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Abstract: Bulgaria, Romania, Greece, Croatia and Slovenia 

lie at the south-eastern edge of the Continental Europe 

synchronous area, where the system split of 8 January 2021 

started and where a voltage collapse blacked out large parts of 

four transmission systems on 21 June 2024. This paper reviews 

how the five systems are tied into the European arrangements 

for frequency control, cross-border balancing and regional 

coordination, using EU network codes, ENTSO-E and ACER 

documents and peer-reviewed studies up to October 2026. All 

five TSOs take part in imbalance netting. Romania and Croatia 

are not yet connected to the aFRR platform, and on the mFRR 

platform only Slovenia operates in normal mode. Neither 

disturbance was traced to a lack of balancing reserves; the 

investigations point to large flows, undetected overloads and 

missing voltage support. A framework is proposed that places 

ancillary services in the phases of a disturbance and defines five 

dimensions for comparing the systems. 
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I. INTRODUCTION 

 

The south-eastern part of the Continental Europe (CE) 

synchronous area has had two large disturbances in less than 

four years. On 8 January 2021 a busbar coupler in the 

Ernestinovo substation in Croatia tripped on overload. The 

cascade that followed split the synchronous area in two, and 

the parts were resynchronised about an hour later (ENTSO-

E, 2021). On 21 June 2024 two 400 kV lines in Montenegro 

and on the Albania–Greece border tripped on short circuits 

caused by vegetation. A voltage collapse followed in large 

parts of the transmission systems of Albania, Montenegro, 

Bosnia and Herzegovina and Croatia (ENTSO-E, 2025a). A 

third episode was commercial. In summer 2024 evening 

prices in most Southeast European bidding zones reached up 

to 1,000 EUR/MWh, mainly because flexible resources were 

lacking when solar output fell in the evening and cross-

border capacity was limited (ACER, 2026). 

Each of these episodes tested ancillary services. In EU 

law the term covers balancing services and non-frequency 

services: steady-state voltage control, fast reactive current 

injection, inertia for local grid stability, short-circuit current, 

black start and island operation (Directive (EU) 2019/944, 

Art. 2(48)–(49)). The rules for procuring and exchanging 

them are spread over the guidelines on system operation and 

on electricity balancing and the network code on emergency 

and restoration (Regulation (EU) 2017/1485; 2017/2195; 

2017/2196). Since 2024, national regulators or designated 
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entities must also report on flexibility needs over at least the 

next five to ten years (Regulation (EU) 2024/1747, inserting 

Art. 19e into Regulation (EU) 2019/943). 

Research on the region has looked at market coupling 

(Makrygiorgou et al., 2020), national market design (Beus et 

al., 2018; Sousounis et al., 2023) and the frequency response 

in the 2021 split (Ippolito et al., 2021), mostly one topic at a 

time. This paper takes the five EU members of the region: 

Bulgaria, Romania, Greece, Croatia and Slovenia. It asks 

how their ancillary services are organised and coordinated 

across borders, what the disturbances show about them, and 

how their contribution to resilience can be compared. 

 

 

II. THEORETICAL FRAMEWORK 

 

Panteli and Mancarella (2015) frame power system 

resilience around high-impact, low-probability events and 

distinguish measures that make the grid stronger from 

operational measures that make it smarter. Panteli et al. 

(2017) quantify it with a resilience trapezoid: after an event 

the system passes through disturbance progress, a degraded 

post-disturbance state and restoration, and each phase has its 

own time-dependent metrics. The same paper separates 

operational resilience, which depends on how the system is 

run, from infrastructure resilience. The IEEE task force 

summarised by Stankovic et al. (2023) argues that resilience 

should be treated as a measured performance indicator in 

planning and operation, next to cost and reliability, and 

accepts that complete resilience is not economic. 

Rebours et al. (2007) compared the technical features of 

frequency and voltage control services in several systems, 

CE among them, and proposed a common terminology. In 

CE the frequency containment reserve (FCR) is 

dimensioned for a reference incident of 3,000 MW in each 

direction and must be fully activated within 30 s at a 

deviation of ±200 mHz (Regulation (EU) 2017/1485, Art. 

153, Annex V). Automatic and manual frequency restoration 

reserves (aFRR, mFRR) then bring frequency back to its 

nominal value. As converter-connected generation displaces 

synchronous machines, inertia falls and frequency moves 

faster after an imbalance, which changes how the system has 

to be modelled and controlled (Milano et al., 2018). ENTSO-

E (2023) concludes that a system split must always be 

assumed possible and that a minimum level of inertia has to 

be defined. 

Cross-border balancing has been studied mainly as a 

market design problem. Doorman and van der Veen (2013) 

compared design options. A common merit order performed 

best, and reserving cross-border capacity for balancing was 

an obstacle to exchange. For PICASSO, the European aFRR 
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platform, Backer et al. (2023) name cost savings and a lower 

use of activation energy as the expected benefits. 

Work on Southeast Europe is thinner. Makrygiorgou et 

al. (2020) simulated trading between Greece, North 

Macedonia, Bulgaria, Serbia and Romania and obtained 

higher welfare and closer prices with flow-based capacity 

calculation than with available transfer capacities. Beus et 

al. (2018) reported that the Croatian balancing market 

existed on paper but was not operational, and that larger 

plants had to provide primary reserve without payment. For 

Greece, Sousounis et al. (2023) argue that voltage control 

based on grid assets alone no longer suffices with variable 

generation and discuss a voltage control market next to the 

balancing market. Giannakopoulos et al. (2025) use Greek 

market and frequency data to compare battery participation 

in the day-ahead and FCR markets. Ippolito et al. (2021) 

reproduced the recorded frequencies of the 2021 split in 

simulation and showed that the order in time of imbalances 

and defence actions shapes the frequency response. 

Birkebaek and Carlini (2018) describe how regional security 

coordination grew from voluntary TSO initiatives into a task 

under the network codes, based on common grid models. 

 

III. METHODOLOGICAL FRAMEWORK 

 

The study is a document review. Three groups of 

sources were used: EU legal acts in force; reports, decisions 

and platform records of ENTSO-E and ACER, read up to 6 

October 2026; and peer-reviewed papers from IEEE, 

Elsevier and MDPI, found through publisher searches and 

checked against their DOI records. National grid codes and 

TSO market rules were not reviewed, so the paper does not 

compare national prequalification or remuneration. 

The following research questions were defined: 

RQ1: How are the five TSOs connected to the European 

arrangements for frequency control, cross-border balancing 

and regional coordination? 

RQ2: What did the disturbances of 2021 and 2024 show 

about the ancillary services and coordination available in the 

region? 

RQ3: How can the contribution of ancillary services to 

resilience be assessed so that the five systems can be 

compared? 

RQ1 is answered with a status table built from the 

platform records (4.1), RQ2 with the findings and 

recommendations of the ENTSO-E investigation panels 

(4.2), and RQ3 with a framework based on the resilience 

phases of Panteli et al. (2017) (4.3). 

 

IV. RESULTS 

 

4.1. Ancillary services and coordination structures 

Frequency control in CE is organised in load-frequency 

control (LFC) blocks. Bulgaria, Romania and Greece each 

form their own block, while Slovenia and Croatia share the 

SHB block with Bosnia and Herzegovina (ENTSO-E, 

2025b). FCR is dimensioned for the synchronous area as a 

whole. Frequency restoration reserves are dimensioned per 

LFC block, and their activation is being opened to cross-

border exchange through IGCC for imbalance netting, 

PICASSO for aFRR and MARI for mFRR, the platforms 

required by Regulation (EU) 2017/2195. Table 1 shows 

where the five TSOs stood in October 2026. 

 

Table 1: Participation of the five TSOs in European 

balancing and coordination arrangements, status on 6 

October 2026. 
TSO 

(country) 
LFC 

block RCC IGCC PICASSO 

(aFRR) 
MARI 

(mFRR) 
ESO (BG) ESO SEleNe CC 03/2023 02/2025 02/2026a 
Transelectrica 

(RO) TEL SEleNe CC, 

TSCNET 12/2021 expected 

04/2027 
not 

connected 

IPTO (GR) IPTO SEleNe CC 06/2021 03/2025 expected 
2028 

HOPS (HR) SHBb TSCNET 02/2019 not 

connected postponed 

ELES (SI) SHBb TSCNET 02/2019 07/2026 07/2026 
a island mode, no bids or demands submitted; b with NOS BiH. Dates are month of 

go-live. Sources: ENTSO-E (2025b, 2026a–e), ACER (2025b). 
 

 

Imbalance netting is the most complete layer: all five 

TSOs take part, Bulgaria being the last to join, in March 

2023 (ENTSO-E, 2026e). The energy platforms are less 

advanced. Bulgaria and Greece joined PICASSO in early 

2025 and Slovenia in July 2026; Transelectrica has notified 

its regulator of an expected accession in April 2027, and 

HOPS had not connected by October 2026 (ENTSO-E, 

2026a, 2026b). On MARI, Slovenia went live in July 2026. 

Bulgaria connected in February 2026 but operates in island 

mode without submitting bids or demands, Croatia has 

postponed accession because a local IT project is late, and 

Greece expects to connect within 2028 (ENTSO-E, 2026c, 

2026d). 

The delays are not limited to the region. By the legal 

deadline of July 2024 only four Member States' TSOs were 

active on PICASSO, and the integration of balancing 

capacity markets remains limited (ACER, 2025a). ACER 

also noted that PICASSO lets TSOs that are not yet 

connected offer available transfer capacity on their borders, 

so Bulgaria and Greece could exchange with the rest of 

Europe before Hungary and Romania connect. Hungary's 

TSO joined PICASSO in October 2026 (ENTSO-E, 2026a), 

so Romania is now the remaining gap on the EU land route 

between Bulgaria and the Central European members of the 

platform. 

Regional coordination is split between two centres. 

SEleNe CC in Thessaloniki serves ESO, IPTO and 

Transelectrica, together with Terna, for the SEE and 

Greece–Italy capacity calculation regions; TSCNET in 

Munich serves ELES, HOPS and Transelectrica for the Core 

and Italy North regions (ACER, 2025b). Romania is the only 

one of the five that works with both. The tasks of these 

centres, among them coordinated security analysis and 

outage planning coordination, are set by Regulation (EU) 

2019/943 (Art. 37). 

Peer-reviewed accounts of the national arrangements 

are few. Greece launched its markets under the European 

target model, balancing included, on 1 November 2020 

(Sousounis et al., 2023), and in 2018 the Croatian balancing 

market was not yet operating (Beus et al., 2018). For non-

frequency services, TSOs must use market-based 
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procurement unless the regulator finds it economically 

inefficient and grants a derogation (Directive (EU) 

2019/944, Art. 40(5)). The search found no peer-reviewed 

study of how voltage control is procured in Bulgaria, 

Romania, Croatia or Slovenia. Sousounis et al. (2023) treat 

a Greek voltage control market as an arrangement still to be 

designed, with TSO–DSO procedures and standard products 

to be agreed. 

4.2. Evidence from the 2021 and 2024 disturbances 

Before the 2021 split, cold weather in Central and 

Western Europe had produced a market-driven flow of about 

3.4 GW from the south-east to the north-west (ENTSO-E, 

2021). The Ernestinovo busbar coupler tripped at 14:04:25, 

and further trips separated the system at 14:05 CET. 

Frequency in the south-east area rose at 300 mHz/s to 50.6 

Hz. In the north-west it fell at 60 mHz/s to 49.74 Hz, and the 

French and Italian defence plans disconnected about 1,300 

MW and 400 MW of contracted industrial load. HOPS led 

the resynchronisation, which was completed at 15:08. The 

south-east peak was three times the ±200 mHz deviation at 

which FCR is fully activated, and in that area a protection 

scheme in Turkey also shed 975 MW of generation 

(ENTSO-E, 2021). Ippolito et al. (2021) used their model of 

the event to examine scenarios with missing defence actions 

and lower inertia. ENTSO-E (2021) recommended fast 

support beyond classical FCR and measures to compensate 

for falling inertia. 

The 2024 incident developed differently. The affected 

area was importing heavily when the Ribarevine–Podgorica 

2 line tripped at 12:09 and the Zemblak–Kardia line between 

Albania and Greece followed at 12:21. The voltage then 

collapsed, and 2,214 MW of generation was lost (ENTSO-

E, 2025a). The investigation names high imports, 

insufficient voltage support and the loss of 400 kV lines as 

the main factors. Its root causes include the lack of N-1 

detection of overloads after the first outage and the failure to 

detect the potential voltage instability of the area. The outage 

planning coordination run by SEleNe CC, SCC and 

TSCNET had shown no security alerts. In Croatia the Split 

area blacked out, and HOPS restored it from the 220 kV 

level. The recommendations ask TSOs to assess voltage 

stability in operational planning, to assess voltage and 

reactive power for low-voltage situations and to consider 

under-voltage load shedding (ENTSO-E, 2025a). 

The Iberian blackout of 28 April 2025 moved in the 

opposite direction, with fast voltage increases and cascading 

generator disconnections, but its final report again points to 

gaps in voltage and reactive power control and to differences 

in voltage regulation practices (ENTSO-E, 2026f). Voltage 

control was deficient in both events, and it is also the service 

on which the reviewed sources give the least information for 

the five systems. 

The summer 2024 price episode adds a planning side. 

ACER (2026) found that planned network maintenance 

contributed to the limited cross-border capacity, and it 

recommends better regional coordination of outage planning 

and curative remedial actions, faster use of grid-enhancing 

technologies and the removal of market barriers for small 

flexibility providers. 

4.3. A framework for assessing ancillary-service 

resilience 

The framework in Figure 1 places each ancillary service 

in the phase of a disturbance where it acts, following the 

trapezoid of Panteli et al. (2017). A preventive phase in 

operational planning is added, because several of the 2024 

root causes belong to that stage. The services are grouped 

into five dimensions: 

 
Figure 1: Ancillary services and assessment dimensions 

D1–D5 by phase of a disturbance, built on the resilience 

trapezoid of Panteli et al. (2017). 

 

D1. Frequency containment – inertia and rate of change 

of frequency, FCR from fast sources such as batteries, and 

the settings of frequency-dependent defence plans. 

D2. Balancing integration – connection to IGCC, 

PICASSO and MARI, cross-zonal capacity available for 

balancing, and access for small providers. 

D3. Voltage and reactive power – the form of 

procurement of voltage control under Art. 40 of Directive 

(EU) 2019/944, voltage stability assessment in operational 

planning, and dynamic voltage control by converter-

connected plants. 

D4. Coordination and observability – the coverage of 

neighbouring grids in each TSO's observability area and the 

use of RCC security analysis and outage planning, including 

with non-EU neighbours. 

D5. Defence and restoration – under-frequency and 

under-voltage load shedding, black-start capability, and 

tested resynchronisation and restoration plans under 

Regulation (EU) 2017/2196. 

To compare systems, each dimension i is scored for 

system c on a scale from 1 to 5, and the scores are combined 

as: 

𝐴𝑆𝑅𝐼𝑐 =∑

5

𝑖=1

𝑤𝑖𝑠𝑐𝑖  

where ASRIc is the ancillary-service resilience index of 

system c, sci the score of system c on dimension i, and wi the 

weight of dimension i, with the weights summing to 1. 
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Weights are set by expert assessment and should follow the 

exposure of each system: for an import-dependent area like 

the one that collapsed in 2024, D3 and D4 would carry more 

weight than D2. 

With public sources only D2 can be scored today. On 

that dimension Slovenia has the most complete access, 

Bulgaria and Greece follow, and Romania and Croatia take 

part only in imbalance netting. For D1, D3, D4 and D5 the 

reviewed sources give no comparable figures per system, 

and the investigation reports describe only the systems 

involved in each event. Scoring those dimensions needs data 

from the TSOs. 

 

CONCLUSION 

 

The five EU systems of Southeast Europe share FCR 

and imbalance netting with the rest of Continental Europe, 

but their access to the aFRR and mFRR platforms ranges 

from full connection in Slovenia to imbalance netting only 

in Romania and Croatia. Neither investigation traced its 

event to a shortage of balancing reserves. In 2021 the system 

split under a large south-east to north-west flow; in 2024 

overloads and voltage instability went undetected in an 

importing area that lacked voltage support. The panels' 

recommendations concern fast frequency support, inertia, 

operational planning, observability and voltage control, 

which balancing market integration does not address on its 

own. The proposed framework adds these dimensions to the 

assessment. Its scores for frequency containment, voltage, 

coordination and restoration depend on TSO data that are not 

public, and the Western Balkan systems involved in 2024 lie 

outside the scope adopted here. 
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