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EXECUTIVE SUMMARY 

 

Deliverable 4.1 describes and compiles the results of the first task of WP4. This task aims at presenting and 
discussing the state-of-the-art background around current initiatives for regional coordination and 
renewable energy sources’ (RES) management in the Southern Eastern European (SEE) region and beyond. 
This review will serve as a basic reference for the later technical development and implementation of two 
key CROSSBOW products: the Regional Operation Centre Balancing Cockpit (ROC-BC) and the RES Regional 
Coordination Centre (RES-CC). 

In this context, this deliverable is divided in two main parts: the review of current initiatives associated with 
the cross-border coordination among different TSOs and the review of current initiatives associated with the 
effective coordination of a large penetration of RES. 

The first part starts by discussing the value but also the challenges of using cross-border interconnections for 
supporting a more cost-effective integration of RES in the SEE region. In order to understand the current 
situation in the SEE region, this part summarizes the current generation mix as well as the current cross-
border power flows between the countries of the 8 TSOs participating in the CROSSBOW project. After that, 
it presents the current role and functionalities of established regional security coordinators (RSC) in Europe, 
including CORESO in the western Europe, TSCNET in the central Europe, SCC in the Balkan region, NORDIC in 
the Nordic region, and Baltic RSC in the Baltic region. Based on this review, this first part concludes by 
presenting new and enhanced functionalities offered by the CROSSBOW ROC-BC product with respect to the 
functionalities of existing RSCs. 

The second part starts by discussing the key technical and economic challenges around the large-scale 
integration of RES in energy systems, including balancing issues, security considerations and impact on 
energy prices. In order to understand the state-of-play of RES management in the region, this part 
summarizes the share of RES in the energy mix, the technical challenges introduced by RES, technical 
solutions to address such challenges (effective forecasting methods, curtailment strategies, reserve 
provision) and the associated market and regulatory framework, in each of countries of the 8 TSOs 
participating in the CROSSBOW project, as well as experiences from other countries in the world. Based on 
this review, this second part concludes by presenting the new and enhanced roles and responsibilities of the 
CROSSBOW RES-CC product, including advancements in the areas of forecasting, dispatching and market 
participation. 

 

 

 

 

 
  



 

 

 

 

D4.1 CROSSBOW Analysis of the Regional Security Coordination Initiatives and RES Control Centres 4 

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

 

TABLE OF CONTENTS 

1 INTRODUCTION .................................................................................................................................................13 

1.1 SCOPE OF THE DOCUMENT.............................................................................................................................. 13 
1.2 STRUCTURE OF THE DOCUMENT ..................................................................................................................... 13 

2 REGIONAL OPERATION CENTRE (ROC) ...............................................................................................................14 

2.1 OVERALL VIEW OF THE CHALLENGES ............................................................................................................... 14 
2.1.1 THE ROLE OF THE TSO ................................................................................................................................. 14 
2.1.2 POTENTIAL CHALLENGES DUE TO HIGHER INTEGRATION OF RES .............................................................. 14 
2.1.3 EXISTING APPROACHES USED TO TIMELY IDENTIFY AND MITIGATE CHALLENGES .................................... 16 
2.1.4 CHALLENGES REGARDING CROSS-BORDER POWER TRANSFERS ................................................................ 17 

2.2 GENERATION MIX ANALYSIS ............................................................................................................................ 18 
2.2.1 GREECE ........................................................................................................................................................ 18 
2.2.2 BULGARIA .................................................................................................................................................... 20 
2.2.3 NORTH MACEDONIA ................................................................................................................................... 21 
2.2.4 MONTENEGRO ............................................................................................................................................ 22 
2.2.5 CROATIA ...................................................................................................................................................... 23 
2.2.6 BOSNIA AND HERZEGOVINA ....................................................................................................................... 25 
2.2.7 SERBIA ......................................................................................................................................................... 27 
2.2.8 ROMANIA .................................................................................................................................................... 29 
2.2.9 SUMMARY ................................................................................................................................................... 30 

2.3 CROSSBORDER POWER TRANSFER ANALYSIS .................................................................................................. 31 
2.3.1 GREECE ........................................................................................................................................................ 31 
2.3.2 BULGARIA .................................................................................................................................................... 34 
2.3.3 NORTH MACEDONIA ................................................................................................................................... 35 
2.3.4 MONTENEGRO ............................................................................................................................................ 36 
2.3.5 CROATIA ...................................................................................................................................................... 37 
2.3.6 BOSNIA AND HERZEGOVINA ....................................................................................................................... 39 
2.3.7 SERBIA ......................................................................................................................................................... 40 
2.3.8 ROMANIA .................................................................................................................................................... 42 
2.3.9 SUMMARY ................................................................................................................................................... 42 

2.4 CURRENT ROLE AND FUNCTIONALITIES OF REGIONAL SECURITY COORDINATORS IN EUROPEAN REGION .... 43 
2.4.1 CORESO ....................................................................................................................................................... 44 
2.4.2 TSCNET ........................................................................................................................................................ 45 
2.4.3 NORDIC RSC ................................................................................................................................................ 45 
2.4.4 BALTIC RSC .................................................................................................................................................. 46 
2.4.5 SCC .............................................................................................................................................................. 46 

2.5 NEW AND ENHANCED FUNCTIONALITIES OFFERED BY ROC ............................................................................ 47 
2.5.1 INDIVIDUAL GRID MODEL QUALITY ASSESSMENT ...................................................................................... 48 
2.5.2 REAL TIME QUALITY CHECK OF COMMON GRID MODELS .......................................................................... 49 
2.5.3 ENHANCED METHOD FOR PRELIMINARY NET POSITION ESTIMATION ...................................................... 50 
2.5.4 DETERMINATION OF CAPACITY CALCULATION INPUT DATA ...................................................................... 50 
2.5.5 IDENTIFICATION OF CROSS-BORDER CONGESTION THROUGH FLOW-BASED AND NTC-BASED 
ALGORITHMS ........................................................................................................................................................... 51 
2.5.6 PROBABILISTIC APPROACH FOR REGIONAL ADEQUACY ASSESSMENT ....................................................... 52 
2.5.7 DYNAMIC LINE RATING FORECAST FOR OVERHEAD LINES ......................................................................... 53 
2.5.8 FRR PROBABILISTIC SIZING USING RESERVES OFFERED FROM INTERCONNECTED TSOS ........................... 54 
2.5.9 ENHANCE TRANSMISSION SYSTEM RESILIENCE DURING EMERGENCIES ................................................... 55 

3 RES REGIONAL COORDINATION CENTRE (RES-CC) .............................................................................................57 

3.1 INTEGRATING HIGH LEVELS OF VARIABLE RENEWABLE ENERGY INTO ELECTRIC POWER SYSTEMS. KEY ISSUES
 57 



 

 

 

 

D4.1 CROSSBOW Analysis of the Regional Security Coordination Initiatives and RES Control Centres 5 

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

 

3.1.1 SYSTEM SECURITY ....................................................................................................................................... 57 
3.1.2 RENEWABLE ENERGY PRIORITY DISPATCH ................................................................................................. 58 
3.1.3 REGULATORY FRAMEWORK IN EU .............................................................................................................. 63 
3.1.4 INFLUENCE OF RES ENERGY IN ENERGY PRICE ........................................................................................... 64 
3.1.5 CURTAILMENT SCHEMES ............................................................................................................................ 73 

3.1.5.1 MARKET-BASED SCHEME – NOWADAYS APPROACH ...........................................................................................73 
3.1.5.2 CURTAILMENT MARKET – POSSIBLE FUTURE APPROACH ...................................................................................73 
3.1.5.3 INTERNATIONAL EXPERIENCE WITH RENEWABLES CURTAILMENT SCHEMES – COUNTRIES WITH SIGNIFICANT 
RENEWABLES CAPACITY ..........................................................................................................................................................74 
3.1.5.4 NON-MARKET CURTAILMENT SCHEMES ..............................................................................................................75 

3.2 RENEWABLE ENERGIES MANAGEMENT IN THE REGION ................................................................................. 77 
3.2.1 GREECE ........................................................................................................................................................ 77 
3.2.2 BULGARIA .................................................................................................................................................... 82 
3.2.3 REPUBLIC OF NORTH MACEDONIA ............................................................................................................. 89 
3.2.4 MONTENEGRO ............................................................................................................................................ 96 
3.2.5 CROATIA .................................................................................................................................................... 100 
3.2.6 BOSNIA AND HERZEGOVINA ..................................................................................................................... 105 
3.2.7 SERBIA ....................................................................................................................................................... 109 
3.2.8 ROMANIA .................................................................................................................................................. 114 

3.3 EXPERIENCES IN OTHER COUNTRIES.............................................................................................................. 116 
3.3.1 EU .............................................................................................................................................................. 116 
3.3.2 SPAIN......................................................................................................................................................... 116 
3.3.3 NON-EU ..................................................................................................................................................... 119 
3.3.4 INDIA ......................................................................................................................................................... 119 
3.3.5 USA ............................................................................................................................................................ 120 
3.3.6 OTHER ....................................................................................................................................................... 121 

3.4 CURRENT AND NEW ROLES AND RESPONSIBILITIES OF RES DISPATCHING CENTERS. IMPLEMENTATION IN 

RES-CC 123 
3.4.1 FORECASTING ........................................................................................................................................... 123 
3.4.2 MONITORING ............................................................................................................................................ 125 
3.4.3 COMMAND DISPATCHING ........................................................................................................................ 126 
3.4.4 MAINTENANCE MANAGEMENT ................................................................................................................ 128 
3.4.5 ALARMS ..................................................................................................................................................... 132 
3.4.6 ANCILLARY SERVICES PROVIDER FOR SYSTEM OPERATOR ....................................................................... 135 
3.4.7 MARKET PARTICIPATION........................................................................................................................... 136 
3.4.8 CONTROL RESERVE MONITORING ............................................................................................................ 137 

4 REFERENCES .................................................................................................................................................... 139 

 

 

  



 

 

 

 

D4.1 CROSSBOW Analysis of the Regional Security Coordination Initiatives and RES Control Centres 6 

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

 

LIST OF FIGURES 

Figure 1: Percentage of fuel used per generation type in the Greek interconnected system ........................ 18 

Figure 2: Percentage of energy production per generation type in the Greek interconnected system ......... 18 

Figure 3: Evolution of renewable generation installed capacity in the Greek system from late 2016 to the end 
of 2018 ............................................................................................................................................................. 19 

Figure 4: Geographical representation of Bulgarian system ........................................................................... 20 

Figure 5: New generation capacity until 2030 in the Bulgarian system .......................................................... 21 

Figure 6: Geographical representation of Montenegrin system ..................................................................... 22 

Figure 7: Geographical representation of Croatian system (red colour indicates 400kV lines, green colour 
indicates 220kV lines and black colour indicates 110kV lines) ........................................................................ 24 

Figure 8: Geographical representation of Bosnian system ............................................................................. 26 

Figure 9: Plans for commissioning new generation capacity (indicated by positive values) and 
decommissioning of existing generation capacity (indicated by negative values) in the Bosnian system until 
2029 ................................................................................................................................................................. 26 

Figure 10: Geographical representation of Serbian system (red colour indicates 400kV lines, green colour 
indicates 220kV lines and black colour indicates 110kV lines) ........................................................................ 27 

Figure 11: Current percentage of energy production per generation type in the Romanian system [2017] . 29 

Figure 12: Projected percentage of energy production per generation type in the Romanian system in 2030
 ......................................................................................................................................................................... 29 

Figure 13: Total yearly imports and exports of the Greek system through all the interconnectors in the period 
between 2006 and 2016 .................................................................................................................................. 31 

Figure 14: Monthly net utilization of each interconnector in the Greek system in 2018 ............................... 31 

Figure 15: Percentage of total imports associated with each interconnector of the Greek system in 2018 . 32 

Figure 16: Percentage of total exports associated with each interconnector of the Greek system in 2018 .. 33 

Figure 17: Yearly imports and exports of the Bulgarian system through each interconnector in 2017 ......... 34 

Figure 18: Future plans for interconnectors in the Bulgarian system ............................................................. 34 

Figure 19: Future plans for interconnectors in the Montenegrin system ....................................................... 36 

Figure 20: Yearly imports and exports of the Croatian system through each interconnector in the period 
between 2015 and 2017 .................................................................................................................................. 37 

Figure 21: Total yearly imports and exports of the Croatian system through all the interconnectors in the 
period between 2015 and 2017 (in GWh) ....................................................................................................... 38 

Figure 22: Yearly imports and exports of the Bosnian system through each interconnector in 2017 (in GWh)
 ......................................................................................................................................................................... 39 

Figure 23: Yearly imports and exports of the Serbian system through each interconnector in 2018 ............ 40 

Figure 24: Future plans for interconnectors in the Serbian system ................................................................ 41 

Figure 25: TSOs participating in each of the 5 RSCs in Europe [10] ................................................................ 44 

Figure 26: Business activities associated with the Critical Grid Situation (CGS) procedure ............................ 47 

Figure 27: Illustration of methodological framework for IGM quality assessment ........................................ 49 



 

 

 

 

D4.1 CROSSBOW Analysis of the Regional Security Coordination Initiatives and RES Control Centres 7 

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

 

Figure 28: Illustration of cross-border FRR exchange ..................................................................................... 55 

Figure 29: Merit order market clearing [23] .................................................................................................... 65 

Figure 30: The merit order effect [24] ............................................................................................................. 66 

Figure 31: Electricity price volatility for DK1 and DK2 area [29]. .................................................................... 66 

Figure 32: Evolution of the retail price for household and industrial consumers and RPCs for the EU (€/MWh).
 ......................................................................................................................................................................... 67 

Figure 33: Power systems of SEE in 2015 ........................................................................................................ 68 

Figure 34: Renewable power generation and total electricity consumption in SEE in 2015 .......................... 68 

Figure 35: Renewable energy capacity in the power sectors of SEE in 2015 .................................................. 69 

Figure 36: Shares of renewable energy power capacity in the SEE region in 2015 (36 GW) .......................... 70 

Figure 37: Current and planned renewable energy deployment levels in the power sector ......................... 71 

Figure 38: Wind farms distribution in Greece in 2017 (source: HWEA) .......................................................... 77 

Figure 39: Topology of Peloponnesus network area with congestion ............................................................ 78 

Figure 40: Wind farm deployment in the Bulgarian power system (source: EWEA) ...................................... 82 

Figure 41: Transmission grid 110kV before 2014 ............................................................................................ 83 

Figure 42: Transmission grid 110kV after the end of 2014 ............................................................................. 83 

Figure 43: Required additional reserve to compensate for the hourly fluctuations of the total power output 
of wind and PV parks for different probabilities (percentiles) ........................................................................ 88 

Figure 44: Electricity production in the reference scenario ............................................................................ 90 

Figure 45: Hourly imbalances of WPP production from the forecast for 2015 ............................................... 92 

Figure 46: Location of WPPs in Montenegro ................................................................................................... 97 

Figure 47: Monthly variation of the electricity production of WPP “Krnovo” for 2018 .................................. 98 

Figure 48: Maximum positive and maximum negative WPP “Krnovo” hourly output variation during the 
February 2019.................................................................................................................................................. 98 

Figure 49: WPP locations ............................................................................................................................... 100 

Figure 50: Maximum positive and maximum negative wind power plant hourly output variation during the 
month ............................................................................................................................................................ 101 

Figure 51: Sum of positive errors (negative balancing energy) and sum of negative errors (positive balancing 
energy) of wind power plant hourly generation in each month ................................................................... 101 

Figure 52: Maximum positive, maximum negative and average absolute forecast error of wind power plant 
hourly output ................................................................................................................................................. 103 

Figure 53: Existing 110kV grid in the south-western part of B&H with current and future power plants ... 105 

Figure 54: Network area which is planned to be strength by building transmission lines ........................... 111 

Figure 55: Part of the transmission network which is planned to be strength ............................................. 112 

Figure 56: Control Centre of Renewable Energies (CECRE) ........................................................................... 116 

Figure 57: Renewable Energy Control Centre (CECOER) ............................................................................... 117 

Figure 58: Villadiego Control Centre (CECOVI) .............................................................................................. 118 



 

 

 

 

D4.1 CROSSBOW Analysis of the Regional Security Coordination Initiatives and RES Control Centres 8 

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

 

Figure 59: India’s control centres hierarchy .................................................................................................. 119 

Figure 60: Duke Energy Renewable Control Center ...................................................................................... 120 

Figure 61: Cypress Creek Control Center....................................................................................................... 121 

Figure 62: Renewable Energy Control Room ................................................................................................. 122 

Figure 63: Commonwealth Scientific and Industrial Research Organisation (CSIRO) ................................... 122 

Figure 64. Example: Evolutionary algorithm over time [60]. ........................................................................ 131 

 

 

LIST OF TABLES 

Table 1: Installed capacity per generation type in the Greek system [2018] .................................................. 19 

Table 2: Installed capacity and yearly energy production per generation type in the Bulgarian system [2017]
 ......................................................................................................................................................................... 20 

Table 3: Installed capacity and yearly energy production per generation type in the North Macedonian system 
[2015] .............................................................................................................................................................. 21 

Table 4: Installed capacity and yearly energy production per generation type in the Montenegrin system 
[2018] .............................................................................................................................................................. 22 

Table 5: New generation plants until 2030 in the Montenegrin system......................................................... 23 

Table 6: Installed capacity and yearly energy production per generation type in the Croatian system [2017]
 ......................................................................................................................................................................... 23 

Table 7: New generation plants until 2027 in the Croatian system ................................................................ 25 

Table 8: Installed capacity and yearly energy production per generation type in the Bosnian system ......... 25 

Table 9: Installed capacity and yearly energy production per generation type in the Serbian system [2017]27 

Table 10: New generation plants until 2027 in the Serbian system................................................................ 28 

Table 11: Percentage of energy production per generation type in the CROSSBOW countries ..................... 30 

Table 12: Daily average, monthly average and total yearly imports associated with each interconnector of the 
Greek system in 2018 (in MWh) ...................................................................................................................... 32 

Table 13: Daily average, monthly average and total yearly exports associated with each interconnector of the 
Greek system in 2018 (in MWh) ...................................................................................................................... 32 

Table 14: Tie-lines of the North Macedonian power system with each interconnected country .................. 35 

Table 15: Yearly imports and exports of the North Macedonian power system through each interconnector 
in 2018 ............................................................................................................................................................. 35 

Table 16: Yearly imports and exports of the Montenegrin system through each interconnector in 2018 .... 36 

Table 17: Interconnecting lines in the Serbian system.................................................................................... 40 

Table 18: Yearly imports and exports of the Romanian system through each interconnector in 2018 ......... 42 

Table 19: Yearly net exports to neighbour and CROSSBOW countries as a percentage of energy production 
(in the most recent year with available data for each country) ...................................................................... 42 

Table 20: Overview of RES priority dispatch in Europe [21] [22] .................................................................... 60 



 

 

 

 

D4.1 CROSSBOW Analysis of the Regional Security Coordination Initiatives and RES Control Centres 9 

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

 

Table 21: Current and planned renewable energy deployment levels in the power sector ........................... 71 

Table 22: Energy / power output from wind and PV installations combined (2015) ...................................... 87 

Table 23: Average energy / power output from wind and PV installations combined (2015) ....................... 87 

Table 24: Construction of RES in the Republic of North Macedonia in the current situation ........................ 89 

Table 25: Power to be installed in the grid up to 2035 ................................................................................... 90 

Table 26: Constraints and tariffs per RES technology ..................................................................................... 95 

Table 27: List of renewable energy sources .................................................................................................... 96 

Table 28: Installed capacity of small hydro power stations ............................................................................ 99 

Table 29: Installed capacity per RES technology with FiT in Croatia (2018) .................................................. 103 

Table 30: Maximum installed power of RES in Croatia (2018) ...................................................................... 104 

Table 31: Dynamic quotas per production type – Federation of Bosnia and Herzegovina ........................... 107 

Table 32: Dynamic quotas per production type – Republic of Srpska .......................................................... 108 

Table 33: Feed in Tariff properties of RES in Serbia ...................................................................................... 110 

Table 34: Types of alarms .............................................................................................................................. 133 

 

 

ABBREVIATIONS AND ACRONYMS 
 

AC Alternate Current 

ACE Area Control Error 

aFRR Automatic Frequency Restoration Reserve  

ANM Active Network Management 

AUTH  Aristotelian University of Thessaloniki 

BPA Bonneville Power Administration 

CACM Capacity Allocation and Congestion Management 

CCC Coordinated Capacity Calculation 

CCGT Combined Cycle Gas Turbine 

CCR  Capacity Calculation Region 

CDF Cumulative Distribution Function  

CE Continental Europe 

CECOEL Spanish Electricity Control Centre  

CEER Council of European Energy Regulators  

CF Capacity Factor 

CGM Common Grid Model  



 

 

 

 

D4.1 CROSSBOW Analysis of the Regional Security Coordination Initiatives and RES Control Centres 10 

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

 

CGMA Common Grid Model Alignment  

CGS Critical Grid Situation  

CHP Combined Heat and Power 

CNEC Critical Network Element and Contingency  

COPT Capacity Outage Probability Tables  

COTEE Montenegrin Energy Market Operator  

D2CF Two Days-Ahead Congestion Forecast 

DA Day-Ahead  

DACF Day Ahead Congestion Forecast 

DAS Data Acquisition System 

DC Direct Current 

DIR Dispatchable Intermittent Resource  

DLR Dynamic Line Rating  

DLRF Dynamic Line Rating Forecast 

DNO Distribution Network Operators 

DSO Distribution System Operator 

EENS Expected Energy Not Supplied  

EMR Electricity Market Regulation  

ENTSO-E European Network of Transmission System Operators for Electricity 

ERIC Expected Remaining/Insufficient Capacity 

ERO Electric Reliability Organization  

FB Flow Based 

FCR Frequency Containment Reserve  

FERC Federal Energy Regulatory Commission  

FIP Feed-In Premium  

FIT Feed-In Tariffs  

FRR Frequency Restoration Reserve  

GCC Generation Control Centres  

GUI Graphical User Interface 

HIS Historical Databases 

HLU High Level Use Case 

HPP Hybrid Power Plant 

HROTE Croatian Energy Market Operator 

HV High Voltage 



 

 

 

 

D4.1 CROSSBOW Analysis of the Regional Security Coordination Initiatives and RES Control Centres 11 

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

 

IBEX Independent Bulgarian Energy Exchange 

IDCF Intraday Congestion Forecast  

IGCC Imbalance Netting Mechanism 

IGM Individual Grid Model 

IOP Inter-OPerability 

ΙΤ Information Technology 

LFC Load-Frequency Control  

LFCR Load frequency control & reserve policy  

LIFO Last In First Out 

LOLE Loss of Load Expectation 

LOLP Loss of Load Probability  

mFRR Manual Frequency Restoration Reserve 

MMS  Market Management System  

MS Metering System  

MS Member States  

MSG Minimum Stable Generation level 

NDC National Dispatching Centre  

NEK  National Electricity Company 

NERC North American Electric Reliability Corporation  

NFG Non-Firm Generator Unit  

NLDC National Load Dispatch Centre  

NMAE Normalized Mean Absolute Error  

NREAP National Renewable Energy Action Plans 

NRMSE Normalized Root Mean Squared Error  

NTC Net Transfer Capacity  

OHL Overhead Lines 

OPC Outage Planning Coordination 

OPI Outage Planning Incompatibilities 

PDF Probability Density Function  

PE EPS Public Enterprise Electric Power Industry of Serbia  

PNP Preliminary Net Positions 

PPA Power Purchase Agreements 

PPD Pre-Processing Data 

PSCO Public Service of Colorado  



 

 

 

 

D4.1 CROSSBOW Analysis of the Regional Security Coordination Initiatives and RES Control Centres 12 

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

 

PTDF Power Transfer Distribution Factors  

PV Photovoltaic 

QA Quality Assessment  

RA Remedial Actions 

RAA Regional Adequacy Assessment  

REMC Renewable Energy Management Centre 

RES Renewable Energy Sources 

RES-CC Renewable Energy Coordination Centre 

RLDC Regional Load Dispatch Centres  

RM Reliability Margins  

ROC Regional Operation Centre 

ROCOF Rate of Change of Frequency  

RR Replacement Reserve  

RSC Regional Security Coordinator 

RT Real Time 

RTU Remote Terminal Units  

SA Security analysis 

SAI System Adequacy Index  

SAS Substation Automation Systems  

SCADA  Supervisory Control And Data Acquisition 

SEE South East Europe 

SN Snapshot 

SOGL System Operation Guideline 

SPP Southwest Power Pool  

STA Short Term Adequacy 

TPP Thermal Power Plant 

TSO Transmission System Operator 

UCTE  Union for the Coordination of the Transmission of Electricity 

VOLL Value Of Lost Load  

VPN Virtual Private Network  

WAMS Wide Area Monitoring System 

WPP  Wind Power Plants 

WPPT Wind Power Prediction Tool 
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1 INTRODUCTION 

1.1 SCOPE OF THE DOCUMENT 

Deliverable 4.1 describes and compiles the results of the first task of WP4. This task aims at presenting and 
discussing the state-of-the-art background around current initiatives for regional coordination and 
renewable energy sources’ (RES) management in the Southern Eastern European (SEE) region and beyond. 
This review will serve as a basic reference for the later technical development and implementation of two 
key CROSSBOW products: the Regional Operation Centre Balancing Cockpit (ROC-BC) and the RES Regional 
Coordination Centre (RES-CC). 

In this context, this deliverable is divided in two main parts: the review of current initiatives associated with 
the cross-border coordination among different TSOs and the review of current initiatives associated with the 
effective coordination of a large penetration of RES. 

 

1.2 STRUCTURE OF THE DOCUMENT 

The first part starts by discussing the value but also the challenges of using cross-border interconnections for 
supporting a more cost-effective integration of RES in the SEE region. In order to understand the current 
situation in the SEE region, this part summarizes the current generation mix as well as the current cross-
border power flows between the countries of the 8 TSOs participating in the CROSSBOW project. After that, 
it presents the current role and functionalities of established regional security coordinators (RSC) in Europe, 
including CORESO in the western Europe, TSCNET in the central Europe, SCC in the Balkan region, NORDIC in 
the Nordic region, and Baltic RSC in the Baltic region. Based on this review, this first part concludes by 
presenting new and enhanced functionalities offered by the CROSSBOW ROC-BC product with respect to the 
functionalities of existing RSCs. 

The second part starts by discussing the key technical and economic challenges around the large-scale 
integration of RES in energy systems, including balancing issues, security considerations and impact on 
energy prices. In order to understand the state-of-play of RES management in the region, this part 
summarizes the share of RES in the energy mix, the technical challenges introduced by RES, technical 
solutions to address such challenges (effective forecasting methods, curtailment strategies, reserve 
provision) and the associated market and regulatory framework, in each of countries of the 8 TSOs 
participating in the CROSSBOW project, as well as experiences from other countries in the world. Based on 
this review, this second part concludes by presenting the new and enhanced roles and responsibilities of the 
CROSSBOW RES-CC product, including advancements in the areas of forecasting, dispatching and market 
participation. 
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2 REGIONAL OPERATION CENTRE (ROC) 

2.1 OVERALL VIEW OF THE CHALLENGES 

 

2.1.1 THE ROLE OF THE TSO 

Following the general paradigm in Europe, the Transmission System Operator (TSO) in each country of the 
SEE region is responsible for operating, controlling, maintaining and developing the transmission grid 
(including high and extra-high voltage networks). Its main tasks are discussed below and render the TSO 
business a natural monopoly. 

a) The TSO monitors and controls the grid topology, electricity flows in the transmission corridors and voltage 
levels in all parts of the transmission grid. 

b) The TSO grants and manages access to the transmission network for all potential users (including 
generators, suppliers, large consumers and energy storage providers) in a non-discriminatory fashion in order 
to enhance market competition. It also determines cost-reflective and transparent charges for the upfront 
connection and the continuous use of the transmission network. 

c) In most countries, the TSO has the role of the balancing and ancillary services market operator. As part of 
this role, the TSO determines the required levels of balancing services (including primary, secondary and 
tertiary reserves) and other ancillary services (e.g. voltage control and black-start) and administrates the 
auction process and the settlement for these services across all available providers in a transparent and non-
discriminatory fashion to enhance market competition. Moreover, it is responsible for calling for the real-
time provision of these services when required. 

d) The TSO produces regularly (usually every year) a transmission system development plan for the next 7 to 
10 years and submits it to the regulatory authority of the country after consulting end users and relevant 
stakeholders. This development plan is based on existing and forecasted generation and demand conditions 
in the country and contains efficient measures in order to guarantee the security of supply, including required 
transmission investments and upgrades. 

e) The TSO manages the operation of existing interconnections with neighbouring countries and develops 
plans for future interconnections. In this process it exchanges all the relevant information with neighbouring 
TSOs and ensures interoperability and coordinated development of the different systems. 

The main priority of TSOs lies in ensuring the long-term ability of the transmission system to meet reasonable 
levels of demand and safeguarding the security, reliability and power quality of the transmission grid, since 
the consequences of extensive failures in the transmission grid can be devastating to the society as a whole. 
The second priority lies in achieving a cost-efficient operation of the system in order to keep the electricity 
costs as low as possible for the final consumers. Finally, given the environmental and climate change concerns 
associated with the continuously increasing levels of greenhouse gas emissions, the TSOs should also 
facilitate the sustainability and decarbonization of their systems through the large-scale integration of 
renewable generation (predominantly wind and solar generation). These three objectives are often 
conflicting, an effect widely known as the “energy trilemma”. 

 

2.1.2 POTENTIAL CHALLENGES DUE TO HIGHER INTEGRATION OF RES 

As discussed in the previous section, environmental and climate change concerns have driven significant 
initiatives for the large-scale integration of renewable energy sources (RES) in Europe [1] [2]. Nevertheless, 
integration of RES introduces significant techno-economic challenges for the operation and planning of the 
electricity systems. 
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First of all, the majority of these sources, especially wind and solar (photovoltaic) generation which are 
among the dominant renewable energy technologies in Europe [3], are inherently characterized by high 
variability and limited predictability and controllability. Their power output is not only extremely variable, 
but is also zero during periods of low wind speed or no sunshine.  

Given that demand is currently largely treated as an inflexible, uncontrollable load, the required flexibility for 
balancing the system and offering the required inertia is solely provided by conventional dispatchable 
generators (mainly gas generators). As the penetration of variable renewable generation increases, these 
conventional generators will be producing less energy, as absorption of the low-cost and CO2-free production 
of renewable generators will be prioritized in the merit order. However, they need to remain synchronised 
in the system and operate part-loaded as a back-up energy source (e.g. operating in periods of low wind 
speed or low sunshine) and flexibility provider, since renewable generators not only have very limited 
capabilities to provide system balancing services, but they also make system balancing more challenging. This 
under-utilization of conventional generation assets implies that the cost efficiency of their operation will 
reduce. Furthermore, their cost efficiency will be aggravated by the increase of their start-up and shut-down 
cycles, driven by the system variability and power ramping requirements. 

Going further, increased shares of renewables (i.e. inverter-based power generation) in the capacity mix 
reduce the system inertia which is provided by the stored kinetic energy of the rotating mass of the power 
generators’ turbines. With this reduction in system inertia, any imbalance between supply and demand will 
change system frequency more rapidly than today, challenging the stability of the system. In this context, a 
sufficient level of frequency response is needed to deal with sudden loss of supply to the system (e.g. as a 
result of a failure of a large generator / interconnector or a rapid change in demand or renewable generation) 
in order to keep the system frequency within its statutory limits. To date, the frequency response service can 
only be provided by synchronised conventional plants which need to operate part-loaded and produce at 
least at the minimum stable generation level (MSG). This reduces the ability of the system to absorb 
electricity production from renewables or other low-carbon technologies. This means that due to balancing 
challenges, renewable generation assets with high capital costs are also under-utilised and thus may not 
achieve their CO2 emissions reduction potential. 

Finally, the large-scale connection of renewable generation to transmission and distribution grids creates 
certain network challenges, such as thermal congestion, increased voltage levels and increased short-circuit 
current and harmonic distortion levels, which threaten the security and quality of supply of these grids. 

The vast majority of the SEE countries have already experienced some of the above balancing and network 
challenges driven by the large-scale integration of renewable generation. 

In Serbia, the balancing challenges are considered as the most prominent ones and EMS has carried out 
dedicated studies to determine the hosting capacity of the Serbian system. According to the last study in 
2011, the system is capable of dealing with a renewable generation of up to 1100MW. The next study is 
planned for 2019-2020. Furthermore, a concern has been raised regarding the increased penetration of 
renewable generation in distribution grids and the associated network problems. 

In Romania, beyond the balancing challenges, renewable generation concentration effects are evident. 
Specifically, only few regions exhibit a satisfactory wind resource potential to economically justify 
investments in wind generation; in these regions, significant network problems occur for both transmission 
and distribution networks. Furthermore, due to concerns over the congestion of distribution and 
transmission networks, a maximum installed capacity limit is set for solar generation systems owned by small 
prosumers (750MW) which is envisaged to be reached by 2030. Furthermore, the legislation restricts the 
maximum energy supply of these prosumers to be lower or equal than the rated power for connection, in 
order to avoid large reverse power flows. 
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In Bosnia and Herzegovina, balancing challenges are also considered as the most important ones. The hosting 
capacity of wind generation is 350MW and a regulatory decision in 2013 was made to avoid a higher 
integration for security reasons. Analysis made by NOSBiH during 2018 showed that, due to the reduction of 
unintentional deviations in the past few years and the development of reserve exchange mechanisms with 
neighbouring countries, this limit can be increased. At the beginning of 2019, NOSBiH proposed to the 
regulatory authority a new limit for wind (460MW) and solar (400MW) generation and it is envisaged that 
the regulatory authority will approve it soon. Another challenge lies in the insufficiency of transmission 
network capacity in areas with high renewable energy resource potential. Such an area is the south-western 
part of the country, where the network is underdeveloped, un-branched and its voltage level is at 110kV; 
furthermore, this part of the network is connected with the Croatian power system which exhibits a high 
penetration of RES. As a result, significant voltage problems emerge and the need for transmission upgrades 
is evident. 

In Greece, the large-scale penetration of wind and solar generation already creates congestion in 
transmission and distribution networks. Furthermore, concerns have been raised over the quality of 
renewable generation forecasting and techniques with higher resolution are required. 

 

2.1.3 EXISTING APPROACHES USED TO TIMELY IDENTIFY AND MITIGATE CHALLENGES 

The fundamental balancing and network challenges associated with the large-scale integration of renewable 
generation (Section 2.1.2) imply that a clear need emerges for enhancing the flexibility of electricity systems 
through the efficient integration of new technologies, which include energy storage, demand side response 
and cross-border interconnections. Suitable coordination of such forms of flexibility has the potential to 
support system balancing in a future with an increased penetration of renewable generation and therefore 
to reduce the curtailment of renewable generation and the efficiency losses of conventional generation, as 
well as limit peak demand levels and therefore avoid capital intensive investments in under-utilized 
generation and network assets. In other words, intelligent coordination of such flexibility sources in both 
operation and planning timescales can reverse the trend of asset utilization reduction and enable a more 
cost-effective transition to the low-carbon future. 

In Romania, dedicated studies demonstrate the achievement of the 2030 renewable generation targets 
requires the integration of 1GW of energy storage with a charging / discharging cycle of around 6-8 hours. In 
this context, the Tarniţa-Lăpuşteşti Pumped Hydro Project is assumed to be a strategic investment of national 
interest and should be finalised by 2030. 

Development of new interconnection corridors and upgrade of existing ones is also envisaged to support the 
large-scale integration of renewables. This process will be managed through the development of regional 
ten-year development plans. In the SEE region, the Black Sea Corridor project is part of the initiative “North-
South Interconnections for Electricity in Central and Southeast Europe” and aims to strengthen the electricity 
transmission corridor along the Black Sea coast, including Romania and Bulgaria, as well as the network 
between the Black Sea coast and the rest of Europe. Furthermore, the “Mid Continental East Corridor is part 
of the same initiative and aims to increase the interconnection capacity between Romania, Hungary and 
Serbia, intensifying the north-south European corridor between northeast and southeast Europe. In Greece, 
which constitutes a special case due to the large number of geographical islands, the strategy of ADMIE lies 
in connecting all the non-interconnected islands to the main grid in order to enhance their security and 
reliability of electricity supply, limit their dependence on extremely expensive standalone oil generators, and 
leverage the huge wind resources of the Aegean Region. 

Finally, the increased penetration of renewables will require the improvement and upgrading of forecasting 
techniques employed by the TSOs. Since a significant part of the renewable generation capacity is installed 
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at the distribution level, the TSOs need to cooperate with the DSOs and dedicated forecasting techniques 
separating the effect of the end load from the effect of distributed renewables need to be developed. 

 

2.1.4 CHALLENGES REGARDING CROSS-BORDER POWER TRANSFERS 

As discussed in Section 2.1.3, cross-border interconnections constitute one of the most promising solutions 
for addressing some of the technical challenges associated with the large-scale integration of renewable 
generation. In particular, neighboring countries can exchange various reserve products, helping each other 
to deal with the increased balancing requirements. Furthermore, due to the natural diversity of generation 
and demand conditions in different countries, associated with varying weather conditions, generation mix 
and demand portfolios, the risks associated with demand-supply imbalances can be diversified, reducing 
significantly the overall balancing requirements. Finally, interconnections are crucial for the unification of the 
national electricity markets. 

However, the operation and development of cross-border interconnections exhibit their own challenges. 
First of all, a suitable mechanism is required for the coordinated capacity calculation, which has to be aligned 
with the Capacity Allocation and Congestion Management (CACM) and System Operation Guideline (SOGL) 
network codes of ENTSO-E. In this context, EMS from Serbia, followed by CGES from Montenegro and NOSBIH 
from Bosnia and Herzegovina, set up a Regional Security Center (SCC) in Belgrade in 2015. Upon its 
establishment, several additional SEE TSOs started using SCC services. In order to administrate cross-border 
coordinated capacity calculation, a study was launched by Energy Community Secretariat (EnCS), with the 
support of all regional TSOs and SCC. This study delivered a draft version of a methodology for cross-border 
coordinated capacity calculation in the day-ahead horizon, proposing Shadow CCR 10 – Capacity Calculation 
Region (CCR) that will potentially consists of official SEE CCR 10 including WB6 TSOs. 

The second challenge regarding cross border power transfers is associated with the development of a cross-
border balancing mechanism. EU network codes prescribe that such a mechanism may involve imbalance 
netting, automatic Frequency Restoration Reserve (aFRR), manual Frequency Restoration Reserve (MFRR), 
and Replacement Reserve (RR). In this regard, EMS applied to join EU imbalance netting mechanism (IGCC) 
in 2018, while NOSBIH joined it at the beginning of 2019. EMS and CGES developed a mechanism in 2015 to 
exchange cross-border mFRR in both directions (upward and downward) within 15 minutes. Furthermore 
NOSBIH has been exchanging reserves with EMS and CGES. 

In addition, EMS is preparing a new Control Block Operational Agreement together with CGES and MEPSO, 
so that these three TSOs will have to establish a cross-border mechanism respecting imbalance netting, aFRR 
and mFRR on the Control Block level. The end vision of the EU involves the integration of national balancing 
markets into a regional one, which implies the implementation of a network code for balancing. A similar 
agreement has been achieved between TSOs of Slovenia, Croatia and Bosnia and Herzegovina. This 
agreement enabled significant reduction of the overall balancing requirements for the respective TSOs; in 
the case of NOSBIH for example, the upward mFRR requirements reduced from 300MW to 196MW and the 
downward mFRR requirements reduced from 180MW to 68MW. 
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2.2 GENERATION MIX ANALYSIS 

This Section aims at analyzing the generation mix in the countries of the eight TSOs participating in the 
CROSSBOW project, in order to appreciate and analyze the role of and impact of renewable generation in the 
SEE region. 

 

2.2.1 GREECE 

Figure 1 and Figure 2 illustrate the percentage of fuel and the percentage of energy production corresponding 
to each type of generation in the Greek interconnected system. It can be observed that the size of renewable 
energy production is significant and corresponds to around 22.1% of the total production (excluding hydro). 

 

 

Figure 1: Percentage of fuel used per generation type in the Greek interconnected system 

 

 

Figure 2: Percentage of energy production per generation type in the Greek interconnected system 

 

Table 1 presents the installed capacity corresponding to each type of generation for both interconnected and 
non-interconnected (islands) Greek system. 
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Table 1: Installed capacity per generation type in the Greek system [2018] 

Type of Unit Interconnected System (MW) Non-Interconnected System (MW) 

Lignite 3903.9 - 

Natural Gas 4900.3 - 

Oil - 1808.3 

Hydro 3170.7 0.3 

RES 5343.8 460.7 

Total 17318.7 2269.3 

 

Finally, Figure 3 illustrates the evolution of renewable generation installed capacity per renewable type from 
late 2016 to the end of 2018, indicating a constant increase, particularly for wind generation. 

 

 

Figure 3: Evolution of renewable generation installed capacity in the Greek system from late 2016 to 
the end of 2018 
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2.2.2 BULGARIA 

Table 2 illustrates the installed capacity and yearly energy production mix of the country. Renewable 
generation covers around 7.2% of the total energy production (excluding hydro). 

 

Table 2: Installed capacity and yearly energy production per generation type in the Bulgarian system 
[2017] 

Generation type Installed capacity (MW) Energy production (GWh) 

Nuclear 2,000 15,549 

Lignite 4,119 

23,316 Hard coal 362 

Gas  563 

Hydro 3,204 3,466 

Wind 701 1,515 

Photovoltaic 1,046 1,408 

Biomass 77 360 

TOTAL 12,073 45,614 

 

The map of Figure 4 illustrates the geographical location of the main generation plants along with the main 
substations and transmission lines.  

 

 

Figure 4: Geographical representation of Bulgarian system 

 
Figure 5 presents the new generation capacity expected until 2030 per generation type. It can be observed 
that a significant amount of new wind and solar generation capacity is expected in the next 10 years. 
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Figure 5: New generation capacity until 2030 in the Bulgarian system 

 

 

2.2.3 NORTH MACEDONIA 

Table 3 illustrates the installed capacity and yearly energy production mix of the country. The country 
operates an oil generator which, driven by the increase of oil prices, is only used for providing reserve in the 
last 10 years. Renewable generation includes a few biogas plants, one wind park and a large number of small 
solar installations and covers around 6% of the total energy production (excluding hydro). 

 

Table 3: Installed capacity and yearly energy production per generation type in the North Macedonian 
system [2015] 

Generation type Installed capacity (MW) Energy production (GWh) 

Thermal 1,032 4528 

Combined heat and power 290 1771 

Hydro 675 1120 

Renewable 58 472 

TOTAL 2,055 7,891 
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2.2.4 MONTENEGRO 

Table 4 illustrates the installed capacity and yearly energy production mix of the country. Renewable 
generation covers around 4.5% of the total energy production (excluding hydro). 

 

Table 4: Installed capacity and yearly energy production per generation type in the Montenegrin 
system [2018] 

Generation type Installed capacity (MW) Energy production (GWh) 

Thermal 210 1,444 

Hydro 649 2,036 

Wind 118 162 

TOTAL 977 3,642 

 

The map of Figure 6 illustrates the geographical location of the main generation plants along with the main 
substations and transmission lines.  

 

 

Figure 6: Geographical representation of Montenegrin system 


















































































































































































































































