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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.
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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 Tarnita-Lapustesti 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 *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]

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.
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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]
| Generationtype | Instaled capacty (MW} | Energy production (GWH) |
Nuclear 2,000 15,549
Lignite 4,119
Hard coal 362 23,316
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.
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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 s