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EXECUTIVE SUMMARY 

This document aims to present the results of the activities related to task T15.2 Identification and 
recommendation for local technical and interoperability barriers of Work Package (WP) 15. Those results in 
particular include the identification and analysis of the technical and interoperability barriers, that occurred 
during the deployment and demonstration period of the CROSSBOW products and provision of some 
recommendations on specific unresolved issues. 

The methodology used to prepare this report consisted of the following steps: 

¶ Creation and afterwards distribution of unique questionnaire to all relevant CROSSBOW partners in 
order to identify the barriers, actions undertaken to resolve them and the lessons learned by the 
CROSSBOW partners during the project; 

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

¶ Based on previous steps, synthesis was performed in order to determine conclusions regarding the 
main barriers that influenced the deployment and demonstration activities of the CROSSBOW 
products. 

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

At the end of this report, based on the detected barriers, some overall conclusions were made. One of the 
main conclusions is that communication, infrastructure and interoperability represent three very important 
traits of the CROSSBOW products, which have to be thoroughly investigated during the design phase of the 
product in order to reduce their impact to the realisation of the product. Definitely, some local technical 
barriers are unavoidable (for example issues with standardisations), but they are more easily solved if they 
are detected and properly addressed earlier in the project realisation. Overall, the local technical barriers 
that occurred during the realisation of CROSSBOW project were, to some extent, linked to the specific 
advantages, disadvantages and characteristics of each CROSSBOW product. 

  



 

 

 

D15.2: Identification and recommendation for local technical and interoperability barriers 5 

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

 

TABLE OF CONTENTS  

1 INTRODUCTION .................................................................................................................................................. 9 

1.1 SCOPE OF THE DOCUMENT ....................................................................................................................................... 9 

1.2 METHODOLOGY ..................................................................................................................................................... 9 

2 LOCAL TECHNICAL BARRIERS .............................................................................................................................13 

2.1 REGIONAL OPERATION CENTRE BALANCING COCKPIT (ROC-BC)..................................................................... 15 

2.1.1 Description of ROC-BC ................................................................................................................................. 15 

2.1.2 Analysis of ROC-BC barriers ........................................................................................................................ 15 

2.1.3 Recommendations ...................................................................................................................................... 21 

2.2 RES REGIONAL COORDINATION CENTRE (RES-CC) ........................................................................................... 22 

2.2.1 Description of RES-CC .................................................................................................................................. 22 

2.2.2 Analysis of RES-CC barriers ......................................................................................................................... 23 

2.2.3 Recommendations ...................................................................................................................................... 24 

2.3 HYBRID RES DISPATCHABLE UNIT (RES-DU) ..................................................................................................... 25 

2.3.1 Description of RES-DU ................................................................................................................................. 25 

2.3.2 Analysis of RES-DU barriers ......................................................................................................................... 25 

2.3.3 Recommendations ...................................................................................................................................... 27 

2.4 REGIONAL STORAGE COORDINTATION CENTRE (STO-CC) ............................................................................... 27 

2.4.1 Description of STO-CC ................................................................................................................................. 27 

2.4.2 Analysis of STO-CC barriers ......................................................................................................................... 27 

2.4.3 Recommendations ...................................................................................................................................... 27 

2.5 VIRTUAL STORAGE PLANTS (VSP) .................................................................................................................... 27 

2.5.1 Description of VSP ....................................................................................................................................... 27 

2.5.2 Analysis of VSP barriers ............................................................................................................................... 28 

2.5.3 Recommendations ...................................................................................................................................... 28 

2.6 WIDE AREA MONITORING AND AWARENESS SYSTEM (WAMAS) .................................................................... 28 

2.6.1 Description of WAMAS ................................................................................................................................ 28 

2.6.2 Analysis of WAMAS barriers ....................................................................................................................... 28 

2.6.3 Recommendations ...................................................................................................................................... 30 

2.7 REGIONAL DEMAND SIDE MANAGEMENT INTEGRATION PLATFORM (DSM-IP) .............................................. 30 

2.7.1 Description of DSM-IP ................................................................................................................................. 30 

2.7.2 Analysis of DSM-IP barriers ......................................................................................................................... 30 

2.7.3 Recommendations ...................................................................................................................................... 32 

2.8 WHOLESALE AND ANCILLARY MARKET TOOLSET (AM) .................................................................................... 32 

2.8.1 Description of WHOLESALE AND ANCILLARY MARKET TOOLSET ................................................................ 32 

2.8.2 Analysis of AM barriers ............................................................................................................................... 33 

2.8.3 Recommendations ...................................................................................................................................... 34 



 

 

 

D15.2: Identification and recommendation for local technical and interoperability barriers 6 

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

 

2.9 COOPERATIVE FLEXIBILITY PLATFORM (CFP) ................................................................................................... 34 

2.9.1 Description of CFP ....................................................................................................................................... 34 

2.9.2 Analysis of CFP barriers ............................................................................................................................... 35 

2.9.3 Recommendations ...................................................................................................................................... 37 

2.10 GENERAL ANALYSIS OF THE LOCAL TECHNICAL BARRIERS ............................................................................... 37 

2.10.1 Analysis of communication barriers ....................................................................................................... 39 

2.10.2 Analysis of data restriction barriers ........................................................................................................ 39 

2.10.3 Analysis of finances barriers ................................................................................................................... 40 

2.10.4 Analysis of grid control barriers .............................................................................................................. 40 

2.10.5 Analysis of inappropriate deployment barriers ...................................................................................... 40 

2.10.6 Analysis of infrastructure barriers .......................................................................................................... 41 

2.10.7 Analysis of interoperability barriers ........................................................................................................ 41 

2.10.8 Analysis of other barriers ........................................................................................................................ 42 

3 CONCLUSIONS ...................................................................................................................................................43 

4 REFERENCES AND ACRONYMS ...........................................................................................................................46 

4.1 REFERENCES .................................................................................................................................................... 46 

4.2 ACRONYMS LIST............................................................................................................................................... 48 

 

  



 

 

 

D15.2: Identification and recommendation for local technical and interoperability barriers 7 

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

 

LIST OF FIGURES 

FIGURE 1 CORRELATION BETWEEN CROSSBOW PRODUCTS AND HLUS [2] ..................................................................................... 11 
FIGURE 2 DISTRIBUTION OF ALL LOCAL TECHNICAL BARRIERS BETWEEN CROSSBOW PRODUCTS AND BARRIER SUBCATEGORIES .................. 13 
FIGURE 3 DISTRIBUTION OF ALL LOCAL TECHNICAL BARRIERS DEPENDING ON THE RESOLUTION STATUS.................................................... 14 
FIGURE 4 DISTRIBUTION OF ALL LOCAL TECHNICAL BARRIERS PER PRODUCT AND STATUS ...................................................................... 14 
FIGURE 5 DISTRIBUTION OF ALL LOCAL TECHNICAL BARRIERS BETWEEN PREDEFINED SUBCATEGORIES ...................................................... 38 
FIGURE 6 DISTRIBUTION OF ALL LOCAL TECHNICAL BARRIERS PER TYPE AND STATUS ............................................................................. 38 

 

  



 

 

 

D15.2: Identification and recommendation for local technical and interoperability barriers 8 

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

 

LIST OF TABLES 
TABLE 1 EXAMPLE OF FILLED QUESTIONNAIRE TEMPLATE BY ETRA .................................................................................................. 10 

TABLE 2 DISTRIBUTION OF ROC-BC LOCAL TECHNICAL BARRIERS BETWEEN PREDEFINED SUBCATEGORIES ............................................... 16 

TABLE 3 ROC-BC BARRIER 1 ................................................................................................................................................... 16 

TABLE 4 ROC-BC BARRIER 2 ................................................................................................................................................... 17 

TABLE 5 ROC-BC BARRIER 3 ................................................................................................................................................... 17 

TABLE 6 ROC-BC BARRIER 4 ................................................................................................................................................... 18 

TABLE 7 ROC-BC BARRIER 5 ................................................................................................................................................... 19 

TABLE 8 ROC-BC BARRIER 6 ................................................................................................................................................... 19 

TABLE 9 ROC-BC BARRIER 7 ................................................................................................................................................... 20 

TABLE 10 ROC-BC BARRIER 8 ................................................................................................................................................. 21 

TABLE 11 DISTRIBUTION OF RES-CC LOCAL TECHNICAL BARRIERS BETWEEN PREDEFINED SUBCATEGORIES .............................................. 23 

TABLE 12 RES-CC BARRIER 1 .................................................................................................................................................. 23 

TABLE 13 RES-CC BARRIER 2 .................................................................................................................................................. 24 

TABLE 14 RES-CC BARRIER 3 .................................................................................................................................................. 24 

TABLE 15 DISTRIBUTION OF RES -DU LOCAL TECHNICAL BARRIERS BETWEEN PREDEFINED SUBCATEGORIES ............................................. 25 

TABLE 16 RES-DU BARRIER 1 ................................................................................................................................................. 26 

TABLE 17 RES-DU BARRIER 2 ................................................................................................................................................. 26 

TABLE 18 DISTRIBUTION OF WAMAS LOCAL TECHNICAL BARRIERS BETWEEN PREDEFINED SUBCATEGORIES ............................................ 28 

TABLE 19 WAMAS BARRIER 1 ................................................................................................................................................ 29 

TABLE 20 WAMAS BARRIER 2 ................................................................................................................................................ 29 

TABLE 21 DISTRIBUTION OF DSM-IP LOCAL TECHNICAL BARRIERS BETWEEN PREDEFINED SUBCATEGORIES .............................................. 30 

TABLE 22 DSM-IP BARRIER 1 ................................................................................................................................................. 31 

TABLE 23 DSM-IP BARRIER 2 ................................................................................................................................................. 32 

TABLE 24 DISTRIBUTION OF AM LOCAL TECHNICAL BARRIERS BETWEEN PREDEFINED SUBCATEGORIES .................................................... 33 

TABLE 25 AM BARRIER 1 ....................................................................................................................................................... 34 

TABLE 26 DISTRIBUTION OF CFP LOCAL TECHNICAL BARRIERS BETWEEN PREDEFINED SUBCATEGORIES .................................................... 35 

TABLE 27 CFP BARRIER 1 ....................................................................................................................................................... 35 

TABLE 28 CFP BARRIER 2 ....................................................................................................................................................... 36 

TABLE 29 CFP BARRIER 3 ....................................................................................................................................................... 37 

 
  



 

 

 

D15.2: Identification and recommendation for local technical and interoperability barriers 9 

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

 

1 Introduction 

1.1 Scope of the document 

The purpose of this document is to describe the local technical and interoperability barriers detected in 
CROSSBOW pilot clusters. More specifically, it presents the results of the activities that took place under the 
task T15.2 Identification and recommendation for local technical and interoperability barriers, describes the 
methodology that was followed and identifies and comments on the key barriers that occurred per product. 
Furthermore, specific recommendations, where applicable and meaningful, in order to solve local technical 
barriers are presented for each case. 

The document consists of three chapters. In the first chapter, the purpose of the document is described, its 
structure, and the methodology used to prepare this report. In the second chapter, analysis of local technical 
barriers is presented for each CROSSBOW product and specific recommendations are made. In the third 
chapter, overall conclusions based on the results of the activities are presented. 

1.2 Methodology 

Barrier is something such as a rule, law, or policy that makes it difficult or impossible for something to happen 
or be achieved [1]. The aim of this report is to properly recognise and define technical and interoperability 
barriers on a local level, and provide recommendations to solve them successfully in some future projects. 

The methodology applied in this project is divided in three phases. In the first phase, a common questionnaire 
was created in order to obtain appropriate information from the CROSSBOW partners regarding barriers that 
they faced during the project execution. This questionnaire was developed in cooperation between 
colleagues from: Univerza v Ljubljani (UL), ETRA Investigacion Y Desarrollo SA (ETRA), Security Coordination 
Centre SCC Ltd. Belgrade (SCC) and Centrul Roman Al Energiei (CRE) in order to gather all necessary data 
required for all activities related with the tasks:  

¶ T15.2 Identification and recommendation for local technical and interoperability barriers;  

¶ T15.3 Identification and recommendation for local non-technical barriers;  

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

¶ T16.3 Recommendation for European non-technical barriers. 

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

Since all these tasks required appropriate barrier assessment, WP15 and WP16 partners concluded that the 
best approach is to contact all relevant CROSSBOW partners (tool developers, product and use case leaders) 
using this common questionnaire. The main request for all relevant CROSSBOW partners was to indicate all 
the barriers that occurred during the project implementation. Therefore, the common questionnaire is 
constituted with the following questions: 

¶ Name of the CROSSBOW entity/partner; 

¶ Role of the partner in CROSSBOW project; 

¶ Product in which the barrier is detected; 

¶ CROSSBOW High Level Use case (HLU) where the given barrier occurs; 

¶ CROSSBOW Use Case (UC) where the given barrier is detected; 
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¶ Descriptive name of the barrier; 

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

¶ Type of the barrier - local, global or local & global; 

¶ Category of the barrier - technical or non-technical; 

¶ Subcategory of the barrier; 

¶ Status of the barrier - whether the barrier was solved or not; 

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

¶ Recommendation - lessons learned which could be an alternative way to address the barrier in future 
research and development projects.  

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

 
Table 1 Example of filled questionnaire template by ETRA 

Since there was one common questionnaire for all four deliverables, for some of the defined barriers similar 
approach in both local and global definition was used, especially the ones defined for the specification of this 
document and for D16.2 as well, since their distinction was the range of impact - local or global level. Solution 
was to bilaterally communicate with partners who have defined technical barriers for both local and global 
level, and to find appropriate definition and distinction between those two levels (e.g., limited 
geographically, specific to a certain case and problematic on a local level, etc.). 

In order to better cluster detected barriers, contacted CROSSBOW partners were asked to determine the 
subcategory of their barriers as well. Local technical barriers are further divided into following subcategories: 

¶ Communication - obstacles regarding communication (inappropriate or malfunctioning 
communications) for the developed tools; 

¶ Data restriction - lack of data, loss of metering data and bad data could cause major problems in 
testing and evaluating project’s tools; 

¶ Finances - barriers that are related to market framework, business models and generally the 
economic environment; 
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¶ Grid control - the physical size, presence of weak elements, lack of smart grid components such as 
automated controls, remote monitoring systems, metering technologies, can cause several barriers 
at developing smart grid solutions; 

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

¶ Infrastructure - this subcategory includes those barriers that arose due to technical and 
infrastructure issues during the project’s implementation; 

¶ Interoperability1 - these barriers arose due to different tools developed and the need of an operating 
middleware interoperability. 

Beside the various information about barriers, it was also important to obtain information from the 
CROSSBOW partners regarding which HLUs and UCs have been affected by particular detected barrier. While 
correlation of HLUs and UCs is direct, some of the products are covered by more than one HLUs, as shown 
below in the Figure 1. 

 
Figure 1 Correlation between CROSSBOW products and HLUs [2] 

The partners that participated in the fulfilment of the questionnaire were: 

¶ Tool provider (ETRA); 

¶ Work Package (WP)/product leaders (UL, cyberGRID GmbH & Co KG – CGRID, Cobra Instalaciones y 
Servicios SA – COBRA, The University of Manchester – UNIMAN) and 

 

1 Note that interoperability barriers are considered as subcategory of technical barriers, so every mention of 
technical barriers includes interoperability barriers by default. 
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¶ UC leaders (SCC, CrnoGorski Elektroprenosni Sistem AD – CGES, ELektronski in PROgramski Sistemi 
doo – ELPROS, ElŜƪǘǊƻaǊŜȌŀ {ǊōƛƧŜ !5 – EMS AD, Institute of Communications and Computer Systems 
– ICCS, Independent Power Transmission Operator – IPTO). 

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

All observed local technical barriers, in total 21 detected during the realisation of the CROSSBOW project, 
are presented in this chapter. Further analysis of local technical barriers is conducted in two ways: 

¶ Detailed analysis of detected barriers based on their correlation with the CROSSBOW products; 

¶ General analysis of detected barriers based on their correlation with the predefined subcategories. 

This two-directional approach was used in order to better understand the effects of the detected local 
technical barriers to the CROSSBOW project from two different, but very important aspects: 

¶ How detected barriers affected the deployment and demonstration of particular CROSSBOW 
products - obtained knowledge could be used to provide appropriate recommendations for further 
development and deployment of each CROSSBOW product; 

¶ Which type of barriers could be expected in future research and development projects with similar 
products as the ones developed in CROSSBOW project - obtained knowledge could be used as general 
conclusions which could be translated to other similar products. 

Figure 2 presents the distribution of all observed local technical barriers between the CROSSBOW products 
and barrier subcategories. As shown, for two products, Regional Storage Coordination Centre (STO-CC) and 
Virtual Storage Plants (VSP), local technical barriers had not been detected during the realisation of 
CROSSBOW project. On the other hand, majority of detected local technical barriers are correlated with 
Regional Operation Centre Balancing Cockpit (ROC-BC) product (eight of them to be more specific). Three 
barriers each are detected for Renewable Energy Sources Regional Coordination Centre (RES-CC) and 
Cooperative Flexibility Platform (CFP) products, while three products hybrid RES Dispatchable Units (RES-DU), 
Wide Area Monitoring and Awareness System (WAMAS) and Regional Demand Side Management Integration 
Platform (DSM-IP) have two barriers each. Finally, Wholesale and Ancillary Market Toolset (AM) product has 
only one detected local technical barrier. 

 
Figure 2 Distribution of all local technical barriers between CROSSBOW products and barrier subcategories 

Figure 2 also presents the distribution of different barrier subcategories/types per each CROSSBOW product. 
Generally, it could be concluded that communication barriers dominate for ROC-BC and RES-CC products, 
while DSM-IP has only infrastructure barriers observed. Other four CROSSBOW products (RES-DU, WAMAS, 
AM and CFP) do not have dominant barrier type, since each subcategory has only one detected local technical 
barrier. 
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Distribution of all local technical barriers depending on the resolution status, which is shown on Figure 3, 
represents the analysis of the impact of detected local technical barriers to the realisation of CROSSBOW 
products. From all detected barriers, 11 have been solved within the duration of the project, while 10 remain 
as local barriers. Given the various nature of the detected barriers, this section provides detailed mitigation 
actions and recommendations for future implementation. Some subcategories of barriers may be solved over 
time (for example by improving communication links, investment in assets at certain locations, etc.) and 
some may remain as local challenges to the implementation of the developed CROSSBOW solutions. 
However, their detection is a precondition for taking actions, where possible, to solve them and allow smooth 
implementation. Since the number of resolved and remaining local technical barriers is almost the same, it 
could be concluded that local technical barriers had moderate impact on CROSSBOW. 

 

Figure 3 Distribution of all local technical barriers depending on the resolution status 

Further analysis of the resolution status of barriers is done by determining distribution of all local technical 
barriers per product and status, as presented on Figure 4. It can be seen that all detected RES-DU, AM and 
CFP barriers remained unsolved by the end of CROSSBOW project. On the other hand, RES-CC and WAMAS 
managed to solve all detected local technical barriers. Finally, ROC-BC and DSM-IP have mix status – half or 
more local technical barriers are solved. 

 
Figure 4 Distribution of all local technical barriers per product and status 
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Following the described two-directional approach, in the nine subsequent sub-chapters (from 2.1 to 2.9) all 
local technical barriers are clustered and presented on the level of each CROSSBOW product. Each of these 
sub-chapters consists of three parts: 

¶ Short description of the CROSSBOW product; 

¶ Analysis of the barriers correlated with that specific CROSSBOW product; 

¶ Recommendations on how to avoid barriers correlated with particular CROSSBOW product in future 
similar research and development projects. 

In the final sub-chapter 2.10, general analysis of detected local technical barriers based on their correlation 
with the predefined subcategories is presented. 

2.1 REGIONAL OPERATION CENTRE BALANCING COCKPIT (ROC-BC) 

2.1.1 Description of ROC-BC 

ROC-BC is a fundamental element of a fully implemented smart grid when realizing ambitious targets of 
Renewable Energy Resources (RES) integration within a modern and unified European market framework (as 
set out by the target model). Its scope is the strong collaboration among the Transmission System Operators 
(TSOs) of the region, to gain benefits from the combined and thus more effective management of the various 
challenges emerging for system operators. Facing challenges from a regional perspective facilitates the cost-
efficient and reliable operation of the power grid taking advantage of economy of scale for generation assets, 
while facing more effectively the various uncertainties (RES stochasticity, load fluctuations, unpredictable 
incidents, etc.). 

From the beginning of the project, ROC-BC was designed as a very heterogeneous HLU that incorporates 
several very diverse Use Cases (UCs) that are all relevant to Regional Security Centres’ (RSC) business 
processes. ROC-BC product improves certain RSC functions, but also defines and incorporates new services 
associated with short-term operation tasks that are currently not supported by RSCs. Since the interested 
stakeholders of this product are the RSCs of the European region, special care at the developing stage of this 
product has been given to enable the scalability and replicability capability of these functionalities to other 
RSCs in the European region. 

2.1.2 Analysis of ROC-BC barriers 

Probably due to the heterogeneous nature of ROC-BC, this CROSSBOW product has the most detected local 
technical barriers - eight in total. The list of local technical barriers correlated with ROC-BC (including their 
subcategories), is shown in the Table 2. Regarding the types of detected barriers, majority of them (three in 
total) are correlated with the communication issues, while other predefined subcategories are less 
represented. 

Product No. Barrier Subcategory 

ROC-BC 1.  Information And Communications Technology (ICT) infrastructure not 
fulfilling Project requirements 

Communication  2.  Lack of coordination within the Project during the change of InterControl 
Center Communications Protocol (ICCP) codes for measurement units 

3.  Different file formats for data exchange with external systems 

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

Data restriction 

5.  Lack of technical standards for automatic over-frequency control scheme Grid control 

6.  Difficulties of software integration between tools developed using different 
programming languages 

Inappropriate 
deployment 
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Although, the number of detected local technical barriers is relatively higher for ROC-BC in comparison with 
other CROSSBOW products, the detected barriers did not have a significant effect to the ROC-BC, since 
majority of them (five of eight) are solved. Details obtained via the questionnaire for all mentioned ROC-BC 
barriers are presented in Table 3 to Table 10 below. 

ROC-BC Barrier 1 

Distributed system could be defined in many different ways. Coulouris [3] defines a distributed system as “a 
system in which hardware or software components located at networked computers communicate and 
coordinate their actions only by message passingέ; and Tanenbaum [4] defines it as “A collection of 
independent computers that appear to the users of the system as a single computerέ. Leslie Lamport, 
computer scientist best known for his seminal work in the distributed systems, said that “A distributed system 
is one in which the failure of a computer you didn't even know existed can render your own computer 
unusableέ [5]. 

This last quote is particularly famous, since it describes on a very descriptive way a common communication 
issues that occur between different components of the distributed system. During the realisation of HLU1 
UC2, mentioned quote was proven since insufficiently reliable communication connection between different 
system components often break, thus leaving WAProtector without Phasor Data Concentrator (PDC) 
measurements. During the realisation of the Project, this issue was solved to certain extend. 

Claimed by - Entity SCC 

Entity role UC leader 

CROSSBOW HLU/UC HLU1/UC2 

Descriptive name of 
the barrier 

ICT infrastructure not fulfilling Project requirements 

Detailed description 
of the barrier 

WAProtector is tool used for acquisition of Phasor Measurement Unit (PMU) and 
Supervisory Control And Data Acquisition (SCADA) data, which are required for several UCs 
(including the one mentioned here). WAProtector is, using appropriate protocols, 
connected with PDC on one side and ICCP system on the other, in order to acquire 
mentioned data. During the realisation of this UC, insufficiently reliable communication 
connection between WAProtector and PDC was detected. 

Subcategory Communication 

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

- Independent connection to the Electronic Highway was established; 

- Better quality of ICT network maintenance was established. 

Table 3 ROC-BC Barrier 1 

ROC-BC Barrier 2 

The IEC60870-6 Telecontrol Application Service Element 2 (TASE.2) protocol, informally known as ICCP, was 
developed for data exchange over Wide Area Networks (WANs) between a utility control centre and other 
control centres, other utilities, power plants and substations. TASE.2 / ICCP is used in almost every utility for 
inter-control centre communications between SCADA and/or Energy Management Systems (EMS). It is 
supported by most vendors of SCADA and EMS [6]. 

7.  Insufficient transfer capacity (near cross-borders) Infrastructure 

8.  Lack of appropriate loading level of selected lines for proper evaluation of 
the Dynamic Line Rating (DLR) and Forecasted Dynamic Line Rating (FDLR) 

Other 

Table 2 Distribution of ROC-BC local technical barriers between predefined subcategories 
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HLU1 UC2 detected communication issue related to the change of ICCP codes for a set of measurements. 
Namely, each measurement should have a unique identifier so that it could be clearly distinguished from 
other measurements. However, rarely it could happen that TSOs, owners of the measuring devices, need to 
reconfigure the ICCP code due to some maintenance reasons. In those cases, informing all relevant actors 
about the change is the most important thing in order to save continuity of the business process. The 
detected barrier was solved during the realisation of the CROSSBOW project. 

Claimed by - Entity SCC 

Entity role UC leader 

CROSSBOW HLU/UC HLU1/UC2 

Descriptive name of 
the barrier 

Lack of coordination within the Project during the change of ICCP codes for measurement 
units 

Detailed description 
of the barrier 

During realisation of the Project, missing measurement data from the ICCP system was 
detected. Upon further investigation, it was determined that certain TSO changed ICCP 
codes for internal reasons, without providing information to the Project. 

Subcategory Communication 

Mitigation Issue was solved by manual update of ICCP codes after contacting amenable TSO. 

Table 4 ROC-BC Barrier 2 

ROC-BC Barrier 3 

Innovative solutions introduce new processes which are often executed using already available data, which 
are exchanged using predefined file formats. Same input files are usually not available for different users of 
the tool, so additional development of the system needs to be done in order to be adapted for the specific 
site during the deployment process. This communication barrier between different existing external systems 
(which provide input data) and developed CROSSBOW module (with an innovative functionality) is detected 
and solved in HLU1 UC9. 

Claimed by - Entity EMS AD 

Entity role UC leader 

CROSSBOW HLU/UC HLU1/UC9 

Descriptive name of 
the barrier 

Different file formats for data exchange with external systems 

Detailed description 
of the barrier 

Individual Grid Model (IGM) Quality Assessment (QA) software could collect data from 
several external systems (SCADA, Market Management System - MMS, Metering system, 
software for creation of IGMs). Different producers of external systems offer different 
solution for data exchange formats. So, the IGM QA software had to be adapted for the 
specific site during the deployment process in order to establish communication with the 
external system. 

Subcategory Communication 

Mitigation Several acquisition modules of IGM QA software are developed in order to enable the 
import of data from 3 different external systems: SCADA, MMS and Metering system. This 
feature of IGM QA software provides smooth replicability and maintenance of the software 
for different deployment sites or in case of external system replacement in one particular 
site. 

Table 5 ROC-BC Barrier 3 
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ROC-BC Barrier 4 

In order to test certain complex concepts, it is often easier to start from something simple and then gradually 
develop the algorithm towards something advanced or complex. Going in the opposite direction, from 
complex to simple solution, generally represents a very challenging process, because people systematically 
overlook subtractive changes [7]. But this simplification problem is not just the consequence of human 
behaviour, it is also a logical thing - simplified system cannot have the same behaviour as the complex one, 
since some of the system traits have to be deducted in the process of simplification. In order to support HLU1 
UC8 algorithm, SCC tried to provide reduced model of the regional transmission system. However, more 
generic, formal and standardised approach for obtaining such reduced models needs to be developed in the 
future. Despite the efforts of SCC, and provided best available solution, this barrier remained unsolved at the 
end of CROSSBOW product. 

Claimed by - Entity ICCS 

Entity role UC leader 

CROSSBOW HLU/UC HLU1/UC8 

Descriptive name of 
the barrier 

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

Detailed description 
of the barrier 

The cross-border Frequency Restoration Reserve (FRR) sizing and sharing method of the 
ROC-BC product requires a reduced equivalent model of the regional transmission 
network, where each country is represented by a single node and different countries are 
connected through a single line. Currently, there is no formal process or established tools 
to provide such reduced models, both in the South East Europe (SEE) region specifically, 
but also in other coordination centres more generally. 

Subcategory Data restriction 

Mitigation There is relevant research literature on this topic, based on which SCC created such a 
reduced model for the purposes of demonstration activities. 

Table 6 ROC-BC Barrier 4 

ROC-BC Barrier 5 

A standard is a document that provides requirements, specifications, guidelines or characteristics that can 
be used consistently to ensure that materials, products, processes and services are fit for their purpose [8]. 
Standards allow technology to work seamlessly and establish trust so that markets can operate smoothly - 
they provide a common language to measure and evaluate performance, make interoperability of 
components made by different companies possible and protect consumers by ensuring safety, durability, and 
market equity [9]. 

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

Claimed by - Entity EMS AD 

Entity role UC leader 

CROSSBOW HLU/UC HLU1/UC11 

Descriptive name of 
the barrier 

Lack of technical standards for automatic over-frequency control scheme 

Detailed description 
of the barrier 

At present, there are no relevant standards in European Network of Transmission System 
Operators for Electricity (ENTSO-E) for automatic over-frequency control scheme. 

Subcategory Grid control 
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Mitigation ETNSO-E should define through Synchronous Areas Operational Agreements specific 
standards for the implementation of automatic over-frequency control scheme. 

Table 7 ROC-BC Barrier 5 

ROC-BC Barrier 6 

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

Claimed by - Entity SCC 

Entity role UC leader 

CROSSBOW HLU/UC HLU1/UC1 

Descriptive name of 
the barrier 

Difficulties of software integration between tools developed using different programming 
languages 

Detailed description 
of the barrier 

In order to save resources, development of this UC was based on following idea: on top of 
the already designed algorithm for calculation of adequacy indicators using probabilistic 
approach (developed by ESO), an algorithm for solving detected adequacy issues by 
determining optimal adequacy transactions from neighbouring countries (developed by 
SCC) is added. 

The issue lies in the fact that ESO already had developed a tool in Visual Basic Application 
(VBA) - solution which still meets the needs it was originally designed for, but does not 
allow for further development. Since this tool was not able to support load flow 
calculations, SCC had to develop an appropriate Matlab script. 

This software inconsistency caused some difficulties during preliminary demonstration, 
since there was additional task of connecting these two tools. 

Subcategory Inappropriate deployment 

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

Table 8 ROC-BC Barrier 6 

ROC-BC Barrier 7 

The process of unbundling of vertically structured electricity company into many different entities activated 
the process of the liberalization of electricity markets and also accelerated the integration of RES into the 
electricity grid. However, this relatively fast change in the production mix, including the possibility of the 
consumer to buy energy on a free market from a geographically and electrically distant producer, was not 
supported with the same pace by development of the connector of the consumer and producer of electric 
energy, i.e., transmission grid. Vertically structured electricity company (for decades improved and 
developed in the “centre” of transmission system, rather on the borders where the majority of consumers 
are not located) do not have enough interconnection lines to meet the demand of the modern electricity 
markets. As a result, a lot of congestions occur on the close-to-border lines. This problem has been detected 
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many years ago and a lot has been done to strengthen the electricity network and create more mashed grid, 
but construction of OverHead Lines (OHLs) takes time, effort and represents a significant capital investment 
for TSOs, thus cross-border congestions still occur, as detected by HLU1 UC6 & UC7. For all these reasons, 
this barrier remained unsolved at the end of the CROSSBOW project. 

Claimed by - Entity IPTO 

Entity role UC leader 

CROSSBOW HLU/UC HLU1/UC6&UC7 

Descriptive name of 
the barrier 

Insufficient transfer capacity (near cross-borders) 

Detailed description 
of the barrier 

Electricity markets were historically organized at the national level, and every country 
focused on self-sufficiency in terms of power supply. Within each market, electricity can 
be traded freely, without taking into consideration the physical limitations of the 
underlying electricity grid, since even if internal congestion exists, there are no price 
differences within the market zone. In this context, market parties may assume that 
transfer capacity is unconstrained within a market zone. However, the upward trend 
towards the high penetration of renewable energy is also a key element that imposes the 
optimal use of the limited transfer capacity in a local level. When renewable energy is 
integrated into the electricity system, the volume of renewable generation is often 
concentrated in places with advantageous geographical characteristics and weather 
conditions, such as wind and solar availability. Therefore, to manage the difference 
between production and consumption, there is a need to transfer large quantities of 
electrical power across regions. This may lead to congestion in which the demand for 
transferring the electrical power exceeds the limits of transmission system, i.e., situations 
in which unrestricted use of the network would pose a risk to the system’s security. Thus, 
insufficient transfer capacity is defined as a local barrier within a market zone/country. This 
insufficient transfer capacity, mainly on internal lines near borders, restricts RES 
penetration near borders and also electricity cross-border trading. 

Subcategory Infrastructure 

Mitigation This situation creates the need to optimize the utilization of existing networks, while 
respecting the physical limits of power system and also designing novel market solutions 
that will leverage the benefits of RES integration within the electricity system. The most 
evident measure network operators can take to relieve these constraints is building more 
cross-border transport capacity. This results in more so-called technical capacity. 
Nevertheless, expanding the transmission systems with no limits is realistically unfeasible. 
This measure is, of course, fairly expensive, and should only be done when the existing 
capacity is already efficiently used. From both the practical and economical points of view, 
new market models and capacity allocation mechanisms will propose solutions for 
congestion and for RES penetration. The main goal should lie in allocating transfer capacity 
and electricity trading utilizing potential market opportunities to solve possible congestion, 
guaranteeing efficient utilization of the available transfer capacity. 

Table 9 ROC-BC Barrier 7 

ROC-BC Barrier 8 

The following barrier, detected in HLU1 UC4, is very specific one and thus it was difficult to cluster it in some 
of the predefined subcategories, so this is the reason why it remained in the “other” subcategory. Namely, 
in order to present developed functionality of the DLR and FDLR modules of ROC-BC product, it was required 
to detect certain network conditions. For this particular case, it was important to have OHLs which are loaded 
closer to their thermal limits - loading around 60%-80% of Permanent Admissible Transmission Loading 
(PATL) was expected. Unfortunately, for the first set of OHLs loading was around 40% of PATL, so there was 
no chance to record any significant benefits of HLU UC4. To record expected effects of this module, additional 
set of OHLs was found with the required average amount of loading, thus solving this barrier. 



 

 

 

D15.2: Identification and recommendation for local technical and interoperability barriers 21 

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

 

Claimed by - Entity ELPROS 

Entity role UC leader 

CROSSBOW HLU/UC HLU1/UC4 

Descriptive name of 
the barrier 

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

Detailed description 
of the barrier 

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

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

Subcategory Other 

Mitigation To confirm the method additional lines were included for DLR monitoring with higher 
loading. In this way, it was possible to show the advantages of real-time DLR and FDLR. 

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

Table 10 ROC-BC Barrier 8 

2.1.3 Recommendations 

As for local technical barriers identified in ROC-BC CROSSBOW product, recommendations to overcome them 
are as following: 

¶ Regarding first barrier - ICT infrastructure not fulfilling Project requirements, thorough examination 
of existing infrastructure and the requirements for new equipment prior setting the experiments is 
recommended. In addition, a more general recommendation is to increase the investments in ICT in 
the power sector. 

¶ As for barrier Lack of coordination within the Project during the change of ICCP codes for 
measurement units there is a need for regular check of input data delivery and better coordination 
between consortium partners. 

¶ Barrier Different file formats for data exchange with external systems recommends anticipation and 
creation of common communication layer that could communicate with different external systems. 

¶ A recommendation related to Unavailability or limited accuracy of reduced equivalent model of the 
regional transmission network is that a more generic, formal and standardised approach for 
obtaining reduced models needs to be developed in the future (probably as a separate UC in a future 
project). 

¶ To overcome Lack of technical standards for automatic over-frequency control scheme standards for 
over-frequency automatic control scheme for Continental Europe should be developed by relevant 
international bodies as ENTSO-E. CROSSBOW results may be used in that respect. 

¶ For the barrier Difficulties of software integration between tools developed using different 
programming languages the overall recommendation is to properly organise the tasks during 
foundation part of the project, when all required roles (e.g., providers of input data, demonstrators, 
algorithm and tool developers) should be defined. 

¶ Regarding barrier Insufficient transfer capacity near cross-borders following recommendation is 
proposed - Electricity trading is conducted through different coordinated electricity markets. 
Coordinated capacity calculation and allocation methods are required, because energy flows are not 
only constrained by financial commitments, but by physical law as well. The purpose of a coordinated 
capacity calculation process is to ensure that available transmission capacity is used efficiently. The 
Flow Based (FB) approach could be used as a primary approach for day-ahead, intraday, and 
balancing capacity calculation, where the solution consists of the calculation of PTDFs and the 
calculation of available margins on Critical Branches (CBs). The FB approach is closer to the real 
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capabilities of the system since it considers the physical constraints of the system and more 
specifically the CBs. These CBs may be internal lines in a market zone/country (lines that are declared 
as critical from each TSO) and/or interconnection lines. For each CB, the highest power flow that is 
allowed is determined based on the thermal limit of the line and is quite important for the optimal 
utilization of transfer capacity. Therefore, the introduction of (flow-based) market coupling increases 
the efficiency of transfer capacity usage. In the context of regional cooperation, it has a substantial 
impact not only at a regional level but also at local/country level, while RES penetration near borders 
increases significantly and also electricity cross-border trading is enhanced. 

¶ And at the end, regarding the last defined local technical barrier for ROC-BC product, Lack of 
appropriate loading level of selected lines for proper evaluation of the DLR and FDLR, in order to be 
solved, better planning of the demonstration activities at the beginning of the project with selected 
assets is needed. 

2.2 RES REGIONAL COORDINATION CENTRE (RES-CC) 

2.2.1 Description of RES-CC 

The RES-CC platform covers five main functionalities for the cross-border management of RES generation 
units: 

¶ Provides real-time supervision and control;  

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

¶ Supports electric power management, sending production forecasts to the systems operators in the 
region and the ROC-BC;  

¶ Interacts with the operators and ROC-BC, sending real-time data on each generation facility, which 
enables calculation of the electric power production that can be sent to the grid and maximize the 
contribution of RES to the system;  

¶ Provides data recording, as well as analysis to optimize the availability and efficiency of the 
installations, substations and High Voltage (HV) lines to guarantee the delivery of the energy 
generated [10]. 

The RES-CC is in charge of capturing and integrating data coming from different RES units, with different 
interfaces and technologies, and present each operator the relevant data and services associated to the units 
under its supervision. In this way, the product is design to support both, national and regional coordination, 
and it is deployed as a cloud-based application. In normal operation, each TSO is able to use the RES-CC to 
monitor and supervise the RES units affecting its country. If an abnormal situation is detected affecting more 
than one country (e.g., cross-border congestion due to RES generation) the solution will help the involved 
TSOs to coordinate a coherent strategy, proposing an action plan to be validated by all actors involved [10]. 

The final deployment and architecture of REC-CC endorse the countries’ policies and security legislation. 
Thus, if it is required that dispatching systems are deployed in the same country where the RES units are 
connected to the grid, different ‘instances’ of the RES-CC could be installed in different countries, but all of 
them providing interfaces and services that enable them to collaborate in broader cross-bordering scenarios. 
The structure would be then hierarchical, with local RES-CC providing services at country level for the local 
TSO, but also with regional-level tools (AM, ROC-BC, regional RES-CC, etc.) working at a regional scale and 
interacting with the local RES-CC. This hierarchical structure allows for a better scalability and replicability of 
the solution, because new countries can be added to the system without affecting the rest of it [10]. 
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2.2.2 Analysis of RES-CC barriers 

RES-CC has only three detected local technical barriers, two correlated with communication subcategory and 
one connected with infrastructure. The list of local technical barriers correlated with RES-CC (including their 
subcategories) is given in Table 11. 

Based on performed analysis, it became obvious that all barriers are solved during the realisation of the 
CROSSBOW project. Details obtained via the questionnaire for all mentioned RES-CC barriers are presented 
in Table 12 to Table 14 below.  

RES-CC Barrier 1 

The output of an algorithm is only as good as the quality of the input it receives. This concept is probably 
known for centuries, but it became more popular in the early days of computing, since it created a lot of 
issues for the developers. Similar barrier occurred in HLU2 and HLU3 as some assets did not provide expected 
data necessary for the proper run of the CROSSBOW systems. It is very difficult to develop systems that are 
resilient to the given interruptions (usage of back up data is maybe the option), but in these situations it is 
very important for the users of the CROSSBOW products to be aware of ongoing issues, so that these 
problems do not affect their operational decisions. This barrier was solved by implementing an appropriate 
alert system. 

Claimed by - Entity ETRA 

Entity role Tool provider 

CROSSBOW HLU/UC HLU2 & HLU3 

Descriptive name of 
the barrier 

Lack of efficient communication channels between the assets and the system 

Detailed description 
of the barrier 

When some assets or tools are down, there is a gap in data and the algorithms cannot be 
run properly, obtaining non-optimal solutions or not even getting a solution. 

Subcategory Communication 

Mitigation An alert system has been implemented, sending telegram messages when the fault is 
detected to anticipate lack of data or longer unavailability of assets. 

Table 12 RES-CC Barrier 1 

RES-CC Barrier 2 

The legacy system term is used to define an old, usually outdated system, that is still in use as the system 
performs its initially designed purpose in an expected way, thus there is no reason to replace it. However, 
when there is a need to introduce innovative solutions in the existing legacy systems, usually some barriers 
occur. Similar issue occurred when SCADA with discreet (on/off) production control was considered to be 
used as CROSSBOW asset within RES-CC product. The lack of intermediate control in produced power at the 
given SCADA created the issue, since the implementation of the optimal solution found by the RES-CC was 
not possible. However, the solution was found by updating the SCADA to have required functionality. 
  

Product No. Barrier Subcategory 

RES-CC 1.  Lack of efficient communication channels between the assets and the system 
Communication 

2.  Minimum control enabled due to outdated SCADAs 

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

Table 11 Distribution of RES-CC local technical barriers between predefined subcategories 
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Claimed by - Entity ETRA 

Entity role Tool provider 

CROSSBOW HLU/UC HLU2 & HLU3 

Descriptive name of 
the barrier 

Minimum control enabled due to outdated SCADAs 

Detailed description 
of the barrier 

Outdated SCADAs do not allow intermediate control in produced power, only on/off status. 
That was leading to not being able to implement the optimal solution found by the system. 

Subcategory Communication 

Mitigation The SCADA was updated in order to have all functionalities available for an efficient 
communication with RES-CC. 

Table 13 RES-CC Barrier 2 

RES-CC Barrier 3 

Different types of resources have different interfaces which could create all kinds of difficulties related to the 
integration and infrastructure management. This type of barrier was detected in HLU2 and HLU3, but the 
appropriate solution was implemented - better forecasts are implemented in order to achieve solutions that 
are closer to the final real production of the different assets and technologies. 

Claimed by - Entity ETRA 

Entity role Tool provider 

CROSSBOW HLU/UC HLU2 & HLU3 

Descriptive name of 
the barrier 

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

Detailed description 
of the barrier 

Difficulties to assess cross-border schedule dispatching of RES according to the available 
interconnection capacity. 

Subcategory Infrastructure 

Mitigation Part of the effort was put in improving the forecasting sources in order to achieve solutions 
closer to the final real production of the different assets and technologies 

Table 14 RES-CC Barrier 3 

2.2.3 Recommendations 

Recommendations to overcome local technical barriers identified in RES-CC CROSSBOW product are 
following: 

¶ For the first identified barrier Lack of efficient communication channels between the assets and the 
system the recommendation to overcome it is to implement messaging service to accelerate a 
solution of the issues. 

¶ For the barrier Minimum control enabled due to outdated SCADAs there is a need to describe SCADA's 
requirements in the deployment handbook of the tool, including not only communication protocols, 
but also the types of allowed commands and necessary setpoints, in order to resolve detected issue. 

¶ And at the end, for the issue of Diversity of RES types (different type of resources with different 
interfaces) better generation forecast should be considered a priority when deploying the solution. 
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2.3 HYBRID RES DISPATCHABLE UNIT (RES-DU) 

2.3.1 Description of RES-DU 

RES-DU product integrates non-dispatchable and dispatchable RES along with energy storage units under an 
advanced control system based on firm hybrid power plants connected to transmission and distribution grids 
in a single Point of Common Coupling (PCC) [10].  

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

RES-DU product provides the needed tools to operate the hybrid power plant according to the electricity 
system requirements. In this way, the hybrid power plant is able to provide ancillary services, power quality 
services, and of course a way to adapt its production to the demand curve. In addition, this product offers to 
the generators the possibility of increasing the revenues from the electricity sale, considering the variability 
of energy prices between peak and valley hours [10]. 

Another important functionality of the RES-DU product is based on the possibility of offering possible options 
for dimensioning future hybrid power plant, optimizing the configuration according to the electricity system 
requirements, as well as, optimizing future retrofit of existing renewable and storage units [10]. 

2.3.2 Analysis of RES-DU barriers 

RES-DU has only two detected local technical barriers, one correlated with Communication subcategory and 
one connected with Infrastructure The list of local technical barriers correlated with RES-DU (including their 
subcategories) is given in Table 15. 

Based on performed analysis, certain impact of the local technical barriers to RES-DU could be detected, as 
the two RES-DU barriers remained unsolved at the end of the CROSSBOW project. Details obtained via the 
questionnaire for all mentioned RES-DU barriers are presented in Table 16 and Table 17 below. 

RES-DU Barrier 1 

A communication protocol is a system of rules that allows two or more entities of a communication’s system 
to transmit information via any kind of variation of a physical quantity [11]. Communication protocols have 
to be agreed among all relevant parties. To reach an agreement, communication protocols have to be 
developed into a technical standard, which takes a lot of time and efforts from various stakeholders. In the 
era of everyday innovation in the ICT sector, standardization bodies cannot keep up the pace with the fast 
development of all kinds of technological solutions, thus communication barriers occur when the different, 
but closely related equipment, has different communication protocols. RES-DU faced this issue within HLU 7 
UC4, which was solved for the demonstration phase. However, the implementation of the product is 
influenced by the local control systems and assets, thus it will require certain modifications which cannot be 
anticipated in advance. 

  

Product No. Barrier Subcategory 

RES-DU 1.  Lack of standardization in terms of operation Communication 

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

Infrastructure 

Table 15 Distribution of RES -DU local technical barriers between predefined subcategories 

https://en.wikipedia.org/wiki/Technical_standard
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Claimed by - Entity COBRA 

Entity role WP leader 

CROSSBOW HLU/UC HLU7/UC4 

Descriptive name of 
the barrier 

Lack of standardization in terms of operation 

Detailed description 
of the barrier 

Different communication protocols for different equipment, like inverters, SCADAs, local 
control systems, etc. complicate the standard communication among RES-DU and the 
different assets to be controlled. Some particular adaptations/configurations will be 
needed for each specific product. 

Subcategory Communication 

Mitigation For CROSSBOW demonstration stage the barrier and the associated problems have been 
solved. However more efforts through the standardization bodies are needed, in order to 
establish a unified communication protocol with independence of the technology, country 
or equipment under control. 

Table 16 RES-DU Barrier 1 

RES-DU Barrier 2 

Hybrid systems, as the name implies, combine two or more modes of electricity generation together, usually 
using renewable technologies such as solar PV and Wind turbines. Hybrid systems provide a high level of 
energy security through the mix of generation methods, and often will incorporate a storage system (battery, 
fuel cell) or small fossil fuelled generator to ensure maximum supply reliability and security [12]. 

However, in many cases optimal location for Hybrid Power Plant (HPP) development is difficult to find, since 
a lot of different requirements have to be satisfied for each technology: appropriate amount of solar 
radiation and wind velocity throughout the year, annual rainfalls, access to biogas and biomass resources, 
etc. The first step in this process is to gather all relevant data for all available locations and apply advanced 
algorithms capable of simulating and optimizing a range of hybrid energy systems. The barrier had no impact 
on the demonstration phase, but it remains an issue to be carefully considered in future implementation, 
depending on the resources and specifics of the location. 

Claimed by - Entity COBRA 

Entity role WP leader 

CROSSBOW HLU/UC HLU7/UC5 

Descriptive name of 
the barrier 

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

Detailed description 
of the barrier 

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

Subcategory Infrastructure 

Mitigation This barrier has no impact in the RES-DU demonstration, because it is carried out at lab 
level combining real and simulated assets, however, at real level it constitutes a physical 
and infrastructure limitation that must be analysed during the feasibility stage. 

Table 17 RES-DU Barrier 2 
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2.3.3 Recommendations 

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

¶ For the first defined barrier Lack of standardization in terms of operation, the recommendation is to 
support the activities related to T19.3 Contribution to standardization that is part of WP19 
Exploitation, business innovation strategy and contribution to standards, in line with the needed 
standardization efforts (after the project end's). 

¶ As for the barrier detected in the infrastructure subcategory, Difficulties for integrating multiple 
renewable technologies in a location enabling maximum efficiency of each of them given the available 
resources, overall recommendation is to analyse the limitations around the expected connection 
point during the feasibility project stage. 

2.4 REGIONAL STORAGE COORDINTATION CENTRE (STO-CC) 

2.4.1 Description of STO-CC 

Following the same approach as the RES-CC, storage units require specific real-time monitoring and control, 
especially when they become relevant to the operation of transmission networks. CROSSBOW developed a 
STO-CC product in order to provide, similarly to RES-CC, real-time supervision and control, incident 
management, seamless interaction with system operators and optimisation of installations [10]. 

The same cloud-based and hierarchical approach as the one described for the RES-CC is used for the STO-CC. 
The solution is designed to interface different storage units – i.e., different vendors and different 
technologies. The focus is on hydro and chemical storage. The first one is largely adopted in the region, and 
the coordination of assets management is not only a requirement from the energy system operators, but 
also an environmental need for the region. The second one is expected to reach high penetration in Europe 
in the coming years, and it will enable the provision of specific ancillary services to be monitored and trigger 
from the STO-CC – i.e., frequency and voltage regulation [10]. 

Moreover, the STO-CC is able to interact with other innovative products being developed within the project 
that rely on the use of storage. In this way, the CROSSBOW product VSP is monitored and configured from 
the STO-CC, and the RES-DU product is considered too as a potential storage unit [10]. 

2.4.2 Analysis of STO-CC barriers 

The analysis of the context and impact of STO-CC reveals relevant aspects to consider and potential barriers, 
especially at the global level. However, no technical and interoperability barriers have been identified at local 
level in this context. 

2.4.3 Recommendations 

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

2.5 VIRTUAL STORAGE PLANTS (VSP) 

2.5.1 Description of VSP 

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

Due to the high-cost reduction of PV and Wind technologies, joined to the current needs of renewable source 



 

 

 

D15.2: Identification and recommendation for local technical and interoperability barriers 28 

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

 

penetration with the aim of fulfilling the European objectives, an important RES increment in the European 
power system is foreseen. However, despite of the increment of RES penetration, the security, flexibility and 
stability of the grid must be maintained or even increased, guaranteeing all the services required for proper 
system operation, including balancing, back up capacity, etc. [13]. 

In order to solve these issues within the CROSSBOW project, VSP product is developed and the use of 
distributed storage systems controlled from a unique point has been analysed, considering different 
scenarios. In this respect, VSP can support the local voltage in the distribution network and even export 
reactive power for compensation to the transmission level. Besides, VSP might be capable of supporting local 
frequency when contingencies happen in the main grid. Due to the variability of ancillary services that could 
be provided by a VSP, VSP product (developed in the framework of CROSSBOW project) establishes 
predetermined operational limits/specification as a function of the technologies and storage units grouped 
as part of a VSP unit. This characterization allows to the system operator to know which requirements can 
be fulfilled by each storage unit under different grid scenarios, and introduce each one in the energy mix 
according to the grid requirements [13]. 

2.5.2 Analysis of VSP barriers 

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

2.5.3 Recommendations 

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

2.6 WIDE AREA MONITORING AND AWARENESS SYSTEM (WAMAS) 

2.6.1 Description of WAMAS 

WAMAS is the CROSSBOW product for real-time data exchange between Distribution System Operators 
(DSOs), TSOs, RESs and storage devices and provides information about storage availability, congestions, and 
warnings. It can also perform control actions to maintain stable operation of the power system. The goal is 
to ensure the stable power system operation with integration or RES and storages in dynamic electricity 
market conditions. 

The purpose of WAMAS is to show the influence of the market actions and RES on the power system stability 
and dynamics. With a higher real-time resolution metering it is possible to evaluate the direct impact on 
electricity market and RES penetration limits, providing to the grid power system dynamics and awareness 
capabilities in case of operation close to the stability limits. In this respect, the project takes advantage of 
particular WAMAS applications, such as event recording, real-time monitoring, phasor-assisted state 
estimating, real-time congestion management, and recognition of instabilities. 

2.6.2 Analysis of WAMAS barriers 

WAMAS has detected only two local technical barriers, one correlated with data restriction subcategory and 
one connected with interoperability. The list of local technical barriers correlated with WAMAS (including 
their subcategories) is given in Table 18. 

Product No. Barrier Subcategory 

WAMAS 1.  Excess of IGM and Common Grid Model (CGM) files queued Data restriction 

2.  Diversity of end-user’s requirements when more than one system operator 
and/or RES producer is involved in deploying the new technology 

Interoperability 

Table 18 Distribution of WAMAS local technical barriers between predefined subcategories 
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Based on performed analysis, the detected local barriers for the WAMAS product were removed during the 
demonstration phase. Details obtained via the questionnaire for the above-mentioned WAMAS barriers are 
presented in Table 19 and Table 20 below. 

WAMAS Barrier 1 

Big data usually refers to data sets with sizes beyond the ability of commonly used software tools to capture, 
curate, manage, and process data within a tolerable elapsed time [14]. Big data is usually associated with five 
key concepts: volume, velocity, variety, variability and value [15]. HLU3 faced the issue with the volume and 
partially with the velocity of the received data, since the large number of IGM and CGM files threatened to 
collapse the system. However, this potential issue was detected on time, the barrier is solved and the system 
is redesigned to process only the new messages. 

Claimed by - Entity ETRA 

Entity role Tool provider 

CROSSBOW HLU/UC HLU3 

Descriptive name of 
the barrier 

Excess of IGM and CGM files queued 

Detailed description 
of the barrier 

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

Subcategory Data restriction 

Mitigation A functionality has been designed to read only new messages via File Transfer Protocol 
(FTP) and clean the system from old messages 

Table 19 WAMAS Barrier 1 

WAMAS Barrier 2 

An important issue of distributed systems is interoperability. Lack of interoperability between distributed 
systems is a common problem with current and legacy applications [16]. The replacement of existing legacy 
systems that operate well may require high investments.  

HLU2 and HLU3 encountered the barrier regarding interoperability, since different RES producers had 
different requirements in order to integrate their legacy equipment within the innovative CROSSBOW 
solutions. However, modular deployment of WAMAS solved the issue. 

Claimed by - Entity ETRA 

Entity role Tool provider 

CROSSBOW HLU/UC HLU2 & HLU3 

Descriptive name of 
the barrier 

Diversity of end-user’s requirements when more than one system operator and/or RES 
producer is involved in deploying the new technology 

Detailed description 
of the barrier 

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

Subcategory Interoperability 

Mitigation WAMAS has been deployed in different instances for all different users in a modular way 
to adapt to the requirements in place and, at the same time, be able to keep using 
standardised communication protocols in the outer layers. 

Table 20 WAMAS Barrier 2 
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2.6.3 Recommendations 

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

¶ For the barrier Excess of IGM and CGM files queued, identified in HLU3, overall recommendation is 
to perform specific unitary tests pre-deployment to ensure that the designed countermeasures are 
correctly being applied. 

¶ And for second barrier, Diversity of end-ǳǎŜǊΩǎ ǊŜǉǳƛǊŜƳŜƴǘǎ ǿƘŜƴ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ǎȅǎǘŜƳ ƻǇŜǊŀǘƻǊ 
and/or RES producer is involved in deploying the new technology, identified in both HLU2 and HLU3, 
recommendation is to deploy individual instances of the product and work on an interoperable layer 
that bridges the gap between local legacy equipment and external systems. 

2.7 REGIONAL DEMAND SIDE MANAGEMENT INTEGRATION PLATFORM (DSM-IP) 

2.7.1 Description of DSM-IP 

Demand Side Management (DSM) is seen as one of the complementary approaches for enhancing power 
system flexibility in the presence of increased penetration of RES. With the rapid integration of non-
synchronous generation, the ability of the power system to operate within its stability and security limits 
could be endangered. At the level of interconnected transmission networks with a high share of intermittent 
renewable resources, transnational DSM could be a viable option to maintain system flexibility and ensure 
stable and secure system operation under certain circumstances, taking into account the capability of the 
interconnection points. It is therefore necessary to carry out a critical assessment of the DSM potential for 
the support of transmission network flexibility in these new operating conditions [17]. 

DSM is considered to be one of the key elements of restructured power systems. For the electricity market 
operator, the coordination of DSM programs is a critical concern. The coordination is further intensified by 
the addition of distributed renewable energy companies from the supply side [18]. 

Even though some transmission level DSM assets are already in use in some TSOs in the region, mainly for 
frequency regulation, the DSM-IP aims at enhancing coordinated cross-border participation of DSM assets, 
which may be used to alleviate different operational issues, i.e., those related to frequency, voltage, line 
congestion, or increased penetration of renewable generation, at a single or multiple TSO level. CROSSBOW 
proposed a framework for the integration of feasible DSM solutions into the regional transmission network 
operation [17]. 

2.7.2 Analysis of DSM-IP barriers 

DSM-IP has only two detected local technical barriers, both correlated with infrastructure subcategory. The 
list of local technical barriers correlated with DSM-IP (including their subcategories) is given in Table 21. 

 

Based on performed analysis, certain impact of local technical barriers to DSM-IP could be detected, since 
one DSM-IP barrier was solved, and one DSM-IP barrier remained unsolved at the end CROSSBOW project. 
Details obtained via the questionnaire for all mentioned DSM-IP barriers are presented in Table 22 and Table 
23 below. 
  

Product No. Barrier Subcategory 

DSM-IP 1.  Lack of DSM assets in the CROSSBOW region to influence voltages down to 
statutory limits 

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

see an actual control effect of DSM on system frequency 

Table 21 Distribution of DSM-IP local technical barriers between predefined subcategories 
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DSM-IP Barrier 1 

DSM represents the concept in modern electricity systems faced towards the modification of consumer 
demand for energy through various methods such as financial inventiveness and behavioural change through 
education [19]. Furthermore, voltage stability improvement remains among the concerns of the power 
system operators. The evolution in DSM technology with automatic control enables a large number of 
appliances including energy storage devices to provide efficient ancillary services for the distribution utilities 
[20] and thus has potential to improve voltage stability. HLU6 UC2 tried to prove (using field experiments) 
the concept that appropriate DSM actions could mitigate over-voltages in the system to the level below 1.05 
p.u. Unfortunately, due to the restricted number of available DSM assets this idea was not proven in the first 
set of experiments. However, an additional demonstration experiment was carried out with generation 
assets and satisfactory conclusions regarding the influence of DSM to the voltage conditions are made, thus 
solving this barrier. 

Claimed by - Entity UNIMAN 

Entity role WP leader 

CROSSBOW HLU/UC HLU6/UC2 

Descriptive name of 
the barrier 

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

Detailed description 
of the barrier 

The available DSM flexibility (number of DSM assets and their size) in the demonstration 
experiments cannot mitigate over-voltages in the system to operate within the typical 
statutory limits (below 1.05 p.u.). Additional resources with reactive power capability 
should be used/controlled to enable this. The effect of the controlled DSM assets in 
reducing very high operating voltages observed in the region during the experiments, 
however, was still evidenced and documented in the corresponding deliverables. 

Subcategory Infrastructure 

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

Table 22 DSM-IP Barrier 1 

DSM-IP Barrier 2 

Reliable and efficient control of system frequency is crucial to the operation of any power grid. Traditionally, 
frequency control is implemented on the generation side via primary and secondary control schemes. In 
recent years, power systems have undergone significant changes, such as the liberalisation of the electricity 
markets, the introduction of new generation technologies, and the increased penetration of renewable 
energy sources. This expansion of power systems, along with the stochastic nature of renewable energy, 
inevitably led to a need for faster, more efficient, and more reliable frequency control mechanisms. 
Furthermore, in a smart grid paradigm, frequency control schemes can be highly distributed due to the 
participation of the demand-side management. Such approaches, incorporating control on both generators 
and loads, have the potential to reduce operational costs, improve system security, and increase the overall 
economic efficiency of the network's operation [21]. 

Similar infrastructure barrier, as in previous case, was detected in HLU6 UC3, but now referring to the lack of 
assets to present the effects of DSM control on frequency. In addition, performing demonstration 
experiments with high frequency excursions are difficult and potentially dangerous to the system. Due to the 
given reasons, this particular barrier was not solved, which means that ambitiously planned field 
demonstration experiments were not proposed. 
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Claimed by - Entity UNIMAN 

Entity role WP leader 

CROSSBOW HLU/UC HLU6/UC3 

Descriptive name of 
the barrier 

Complex topology of the regional transmission system and lack of assets to see an actual 
control effect of DSM on system frequency. 

Detailed description 
of the barrier 

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

Subcategory Infrastructure 

Mitigation The range of change of frequency following DSM can be assessed using studies in a 
simulated environment. Simulations were performed and presented in deliverable D9.3 
CROSSBOW DSM-IP platform showing the extent of the effect of DSM on system frequency. 

Table 23 DSM-IP Barrier 2 

2.7.3 Recommendations 

Both local technical barriers in DSM-IP CROSSBOW product have been detected in HLU6. Recommendations 
to overcome them are: 

¶ For the first barrier, defined in HLU6 UC2 with a name Lack of DSM assets in the CROSSBOW region 
to influence voltages down to statutory limits, the recommendation is that DSM assets at the 
transmission level should be able to provide reactive power capacity besides active power, in order 
to support voltage control. Main focus for further development of market and regulatory framework 
for DSM services should be to facilitate this functionality. 

¶ As for the second one, defined in HLU6 UC3 with a name Complex topology of the regional 
transmission system and lack of assets to see an actual control effect of DSM on system frequency, 
recommendation is that following the results of studies in simulated environment, it is evidenced 
that the availability of sufficient DSM assets can have an actual impact on the frequency within the 
CROSSBOW region of influence. In addition, recommendations for further investment into DSM in 
the regional transmission system can be made based on these results. The development of the 
market and regulatory framework for the provision of DSM services is of vital importance for 
overcoming this barrier. 

2.8 WHOLESALE AND ANCILLARY MARKET TOOLSET (AM) 

2.8.1 Description of WHOLESALE AND ANCILLARY MARKET TOOLSET 

The TSOs have to maintain the balance between electricity generation and consumption within their control 
areas at all times. The CROSSBOW market tool is configured to simulate the exchange of demands and offers 
of both, energy and capacity not only within one country but also among countries through cross-border 
exchanges. For the performance of this task, the TSOs need different types of active power reserves which 
could be offered through system platforms. Current idea is to present three independent tools: 

¶ System market platform for automatic Frequency Restoration Reserve (aFRR) and manual Frequency 
Restoration Reserve (mFRR) (UC01). 

¶ Intraday energy market platform (UC02). 

¶ Measurement of energies within the automatic Frequency Reserve Process (UC03). 

First platform is used for frequency restoration reserves (aFRR and mFRR) and second platform is used for so 
called balancing market which is conducted in intraday continuous mode. The difference between both 
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markets is in the timings, products and design since the system market platform for aFRR and mFRR is much 
more complex and here the knowledge and ideas from current ongoing pilot ENTSO-E and TSO’s projects 
regarding ancillary services are used. Moreover, also the measurement of balancing energies within aFRR are 
considered. On the other hand, the Balancing Market platform is conducted in a manner of intraday 
continuous trading so it could cover the wholesale market segment. In both cases microservices architecture 
allowing optimal deployment and scalability of the platforms are used and demonstrated how real-time 
integration with the external platforms (TSOs) can be supported with the use of APIs. Also, it is demonstrated 
and explored how Blockchain ledger and smart contracts could be explored to provide immutable storage, 
decentralization and automation. 

Measurement of energies within aFRR, is developed independently of the trading platforms mentioned 
above. The proposed method for Balancing Energy for upward automatic Frequency Restoration reserve 
(UPAFR) and Balancing Energy for downward automatic Frequency Restoration reserve (DWAFR) calculation 
(measurement/calculation of balancing energies within aFRR) based on one-minute profiles, leads to stable 
and small errors (less than 1%) in all the studied situations. That makes the main result as the achievement 
of a significantly improved accuracy of the UPAFR and DWAFR measurement by the metrological meters as 
proposed, compared to the current solution based on EMS/SCADA measurements. 

2.8.2 Analysis of AM barriers 

AM has only one detected local technical barrier, which is correlated with Interoperability subcategory, as 
shown on Table 24. 

 

Based on performed analysis, certain impact of local technical barriers to AM could be detected, since one 
defined AM barrier remained unsolved at the end CROSSBOW project. Details obtained via the questionnaire 
for the mentioned AM barrier are presented in Table 25. 

AM Barrier 1 

Sometimes innovation and creating value for the customer means accepting the new system. Considering 
that adoption of a new system usually implies fully or partly replacing a current system, resistance is often 
manifested as failure of a user to shift from a current technology to a newly introduced one [22]. 

When organisations attempt to change, varied organisational structures and inertia behaviour for systems 
and strategies appear, because of the experience that previous models created, or because organizations 
were bound by fixed operating procedures [23]. 

However, this difficulty to transit from one system to another is not just organisational issue, but many 
reasons for the existence of inertia to change lies in the fact that companies do not have enough resources 
(financial, technical, etc.) and expertise to make significant and fast change of used technology. On the other 
hand, migration from one system to another takes time and effort, and interoperability issues between new 
and old parts of system also occur during this process. This type of interoperability barrier was detected in 
HLU9 UC1 & UC2, since TSOs and market participants use centralised tools which are difficult to integrate 
with decentralised AM product. Some adjustments are needed for the transition to a decentralized approach 
and to connect the systems, which means that the AM product was not properly tested as "production ready 
software" so this barrier is detected as a future challenge in the implementation and therefore, it could not 
be removed by the end of the project. 

  

Product No. Barrier Subcategory 

AM 1.  Difficulty to transition from centralized to decentralized solution Interoperability 

Table 24 Distribution of AM local technical barriers between predefined subcategories 
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Claimed by - Entity UL 

Entity role WP leader 

CROSSBOW HLU/UC HLU9/UC1 & UC2 

Descriptive name of 
the barrier 

Difficulty to transition from centralized to decentralized solution 

Detailed description 
of the barrier 

Usually, the tools that TSOs and market participants use are centralized. Some adjustment 
is needed to transition to a decentralized approach and to deploy/connect the systems. 
Due to the importance of electricity systems, the inertia to change is often a substantial 
barrier. 

Subcategory Interoperability 

Mitigation In the case of production ready software, some companies could refuse to change their 
policies to accommodate the decentralized approach, if they would lack the expertise to 
solve the challenges that arise. HLU9 is contributing to advancing this step. 

Table 25 AM Barrier 1 

2.8.3 Recommendations 

For the single local technical barrier for the AM CROSSBOW product, which has been detected in HLU9 with 
a name Difficulty to transition from centralized to decentralized solution, the recommendation is that with 
the help of research-innovation projects like CROSSBOW presentation and demonstration of decentralized 
solutions to the end-consumers is notably contributing to the process of mitigation of this type of barriers in 
the future. 

2.9 COOPERATIVE FLEXIBILITY PLATFORM (CFP) 

2.9.1 Description of CFP 

An innovative business model with underlying ICT technology for Cooperative Ownership of the Flexibility 
Assets has been specified, developed, demonstrated and validated in CROSSBOW, as a part of CFP product. 
Although Flexibility Assets, like Demand Response (DR) systems and Virtual Power Plants (VPPs), are 
becoming common providers of balancing services in some European markets (Austria, France, Slovenia, 
United Kingdom, etc.) they are normally owned and operated only by electricity retailers or independent 
aggregators which business objectives might not necessarily be aligned with their providers of flexibility 
(consumers, prosumers, distributed generators, RES, storage, etc.). The cooperative ownership concept is 
aligned with existing regulation and general enough to support existing flexibility assets, like VPPs and DR 
systems. Furthermore, CFP by design enables multinational ownership of flexibility assets what will increase 
the business opportunities and decrease some of the today’s technology uptake barriers. The platform is 
based on latest information technologies like blockchain and microservices [10]. 

The CFP platform enables cooperatives to sell the flexibility from the energy assets that are owned by the 
members of the cooperative to the most valuable energy or balancing market without the need for the 
middleman, such as retails, and aggregators. The CFP relates more to the business side of selling the flexibility 
to the market, but the flexibility platform on the other side is used for daily operation and activation of the 
energy assets based on the accepted bids from the various markets [24]. 

CFP tool enables similar minded people to join the cooperative and provide flexibility service to the market 
(e.g., balancing market). The CFP tool has no constraint in the number of such cooperatives established in a 
particular region as long CFP members are able to meet the market requirements (e.g., minimum amount of 
flexibility to be able to participate on the market). This means a particular market can host a plethora of 
cooperatives that provides vast number of flexibility energy assets which are used as flexibility providers. In 
general terms, CPF offers cooperative members and their energy units a set of tools enabling them market 
participation. 



 

 

 

D15.2: Identification and recommendation for local technical and interoperability barriers 35 

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

 

2.9.2 Analysis of CFP barriers 

CFP has three detected local technical barriers, each correlated with different subcategory, i.e., with finance, 
grid control and interoperability, as shown in Table 26. 

 

Based on performed analysis, certain impact of local technical barriers to CFP could be detected, since all 
three CFP barriers remained unsolved at the end CROSSBOW project. Details obtained via the questionnaire 
for all mentioned CFP barriers are presented in Table 27 to Table 29. 

CFP Barrier 1 

Digitalisation and decarbonisation of the electricity network requires a lot of investments in clean energy 
sources. Due to the stochastic behaviour of RES, additional investments are required in order to improve grid 
management, increase the system security, flexibility and other aspects correlated with the safe exploitation 
of the electricity system. Vast amount of distributed assets require investment in appropriate communication 
systems and ICT platforms, as well. Last but not least, there is the equally important need for investment in 
human resources. This barrier remained unsolved at the end of the CROSSBOW project as it is a general 
challenge that needs to be tackled on wider area – it is affecting regional network, not just the 
implementation of the CFP platform. 

Claimed by - Entity CGRID 

Entity role WP leader 

CROSSBOW HLU/UC HLU8/UC4 

Descriptive name of 
the barrier 

Additional investment needed in flexibility assets and systems 

Detailed description 
of the barrier 

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

Depending on the business model, required level of intelligence, flexibility mix, safety 
margin (e.g., N-1) and similar, each of the above might require investments into: 

- Field communication equipment (smart meters, Remote Terminal Units – RTUs, 
Programmable Logic Controllers – PLCs, etc.); 

- Flexibility management ICT platform (like DR, VPP, etc.); 
- Customer, community or cooperative management ICT platform (e.g., CFP) 
- Additional Battery Energy Storage System (BESS) to complement curtailable loads 

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

Subcategory Finance 

Mitigation Monitor various possibilities to finance the renewable and storage projects development, 
including public and private funds. Explore possibilities to utilize and monetize flexibility of 
these projects.  

Table 27 CFP Barrier 1 

Product No. Barrier Subcategory 

CFP 1.  Additional investment needed in flexibility assets and systems Finance 

2.  Additional projects needed to gain experience Grid control 

3.  Lack of interoperability between systems and assets Interoperability 

Table 26 Distribution of CFP local technical barriers between predefined subcategories 
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CFP Barrier 2 

Due to many different political and economic reasons, SEE region is lagging with the development of 
electricity markets. Additional reason for this issue is also a lack of unified legal requirements, since the region 
consists of European Union (EU) and non-EU countries. This situation is creating a slower integration of 
flexibility assets into electricity markets (aFRR, mFRR, intraday), which creates a grid control barrier, as 
detected in HLU8 UC1. However, non-EU companies from SEE region are lately becoming more and more 
active in different research and development projects which are funded by EU entities. In this way, new 
technologies are not just introduced to SEE region, but also experts from this region are in position to 
contribute to their development, thus enabling easier implementation of new solutions in the regional 
network. This barrier remained unsolved at the end of the CROSSBOW project, as it is a general challenge for 
the SEE region and needs further investment in experience. 

Claimed by - Entity CGRID 

Entity role WP leader 

CROSSBOW HLU/UC HLU8/UC1 

Descriptive name of 
the barrier 

Additional projects needed to gain experience 

Detailed description 
of the barrier 

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

A funded projects specifically targeting promotion of energy communities and 
cooperatives in SEE would boost their adoption, remove some of the barriers and improve 
the learning curve allowing for the region and its consumers to become more self-sufficient 
and sustainable. Furthermore, it would bring additional confidence to grid operators 
needed to accept demand response, distributed generation and storage flexibility as equal 
and complementary to conventional generation. 

Subcategory Grid control 

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

Table 28 CFP Barrier 2 

CFP Barrier 3 

Lack of interoperability between systems and flexibility assets is the barrier detected in HLU8 which could be 
explained by the fact that there is significant development of flexibility services, which cannot be followed 
with the appropriate standardisation. Digitalisation of Energy Flexibility - report of the Energy Transition 
Expertise Centre (EnTEC) from the February 2022 [25], proves the importance of flexibility services and 
provides a set of use and business cases for deeper analysis of flexibility potential, near-term (2030) maturity 
and facilitator requirements. Fast development of flexibility assets requires many communication standards, 
used by different equipment manufacturers and increase the costs of CFP integration. This barrier remained 
unsolved at the end of the CROSSBOW project. 

Claimed by - Entity CGRID 

Entity role WP leader 

CROSSBOW HLU/UC HLU8 

Descriptive name of 
the barrier 

Lack of interoperability between systems and assets 

Detailed description The utilization and monetization of flexibility requires remote collection of metering data 
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of the barrier from and dispatch of control signals to various distributed flexibility assets. These can be 
provided by residential, commercial or industrial clients and include electricity loads, 
renewables and storage. 

The interoperable communication standard for connection of flexibility assets with the 
platforms (like CFP, VPP, DR etc.) is missing. There are several communication standards, 
used by different equipment manufacturers (BESS, RES, heat pumps, Combined Heat and 
Power plant – CHP, Home Energy Management Systems – HEMS, Building Energy 
Management Systems – BEMS, Electrical Vehicle – EV charging, etc.), some open other 
proprietary. The standard interoperability communication framework would increase the 
number of assets providing flexibility and reduce the costs of integration with the plethora 
of communication protocols used nowadays. 

Subcategory Interoperability 

Mitigation Following InterConnect Horizon project (https://interconnectproject.eu/) and 
implementing its results for interoperable communication framework for residential and 
commercial flexibility assets as soon as they become available. - 

Table 29 CFP Barrier 3 

2.9.3 Recommendations 

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

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

¶ Second one, Additional projects needed to gain experience, the recommendation is that Horizon 
Europe program and local SEE governments should facilitate adoption of energy communities and 
cooperatives by subsidizing the development of required services and technology. Furthermore, the 
dedicated consultancy services, similar to agencies offering energy efficient advice, would 
additionally promote this transition. Investment into the projects might push the widely adoption. 

¶ And for the last identified local technical barrier, Lack of interoperability between systems and assets, 
recommendation is to overcome it is with EU-wide adoption and implementation of InterConnect 
interoperable communication framework by equipment manufacturers (assets) and flexibility 
management technology providers (systems). 

2.10 GENERAL ANALYSIS OF THE LOCAL TECHNICAL BARRIERS 

As mentioned above, general analysis of detected local technical barriers based on their correlation with the 
predefined subcategories could be useful to understand and potentially predict the number and the type of 
local technical barriers that could occur in future research and development projects which have similar 
scope as CROSSBOW project. Beside the distribution of local technical barriers between CROSSBOW products 
(showed of Figure 2), it is also interesting to present the distribution of local technical barriers between 
different predefined subcategories, which is presented in Figure 5. As shown, two types of local technical 
barriers stand out - communication barriers (detected six times) and infrastructure barriers (detected five 
times). Interoperability barriers are also common (they are reported three times by CROSSBOW partners) 
and the rest of detected barriers usually occur in one or two subcategories. Among nine predefined 
subcategories, only the barriers regarding computation resources are not detected even once (thus this 
subcategory is excluded from all graphs and tables). 

  

https://interconnectproject.eu/
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Finally, only one local technical barrier is classified as other and it was decided to keep that subcategory, 
since this barrier (with the name Lack of appropriate loading level of selected lines for proper evaluation of 
the DLR and FDLR - more precise presented in sub-chapter 2.1) represents very specific issue which is difficult 
to correlate with existing subcategories. 

 
Figure 5 Distribution of all local technical barriers between predefined subcategories 

On the other hand, this analysis could also provide information about the impact of detected local technical 
barriers on the CROSSBOW project, since all partners provided status of the barriers within questionnaire. 
Figure 6 presents the status of all detected local technical barriers per predefined barrier subtypes. In total 
11 local technical barriers are solved by the end of the CROSSBOW project, while 10 local technical barriers 
will remain unsolved at the end of the CROSSBOW project. 

 
Figure 6 Distribution of all local technical barriers per type and status 
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In the following sub-chapters, for each predefined barrier type frequency of occurrence, ways of 
manifestation, impact on a CROSSBOW project and potential recommendations are going to be provided in 
general manner. 

2.10.1 Analysis of communication barriers 

As presented on Figure 5, communication barriers consist almost one third of all detected local technical 
barriers. This type of barrier is detected in three CROSSBOW products: ROC-BC, RES-CC and RES-DU. 
Communication barriers manifest as: 

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

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

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

¶ Missing input files due to various communication issues between systems; 

¶ The need to improve communication standards for different equipment, like: inverters, SCADAs, local 
control systems, etc.  

Regarding the impact of the detected communication barriers on the CROSSBOW project, as shown on Figure 
6, majority of them are solved by the end of the project, which means that this type of barriers has small 
effect to the CROSSBOW project. Finally, the list of recommendations for the communication barriers is given 
below: 

¶ Better organisation and coordinated actions among consortium partners that are developing same 
tool; 

¶ Higher investments in ICT equipment; 

¶ Better management of ICT assets; 

¶ Implementation of the messaging service to accelerate a solution; 

¶ More tasks related to the standardization. 

2.10.2 Analysis of data restriction barriers 

Two data restriction local technical barriers have been identified during the CROSSBOW project, as presented 
in Figure 5. One is defined for the ROC-BC CROSSBOW product, and another for the WAMAS product. Data 
restriction barriers manifest as: 

¶ Unavailability to obtain appropriate input data (reduced equivalent model of the regional 
transmission network) that is required for execution of the developed algorithm; 

¶ Possibility of vast number of delivered input files (IGMs and CGMs) to eventually collapse the system. 

Regarding the impact of detected data restriction barriers on the CROSSBOW project, as shown on Figure 6, 
half of the barriers have been solved until the end of the Project, which means that there is a certain effect 
to the project. Therefore, the list of potential recommendations to overcome data restriction barriers is given 
below: 

¶ Need for development of a more generic, formal and standardised approach for acquisition of 
reduced equivalent models of the regional transmission network; 

¶ Performance of specific unique tests prior to deployment as insurance of correctly applied designed 
countermeasures. 
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2.10.3 Analysis of finances barriers 

One technical barrier has been identified in this subcategory, as presented on Figure 5, and it is within the 
CFP product of the CROSSBOW project. This barrier manifest as: 

¶ The need of additional investment in flexibility assets and systems (field communication equipment, 
flexibility management ICT platform, human resources, etc); 

As shown on Figure 6, this identified barrier remained unresolved until the end of the project. In order to 
overcome Finance barriers, recommendation in short has been made: 

¶ Flexibility monetization as integral part of private and public funds financial planning; 

¶ Possible inclusion of the hybridisation of heterogeneous types of flexibility. 

2.10.4 Analysis of grid control barriers 

As for grid control technical barriers, there are two defined barriers (as shown on Figure 5), one in ROC-BC 
product, and another within CFP product. These barriers appear as: 

¶ Deficiency in technical standards that are in correlation with automatic over-frequency control 
scheme; 

¶ Lack of practical experience in SEE regarding demand response, distributed generation and storage 
flexibility;  

¶ Slower integration of flexibility providers into electricity markets (aFRR, mFRR, intraday). 

These two identified technical barriers have not been resolved until the end of the CROSSBOW project, as 
shown on Figure 6. Recommendations for possible resolution of grid control barriers are: 

¶ Proposal of standard definition for over-frequency control scheme for Continental Europe; 

¶ Subsidizing of the development of required services and technology in order to gain needed 
experience; 

¶ Development of dedicated consultancy services, similar to agencies offering energy efficient advice; 

¶ Investment into the projects related to the development of energy communities and cooperatives. 

2.10.5 Analysis of inappropriate deployment barriers 

As shown on Figure 5, for the barrier type inappropriate deployment only one local technical barrier is 
identified within the ROC-BC product of the CROSSBOW project. This barrier is stated as: 

¶ Lack of coordination between tool and algorithm developers;  

¶ Differences between tools that are developed using different programming languages. 

This barrier was successfully solved during the CROSSBOW project, as shown on Figure 6. Main 
recommendation to detect inappropriate deployment barriers on time and to predict them are: 

¶ Better organisation of the work during the beginning, when all required roles have to be defined; 

¶ Inclusion of tool developers/programmer in the early stages to algorithm development and testing; 

¶ Definition of unique system architecture and development environment that will be followed by 
different development teams. 
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2.10.6 Analysis of infrastructure barriers 

Infrastructure barriers represent almost one quarter of the overall detected local technical barriers in the 
CROSSBOW project, as shown on Figure 5. This type of barrier is defined within four CROSSBOW products: 
ROC-BC, RES-CC, RES-DU and DSM-IP. These barriers manifest as: 

¶ Insufficient transfer capacity, mainly on internal lines near borders, which restricts RES penetration 
and also electricity cross-border trading; 

¶ Difficulties to assess cross-border schedule dispatching of RES according to the interconnection 
capacity available; 

¶ Currently available number of DSM assets and their size in the demonstration experiments cannot 
mitigate over-voltages in the system; 

¶ The effect of DSM on frequency is hard to observe with a limited number of assets available for 
control; 

¶ Performance of demonstration experiments with high frequency excursions would be difficult and 
potentially dangerous to the system; 

¶ Complex integration of multiple renewable technologies in a common connection point guaranteeing 
good perspectives for availability of the primary resource for each technology; 

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

Three of five defined barriers in this subcategory are resolved until the end of the project, as shown on Figure 
6. Since there are more unresolved than resolved barriers, their impact to the CROSSBOW project should not 
be neglected. Proper recommendations for infrastructure barriers have been made: 

¶ Introduction of (flow-based) market coupling, in which the trade in electricity is integrated with the 
allocation of cross-border capacity, increases the efficiency of capacity usage; 

¶ Description of SCADA’s requirements in the deployment handbook including allowed types of 
command and necessary setpoints; 

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

¶ Market and regulatory framework for DSM services should be in the focus of further developments; 

¶ Further investment in DSM which will be connected in the transmission systems; 

¶ Analysis of the limitations around the expected connection point of HPP during the feasibility project 
stage. 

2.10.7 Analysis of interoperability barriers 

Interoperability barriers also represent significant part of the overall detected local technical barriers in the 
CROSSBOW project, as shown on Figure 5. This type of barrier is defined within three CROSSBOW products: 
WAMAS, AM and CFP. These barriers manifest as: 

¶ Missing interoperable communication standard for connection of flexibility assets with the platforms 
(like CFP, VPP, DR etc.); 

¶ Significant inertia towards change from centralised to decentralised market systems; 

¶ Interoperability difficulties between internal requirements of the legacy systems. 
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Only one of defined barriers in this subcategory is resolved until the end of the project, as shown on Figure 
6. Since there are more unresolved than resolved barriers, their impact to the CROSSBOW project should not 
be neglected. Proper recommendations for interoperability barriers have been made: 

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

¶ presentation of decentralised market solutions using research-innovation projects; 

¶ development of interoperable layer that bridges the gap between local legacy equipment and 
external systems. 

2.10.8 Analysis of other barriers 

In the subcategory other barriers, only one local technical barrier remained due its specificity, as shown in 
Figure 5. The manifest of this ROC-BC barrier could be generalised in the following way: 

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

This barrier was solved, as shown on Figure 6, so it does not have significant impact to the CROSSBOW project. 
Deducted recommendation for this barrier is: 

¶ Better planning of the demonstration activities at the beginning of the project with the selected 
assets is needed. 
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3 CONCLUSIONS 

This report presents the results of the activities related to task T15.2 Identification and recommendation for 
local technical and interoperability barriers of WP15, where the identification and analysis of the local 
technical and interoperability barriers that the CROSSBOW products faced during the deployment and 
demonstration of the CROSSBOW solutions was required. To do so, the involved partners were requested to 
fulfil a questionnaire and identify the barriers, the actions undertaken to resolve them, and the lessons 
learned by them. Following that, an analysis of the technical barriers took place and recommendations on 
the unresolved barriers were provided, based on replies of the partners regarding the lessons learned. 

The number of local technical barriers detected during the realisation of CROSSBOW project is relatively low 
– only 21 barriers are reported during the deployment and demonstration of nine complex and extensive 
CROSSBOW products. Besides that, STO-CC and VSP did not detect any local technical barriers, which could 
be interpreted that all major obstacles regarding local technical barriers are foreseen and avoided during the 
design of the mention products. 

Regarding the distribution of all local technical barriers between CROSSBOW products (presented on Figure 
2), it could be concluded that ROC-BC has the most barriers detected – eight in total. Explanation behind this 
outcome could be the fact that, among all other CROSSBOW products, ROC-BC has the most heterogeneous 
structure, since it has 11 different UCs/modules, which could be clustered in 4 different groups based on 
similarity of their scope and functionality: 

¶ Cluster 1: Advanced approaches for close to real time QA of IGMs and CGMs (HLU1 UC2, UC3 and 
UC9 according to the document D4.2 CROSSBOW Regional Operation Centre Balancing Cockpit (ROC-
BC) [26]); 

¶ Cluster 2: Regional coordination for improving security of supply and cost efficiency (HLU1 UC1, UC8 
and UC10 according to the document D4.2 CROSSBOW Regional Operation Centre Balancing Cockpit 
(ROC-BC) [26]); 

¶ Cluster 3: Cross-border congestion evaluation and management (HLU1 UC4, UC5, UC6 and UC7 
according to the document D4.2 CROSSBOW Regional Operation Centre Balancing Cockpit (ROC-BC) 
[26]); 

¶ Cluster 4: Over-frequency real time control scheme (HLU1 UC11 according to the document D4.2 
CROSSBOW Regional Operation Centre Balancing Cockpit (ROC-BC) [26]). 

Organisation of ROC-BC was also challenging, since there were several developing teams, whose work had 
to be coordinated in order to produce high quality deliverables. Additional reason for the higher number of 
local technical barriers in ROC-BC then other CROSSBOW products could be the fact that majority of ROC-BC 
modules were designed as distributed systems, comprised of innovative CROSSBOW tools and already 
existing tools (used usually to provide input data for ROC-BC product). This statement could be supported by 
the fact that dominant type of local technical barriers in ROC-BC (as shown on Figure 2) are communication 
barriers, which are quite common for distributed systems.  

Also, detected local technical barriers had moderate impact to the ROC-BC product (as shown on Figure 4), 
since five out of eight barriers are solved by the end of the CROSSBOW project. Now, when there is a 
possibility to summarize the outcomes of ROC-BC product and see the complexity of WP4, it could be 
concluded that each ROC-BC cluster could be easily represented as separate product. Organisation of smaller 
and more homogeneous products and teams could probably reduce the number of local technical barriers. 

Among remaining six CROSSBOW products, when it comes to the distribution of local technical barriers, they 
have pretty much uniform distribution, varying from three to one barrier, which is the average number of 
detected local technical barriers per product (this value for CROSSBOW project is 2.33). It could be mentioned 
that dominant types of local technical barriers in RES-CC, RES-DU, WAMAS, DSM-IP, AM and CFP (as shown 
on Figure 2) are communication, infrastructure and interoperability barriers. The same conclusion on the 
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level of whole CROSSBOW project is deducted from the Figure 5, where all detected technical barriers are 
presented per different barrier type. Beside mentioned dominant communication, infrastructure and 
interoperability barriers, grid control and data restriction could be mentioned as secondary dominant barrier 
types. 

So, it could be concluded that communication, infrastructure and interoperability represent three very 
important traits of CROSSBOW products (or in general products with similar structure as CROSSBOW project), 
which have to be thoroughly investigated during the design phase of the project in order to reduce their 
impact to the realisation of the products. Definitely, some local technical barriers are unavoidable (for 
example issues with standardisation), but they are more easily solved if they are detected and properly 
addressed earlier in the project realisation. On the other hand, this analysis proposes that some barriers 
could be avoided if the different organisation, structure, technology or architecture of the certain products 
were applied from the beginning of the project. Of course, there is no guarantee that these changes will not 
create other types of barriers instead the mentioned three subcategories. Finally, communication, 
infrastructure and interoperability do not represent the only important traits of the products. This analysis 
does not cover potential barriers that are already detected and avoided in the design phase of the 
CROSSBOW project, since it is more focused on the local technical barriers detected in later stages of the 
project realisation. 

The resolution status of detected local technical barriers at the end of CROSSBOW project (presented on 
Figure 3) is moderate – 11 barriers are solved and 10 barriers will remain unsolved at the end of the 
CROSSBOW project. Further analysis of these results (presented of Figure 6) shows that majority of 
infrastructure and interoperability barriers are unsolved, which could indicate that better asset management 
could be applied during the realisation of the CROSSBOW project. Also, two more barrier types stand out, 
grid control and finance, since all three detected barriers in these two barrier types remained unsolved. 
Barriers that have remained unsolved could not be removed within the duration of the project for various 
reasons: 

¶ Some barriers represent very particular problems that needs to be tackled by specialised experts for 
that particular field of science – efficient utilization of the available transfer capacity, limited accuracy 
of reduced equivalent model, efficiency limitations of hybrid systems; 

¶ Some barriers refer to more general issues, where all members of society need to be included in 
order to overcome it – lack of assets, standardisation and projects targeting promotion of energy 
communities, challenges of transition from centralized to decentralized solutions. 

Both extreme cases, too specific of too general issues, are equally challenging and may require more time to 
change as opposed to changes in communication requirements which could be resolved faster due to the 
increased need for exchange of information and data. Therefore, vast majority of communication barriers 
are solved which is commendable. 

On the other hand, when we compare resolution status of detected local technical barriers against the 
CROSSBOW products (shown on Figure 4), RES-CC and WAMAS stand out since all detected barriers are 
solved. However, RES-DU, AM and CFP also stand out for the completely opposite reason since none of their 
barriers is solved by the end of CROSSBOW project. Finally, ROC-BC stands out as the CROSSBOW product 
with the biggest number of solved barriers (five from eight), while DSM-IP has half success rate (one solved 
and one unsolved barrier). The reasons for both resolution statuses of all barriers are difficult to determine 
since they could be depending on the amount of effort that was invested to solve the barrier (e. g. majority 
of communication barriers needed to be solved so that the normal functioning of CROSSBOW products could 
be established), complexity of the barrier (in some cases barriers are so complex that its solution is out of 
scope of CROSSBOW project), financial invested needed to solve barrier (many infrastructure barriers require 
significant amount of capital investment in different equipment), etc. 
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Overall, the local technical barriers that occurred during the realisation of CROSSBOW project were, to some 
extent, linked to the specific advantages, disadvantages and characteristics of each CROSSBOW product. On 
the other side, many of them occurred to several CROSSBOW products potentially indicating an inherent 
problem of the insufficient “maturity” status of the infrastructure and the experience regarding these 
technologies. The most important recommendations which could potentially improve further development 
of CROSSBOW products and provide more insight in how to overcame more easily local technical barriers in 
some future projects are given here: 

¶ Better organisation of the tasks during foundation part of the project, when all required roles (e.g., 
providers of input data, demonstrators, algorithm developers and tool developers) should be 
defined; 

¶ Better examination of existing infrastructure and the requirements for new equipment prior setting 
the experiments; 

¶ Deployment of individual instances of the product and working on an interoperable layer that bridges 
the gap between local legacy equipment and external systems; 

¶ Better cooperation between different actors (RSCs, TSOs, DSO, Market Operators, Regulators, etc.) 
and better support of regional coordination initiatives; 

¶ Definition of missing standards and contribution to the standardization process; 

¶ Introduction of (flow-based) market coupling could increase the efficiency of transfer capacity usage, 
increase RES penetration near borders and enhance the electricity cross-border trading; 

¶ Usage of research-innovation projects to demonstrate decentralized market solutions (based on 
blockchain or similar technologies) to the end-users; 

¶ Improvement of market and regulatory framework for DSM services, including further investment in 
DSM connected to the transmission system; 

¶ Further investment into renewables and storage, including hybridization of various types of 
flexibility, like demand response, distributed generation and storage with provision at balancing and 
intraday markets; 

¶ Introduction of dedicated consultancy services (agencies offering energy efficient advice), energy 
communities and cooperatives by subsidizing the development of required services and technologies 
by Horizon Europe program and local SEE governments. 
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4.2  ACRONYMS LIST 

 

Acronyms List 

aFRR automatic Frequency Restoration Reserve 

AM Wholesale and Ancillary Market toolset 

BEMS Building Energy Management Systems 

BESS Battery Energy Storage System 

CB Critical Branch 

CFP Cooperative Flexibility Platform  

CGES CrnoGorski Elektroprenosni Sistem AD 

CGM Common Grid Model 

CGRID cyberGRID GmbH & Co KG 

CHP Combined Heat and Power plant 

COBRA Cobra Instalaciones y Servicios SA 

CRE Centrul Roman al Energiei 

DLR Dynamic Line Rating  

DR Demand Response 

DSM Demand Side Management 

DSM-IP Demand Side Management Integration Platform 

DSO Distribution System Operator 

DWAFR Balancing Energy for downward automatic Frequency Restoration reserve 

ELPROS ELektronski in PROgramski Sistemi doo 

EMS Energy Management System 

EMS AD EmektroMreža Srbije AD 

EnTEC Energy Transition Expertise Centre 

ENTSO-E  European Network of Transmission System Operators for Electricity 

ESO Elektroenergien Sistemen Operator EAD 

ETRA ETRA Investigacion Y Desarrollo SA 

EU European Union 

EV Electrical Vehicle 

FB Flow Based 

FDLR Forecasted Dynamic Line Rating  

FRR Frequency Restoration Reserve 

FTP File Transfer Protocol 
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HEMS Home Energy Management Systems 

HLU High Level Use case 

HPP Hybrid Power Plant 

HV High Voltage 

ICCP InterControl Center Communications Protocol  

ICCS Institute of Communications and Computer Systems 

ICT Information and Communications Technology 

IGM Individual Grid Model 

IPTO Independent Power Transmission Operator 

mFRR manual Frequency Restoration Reserve 

MMS Market Management System 

OHL OverHead Line 

PATL Permanent Admissible Transmission Loading 

PCC Point of Common Coupling  

PDC Phasor Data Concentrator 

PLC Programmable Logic Controller 

PMU Phasor Measurement Unit 

PV PhotoVoltaic 

QA Quality Assessment  

RAA Regional Adequacy Assessment 

RES Renewable Energy Sources 

RES-CC Renewable Energy Sources regional Coordination Centre 

RES-DU hybrid Renewable Energy Sources Dispatchable Unit 

ROC-BC Regional Operation Center Balancing Cockpit  

RSC Regional Security Coordinator 

RTU Remote Terminal Unit 

SCADA  Supervisory Control And Data Acquisition 

SCC Security Coordination Centre SCC Ltd. Belgrade 

SEE South East Europe 

STO-CC regional Storage Coordination Centre  

TASE Telecontrol Application Service Element 

TSO Transmission System Operator 

UC Use Case 

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

UNIMAN The University of Manchester 

UPAFR Balancing Energy for upward automatic Frequency Restoration reserve 

VBA Visual Basic Application 

VPP Virtual Power Plant 

VSP Virtual Storage Plants  

WAMAS Wide Area Monitoring and Awareness System  

WAN Wide Area Network 

WP Work Package 

 
 


