ID market at the
moment);

-

Trading on the ID market → Market participants can submit orders to the ID market. The orders are
processed accordingly, and trades can be conducted;
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-

Asset management (Cash, Energy, Orders, Trades) → Assets such as cash is updated after every event
that occurs on the platform (order creation, when a deal is made…);

-

Cross-zonal capacity → CZC overview of the region is accessible and presented;

-

Integration API for ID market → Market participants are able to send and receive data base on the
API definition.

Tests will be carried out to check on the implemented functionalities.

System market platform for mFRR
2.9.2.1 UC01 - System market platform for aFRR and mFRR
For the HLU9-UC01, as it was mentioned in the D10.2: Novel balancing and wholesale electricity market design, the development of the System market platform for aFRR stopped at the functional specification stage.
Only the System market platform for mFRR will be developed as a software and included in the demonstration.
All of the functionalities that will be included were described in detail in D10.2: Novel balancing and wholesale electricity market design.
For the preliminary demonstration less functionalities will be developed compared to the UC02. The functionalities included in the preliminary demonstration are:
-

Onboarding-authentication/login;

-

Administration-management of markets;

-

Integration API for mFRR.

It is important to note, that all of the above mentioned functionalities will be partially implemented. Full
implementation of these functionalities will be included in the final demonstration. Similarly as the UC02
above, the limited functionalities included in the preliminary demonstration will be demonstrated in the first
half of 2020. The development of the full System market platform for mFRR is ongoing and is planned to be
demonstrated in the second half of the 2020.
The preliminary version (very limited) of the System market platform for mFRR has been live (online) since
M24 and market participants are able to check the functionalities listed below;
Gradually, the platform will be updated, and newer versions will be deployed. At M24, the platform’s functionalities are briefly described below:
-

Onboarding-authentication/login → Basic Authentication/login for the market platform is provided;

-

Administration-management of markets → The platform administrators can manage and create markets that follow certain parameters defined at its creation;

-

Integration API for mFRR → The API for the mFRR is defined but the market participants can get only
basic information about the market.

Tests will be carried out to check on the implemented functionalities.
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New solution for measurement of energies within aFRP
2.9.3.1

UC03 - New proposed solutions for the measurement of balancing energies within secondary
regulation (aFRR)
At this stage the approach of demonstration is based on simulation based on “off-line” data construction. In
the same time, procedure is performed to try access for real historical data from Romanian TSO.
In the preliminary demonstration stage, there will be focus on generation of simulated input data as described within D12.2.
•

Authentication/login* (HLU9-UC3)

•

aFRR measurement platform* (HLU9-UC3)

•

Generating simulated input data* (HLU9-UC3)
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3

Final demonstration

3.1

HLU1 - REGIONAL OPERATION CENTRE
IGM/CGM validation

Similar as in case of preliminary demonstration of this demo cluster, final demonstration of IGM/CGM validation UCs will be most likely performed separately.
3.1.1.1 UC09: Individual Grid Model Quality Assessment
Final demonstrations of IGM quality assessment should also remain restricted to IGM QA software created
for UCTE format, as this was the case for preliminary demonstrations.
In this last phase, the focus will be on effects of IGM QA software inclusion in regular business process of IGM
creation and use.
Hence, in the phase of final demonstrations following activities will be performed:
•

IGM QA regular maintenance (verification of cross-table and input data)

•

keeping detailed records on registered nodes exceeding pre-defined alarming thresholds for quality
assessment of a IGM parameter

•

keeping notes of the action taken in order to improve the IGM quality related with the certain nodes

•

keeping the evidence on adopted KPIs on a monthly basis and evaluation of KPIs development
through a longer period of time.

3.1.1.2

UC02: Real time quality check of Common Grid Models

Final demonstration of UC02 will be carried out in the beginning of 2021. The goal for this demonstration is
to show improvement of CGM quality, so it will be performed for couple of weeks (or even months), because
it will take some time for SCC engineers to analyse results and to propose adequate solutions.
Beside checking quality of CGMs created for Day Ahead Congestion Forecast (DACF) procedure, which will be
also tested in preliminary demonstration, final demonstration of UC02 will additionally include quality assessment of CGMs created for Intra-Day Congestion Forecast (IDCF) procedure. It is expected that quality
assessment of CGMs in DACF procedure fix systematic errors in models, while testing the quality of IDCF
CGMs could improve forecast of high-stochastic variables (such as cross-border flows for example) ion intraday time horizons.

3.1.1.3 UC03: Enhanced method for Preliminary Net Position estimation
The algorithm of preliminary net position will be based on consumption prediction with minor modifications.
So far, we have a solution for consumption forecast (but not a final algorithm). Further analyses have to be
done in order to implement net position forecast. First results are expected by the end of April.

Cross-border congestion evaluation
3.1.2.1

UC05: Determination of capacity calculation input data

The final demonstration of UC05 will be performed in the Q3 of 2021. The goal for this demonstration is to
calculate CBCO pairs and potential RAs, using predefined methodology, for all CROSSBOW TSOs. In this way,
mentioned TSOs will have appropriate input data for cross-border capacity calculation.
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3.1.2.2

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 final demonstration activities. The pillars are
presented below:
Stage 1 (01/11/2020-15/03/2021):
During this stage ADMIE/IPTO will perform the following tasks. Firstly, we will test the ATC method in a 3countries scenario, namely Greece, North Macedonia and Bulgaria incorporating some market data and bids,
as many as possible. The results will be obtained will facilitate the evaluation of the algorithm developed by
ADMIE, under a real scenario. Moreover, during this period ADMIE will test the FB method for the three
aforementioned countries involving the market data, too. The market data will be provided from each TSO
which is responsible for cross border trading in the region. Finally, ADMIE will perform a final assessment of
the ATC and the FB algorithm taking into consideration the results obtained it will conduct new corrections
and/or improvements.
Stage 2 (15/02/2021-15/05/2021):
During this period the main topic will be the scaling up and the further demonstration of the two methods.
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. In this stage, the algorithms will be scaled
up regarding a wider TSOs’ region which means more network data and more countries and consequently
more market zones. ADMIE will retrieve some market data and bids that is needed in order to conduct the
real simulations. The results will offer the necessary feedback for the evaluation of the ATC and FB methods.
Any necessary problems that may arise will be corrected towards to the final versions of the proposed algorithms.
Stage 3 (15/03/2021-15/07/2021):
In stage 3 ADMIE will perform the following tasks. At first, both the FB and ATC algorithms will be further
tested under various real scenarios. This task will offer the opportunity to evaluate the scalability of the algorithms under more or different market and TSOs’ data. This data refers to the time period tested, number
of market players, the number of bids and the number of the Critical Network Elements. This data is critical
for the further scaling up of the two methods proposed, since its functionalities may finally be enhanced,
driven by the outcomes of the sensitivity analysis, described above.
Stage 4 (15/05/2021-30/09/2021):
In the final stage of the Use Cases ADMIE will focus on the final assessment of the developed algorithms.
Firstly, all the results obtained through the final demonstration activities between the ATC and FB algorithm
will be compared to each other. Both the proposed 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. All things considered, this stage will give us a better view regarding the cross border energy trading within the region by
identifying the special characteristics of the SEE region in order to be applicable to the Regional Operating
Center (ROC) product.
During the final stage ADMIE/IPTO will employ all the results derived from other related Use Cases. Firstly,
ADMIE/IPTO will utilize the day ahead congestion folder which in turn uses the forecasts for the demand and
generation within the SEE region. Moreover, we will employ the required capacity calculations (HLU1-UC5)
since it is a necessary input in our algorithms. Furthermore the outcome of Real time quality check of Common Grid Models (HLU1-UC2) and IGM/CGM validation (HLU1-UC1) will also be used.
In the following Gant chart we provide a view of the timeline regarding the final demonstration plan. Stage
1 begins in month 37 (November 2020) and the demonstration plan ends in month 47 (September 2021).
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Since the deadline is by the end of month 48 (October), we aim to end our activities by the end of month 47
(September) in order to have a significant amount of time to make any corrections, modifications and enhancements that will shape a better and more concrete result.

Figure 9: Gantt chart for the final demonstration of UCs 6 and 7

Dynamic line rating forecast
3.1.3.1

UC04: Dynamic Line Rating Forecast for overhead lines

Final demonstration will be performed in Q3 of 2021. The goal for this demonstration is to show real time
execution of the algorithm, from DLR forecast to security analysis and capacity calculation using DLR values.

Probabilistic regional adequacy assessment calculation
3.1.4.1

UC01: Probabilistic approach for Regional Adequacy Assessment in SEE region

Final demonstration of this UCs will be done in January and February 2021 (M39 and M40) using CROSSBOW
RAA tool, which due to its complexity was not operational for preliminary demonstration. The goal of this
demonstration is to prove that RAA tool is working properly and that it could provide daily calculations for 7
days ahead time period. Final demonstration will show full potential of developed algorithm and software,
which means:
•

•

At least 2 weeks ahead (7 days ahead) estimations in specific week (minimum 16 calculations in
demonstration period), with intention to establish every day calculations, which will be difficult
because all CROSSBOW TSOs (including 3 TSOs that are not part of the Project, but are part of SEE
region) should provide daily input data;
Top-down part of RAA algorithm will be performed automatically for every critical hour of upcoming week based on calculated ERIC values for upcoming 168 hours.

The business process for final demonstration will be defined with the RAA tool provider after implementation
of the dedicated software, but it will consist of all steps as business process for preliminary demonstration,
with the expectation that the RAA procedure (in preliminary demonstration scheduled from 9 to 13:30 CET)
will be performed faster. The whole business process will be performed by SCC.
Data gathering necessary for all (preliminary and final) demonstration activities will be done in the following
way:
•
•

Static input data will be obtained one month before final demonstration;
Dynamic input data will be obtained from official ENTSO-E STA process on the demonstration day.

Frequency restoration reserve
3.1.5.1 UC08: TSO FR reserves probabilistic sizing using reserves from other TSOs via interconnections
The final demonstration for UC08 will be performed in three stages.

D13.1 Demonstration activities planning

48

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

Stage 1 (01/11/2020-15/02/2021):
In this stage, the algorithm will be tested for a limited number of countries using historical data. The historical
data will be used for two purposes. Firstly, as an input required to model the probabilistic characteristics of
power imbalances in each country. Secondly, to emulate a real-life scenario and test the validity of the algorithm in realistic conditions. In addition, the integration of the algorithm with the SCC facilities will be finetuned.
Stage 2 (15/02/2021-15/04/2021):
In this stage, the algorithm will be tested including more countries in the demonstration. Furthermore, the
testing scenario will not be derived from historic data but will be an actual snapshot of the overall system.
Thus, the algorithm’s exploitation of the information provided by the SCC will be tested along with its validity
under a larger set of countries. The snapshot of the system will include the DA electricity market schedules
of each country, the scheduled import/exports, the remaining interconnection capacity available for reserves
and actual FRR bis available in each country.
Stage 3 (15/04/2021-30/09/2021):
This is the final state where the full setup will be demonstrated. The TSOs will provide their actual imbalance
data and forecasts that will not be derived exclusively from historical data. Moreover, the test scenario will
remain an actual snapshot of the overall system, derived from the data described in Stage 2. Finally, all the
countries will be included in the demonstration to test the algorithms computational requirements.
The algorithm will be evaluated and compared to the cost of sizing FRR for each country separately and for
the entire test area as a whole without using cross-border sharing. Furthermore, additional synthetic scenarios will be executed to quantize the financial benefit of the algorithm over different scenarios so that we will
be able to project an overall benefit from its deployment.
Below, we present a Gantt chart of the final demonstration. The 3 stages take variable time, with the last
stage lasting longer in order to include the additional analysis of different scenarios that will help evaluate
the method, as we already described.
Final
Demonstration
Stage 1
Stage 2
Stage 3

M37

M38

M39

M40

M41

M42

M43

M44

M45

M46

M47

Table 10. Planning of HLU1-UC08

Resilience enhancement
3.1.6.1 UC10: Enhance transmission system resilience during emergencies
As mentioned in Section 2.1.6, due to the difficulties of a real-world demonstration, only simulations will be
conducted. Simplified networks of the TSOs participating in CROSSBOW will be used for the simulations.
Based on the simulation results the related KPIs will be calculated and the key role of ROC in minimizing load
shedding in the event of extreme weather events will emerge.
Regarding the development and the final demonstration, the stages below will be followed:
Stage 1 (01/11/2020-19/02/2021):
The algorithms will be tested using real data, such as load consumption and generators dispatch, using the
simplified networks of the TSOs participating in CROSSBOW. Initially, the algorithms will be tested considering only two TSOs. The affected TSO by an extreme weather event and the neighboring TSO delivering the
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requested energy to the interconnections with the affected TSO. In addition, the algorithms should be modified accordingly based on the format of the data.
Stage 2 (22/02/2021-30/04/2021):
The algorithms will be tested considering more than two TSOs. The initial thought is to use the simplified
networks of Bosnia-Herzegovina, Croatia, Serbia and Montenegro.
Stage 3 (03/05/2021-12/06/2021):
The algorithms will be tested considering more than two TSOs. The initial thought is to use the simplified
networks of Bosnia-Herzegovina, Croatia, Serbia and Montenegro.
Stage 4 (15/06/2021-30/09/2021):
Different scenarios will be tested considering various wind profiles and security thresholds. For each scenario
the related KPIs will be calculated.
The Gantt chart in ¡Error! No se encuentra el origen de la referencia. presents the planning of the aforementioned stages.
Final
Demonstration

M37

M38

M39

M40

M41

M42

M43

M44

M45

M46

M47

Stage1
Stage 2
Stage 3
Stage 4
Table 11. Planning of HLU1-UC10

Over- and under-frequency real-time control scheme using PMUs
3.1.7.1

UC11 and UC12: Over- and under-frequency real-time control scheme using PMUs

As it was explained in the section 2.1.7.1 the final phase of demonstrations would cover:
•
•
•

Demonstration 2: IED/PMU receives set-point from WAMPAC
Demonstration 3: WAMPAC sends the disconnection command to RTU, while
Demonstration 1 (Calculation of OFP settings) should be finished in the preliminary demonstration
phase.

Strictly speaking, mentioned set-point is officially called Digital set-point command in IEC 61850 standard,
while IEC 60870-5-101 standard defines information sent by local (sub-station) SCADA to protection device
as TI (Type Identifier) 51.
Demonstration 2 means the demonstration of the Technical solution 1 sequence, which consists of:
•
•
•
•
•

PMU measures generator active power and transfers it by IEEE C37.118 protocol to the WAMPAC
WAMPAC calculates the OFP settings for each generator, according to the algorithm
IED/PMU receives set-point from WAMPAC by IEC 61870-5-101 or IEC 61870-5-104 protocol
After receiving a set-point, the IED/PMU should send feedback on whether the protection is reset
and to what value. This is possible by using the IEC 61870-5-101 or IEC 61870-5-104 protocol
In the second step, IED/PMU measures the frequency and sends the command for switching off generator, if a critical frequency is reached. By IEC 61870-5-101 or IEC 61870-5-104 protocol, the WAMPAC receives information that the IED/PMU has switched off generator circuit-breaker
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It is not necessary to demonstrate the whole sequence, as some parts are already covered with
Demonstration 1, while some other steps are not innovative, so demonstrations are not considered as
necessary. Therefore, only the following steps should be included in Demonstration 2:
•
•

IED/PMU receives set-point from WAMPAC.
IED/PMU sends feedback on whether the protection is reset and to what value.

Depending on techical limitations of real communication system in SCC and EMS, Demonstration 2 might be
executed in labaratory enviroment.
Demonstration 3 means the demonstration of the Technical solution 2 sequence, which consists of:
•
•
•
•
•
•
•

PMU measures generator active power and transfers it by IEEE C37.118 protocol to the WAMPAC
WAMPAC calculates the OFP settings for each generator, according to the algorithm
IED/PMUs measure frequency and transfer it via the IEEE c37.118 protocol to the WAMPAC
If a critical frequency is reached, the WAMPAC sends the disconnection command to the RTU by IEC
60870-5-104 protocol
Furthermore, RTU sends signal for switching off using local protocol (depends on technical solution
in the transmission system facility)
Circuit-breakers perform the command which is sent via IEC 61870-5-104 protocol
WAMPAC receives the information that the RTU has switched off the generator circuit-breaker.

Simirarly to Demonstration 2, some parts are already covered preliminnary algorythm analyses while some
other steps are not considred as innovative ones. Therefore, only the following step should be included in
Demonstration 2:
•

WAMPAC sends the disconnection command to the RTU.
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3.2

HLU2 - CROSS-BORDER RES MANAGEMENT
Bosnian-Croatian border congestion

The tests to be carried out in the final demonstration will be similar to those described for the preliminary
demonstration, but they will be running for longer periods. The additional use case is described below.

3.2.1.1 UC05 - Analysis of intra-day RES curtailment based on market
This UC is very similar to the HLU2-UC04 , but it uses the mFRR results for downward regulation of the portfolio of RES assets to distribute the regional curtailment received.
For the demonstration of this UC, downward regulation bids will be periodically generated for the portfolio
of RES assets, with different costs in the bids.
The steps to demonstrate this UC will be:
1) Based on the market results obtained in HLU2-UC02, RES-CC will generate bids for the mFRR market
with different prices for different RES assets
2) The bids are submitted to the mFRR market and eventually accepted
3) 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 operators better
understand the problems.
4) 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.
5) The actions could be marked for immediate execution, or scheduled for a future period. At the appropriate 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 message by RESCC.
6) The RES-CC will analyse the limitation and will distribute it to the portfolio of assets according to the
mFRR market results
7) KPIs will be generated to evaluate the impact of curtailment commands and the associated revenues/penalties per RES unit
8) 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
9) For this scenario, we will not have direct control of any RES asset in the region, because of the economic
impact of the application of the actions, nevertheless the impact of the actions could be analyzed and
compared against the actions taken by the operators.

D13.1 Demonstration activities planning

52

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

RES in Bulgaria
SUPPORTING THE LARGE-SCALE INTEGRATION OF RES BY USING THE BLACK SEA CORRIDOR
The tests to be carried out in the final demonstration will be similar to those described for the preliminary
demonstration, but they will be running for longer periods. The additional use case is described below
3.2.3.1 UC05 - Analysis of intra-day RES curtailment based on market
The demonstrations here will be similar to those described in section 3.2.1.1- UC05 - Analysis of intra-day
RES curtailment based on market.

Voltage/Congestion/Adequacy problems in Crete
This scenario is available only during the final phase of the demonstrations, thus all the use cases are described in this section.
Crete has a thermal installed capacity of 815 MW with twenty-eight generation engines, with a peak power
consumption in 2018 of 675 MW. The distribution system is organized in four areas: Chania with 58 distribution lines; Agios Nikolaos with 29 distribution lines; Rethymno with 9 distribution lines; and Heraklion with
78 distribution lines at 15 kV and 20 kV voltage levels. It has a transmission network established at 150 kV
and 66 kV.

Figure 10 The Cretan Power System

RES curtailment occurs during periods of high RES production in order to respect the system’s stability requirements (technical and dynamic margins of the thermal units) or when congestion problems arise. Suitable communication between DSO and TSO is required to efficiently tackle Voltage, Congestion or Adequacy
problems originated from high RES penetration coexisting with conventional generation through RES curtailment strategies or optimum load shedding technics.
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The island of Crete has two separate departments regarding the network operation of HV and MV grid. For
the time being, both TSO and DSO roles are held from HEDNO because the latter - and according to the
national policy - is the system operator of the Non-Interconnected Islands of Greece.
System operational jurisdiction will be taken over from ADMIE (IPTO) after the implementation of the small
interconnection with Peloponnese, which is scheduled for mid-2020. For the time being and according to the
Greek policy for non-interconnected islands, both TSO and DSO operations are held by correspondingly separate departments of HEDNO.
There are two overall goals in the demos of this scenario:
1) To efficiently manage load shedding in the distribution grid due to lack of sufficient thermal production in the island of Crete. Crete is an isolated system with demand during summer season due to
the tourism. If the production capacity is not sufficient, the operator of the system opens medium
volt-age feeders according to a predefined schedule. Furthermore, the operator has not knowledge
of the PV production in each feeder. Thus, the goal of this demo is to develop a support system that
optimizes the shedding procedure taking in to account the RES production in the distribution grid.
The overall approach is described in the next figure. The operator after the calculation of the Capacity
Outage, proceeds to a Load Shedding calculation considering the forecasted Demand and RES production in each feeder.
2) To be prepared to seamlessly tackle the energy management in the island when it is finally connected
to Peloponnese and integrated with the rest of the European grid. In the interconnected scenario,
the submarine cable will be a critical element that may be congested and thus it is required to apply
special actions to be ready to tackle eventual problems it this element. The algorithms investigated
in CROSSBOW related to cross-border energy management could be extrapolated to the scenario of
Crete connected to continental Europe by considering the submarine cable as a tie line. This scenario
will also enlarge the list of monitored assets by also considering RES portfolio in the Peloponnese
area (where Crete will be connected to the continent)

3.2.4.1

UC01 - Command dispatching to RES production units

Same as described in 2.2.1.1 UC01 - Command dispatching to RES production units, the load shedding and
redispatching of Res assets will be demonstrated. The RES-cc user will receive an indication of required
curtailment.
In the final demonstration, the Hybrid plant defined in WP5 will be simulated with hardware in the loop in
the Peloponnese area as a conventional RES plant. This plant will be able to receive curtailment commands
from System operator and change the behaviour of the simulated plant. This will allow the demonstration of
the command dispatching.

3.2.4.2 UC02 - RES generation forecast including scheduled maintenance
Same as described in 2.2.1.2 UC02 - RES generation forecast including scheduled maintenance, the forecast
will be used to go to energy and ancillary service markets and to better predict the system behavior.
In the Crete isolated system scenario, it is of capital importance the accuracy of the forecast because of the
limited number of generation assets.
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3.2.4.3 UC03 - RES units monitoring
Same as in the other scenarios, monitoring of the assets is a must for RES management. The RES assets in
Crete and the Peloponnese area will be monitored. The details of the assets as well as the elements and
software artefacts deployed for enabling the monitoring will be described in deliverable D12.4.

3.2.4.4 UC04 - Analysis of RES curtailment strategies
Same as described in 2.2.3.4- UC04 - Analysis of RES curtailment strategies, the UC will investigate on curtailment optimization of the portfolio to try to alleviate the impact of curtailment on specific assets whilst at the
same time honouring the system operator constraints.

3.2.4.5 UC05 - Analysis of intra-day RES curtailment based on market
Same as described in UC05 - Analysis of RES curtailment based on market, the UC will investigate on curtailment distribution based on market. This will require the participation on the energy and ancillary services
markets. In the case of CRETE, specific market instances will be generated to handle island energy flows

3.2.4.6 UC06 - Participate with RES units in the secondary (upward) reserves market
As described in [2], this UC will evaluate the participation of the RES units in the secondary reserves (upward)
market. This is a type of voluntary curtailment associated to strategic bidding that may be an additional
source of income for RES plants that could make them less dependent on subsidies or regulated tariff, that
will eventually disappear. Different studies [3] have shown that down-regulation premiums are lower than
up-regulation premiums, so it is normally most profitable to provide up-regulation services. Nevertheless,
this may require to ‘save’ some potential energy generation and not offering it in the wholesale market. The
benefit will come out from the later usage of this energy as an extra amount of energy to offer.
A potential usage scenario for this will be to identify periods where curtailment will be most likely required
by the SO, and then prevent the curtailment to actually be required by not offering this energy in the wholesale market but in the upward reserve market.
For testing this use case, first some experiments will be done with the RES-DU Hybrid plant developed and
deployed in lab conditions with hardware-in-the-loop connected to the RES-CC for assessing the feasibility of
RES-CC/RES-DU as a secondary-reserve provider. The system operator will assess that the system provides
the service in time and manner to be considered a secondary reserve provider.
After the technical feasibility is tested, the economic feasibility will be assessed. This will be done by selecting
specific renewables and simulating the rewards obtained in different scenarios. The scenarios will consider:
-

Different amounts of energy saved as a reserve,

-

The stochastic selection of the RES unit as the service provider used by the SO,

A cash-flow analysis will be done afterwards to check the validity of the use case in different conditions.

3.2.4.7

UC07 - Minimal curtailment required

Similar to the demonstration described in UC07 - Minimal curtailment required. Two different
demonstrations will be carried out.
The first one will cover the voltage and congestion problems in Crete in the non-connected scenario. Here
power flow calculation and security analysis will be carried out based on the existing island assets and the
generation and load forecasts. Here the available system inertia will also be a parameter to monitor and
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consider, because due to the number of renewables in the island, there could be situations where the inertia
provided by rotating elements (conventional generation units) is below the security threshold. In this
situation RES units must be curtailed and other generation sources redispatches to meet security restrictions.
For the demonstration, the current and forecasted inertia will be calculated and this value measure will
eventually trigger the redispatching of generation units. The system will try to minimize these changes and
obtain the minimal set of actions that brings system back to safe operation.
The second one will cover the congestion in the interconnector when Crete gets connected. In this case the
assets in Crete or the Peloponnese may be redispatched to alleviate or avoid cable congestions. System will
try to minimize these changes.
3.2.4.8

UC08 - Distributed RES generation forecast and real-time estimation

In this use case, the production of the RES units in the island of Crete connected to distribution will be
forecasted based on different neural models (described in D4,3) and specific accuracy PKIs will be generated
comparing them with the real measurements

RES in North Macedonia
This scenario is not described in D12.3 because it was defined after the deliverable was submitted. In deliverable D12.4 (M36) the scenario will be described in detail.
Bogdanci Wind Park (WP) 1 – the first wind farm in North Macedonia is in operation since 2014. WP Bogdanci
is designed to be operating without permanent crew. Command and control are performed remotely from
operation centre of Siemens.
The aim is to establish connection between the ESM dispatch center and the architectures of WAMAS and
RES-CC. This will enable monitoring and remote control of WP Bogdanci with the possibility of modifying
production that will contribute to improved diagnostics of individual wind turbines.
The wind park (WP) Bogdanci is owned by ESM. Three possible experiments are envisaged. The first and
second experiments are related to integration of WP Bogdanci within the WAMAS and RES-CC products architectures. These experiments can be included in HLU 2 use cases. The third experiment refers to participation of WP Bogdanci production in the Wholesale Ancillary Markets (AM) Platform, as part of the use cases
from HLU9.
WP Bogdanci is designed to be operated without any permanent crew. Direct supervision and control are
performed remotely from the operation centre Siemens Gamesa in Brande, Denmark. The control system of
WP Bogdanci consists of two different units, SCADA system for substation (SS) Bogdanci and SCADA Wind
Park, as shown on Figure 11 WP Bogdanci - Communication Network general overview.
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Figure 11 WP Bogdanci - Communication Network general overview

There is no connection between the SCADA system of SS Bogdanci and the SCADA Wind Park due to strict
requirements from the company that maintains the WP (Siemens). Bidirectional communication between SS
Bogdanci and ESM dispatch centre in Skopje is established through 2x2 Mbit IP leased lines and Synchronous
Digital Hierarchy (SDH) 2 Mbit private line which is a part of the Optical Ground Wire (OPGW) network of
MEPSO. The atypical external communication system of WP Bogdanci (SCADA Wind Park), for efficiency reasons, is implemented by requiring the client's PC to be connected to the Internet and by establishing a direct
TCP/IP connection over the client's network, i.e. using Virtual Private Network (VPN) standard internet connection. This VPN provides the critical connection from SCADA Wind Park to the Siemens operation centre
(located in Denmark) for the realization of the maintenance contract.
Currently ESM has CISCO 2911 router in WP Bogdanci and a 2mbit/s connection with public static IPs. The
communication access to the wind farm is defined in the External Network Specification document, which is
the SIEMENS manufacturer's specification.
Although the wind turbines themselves operate as individual generation units, they are controlled as a single
plant which is connected at 110 kV SS Bogdanci. At the moment, the communication link between SS Bogdanci and ESM dispatch centre is critical for monitoring of the plant. Remote control of SS Bogdanci is possible
but not used. Control of the wind turbines is not established by ESM.
For WP Bogdanci, critical communication systems are:
-

the optical network from each individual turbine to the central SCADA Wind Park, and

-

SDH OPGW network from SS Bogdanci to ESM dispatch centre through MEPSO.
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Less critical communication system is the VPN connection from SCADA Wind Park in WP Bogdanci to SIEMENS
operation centre. “Less critical” means that, even in the event of interruption of the communication systems,
the power plant will continue to operate normally. Namely, at present, the connection between SIEMENS
Operation Centre and the SCADA in WP Bogdanci primarily serves for monitoring of the operation of the
turbines individually and as a system.
Requirements for conducting the experiments
The experiments that are described below refer to the SCADA Wind Park system. Therefore, as an essential
aspect for practical implementation of the proposed experiments, direct communication link between SCADA
Wind Park and ESM dispatch centre, should be established (as shown Figure 1). The SCADA Wind Park should
be connected to ESM dispatch centre in Skopje by a VPN, similarly as the connection to Siemens control
centre. Details on practical implementation of the link are shown on Figure 12 VPN ESM dispatch centre –
WP Bogdanci.

Figure 12 VPN ESM dispatch centre – WP Bogdanci

The establishment of the new link can be realized practically after the completion of a tendering procedure
for procurement of the required equipment and service for configuration and maintenance. It would take up
to six months to finalize the procedure, after the approval of the proposed experiments and allocation of
funds.
The new (to be established) bidirectional VPN communication link between ESM dispatch centre and SCADA
in WP Bogdanci will provide remote control and diagnostics of each of the wind turbines. It can be used for
a number of experiments in the CROSSBOW project in HLU2 and HLU9. For accomplishing this, additional
communication link between ESM dispatch centre and WAMAS and RES-CC products, should be established.
3.2.5.1 UC01 - Command dispatching to RES production units
Interruption of VPN connection between ESM dispatch centre and WP Bogdanci in the process of setting
remote commands from RES-CC for WP Bogdanci power output set-points. Analyses of the behaviour of wind
turbines during the interruption of remote control and its impact on WP’s electricity generation, will be conducted.
During the VPN break time interval, the data for the state of the turbines and its efficiency is stored in the
SCADA system database. After re-establishing the link, the behaviour and efficiency of the wind turbines can
be tracked through the efficiency report and a review of other parameters that are of interest and affect the
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electricity generation, for the specific time period. This data will be provided by a web-based application of
SCADA Wind Park system. The results can be used for standardization of the downtime limits of such facilities.
3.2.5.2 UC03 - RES units monitoring
The first demonstration covers the practical realization of the VPN connection between the SCADA in WP
Bogdanci and ESM dispatch centre side. After the completion of the connection, test scenarios will be performed by ESM from the ESM dispatch centre side. This will serve to check the quality of the established
connection and test the possibilities for remote access and control of WP Bogdanci.
In addition, the establishment of connection between ESM dispatch centre and the architectures of WAMAS
and RES-CC will put WP Bogdanci on disposal to be monitored by these products as well as to receive control
signals and modify its production. The real-time data and parameters of WP Bogdanci can be used for validation of the functionalities of CROSSBOW products.
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3.3

HLU3 - CROSS-BORDER STORAGE OF RES PRODUCTION/OUTPUT
Market-based optimisation of RES energy storage

3.3.1.1 UC01 - Storage provider market participation
This UC refers to the selling of the previously obtained energy by the energy storage assets. This will try to
identify the peak price periods in order to deliver the energy at the higher possible price. Overall system will
benefit with additional energy available at the peak price periods, which will lower the peak accordingly.
Bajina Bašta pump hydro plant will be used for this experiment.
The steps will be:
1) Periodically the STO-CC calculates the upcoming periods of time with the higher prices. This is done
by analysing some model created based on the historical prices
2) STO-CC make offers to the energy market in the most appropriate periods. Bids offers will try to guess
the higher possible price in order to maximize revenues
3) Offers will be eventually accepted and the discharge schedule is configured accordingly
4) Energy will be injected to the grid at the specific times. The amount of energy and the revenues will
be stored for later analysis
3.3.1.2 UC02 - "Rent" storage unit for temporary storage of surplus energy (same bidding area)
This UC refers to curtailment alleviation by the usage of energy storage. This use case requires the close
cooperation of RES-CC, STO-CC and AM.
For testing the use case we will identify situations where curtailment is happening or could happen. The
curtailment could be voluntary or involuntary. Involuntary mean imposed by the system operator linked to
some security problem identified, whilst the voluntary may be related to low prices due to excess of demand.
For the voluntary curtailment, there could be options to alleviate them by storing the energy instead of curtail
them, and later on obtain a surplus based on the money earned by the energy storage asset when selling the
energy at higher price. This is a kind of RES production shifting to more convenient periods.
The units for testing will be the VARTA batteries located in SGLab of UNIZG and the RES assets in Croatia. In
this case both the RES and the Storage assets are in the same bidding area and not affected by crossborder
congestions
The participation in the different markets will be coordinated between RES-CC and STO-CC, and both parts
will later-on distribute the money obtained in the market so that:
1) The RES plant at least covers their production costs with no further subsidies, and
2) The STO-CC obtains some extra income from the surplus obtained in the market. STO-CC income
will be:
𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑐𝑜𝑚𝑒 = (𝑐𝑜𝑠𝑡 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛 𝑝𝑒𝑎𝑘 𝑝𝑒𝑟𝑖𝑜𝑑) − (𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑅𝐸𝑆) − (𝑐𝑜𝑠𝑡 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛 𝑣𝑎𝑙𝑙𝑒𝑦 𝑝𝑒𝑟𝑖𝑜𝑑)

The steps will be:
1) RES-CC identify periods of time where prices are lower than the production cost of the assets. Different production costs will be artificially generated to different RES units in order to obtain appropriate
results.
2) For those periods where producing energy is not profitable for the RES units, the energy will be offered to the storage market at the production cost
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3) STO-CC periodically access the storage market to look for storage offers coming from RES units. It
will eventually accept them (up to the available storage)
4) For the storage market accepted offers, the RES-CC offers the same amount of energy to the energy
market, but at zero price. Offers will be accepted so energy will be injected
5) STO-CC acquires the same amount of energy in the energy market at a lower price (valley price). Buy
offer will eventually accepted so energy will be consumed by storage asset
6) At the specific period of time, the agreed amount energy is produced by the RES assets and consumed
by the Storage assets
7) With the stored energy, STO-CC will try to sell this energy in the energy market peak periods and
obtain extra revenues.
8) After energy stored is injected to the grid and extra revenues are obtained, the RES-CC operator (BSP)
receive from STO-CC operator the money agreed in the storage market (equal to the production cost
multiplied by the amount of energy injected), so a minimum revenue is given to the RES owner and
curtailment is avoided. Storage owner obtain revenues corresponding to the difference from energy
sold at peak and valley periods after subtracting the part corresponding to the RES owner

3.3.1.3 UC03 - "Rent" storage unit for temporary storage of surplus energy (cross-bordering)
This UC is very similar to the previous but considering the combination of cross border assets. The assets for
testing are the RES-DU hybrid plant running in the Smart Rue in Greece and Bajina Bašta pump hydro plant.
When the low prices situation is identified, the RES-CC will contact STO-CC for identifying their wiliness or
capability to store the energy produced in the affected period, to be later sold at a higher price. will perform
the energy arbitrage of the RES Hybrid plant production. The steps for demonstrating this UC will be the same
as the previous UC, but the capacity of the corridors between countries will also be considered, so that only
when there is enough capacity the UC could be realized
3.3.1.4 UC04 - Use stored energy locally
This UC will experiment with the self-consumption of the energy stored to avoid exporting energy in peak
prices. The asset used for these will be the VARTA batteries located in SGLab of UNIZG. The flow will be:
1) STO-CC will try to identify periods where energy is expensive and will try to cover the energy needs
of the local assets with the stored energy to avoid importing expensive energy
2) Some KPI will be generated with the savings compared to buy energy in the market
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3.4

HLU4 - DISTRIBUTED STORAGE FOR SYSTEM STABILITY AND ENERGY QUALITY CONTROL
Storage in Serbia

3.4.1.1 UC01 - Command dispatching to storage units
The experiments related to the command dispatching to storage system units are mainly tested during the
Preliminary Demonstration stage described in Section 2.4.1. Nevertheless, this UC will be also involved during
the deployment of the remaining UCs.
3.4.1.2 UC02 - Frequency regulation by cross-border, distributed storage coordination
As pointed out in previous Section 2.4.1, the experiment regarding UC02 is the most challenging to be
employed. Principally, because the induction of an event causing a frequency deviation within the Serbian
network, without putting at risk the security of the system becomes impossible due to the nature of the
interconnection of the network. So in this regard, two potential options can be considered.
•

Option 1: The utilisation of historical data of previous major frequency events illustrating the
responses of different generators. This could be compared against simulations results.

•

Option 2: To create an excess of generation in the Zone I, which could be mitigated by utilising STOCC located in Zone II. This will not create a significant deviation on the frequency within the network,
because of the size of the interconnected system, but it will provide a little of frequency response
from STO-CC.

Both options are considered to start being tested during the first months of the final demonstration plan, i.e.
from November 2020.
3.4.1.3 UC03 - Voltage regulation by cross-border, distributed storage coordination
The experiment concerning UC03 can be employed in several ways. EMS will run some preliminary studies
and will select the most suitable one for this case. Moreover, since the voltage set point of RES can be modified, the studies will consider voltage deviation events with and without the inclusion of RES. The experiments will also start during the first months of the final demonstration plan, i.e. from November 2020.

3.4.1.4 UC04 - Network congestion mitigation by cross-border storage coordination
The experiment about UC04 is additionally challenging to test. In particular, due to the simplified network
used for the simulations will also be used for capturing the results of the experiments. This network includes
two voltage levels, namely, 400 kV and 220 kV, which rarely have some congestion problem along the year.
Indeed, the most congestion lines are at 110 kV. Thus, to address this issue, some test will be run during the
application of the EMS maintenance plan (i.e. line outages) to increase the power flow within the network.
Thus, the experiments related to UC04 will follow the maintenance program plan from the Serbian TSO. It is
expected these experiments could start after the deployment of UC02 and UC03.
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3.5

HLU5 - VIRTUAL STORAGE PLANTS
SmartGrid Laboratory in University of Zagreb (UC2 – UC4)

In order to make the demonstration as more realistic as possible, a hybrid simulation approach is considered,
which combines the physical system at the SGLab and the simulated network model in DigSILENT. Thanks to
the real-time simulation capability of DigSILENT, the simulated network can interact with the physical network forming a hardware-in-the-loop (HIL) simulation. To map the hierarchical control architecture described
above and considering the existing facilities at the SGLab of UNIZG, the scenario shown in the figure below
will be considered for a preliminary demonstration of the VSP functionalities (UC2 – UC4) in a controlled
laboratory environment.
As shown below, SGLab is used to test VSP at the distribution level and one TSO network (IEEE benchmark
system) is emulated through DigSILENT, which embeds the aggregated VSP response. The real-time
simulation and the physical network operate in parallel as the hardware-in-the-loop (HIL) testing scheme.
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Figure 13: SGLab as VSP in distribution level and one TSO network simulated in DigSILENT

In the demonstration activities of VSP, the functionalities will be demonstrated using the IEEE benchmark
system with the SGLab in the loop. Currently, the deployment is undergoing, whose objectives are to verify
the communication, monitor and control storage assents, as well as test the interfaces between DigSILENT
and SGLab, and between the Lab SCADA and CROSSBOW ecosystem. As the preliminary demonstration, the
frequency regulation and congestion management will be verified, while voltage regulation will be verified
in the finial demonstration stage. Furthermore, the 4 TSO network will be used instead of the IEEE benchmark
system if additional time is available in the final demonstration stage.
The expected timeline of the demonstration is listed as below. Please note a rough schedule is provided here
and adaptions will be made considering the available resources and uncertainties.
Preliminary demonstration:
January, 2020 – July, 2020: integrate assets and set up necessary communication interfaces
July, 2020 – November, 2020: deploy the algorithms (UC2 and UC4) and collect testing results
Finial demonstration:
December, 2020 – February, 2021: deploy the algorithms (UC3) and collect testing results
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March, 2021 – October, 2021: improve the functionalities and carry out further testing

Congestion in Peloponnese
The goals of the final demonstration (beginning of 2021) build on the ones presented in 2.5.2.1 and include:
-

Validate forecasting services using data from the EMS
Validate curtailment algorithm
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3.6

HLU6 - TRANSNATIONAL DEMAND SIDE MANAGEMENT

Following the preliminary demonstration in HOPS and NOSBiH, as detailed in Section 2.5, further activities
will be performed in North Macedonia. The HLU6 use cases addressed in these activities are the following:
•
•

UC04 - Increasing RES penetration and facilitating low carbon network operation using DSM coordination
UC05 - Managing network congestion using DSM coordination

Based on the results of these experiments, demonstration activities will be further defined and performed in
CGES and EMS.

Demonstration plan in North Macedonia
The preliminary demonstration activities in North Macedonia foresee activation of DSM in MEPSO’s network
(Euronickel Industries former FENI) in order to enable higher penetration of RES generation from WPP Bogdanci. ¡Error! No se encuentra el origen de la referencia. shows the 110 kV (black) and 400 kV (red) network
from the area where the demonstration should be conducted. The main aim of the experiment is to show
how the DSM action of a consumer can contribute to increased integration of RES generation. In order to
achieve this the DSM customer should increase its load in time periods when the RES generation is higher
than its forecasted values and decrease its load when the RES generation is lower than the forecasted values.
In order to show the potential for cross-border implementation of this demonstration, the network is divided
in two zones marked with purple and green dashed lines on ¡Error! No se encuentra el origen de la referencia.. During the demonstration the power flows at lines, voltage and frequency responses will be monitored
at time intervals of seconds.
The experiment is aimed to show to what extent the existing DSM capacity could be used for increasing RES
generation usage in the network. The experiment includes the DSM asset Euronickel Industries - FENI and its
flexibility of 10 MW.
The period of the execution of the experiments can be during the day or night in order to enable demonstration in condition with different system demand. This could lead to different voltage conditions in the network. Also, the demonstration will be conducted in periods of high and low RES generation.
An example of the experiment protocol is given in Table 7.1.
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Figure 14. Part of MEPSO’s network with two defined zones

DSMs

Example of the experiment
Day 1 (working day) – Experiment period and DSM activation period: when all the
necessary conditions are favourable (high wind & low accuracy of RES forecast)
Measuring P, Q, V, f of the “inter zonal tie-lines” and the busses and tie lines of the
“two zones” with DSMs load increasing during high production of WPP Bogdanci.
When WPP Bogdanci produces more than nominated, the customer FENI will increase
the load.

FENI

Collecting data during and after the experiment
Day 2 (working day) – Experiment period and DSM activation period: when there will
be suitable conditions (low wind & low accuracy of RES forecast)
Measuring P, Q, V, f of the “inter zonal tie-lines” and the busses and tie lines of the
“two zones” with DSMs load decreasing during low production of WPP Bogdanci.
When WPP Bogdanci will produce less than nominated, the customer FENI will
decrease the load.
Collecting data during and after the experiment
Table 12. Example of the experiment protocol

Voltage/Congestion/Adequacy problems in Crete
3.6.2.1 UC06 - TSO-DSO cooperation for voltage control-congestion management via demand response
The goal of the final demonstration (beginning of 2021) is to validate the shedding algorithm over a long
period (3-4 Months) in order to prove that shedding commands are fair for all users (consumers, PV, W/F).
Additionally, scenarios with storage (Hybrid stations according to the Greek legislation) will be evaluated.
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3.7

HLU7 - HYBRID RES DISPATCHABLE PLANTS
SmartRue Lab: hybrid power plant management

Based on preliminary demonstration and first characterization activities carried out during the preliminary
demonstration stage, the simulation models will be refined and new full tests will be developed for validating
the final RES-DU product capabilities associated to the different HLU7 use cases.
This stage will be developed with real data with a minimized number of inputs based on historical data or
assumptions. In addition, besides of the real tests using the lab equipment, the impact of the rest of technologies that cannot be operated in real environment (HPS, biomass and biogas) will be analysed in order to
determine the future joint response.
3.7.1.1 UC01 - Application of Hybrid Power Plants for Ancillary Services
Based on preliminary results from previous stage, the final demonstration stage will start with the validation
of the continuous availability of the following services, which are considered as inputs for the product:
-

Weather forecast: provided by ICCS in collaboration with ETRA for the lab location
o

-

Energy prices and estimated power demand: provided by ETRA through the connector with the ENTSO-e web service for the country where the product is under operation.
o

-

It is required the daily update of the file for carrying out the initial day ahead PPP. Besides,
an additional file updated hourly will be added to the shared folder, in order to increase the
weather forecast accuracy for the time where ancillary services are required.

It is required the daily update of the file for carrying out the initial day ahead PPP, and evaluating the economic impact.

Ancillary services: this input is created manually due to there is not any services for forecasting this
market. It is created according to historical data of this market and the HPP capabilities.
o

More investigation will be carried out for exploring the Greek market and the ancillary services market including renewable sources.

In addition, regarding the RES-DU product the major efforts will be related to the algorithm refinement, developing some pieces of software for reducing the difference among the forecasted PPP and the real HPP
behaviour. For this work, it would be necessary the characterization of the weather forecast service and the
analysis of the best use of the storage technologies in order to guarantee the correspondence among the
PPP and the HPP power generation despite of the non-dispatchable RES variability.
With the aim of analysing seasonal impact of the weather in the RES-DU algorithms four stages of analysis
will be proposed: winter, spring, summer and autumn. The RES-DU will be tested during different periods
along the different seasons, and based on the results, specific developments will be carried out (if necessary).
The following table shows the planning associated for the HLU-UC1 considering previous points:
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Oct 21

Sep 21

Aug 21

Jul 21

Jun 21

May 21

Apr 21

Mar 21

Feb 21

Jan 21

Dec 20

Nov 20

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

Identification of improvements based on preliminary demonstration
Development of remedial actions for increasing
product accuracy, and implementation
Implementation and validation under winter conditions
- Response analysis and algorithm refinement
Implementation and validation under spring conditions
- Response analysis and algorithm refinement
Implementation and validation under summer conditions
- Response analysis and algorithm refinement
Implementation and validation under autumn conditions
- Response analysis and algorithm refinement
Table 13. Planning for HLU7-UC01 – Final demonstration

3.7.1.2 UC02 - Revenues improvement from Hybrid power plants
Considering the results obtained from the preliminary demonstration stage, the product will be tested in
detail under different scenarios with the aim of analysing the impact of the use case under variable conditions. In this case, the main inputs to be considered in the validation process will be available during the tests
period: weather forecast services and, energy price and power demand connectors. In this case, as a difference of the previous UC1 any additional assumption will be required, due to the use case demonstration will
be carried out considering real data from the Greek energy market. However, in this case, based on the seasonal variation of the power demand and the energy prices, together the seasonal variability of the solar and
wind resources, two sub-stage of analysis and validation will be considered: winter and summer. summer.
In addition, a specific analysis for the different scenarios of revenues improvement will be carried out, considering the different performance associated to each storage technologies, as well as, the difference between peak-valley energy prices required in the power system for the profitability of this methodology.
The figure below summarizes the different stages of the final demonstration associated to this use case:
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Oct 21

Sep 21

Aug 21

Jul 21

Jun 21

May 21

Apr 21

Mar 21

Feb 21

Jan 21

Dec 20

Nov 20
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Identification of improvements based on preliminary demonstration
Development of remedial actions for increasing
product accuracy, and implementation
Implementation and validation under summer conditions
- Response analysis and algorithm refinement
Implementation and validation under winter conditions
- Response analysis and algorithm refinement
Analysis of storage technologies and energy prices
forecasting for UC profitability
Table 14. Planning for HLU7-UC02 – Final demonstration

3.7.1.3 UC03 - Analysis of quality services provided by Hybrid power plants
With regard to this use case, the situation is equivalent to the UC1, there is no possibility of having a forecast
service associated to the black-start services, in fact, it would be desirable that this service were not needed
never. For this reason, besides of the required availability of weather forecast services, and energy price and
power demand forecast connection with the ENTSOe web services, the black start requirements will be simulated through a theoretical file based on HPP capabilities and historical or expected black start needs.
Due the response of the HPP for this use case is based on the proper operation of HPS, biomass and biogas
technologies, with the possible support from variable RES and battery units, the demonstration plan will not
need to consider specific season of the year and it can be demonstrated in the first part of the next year.
The following table summarizes the schedule for the UC03 demonstration plan:
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Oct 21

Sep 21

Aug 21

Jul 21

Jun 21

May 21

Apr 21

Mar 21

Feb 21

Jan 21

Dec 20

Nov 20
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Identification of improvements based on
preliminary demonstration
Development of remedial actions for increasing product accuracy,
and implementation
Implementation and
validation under variable conditions for each
technology
- Response analysis and
algorithm refinement
Table 15. Planning for HLU7-UC01 – Final demonstration

Due to the limited role of the lab in this use case, the major part of the validation will be carried out at
theoretical level with the support of the individual simulation models.

3.7.1.4 UC04 - Analysis of power supply according to the demand
Considering the results obtained from the preliminary demonstration stage, the product will be tested in
detail under different conditions with the aim of analysing the impact of each of them in this use case. The
main inputs to be considered in the validation process will be the constant availability of the weather forecast
services and power demand connectors. In this case, based on the seasonal variation of the power demand,
together the seasonal variability of the solar and wind resources, two main scenarios of analysis and validation will be considered: winter and summer seasons. Besides, a scenario of constant power demand for summer and winter conditions will be carried out.
The figure below summarizes the different stages of the final demonstration associated to this use case:
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Oct 21

Sep 21

Aug 21

Jul 21

Jun 21

May 21

Apr 21

Mar 21

Feb 21

Jan 21

Dec 20

Nov 20
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Identification of improvements based on
preliminary demonstration
Development of remedial actions for increasing product accuracy,
and implementation
Implementation and
validation under winter
conditions + constant
demand
- Response analysis and
algorithm refinement
Implementation and
validation under summer conditions + constant demand
- Response analysis and
algorithm refinement
Table 16. Planning for HLU7-UC02 – Final demonstration

3.7.1.5 UC05 - Hybrid power plant design according to System Operator requirements
Due to this UC is limited to the design of new HPP based on historical data of weather resource, energy price
and energy demand, it is not expected to update the results during the final demonstration stage. Anyway,
if during this period any relevant change at regulatory or market level could impact in the algorithm philosophy, it would be updated and the examples for Greece, Romania, Serbia and Bulgaria will be updated.
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3.8

HLU8 - COOPERATIVE OWNERSHIP OF FLEXIBILITY ASSETS

The difference between the preliminary and the demonstration is that within the final demonstration an
external party will be invited to validate the CFP product in emulated real-world scenarios. The test scenarios
defined in the preliminary demonstration will thus be repeated by the external party with experience in the
field.

Cooperative ownership of flexibility platform for providing balancing services
3.8.1.1 UC01 - Cooperative establishment
Enhancing the preliminary demonstrations, described in preliminary demonstration, the purpose of final
demonstration of this UC01 is to describe the process of cooperative establishment in the Slovenia.

3.8.1.2 UC02 - Membership management
Enhancing the preliminary demonstrations, the purpose of final demonstration of this UC02 is to invite the
existing external partner with existing experience of cooperatives to try to establish the CFP tool and invite
(simulated) users to join the cooperative and connect with the CFP tool by following the tests defined in
preliminary test scenarios.

3.8.1.3 UC03 - Democratic governance
Enhancing the preliminary demonstrations, the purpose of final demonstration of this UC03 is to prepare the
actual votes by external partner with existing experience of cooperatives to try to establish the CFP tool and
emulate few real-world voting scenarios, which would usually happen in the cooperative of such sort.

3.8.1.4 UC04 - Payments & Accounting
Enhancing the preliminary demonstrations, the purpose of final demonstration of this UC04 is to emulate the
market activities by creating different activation, while engaging AM product. The use cases will consider
simulated activations and emulate the real-case activation scenarios and market prices.

3.8.1.5 UC05 - API - VPP integration with Market
Enhancing the preliminary demonstrations, the purpose of final demonstration of this UC05 is to emulate the
market activities by creating different aFRR, mFRR and Intraday market scenarios, while engaging AM product. The use cases will consider real past prices and emulate the real case aFRR, mFRR and intraday activation
scenarios and market prices.

3.8.1.6 UC06 - API - VPP integration with TSO
Enhancing the preliminary demonstrations, the purpose of final demonstration of this UC06 is to emulate the
aFRR, mFRR and Intraday activations based on the emulated real case scenarios, while engaging TSO emulator. The use cases will consider real past prices and emulate the real case aFRR, mFRR and Intraday activation
scenarios. Activations will consider actual measurements from the real energy assets, but the activation response will be simulated.
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3.8.1.7 UC07 - API - VPP integration with CFP
Enhancing the preliminary demonstrations, the purpose of final demonstration of this UC07 is to emulate the
aFRR, mFRR and Intraday activations based on the emulated real case scenarios, while engaging TSO emulator. The use cases will consider real past prices and emulate the real case mFRR and aFRR activation scenarios.
Activations will consider actual measurements from the real energy assets, but the activation response will
be simulated. This market prices and activations timeseries data will be included in the reporting and available to the CFP and be observed by the external partner with experience in cooperatives.

3.8.1.8 UC08 - BESS integration with the Intraday market via CFP
Enhancing the preliminary demonstrations, the purpose of final demonstration of this UC07 is to emulate the
Intraday activations based on the emulated real case scenarios, while engaging AM product. The use cases
will consider real past prices and emulate the real case Intraday activation scenarios. Activations will consider
actual measurements from the real energy assets, but the activation response will be simulated.
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3.9

HLU9 - TRANSNATIONAL ANCILLARY AND WHOLESALE MARKET
Intraday energy market platform

The full scope of functionalities for UC02 will be included in the final demonstration. The final version of the
platform will be developed until M31. The final deployment of the Intraday energy market platform (UC02)
will be organised as a live testing demo at a specified date and time, which will be agreed in advance with
the project partners. Due to the current conditions (COVID 19), the exact date of the final demonstration is
yet to be decided. According to the plan that existing plan, the live testing demo will take place sometime
towards the end of 2020.
In the live testing demo, WP10 participants will actively participate and validate the functionalities of the
platforms (functional testing or black-box testing).
3.9.1.1 UC02 - System market platform for Balancing Market
The UC02 has changed the name and partly its content. It was always intended for this software solution to
represent a wholesale market platform, conducted in an intraday continuous manner with instant matching
of bids and offers. The naming was changed to the “Intraday energy market platform” to reflect its description.
The list of all functionalities for the Intraday energy market platform include the following (bold represents
the functionalities that were partially included in the preliminary demonstration):
-

Onboarding-registration → Market participants will be able to register as new users, if adequate
preconditions are met;

-

Onboarding-authentication/login → Full scope of authentication/login will be implemented;

-

Administration-management of participants → Platform administrators will be able to confirm/manage participants that are eligible for certain platforms;

-

Administration-management of markets → Additional (full) options for platform administrators to
manage and create markets will be implemented;

-

Market enrolment → Full scope of market enrolment will be implemented;

-

Trading ID market → Cross-border trading will be added as the full-scope functionalities;

-

Asset management (Cash, Energy, Orders, Trades) → Asset management will be implemented in
full; users will only be able to trade based on the assets available;

-

Cross-zonal capacity → CZC overview of the region and its historic data will be easily accessible;

-

Integration API for ID market → Market participants will be able to fully participate on the ID market
via API.

Tests will be carried out to check on the implemented functionalities.
According to plan, the final demonstration starts in M31 and until then full scope of functionalities should be
implemented. The deployment for the final version is planned for the second half of 2020.

System market platform for mFRR
The full scope of functionalities for UC01 will be included in the final demonstration. The final version of the
platform will be developed until M31. The final deployment of the System market platform for mFRR (UC01)
will be organised as a live testing demo at a specified date and time, which will be agreed in advance with
the project partners. Due to the current conditions (COVID 19), the exact date of the final demonstration is
yet to be decided. According to the plan that existing plan, the live testing demo will take place sometime
towards the end of 2020.
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In the live testing demo, WP10 participants will actively participate and validate the functionalities of the
platforms (functional testing or black-box testing).

3.9.2.1 UC01 - System market platform for aFRR and mFRR
The list of all functionalities for the System market platform for mFRR include the following (bold represents
the functionalities that were partially included in the preliminary demonstration):
-

Onboarding-registration → Market participants will be able to register as new users, if adequate
preconditions are met;

-

Onboarding-authentication/login→ Full scope of authentication/login will be implemented;

-

Administration-management of participants→ Platform administrators will be able to confirm/manage participants that are eligible for certain platforms;

-

Administration-management of markets→ Additional (full) options for platform administrators to
manage and create markets will be implemented;

-

Market enrolment→ Market participants will be able to enrol and leave the mFRR market on the
trading platform;

-

Trading mFRR market→ The market participants will be able to enter bids that will be taken into
account by the platform’s algorithm for activation;

-

Asset management (Cash, Energy, Orders, Trades) → Asset management will be implemented in full;
users will only be able to trade based on the assets available;

-

Cross-zonal capacity→ CZC overview of the region and its historic data will be accessible;

-

Integration API for mFRR market→ Market participants will be able to fully participate on the mFRR
market via API.

Tests will be carried out to check on the implemented functionalities.
According to plan, the final demonstration starts in M31 and until then full scope of functionalities should be
implemented. At that time, final version of the platform will be deployed. It is planned for towards the second
half of 2020.

New solution for measurement of energies within aFRP
3.9.3.1

UC03 - New proposed solutions for the measurement of balancing energies within secondary
regulation (aFRR)
In the final demonstration stage we shall prove the solution outcome showing differences between the two
concepts of measurement (via SCADA and via one minute profile meters).
•

Registration (HLU9-UC3)

•

Generating simulated input data

•

aFRR measurement platform (BALQIT)

•

Calculate UP/DW as aFRR energies by 1min load profiles

•

Calculate measurement errors
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The final demonstration will be performed based on simulated input data (generated based on clear concept
and algorithm under preliminary demo stage). If real data would be available by the time of deliverable submission, we shall also consider “real data prove concept” within the same timeframe.
There are considerations of extending the final demonstration stage by including also a “signal generation”
system to simulate the outcome of a generator that is committed in aFRP. Such approach would allow a
“Hardware In the Loop” (HIL) methodology that could improve the accuracy of the demo.
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4

COVID-19 Crisis’ effect on CROSSBOW

The COVID-19 crisis has an impact on CROSSBOW. The deployment and demonstration activities (WP12 and
WP13) suffer, as they are field-based activities, the effects of the crisis.
The teams are not being able to physically be in the demonstration fields. For instance, there were planned
meetings to deploy most of the software in the Balkans, as well as planned visits from technicians to the
laboratories in Zagreb and Athens. All these activities have been cancelled sine die. Whilst we can handle
remote deployment of software – with some considerable overheads – the technical visits at this stage were
critical.
Another relevant impact of the crisis is that personnel involved at the end-users (TSOs and RCC) are not
available right now, as the crisis is stressing their teams. Note that during the experiments, the involved
personnel is not research teams, but the actual operators and personnel working in coordination centres,
who nowadays are naturally concern by other more important issues.
Due to all that, the preliminary demonstration phase has been extended until October 2020, together with
the rescheduling in the reporting period of the project, that have been re-scheduled from 18 months+12
months+18 months of reporting periods to 18+18+12. That necessarily re-locates MS11-End of preliminary
demonstration from June 2020 to October 2020.
If the situation does not improve as expected, and the impact on CROSSBOW is higher than foreseen, this
deliverable will be amended in D13.2, postponed to October.
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5

Conclusions and Schedule summary

CROSSBOW has analysed the HLUs of which it is formed, assessing their UCs and programming which UC is
going to be demonstrated in the framework of the two demonstration windows planned during the project.
Obtaining a list and schedule for demonstration activities from now until the end of the project, where a
timeframe for each HLU, and their respective UCs, to be demonstrated has been identified.
Additionally, CROSSBOW’s Project Management Board has undertaken a series of contingency measures to
decrease to the minimum possible level the impact that the COVID-19 crisis could have on the project. To do
so, the main, and most important measure has been to extend the preliminary demonstration phase 6
months, finishing now in October 2020 instead of the original milestone (MS11 -End of preliminary demonstration) in June 2020
An overview on when each HLU and their respective UCs that will be tested within the preliminary and final
demonstration phases framework is presented below.

Figure 15. HLU1 Gantt Summary

Figure 16. HLU2 Gantt Summary

D13.1 Demonstration activities planning

78

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

Figure 17. HLU3 Gantt Summary

Figure 18. HLU4 Gantt Summary

Figure 19. HLU5 Gantt Summary

Figure 20. HLU6 Gantt Summary
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Figure 21. HLU7 Gantt Summary

Figure 22. HLU8 Gantt Summary

Figure 23. HLU9 Gantt Summary
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