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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 crossborder 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
1.1

INTRODUCTION
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 crossborder 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
2.1

REGIONAL OPERATION CENTRE (ROC)
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 nondiscriminatory fashion to enhance market competition. Moreover, it is responsible for calling for the realtime 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 “NorthSouth 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 crossborder 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

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

23,316

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
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Table 5 presents the new generation plants expected until 2030. It should be stressed that all new generation
plants are renewable and hydro.
Table 5: New generation plants until 2030 in the Montenegrin system

Plant

Planned commissioning year

Installed capacity [MW]

WPP Gvozd

2020

50

WPP Brajići

2022

75

PV I

2021

50

PV II

2029

200

TPP Pljevlja II

2029

TBD

HPP Komarnica

2025

3 x 57

HPP Andrijevo

2025

2 x 63.7

HPP Milunovići

2025

2 x 18.5

HPP Raslovići

2025

2 x 18.5

HPP Zlatica

2025

2 x 18.5

Biomass

2030

39

2.2.5 CROATIA
Table 6 illustrates the installed capacity and yearly energy production mix of the country. Renewable
generation covers around 15.1% of the total energy production (excluding hydro).
Table 6: Installed capacity and yearly energy production per generation type in the Croatian system
[2017]

Generation type

Installed capacity (MW)

Energy production (GWh)

Storage

1,476.9

507.4

Pumped-storage

293.1

1,486.1

Run-of-river

436.5

3,514.2

Coal

315.5

1,372.7

Natural gas

1,452.9

3,294.8

Fuel oil

303

0

Biomass

42

215.9

Biogas

44.6

309.7

Wind

576.1

1,204

Solar

60

78.7

TOTAL

5,000.6

11,983.5
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The map of Figure 7 illustrates the geographical location of the main generation plants along with the main
substations and transmission lines.

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

Table 7 presents the new generation plants expected until 2027. Beyond the plants in this table, there are
also plenty requests (which have not yet received green light) for new installations of wind generation during
the period 2018-2027, with a total capacity of more than 1,000MW.
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Table 7: New generation plants until 2027 in the Croatian system

Plant

Installed capacity (MW)

Voltage level (kV)

KKE Osijek

446

400

TE Plomin C

530.5

400

KKE Slavonski Brod

240

110

EL-TO Zagreb CCCGT

140

110

RHE Vrdovo

540/490

400

RHE Korita

600/167

400

HE Senj 2

380

220 (400)

WPP Zelengrad - Obrovac

12

110

WPP Krš – Pađene

142

220

WPP ST 3-1/2 Visoka Zelovo

33

110

WPP Bruvno

45

110

WPP Konavoska brda

120

220

WPP ZD2P

48

110

WPP ZD3P

33

110

3,402.2/657 MW

-

TOTAL

2.2.6 BOSNIA AND HERZEGOVINA
Table 8 illustrates the installed capacity and yearly energy production mix of the country. Renewable
generation covers around 1.6% of the total energy production (excluding hydro).
Table 8: Installed capacity and yearly energy production per generation type in the Bosnian system

Generation type

Installed capacity (MW)

Energy production (GWh)

Hydro

2,215.1

6,630

Thermal

2,073

10,310

Wind

86.6

275

TOTAL

4,374.7

17,215

The map of Figure 8 illustrates the geographical location of the main generation plants along with the main
substations and transmission lines.
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Figure 8: Geographical representation of Bosnian system

Figure 9 presents the plans for commissioning new generation capacity and decommissioning of existing
generation capacity until 2029. It is evident that the uptake of renewable generation is relative low in the
country.
MW
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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
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2.2.7 SERBIA
Table 9 illustrates the installed capacity and yearly energy production mix of the country. Renewable
generation covers less than 1% of the total energy production (excluding hydro).
Table 9: Installed capacity and yearly energy production per generation type in the Serbian system
[2017]

Generation type

Installed capacity (MW)

Energy production (GWh)

Lignite
Gas
Hydro (run of river)
Hydro (water reservoir)

4,079
208
1,990
983

Wind

348

84.5

Kosovo

1,267

/

Total

8,875

34,308.3

23,192.7
11,031.1

The map of Figure 10 illustrates the geographical location of the main generation plants along with the main
substations and transmission lines.

Figure 10: Geographical representation of Serbian system (red colour indicates 400kV lines, green
colour indicates 220kV lines and black colour indicates 110kV lines)
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Table 10 presents the new generation plants expected until 2027. Although a RES National Action Plan is in
place, prescribing the installation of more than 1,000 MW of wind generation by 2020, it has not been
realized with the envisaged pace. It is expected that that around 500 MW of wind generation will be
connected by the end of 2020 and around 800MW in total until 2027.
Table 10: New generation plants until 2027 in the Serbian system

Plant

Planned commissioning year

Installed capacity [MW]

HPP Potpec

2020

13

WPP Kostolac

2021

66

WPP Plandiste

2019

102

WPP Nikine Vode

2020

45

WPP Bela Anta

2019

118.8

WPP Alibunar 1

2021

99

WPP Alibunar 2

2021

75

WPP Kosava

2019/2023

69(117)

WPP Krivaca

2019

103.32

WPP Elicio Ali 2

2021

50

WPP Banat

2024

50

WPP Basaid

2020

85
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2.2.8 ROMANIA
Figure 11 and Figure 12 illustrate the current and 2030 (projected) percentage of energy production
corresponding to each type of generation in the Romanian system. It can be observed that the size of
renewable energy production is significant and corresponds to around 14.2% of the total production
(excluding hydro). Although this percentage is not projected to increase significantly by 2030, the installed
capacity of wind and solar generation is projected to increase by 3.3GW and 2.25GW, respectively.

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

Figure 12: Projected percentage of energy production per generation type in the Romanian system in
2030
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2.2.9 SUMMARY
Table 11 summarises the information presented in the previous sections, by presenting the percentage of
energy production corresponding to each type of generation in the countries of the 8 TSOs participating in
the CROSSBOW project. Unfortunately, it is evident that the majority of the countries still fall considerably
behind in achieving the 20% renewable energy production (by 2020) target set by the European Commission
[1]. The only country which has already achieved this target is Greece, while Croatia and Romania are very
close to reach it. Most of the countries still rely to a large extent on thermal generation, while many countries
exhibit significant energy contributions from hydro generation. These conclusions enhance the significance
of the CROSSBOW project, which aims at enabling a higher integration of renewable generation in the region.
Table 11: Percentage of energy production per generation type in the CROSSBOW countries

Country

Nuclear Thermal Hydro Renewable*

Greece

0.0%

67.9%

10.1%

22.1%

Bulgaria

34.1%

51.1%

7.6%

7.2%

North Macedonia

0.0%

79.8%

14.2%

6.0%

Montenegro

0.0%

39.7%

55.9%

4.5%

Croatia

0.0%

39.0%

45.9%

15.1%

Bosnia and Herzegovina

0.0%

59.9%

38.5%

1.6%

Serbia

0.0%

67.6%

32.2%

0.2%

Romania

18.3%

44.5%

23.0%

14.2%

* wind, solar and biomass
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2.3

CROSSBORDER POWER TRANSFER ANALYSIS

This Section aims at analyzing the existing interconnectors in the countries of the eight TSOs participating in
the CROSSBOW project, including their installed capacities as well as the current cross-border power flows.

2.3.1 GREECE
The Greek system is interconnected with other systems through four AC interconnectors of 400kV at the
northern borders of the country, connecting Greece with Albania, North Macedonia, Bulgaria and Turkey,
and one DC interconnector with Italy. Figure 13 illustrates the total yearly imports and exports of the Greek
system through all the interconnectors in the period between 2006 and 2016 and Figure 14 illustrates the
monthly net utilization of each interconnector in 2018. It is evident that Greece is overall an electricity
importing country, with the exception of exporting electricity to Italy.

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

Figure 14: Monthly net utilization of each interconnector in the Greek system in 2018
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The daily average, monthly average and total yearly energy imports associated with each interconnector
(MWh) is presented in Table 12, while the percentage of total energy imports associated with each
interconnector is illustrated in Figure 15. The greatest contribution of energy imports comes from the
systems of Bulgaria and North Macedonia.
Table 12: Daily average, monthly average and total yearly imports associated with each
interconnector of the Greek system in 2018 (in MWh)

Avergage Daily
Import Energy
Avergage Monthly
Import Energy
Total Yearly
Import Energy

TOTAL

ALBANIA

BULGARIA

ITALY

N.MACEDONIA

TURKEY

30.074

5.305

10.409

4.462

7.995

1.943

914.738

161.363

316.594

135.722

241.974

59.085

10.976.858

1.936.354

3.799.122

1.629.667

2.903.692

709.022

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

The daily average, monthly average and total yearly energy exports associated with each interconnector
(MWh) is presented in Table 13, while the percentage of total energy exports associated with each
interconnector is illustrated in Figure 16. The greatest contribution to energy exports is associated with the
Italian system.
Table 13: Daily average, monthly average and total yearly exports associated with each
interconnector of the Greek system in 2018 (in MWh)

Average Daily
Export Energy
Average Monthly
Export Energy
Total Yearly
Export Energy

TOTAL

ALBANIA

BULGARIA

ITALY

N. MACEDONIA

TURKEY

13.636

2.762

604.000

5.848

4.363

60.000

414.772

83.996

18.382

177.865

132.717

1.812

4.977.265

1.007.954

220.583

2.134.381

1.592.604

21.745
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Figure 16: Percentage of total exports associated with each interconnector of the Greek system in
2018

Future plans for interconnectors include a new interconnector with Bulgaria as well as the upgrade of the
interconnectors with Albania and North Macedonia, in order to increase the energy importing capacity of the
country.
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2.3.2 BULGARIA
The Bulgarian system is interconnected with the systems of Romania, Serbia, North Macedonia, Greece and
Turkey. Figure 17 illustrates the yearly imports and exports of the Bulgarian system through each
interconnector in 2017. It is evident that Bulgaria is overall an electricity exporting country, with the
exception of importing electricity from Romania. It is worth noting that Bulgaria has been in the top 6 energy
exporting countries in Europe in absolute terms (GWh) and first in Europe in relative terms (with respect to
the net generated electricity), since 2004.

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

Future plans for interconnectors are illustrated in Figure 18 and include new interconnectors with Greece
and Serbia and the upgrade of the interconnector with Romania as part of the Black Sea corridor project.

Figure 18: Future plans for interconnectors in the Bulgarian system
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2.3.3 NORTH MACEDONIA
The North Macedonian power system is interconnected with the power systems of Bulgaria, Greece and
Serbia. North Macedonia is generally an importing country with around 30% imports of its consumption
needs. The largest amount of electricity is imported from Bulgaria. Table 15 is showing the distribution of the
imported and exported electricity from each neighbouring country.
Table 14: Tie-lines of the North Macedonian power system with each interconnected country

Interconnected country

400kV interconnecting
tie line

110kV interconnecting
tie line

Bulgaria

1

2

Greece

2

0

Serbia

2

0

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

Interconnected country

Exports [GWh]

Imports [GWh]

Bulgaria

0

2332

Greece

1852

256

Serbia

372

1557

Currently in North Macedonia there are ongoing construction works on the new interconnection tie-line with
Albania, Bitola-Elbasan. With this interconnection North Macedonia will be connected with all of its
neighbours, which will additionally straighten the power system and will provide security of supply.
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2.3.4 MONTENEGRO
The Montenegrin system is interconnected with the systems of Albania, Bosnia and Herzegovina, and Serbia.
Table 16 presents the yearly imports and exports of the Montenegrin system through each interconnector in
2018. The Montenegrin system is pretty much balanced in terms of imports and exports.
Table 16: Yearly imports and exports of the Montenegrin system through each interconnector in 2018

Interconnected country

Exports [GWh]

Imports [GWh]

769

743

Bosnia and Herzegovina

1,103

1,246

Serbia

1,143

773

Albania

Future plans for interconnectors are illustrated in Figure 19 and include: a) a new submarine 500kV,
1000MW, 455km DC interconnector with Italy, which also requires enhancements of the national 400kV
network and b) new 400kV interconnectors with Bosnia and Herzegovina, and Serbia, which will constitute
part of the Trans-Balkan corridor and will enhance electricity transmission from the northern to the southern
part of the Balkan area.

Figure 19: Future plans for interconnectors in the Montenegrin system
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2.3.5 CROATIA
The Croatian system is interconnected with the systems of Slovenia (through two interconnectors), Hungary
(two interconnectors), Serbia (one interconnector), and Bosnia and Herzegovina (two interconnectors).
Figure 20 and Figure 21 illustrate the yearly imports and exports through each interconnector and the total
yearly imports and exports through all the interconnectors in the period between 2015 and 2017. It is evident
that Croatia is overall an electricity importing country.

Figure 20: Yearly imports and exports of the Croatian system through each interconnector in the
period between 2015 and 2017
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Figure 21: Total yearly imports and exports of the Croatian system through all the interconnectors in
the period between 2015 and 2017 (in GWh)
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2.3.6 BOSNIA AND HERZEGOVINA
The Bosnian system is interconnected with the systems of Croatia, Serbia, and Montenegro. Figure 22
presents the yearly imports and exports of the Bosnian system through each interconnector in 2017. It is
evident that Bosnia and Herzegovina is overall an electricity exporting country, with the exception of
importing electricity from Serbia.

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

Future plans for interconnectors include a new interconnector with Serbia and Montenegro which will be
executed in two phases and is expected to be operational in 2027.
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2.3.7 SERBIA
The Serbian system is strongly interconnected with the systems of Montenegro, Bosnia and Herzegovina,
Croatia, Hungary, Romania, Bulgaria, North Macedonia, and Albania, through 22 interconnecting lines in
total. Table 17 presents the number of interconnecting lines at each voltage level.
Table 17: Interconnecting lines in the Serbian system

Interconnected country

Total number of
interconnecting lines

Number of
400 kV lines

Number of
220 kV lines

Number of
110 kV lines

Montenegro

4

1

2

1

Bosnia and Herzegovina

4

1

1

2

Croatia

3

1

-

2

Hungary

1

1

-

-

Romania

4

1

-

3

Bulgaria

3

1

-

2

North Macedonia

2

2

-

-

Albania

1

-

1

-

Total

22

8

4

10

Figure 23 illustrates the yearly imports and exports of the Serbian system through each interconnector in
2018. The Serbian system is pretty much balanced in terms of imports and exports, importing electricity
mainly from the East (Romania and Bulgaria) and exporting it mainly to the West (Croatia and Bosnia and
Herzegovina) and the South (North Macedonia).

Figure 23: Yearly imports and exports of the Serbian system through each interconnector in 2018
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Future plans for interconnectors are illustrated in Figure 24 and include: a) a new 400kV interconnector with
Romania which is expected to be completed within 2019 and will increase the import and export capacity of
Serbia by around 850MW and 600MW respectively, b) two new 400kV interconnectors with Montenegro and
Bosnia and Herzegovina which are expected to be completed by 2024 and will increase the import and export
capacity of Serbia by around 1100MW and 970MW respectively; as mentioned in Section 2.3.4 (Montenegro),
these interconnectors will constitute part of the Trans-Balkan corridor and will enhance electricity
transmission from the northern to the southern part of the Balkan area.

Figure 24: Future plans for interconnectors in the Serbian system

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

41

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

2.3.8 ROMANIA
The Romanian system is strongly interconnected with the systems of Bulgaria (through three 400kV
interconnecting lines), Hungary (through two 400kV lines), Serbia (through one 400kV and three 110kV lines),
and Ukraine (through one 440kV line). Table 18 presents the yearly imports and exports of the Romanian
system through each interconnector in 2018. It is evident that Romania is overall an electricity exporting
country, with the exception of importing electricity from Ukraine.
Table 18: Yearly imports and exports of the Romanian system through each interconnector in 2018

Interconnected country

Exports [GWh]

Imports [GWh]

Bulgaria

2,082.5

1,213

Hungary

1,040.5

588

Serbia

1,796

222

Ukraine

449

806

Future plans for interconnectors include: a) a new 400kV interconnector with Serbia which is expected to be
completed within 2019 b) new interconnectors with Ukraine and Moldova.

2.3.9 SUMMARY
Table 19 summarises the information presented in the previous sections, by presenting the total yearly
imports and exports of each country of the 8 TSOs participating in the CROSSBOW project as well as the
respective imports and exports associated with other CROSSBOW countries only, as a percentage of the total
energy production of the respective country.
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)

Country

Net export

Net Export to CROSSBOW countries

Greece
Bulgaria
North Macedonia
Montenegro
Croatia
Bosnia and Herzegovina
Serbia
Romania

-13.78%
12.02%
-24.34%
6.95%
-52.67%
10.70%
-1.76%
4.04%

-11.23%
7.67%
-24.34%
-3.21%
-16.63%
10.70%
-2.22%
3.89%
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2.4

CURRENT ROLE AND FUNCTIONALITIES OF REGIONAL SECURITY COORDINATORS IN
EUROPEAN REGION

CROSSBOW aims at enabling a higher penetration of variable renewable generation in the south eastern
European power system through the shared use and cross-border management of various resources. These
resources include the available renewable generators in the participating countries (Section 2.2), the
available interconnections (Section 2.3) as well as flexibility technologies contributing to the higher utilisation
of renewable energy such as centralised/distributed energy storage and demand response resources in these
countries. The shared use and cross-border management of these resources is a key focus of CROSSBOW
since it is envisaged that the collective size and the diversity of resources in different countries will enable
higher levels of cost-efficient and secure renewable energy integration and higher economic benefits for
these resources, with respect to a silo approach involving separate efforts towards decarbonisation by each
of the different participating countries. In a nutshell, CROSSBOW proposes an integrated approach for the
management and the operation of the transmission network in south eastern Europe. In this context, TSO
will be closely coordinating their actions. An essential tool towards realising such an integrated approach is
the creation of a regional operation centre (ROC) which will be responsible for coordinating the cost-efficient
and secure operation of the whole south eastern Europe transmission network and enabling the shared use
of resources. This ROC constitutes one of the main products of the CROSSBOW project.
However, the establishment of centres for regional cooperation among multiple countries is not an entirely
new concept. A number of regional security coordinators (RSC) have been developed in the past, including
CORESO in the western Europe [4], TSCNET in the central Europe [5], SCC in the Balkan region [6], NORDIC in
the Nordic region [7], and Baltic RSC in the Baltic region [8]. The establishment of regional cooperation
through RSCs is strongly supported by ENTSO-E [9].
The role of these centres has mainly been acting as an advisory and supporting body for the individual TSOs.
RSCs are service providers and were not built with live system operation and control capabilities. In other
words, they make recommendations that individual TSOs in the majority of cases follow but can deviate from
if required for ensuring security of supply. This is an essential aspect because it allows RSCs to sustain light
and efficient structures and limit the need for regulatory oversight and harmonisation.
As such, their services and functionalities are mainly associated with sort- and medium-term coordination of
the transmission network in the respective region and not with the long-term planning, which remains a
responsibility of the individual TSOs’ control centres. In the multilateral agreement that all ENTSO-E members
have signed, RSCs must carry out the five following core services [9]:
1) Improved individual grid model (IGM) / Common grid model (CGM) delivery: validating forecasts of the
individual TSOs’ grid models, sharing them with each other and merging them to a Common Grid Model.
2) Coordinated security analysis: evaluating the consequences of contingencies in the interconnected grid,
and simulating remedial actions including coordinated ones.
3) Coordinated capacity calculation: determining available capacity for cross-border trading while ensuring
the security of the grid.
4) Outage planning coordination: coordinating planned outages on equipment with cross-border influence
to avoid security issues.
5) Short-term adequacy forecasts: assessing the adequacy of the grid in the short term.
The way TSOs use the inputs from RSCs to operate their grid differs between these five core services. For
example, for coordinated security analysis and outage planning coordination, RSCs perform regional
calculations that are important to the TSOs’ decision-making, but TSOs still need to consider several other
national factors not captured by regional calculations. The final operational decision-making by the national
TSO cannot be delegated.
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On the other hand, for the other three core services (coordinated capacity calculation, short-term adequacy
forecasts and individual and common grid model delivery), the results stemming from the regional
calculations constitute sound products on which many TSOs and market parties can robustly base their
decisions. The decision-making power of the TSOs in such joint regional calculations consists largely of
checking for errors and giving authorisation for the calculation results to be used (e.g. for the calculated
capacities to become the basis for allocation of congested interfaces).

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

2.4.1 CORESO
Coordination of Electricity System Operators (Coreso) founded in 2008, encompasses 9 European TSOs from
Western Europe which are also its shareholders: 50hertz (Germany), EirGrid (Ireland), Elia (Belgium), National
Grid (United Kingdom), REE (Spain), REN (Portugal), RTE (France), SONI (Northern Ireland), and TERNA (Italy)
[11].
When Coreso launched its operations in February 2009, it was one of the first technical coordination centres
in continental Europe to be shared by multiple electricity TSOs. Coreso provides services for secure energy
transmission for over 55% of the population of the European Union. Located in Brussels, it employs about 50
engineers, seconded from their companies and combining their expertise to anticipate the operation both in
the short term and the long term. The mission of Coreso is to proactively support TSOs to ensure security of
supply on a European regional basis. Coreso focuses its coordination activities in a horizon from one year
ahead until intraday (few hours before real time). Coreso, as the other RSCs, is a service provider of nationally
regulated TSOs.
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Accordingly, Coreso collaborates with the TSOs and other RSCs to:
• provide the control centres with forecasts about the security of systems
• perform operational planning activities,
• conduct security analyses which simulate numerous scenarios,
• suggest remedial actions and coordinate exchanges between national control centres, which remain
responsible for implementing these actions in their respective systems.
Coreso has notably enhanced the operational coordination of transmission systems in the Western Europe
region in response to new challenges. The development of renewable generation, which is by nature
intermittent, and the increase in cross-border exchanges within the European electricity market make
electricity flows increasingly variable. In this field, Coreso has demonstrated an important level of reliability
and expertise. Its added value in terms of identifying situations which pose a potential risk to the electricity
system is now essential.

2.4.2 TSCNET
TSCNET founded in 2008, encompasses 15 European TSOs from 12 Central European countries, which are
also its shareholders and main customers: 50hertz (Germany), Amprion (Germany), APG (Austria), ČEPS
(Czech Republic), ELES (Slovenia), Energinet (Denmark), HOPS (Croatia), MAVIR (Hungary), PSE (Poland), SEPS
(Slovakia), Swissgrid (Switzerland), TenneT (Germany), TenneT (The Netherlands), Transelectrica (Romania),
and TransnetBW (Germany) [12].
The company is based in Munich, Germany, and provides integrated services for TSOs and their control
centres to maintain operational security. As one of the largest RSCs in Europe, TSCNET provides TSOs with
forecasts on the security status and flow of electricity through their transmission grids. These forecasts cover
the period from one year in advance to the intraday phase of an operating day. The results and evaluations
from these forecasts are used to:
•

identify and relate to the expected security state of the electricity system at a given point in time and
the potentially necessary corrective measures if the security of supply criteria are not met

•

assess the impact of the planned unavailability of transmission assets or large generating units, and

•

quantify the transmission capacities to be allocated to the electricity trading market.

2.4.3 NORDIC RSC
The Nordic Regional Security Coordinator (Nordic RSC) is based in Copenhagen and constitutes the joint office
of the TSOs of the 4 Nordic countries: Energinet (Denmark), Fingrid (Finland), Statnett (Norway) and Svenska
Kraftnat (Sweden) [13].
It should be noted that the Nordic region is a special case as the power systems of the 4 countries in this
region are becoming increasingly integrated and are going through massive changes in meeting ambitious
climate goals. The Nordic RSC supports the 4 national TSOs in maintaining the operational security of their
power systems while meeting these decarbonisation and integration goals.
The Nordic RSC office is currently under development and officially started in January 2018. From this point
the five core RSC services went live in a stepwise process. As from the beginning of 2017 all employees and
systems are in place and the final procedures are tested and fine-tuned in time for full operation. When all
services are fully operational, the joint office for the four Nordic TSOs will maintain 24/7 operation and be
run by a small group of skilled professionals from all four countries.
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2.4.4 BALTIC RSC
The Baltic Regional Security Coordinator (Baltic RSC) encompasses the TSOs of the 3 Baltic countries: AST
(Latvia), Elering (Estonia), and Litgrid (Lithuania) [14].
The Baltic RSC was established in 2016 as an operational unit and has no separate legal entity status and
became officially operational at the beginning of 2018. The 3 TSOs dedicate human, IT and financial
resources, and provide a secured redundant power supply for the IT and communication systems for the
operation of the Baltic RSC. They also ensure that the IT access used for service provision shall be
professionally protected to avoid the risk of intrusion and make the data required by the description of the
services available to all the Baltic TSOs.

2.4.5 SCC
Security Coordination Centre SCC Ltd. Belgrade (SCC) constitutes the RSC for the South East European (SEE)
region. It was originally established in 2015 by the TSOs of 3 Balkan countries, CGES (Montenegro), EMS
(Serbia), and NOSBiH (Bosnia and Herzegovina), but since then it has started providing services for 4 more
TSOs: ESO (Bulgaria), IPTO (Greece), MEPSO (North Macedonia) and OST (Albania) [15].
Given that the CROSSBOW projects focuses specifically on the SEE region and SCC constitutes a key project
partner regarding the implementation of the ROC product, a more detailed description of the services
provided by SCC is presented below:
1. Validation of Continental Europe (CE) IGMs and creation and delivery of CE CGMs in two operational
processes: Day Ahead Congestion Forecast (DACF) and Intraday Congestion Forecast (IDCF). Currently,
this service is performed based on IGMs in UCTE format and InterOPerability (IOP) tests with IGMs in
ENTSO-E CGMES format are regularly performed on a monthly basis.
2. N-X security analysis is performed in DACF and IDCF operational processes for SCC service users, using
corresponding contingency and monitoring lists defined by TSOs as relevant. For the time being,
Remedial Action (RA) functionality is not performed. However, SCC has upgraded its software tool with
RA functionality and testing is on-going.
3. Dry Run of daily Net Transfer Capacity (NTC) calculation for SCC service users is regularly performed based
on Two Days Ahead Congestion Forecast (D2CF) IGMs of the SEE region. Software module for automatic
NTC calculation for 24 hours per day is used. Because of computation time burdens, NTC Dry-Run has
been performed for 3 referent timestamps. The main aim of Dry-Run is gaining of experience and giving
an opportunity to TSOs to compare daily NTC values with monthly NTC values.
4. SCC and its service users are involved in the work of the ENTSO-E group for Outage Planning Coordination
Process (OPC). In parallel with OPC process, SEE Maintenance group is active and its task is aligning
outages for SEE region, where IPTO is performing the role of Coordinator in 2019. SEE OPC is based on
unique Pan-European concept and software in which Security analyses are performed on weekly and
yearly basis in order to detect Outage Planning Incompatibilities (OPI).
5. SCC and its service users are involved in the work of the ENTSO-E group for Short Term Adequacy (STA).
The goal is to determine if available generation capacity and possibilities for import of energy satisfy
forecasted load for a week-ahead timeframe. SCC, together with other RSCs, performs cross-regional
adequacy assessments on Fridays for the coming week. TSOs involved in the process are responsible for
providing input data regarding available capacity generation and load forecast, as well as NTC values. If
adequacy is identified as non-satisfied at the cross-regional level, regional adequacy assessment should
be performed by the RSC responsible for affected TSOs. Regional adequacy assessment methodologies
in all regions are being developed.
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6. Procedure for Critical Grid Situation (CGS) in the SEE region is active from December 2017. The goal of
this procedure is to define business activities and tasks of TSOs and RSCs in SEE region in case of critical
grid situations. This applies to TSOs and RSCs that operate in the SEE region as well as neighbouring TSOs
and RSCs. Figure 26 presents business activities defined by the CGS procedure.

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

7. The Common Grid Model Alignment (CGMA) process is a set of procedures through which the initial
estimates of net positions are revised such that the resulting set of net positions is balanced. CGMA
process is referring to the scenarios for which market schedules are not available and consists of three
phases: Pre-processing phase (TSOs provide its pre-processing data ("PPD") to the CGMA IT platform
operated by alignment agents (AAs)), Processing phase (PPD is used in order to compute balanced net
positions and balanced flows on DC lines), and Post-processing phase (adjusting of each TSO's IGMs).
Roles of AAs were delegated to RSCs by ENTSO-E and SCC is AA for 7 TSOs: CGES, EMS, ESO, IPTO, MEPSO,
NOSBiH, and OST. InterOPerability (IOP) tests, used primarily for CGMES IGM testing, include CGMA
process necessary for balancing D-2 IGMs.

2.5

NEW AND ENHANCED FUNCTIONALITIES OFFERED BY ROC

The scope of CROSSBOW at the area of regional coordination lies in two directions. First of all, CROSSBOW
aims at demonstrating how the five core services currently provided by RSCs (Section 2.4) can be enhanced
by improving the supporting data collection, data exchange, calculation, and optimisation methodologies.
Furthermore CROSSBOW has the ambitious target to define and incorporate new services and functionalities
(beyond the five core services) associated with short-term operation tasks, thus demonstrating how RSCs can
evolve to Regional Operations Centres (ROC). These services may include imbalance management,
congestion management and voltage management, which are currently the sole responsibility of individual
TSOs. In order to achieve this paradigm change, this HLU will build on the enhanced exchange of data and
information between national control centres closer to real-time and the development of a balancing cockpit.
In this context, the following sub-sections provide a detailed description of each enhanced or new service of
the envisaged ROC, with a particular focus on how these services are different with respect to currently
provided services.
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2.5.1 INDIVIDUAL GRID MODEL QUALITY ASSESSMENT
Individual Grid Model (IGM) as a data set describing power system characteristics (generation, load and grid
topology), prepared by the responsible Transmission System Operators (TSOs), to be merged with other
individual grid model components in order to create the Common Grid Model (CGM). [16] So, IGM is a static
transmission system model designed for power flows and voltages calculation, as well as security analysis.
The quality of IGMs, as integral parts of the CGM, is of high importance in providing the quality of many key
TSO/RSCs processes.
Although RSCs presently verify IGMs validity, this validation does not contain the comparison of values in
IGMs with real-time measured values (coming from SCADA systems, metering systems etc.), and as such it
cannot be considered as a guarantee of IGMs accuracy.
One of the key issues is to define which data included in IGM should be evaluated in order to provide IGM
quality assessment (QA). It seems that IGM QA should focus on data not influenced by adjacent transmission
system operation (while data which is influenced by other systems should be covered with CGM QA). Based
on this presumption, we can recognize the following data as the most relevant for IGM QA: generation active
and reactive power, load active and reactive power, and generation voltage.
IGM QA should rely on software calculations of KPIs designed to identify deficiencies in IGM. But, before
these calculations, all other input data has to be prepared, including:
- Extracted Market Management System (MMS) data (balancing orders)
- Extracted SCADA system data
- Extracted Metering System (MS) data
After the completion of all preparatory activities, the following could be done:
- IGM is corrected with MMS data
- Operator sets which input SCADA/MS (or combined) data is to be used for calculations
- Operator selects what kind of report is to be created (daily, weekly, etc). The QA software imports input
SCADA/MS files and IGMs for selected reporting periods and the dedicated software performs calculations
and creates requested reports.
- The software automatically calculates some parameters which are used for IGMs creation (for instance,
load tree factors).
Afterwards, grid operation and planning experts analyse reports (and calculated KPIs) and propose measures
to improve IGM quality.
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Figure 27: Illustration of methodological framework for IGM quality assessment

The entire process is presented in Figure 27. It can be observed that the idea of IGM QA correlates with
Deming PDCA cycle, suggesting that the following components have to be defined for each business process
in order to manage product or service quality: planning, doing, checking and acting.
Therefore, the basic idea of Individual grid model quality assessment focuses on determining efficient
technical solutions for completion of all the required activities in order to provide quality for IGMs, as a
precondition for achieving the quality of RSC services relying on IGMs.

2.5.2 REAL TIME QUALITY CHECK OF COMMON GRID MODELS
Quality check of the Common Grid Models (CGM) is proposed by comparing a set of selected measurements
acquired in real time (active power, reactive power, voltage) with the corresponding values from CGMs at
the same grid elements and components (tie lines, internal lines, transformers and buses). CGM is created
by merging TSO Individual Grid Models (IGMs) for each hour within two-days-ahead (D-2), Day-Ahead
Congestion Forecast (DACF) and intraday (IDCF) processes. The quality of delivered IGMs is a responsibility
of TSOs, whereas the quality of CGMs is a responsibility of the RSC.
Real time (RT) data acquisition system (DAS) is performing RT data acquisition from SCADA systems (with a
time stamp resolution of 10s), storing the data in historical databases (HIS). Then, DAS is importing and
archiving CGM data into HIS and performing calculations of moving averages (within full hours). Based on
acquired data from previous steps, calculation of predefined quality indicators (such as hourly deviation
values between CGM data and moving averages, Root Mean Square Error, etc.) is performed. All acquired
and calculated data (RT data, moving averages CGM hourly data and predefined quality indicators) are being
visualized in GUI. After that, selected data are being imported by external database procedure from HIS.
Finally, quality assessment reports are created.
By regular quality checking, representative statistics can be created in time for all network elements. Using
statistical methods, CGM quality check may detect anomalies and significant deviations, so adequate
corrective measures can be taken by TSOs and RSCs in order to improve CGM quality.
Quality check will be performed regularly for all created CGMs on 3 different time frames (D-2, DACF and
IDCF). Deviations between realized and forecasted variables as well as predefined quality indicators will be
visually displayed in Real Time.
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2.5.3 ENHANCED METHOD FOR PRELIMINARY NET POSITION ESTIMATION
Net position represents the netted sum of electricity exports and imports for each market time stamp and
bidding zone. Bidding zone is the largest geographical area within which market participants are able to
exchange energy without capacity allocation.
When no market schedules are available, TSOs typically base their Individual Grid Model (IGM) on an
estimation of the net position which, in the first instance, they are free to determine by themselves. However,
TSOs collectively have to respect a critical consistency requirement – all net positions within an
interconnected system have to sum to zero because the sum of exports has to be equal to the sum of imports.
Establishing balanced net positions, for time frames for which schedules are not available (from two-days
ahead up to year-ahead), is done through a process known as Common Grid Model Alignment (CGMA). The
CGMA process consists of a set of procedures by which the initial estimation of preliminary net positions
(PNPs) is revised such that the resulting set of net positions is balanced.
The PNP should correspond to the TSOs’ best forecasts. It is rather intuitive that by estimating the PNP on a
regional basis and in a coordinated manner, the precision of the estimates should increase. The more precise
the estimates, the smaller the adjustments required are in order to obtain balanced net positions. A number
of parties (Align Agents) are therefore developing methods for estimating PNP on a regional basis, through
so-called coordinated pre-processing approaches. Each TSO's obligation is to provide PNP such that these
meet the quality standards. However, TSOs can delegate this task to its Align Agent if they want to join a
coordinated approach.
As a first step of full implementation of CGMA process in SEE region, special attention is be dedicated on
determining PNPs for two-days ahead time frame (D-2). Forecast of D-2 PNPs enables creation of aligned D2 CGMs that constitute a necessary precondition for starting day-ahead capacity calculation in the SEE region.
SEE TSOs should deliver to ROC a (previously agreed) set of data provided in hourly resolution (24 timestamps
for each type of data) for PNP estimation. This set of data is input data for a specialized tool of D-2 PNP
forecast. After some calculations and settings adjustment, the forecast is finalised. ROC sends results of PNPs
forecasts to SEE TSOs. For SEE TSOs that expect from the ROC to send their PNP to CGMA IT platform,
confirmation that they are satisfied with quality of estimated PNPs is necessary. The next step is delivery of
final forecast results and the execution of the CGMA process.
At the end of the process, the ROC delivers final results (balanced net positions and balanced flows on DC
lines for 24 timestamps) to SEE TSOs. If some of the TSOs are not satisfied with draft forecast results created
by the ROC, then these TSOs will create PNPs estimation by themselves. This process is performed daily for
a D-2 time horizon.

2.5.4 DETERMINATION OF CAPACITY CALCULATION INPUT DATA
The European Commission Regulation (EU) 2015/1222, establishes a guideline on capacity allocation and
congestion management (referred to as “CACM Regulation”), requiring from all Capacity Calculation Regions
(CCRs) to develop adequate methodologies for coordinated capacity calculation on intraday and day-ahead
timeframes. Currently in Continental Europe, two basic methodologies are used for calculation of crossborder capacities:
- Coordinated Net Transfer Capacity (NTC) approach
- Flow-based capacity calculation (FB) approach
The exact methodology differs from one region to another, according to the capacity calculation specificities
of those CCRs. In the majority of regions, including CCR 10 (consisting of TRANSELECTRICA, ESO and IPTO), a
variation of the NTC based methodology is implemented. One of main preconditions for starting the daily
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capacity calculation process in SEE region will be the determination of capacity calculation input data. Input
data necessary for regional coordinated NTC calculation process consists of:
- Critical Network Element and Contingency (CNEC) pairs
- Remedial Actions (RAs)
- Reliability Margins (RMs)
Critical Network Element (CNE) is a network element either within a bidding zone or between bidding zones
impacted by cross-border trades. CNEs are elements selected to be monitored during security analysis
because it is considered that overload of these elements will most likely jeopardize the security of the grid
and limit energy exchanges. A CNEC pair represents a CNE that will be monitored during outage of some
other network element.
Remedial Actions (RAs) refer to all measures applied in due time by TSOs (individually within their bidding
zones or in a coordinated way if they impact multiple grids) in order to relieve overloads on certain CNEs. In
particular, RA serve to keep system in secure state (regarding power flows), to maintain voltage constraints
and to maximize cross-border capacities.
Reliability Margin (RM) represents the necessary margin in the NTC calculation related to cross-zonal
capacity, which is required to cover deviations of power flows in the period between the capacity calculation
and real time. RM should provide reasonable assurance that the interconnected transmission network will
be secure.
The first step of this process is acquisition of input data. TSOs provide snapshots (SN) and D-2 IGMs for specific
days of the previous year and send them to the ROC. After that, the ROC creates CGMs based on delivered
SN and D-2 IGMs and performs calculation of Power Transfer Distribution Factors (PTDF) in order to
determine relevant CNEC pairs for TSOs. TSOs can approve or disapprove calculated CNEC pairs.
Then, the ROC determines the most suitable RA that solve identified constraints for every CNEC pair and at
the same time keep the system in secure state. In a similar fashion, the TSOs approve or disapproves
calculated CNEC/RA triplets.
At the end of process, the ROC determines RM components (produced by unintended deviations and
uncertainties) based on comparison between border flows in SN and D-2 CGMs and send results to TSO which
can approve or disapprove calculated RM values for specific borders.
If TSOs disapprove calculated CNEC pairs, CNEC/RA triplets or RM values, they send a disapproval
acknowledgement message to the ROC and their own proposals for CNEC pairs, CNEC/RA triplets or RM
values based on their own experience or internal analyses.

2.5.5 IDENTIFICATION OF CROSS-BORDER CONGESTION THROUGH FLOW-BASED AND NTCBASED ALGORITHMS
When coupling national systems, there is a clear need to identify where interconnections could reach their
technical limits. When an interconnection reaches its limit, then any additional transaction across that line is
blocked and energy prices across the two parts separated by this interconnection will become different.
Therefore, the identification of cross-border (interconnection) congestions is a high priority for market
coupling processes. It is also important to note that in some cases a connection between two TSOs can be
structured by two or more lines. In such cases, we can consider a cross-zonal section instead of a cross-border
line.
Consequently, the tools available within the ROC should be able to timely identify and manage such
congestion effects.

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

51

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

Currently, in line with the calculation of cross-border capacities (Section 2.5.4) there are two methodologies
to identify congestions:
• The Flow-Based method, which takes into account that electricity can flow via different paths and
optimises the available capacity in highly interdependent grids. The flow-Based approach implies a
capacity calculation method in which energy exchanges between bidding zones are limited by power
transfer distribution factors and available margins on critical network elements. This approach should be
used as a primary approach for day-ahead, intraday and balancing capacity calculation where cross-border
capacity between bidding zones is highly interdependent. Application of this approach requires a
mathematical model considering the calculation of power transfer distribution factors and the calculation
of available margins on critical network elements.
• The coordinated Net Transfer Capacity (NTC) method, which takes into account that electricity can
flow via different paths based on various predefined limits as considered safe and secure by
interconnected TSOs. The NTC approach implies a capacity calculation method based on the principle of
assessing and defining ex ante a maximum energy exchange between adjacent bidding zones. This
approach should only be applied in regions where cross-border capacity is less interdependent and it can
be shown that the flow-based approach would not bring added value. Application of this approach
requires considering the rules for efficiently sharing the power flow capabilities of critical network
elements among different bidding zone borders.
Any of these two algorithms can be agreed by the TSOs to be used for the supporting calculations. However,
it is not recommended to use different algorithms on different borders.

2.5.6 PROBABILISTIC APPROACH FOR REGIONAL ADEQUACY ASSESSMENT
Short Term Adequacy Assessment (STA) is an ENTSO-E project involving all European RSCs with the aim of
determining if available generation capacity and possibilities for import of energy satisfy forecasted load in
the week-ahead timeframe. Currently the Cross-Regional STA functionality is performed by RSCs on PanEuropean level where adequacy is assessed by using two calculation approaches, deterministic and
probabilistic, on a weekly basis.
After performing STA, a first overview of the adequacy status in the whole European system is available.
Following this information, TSOs or RSCs could trigger Regional Adequacy Assessment (RAA) based on their
risk policies. RSC should perform RAA in the dedicated Adequacy Coordination Region to confirm the Crossregional adequacy assessment as well as to have a more detailed analysis of the adequacy status in its region.
RSCs should perform RAA taking into account all relevant aspects for their region.
CROSSBOW brings forward an innovative probabilistic approach for regional adequacy assessment, based on
evaluating Loss of Load Probability (LOLP) and Loss of Load Expectation (LOLE). This approach should take
into account SEE transmission network constraints, weather forecasts and dependence of other input data
on weather forecasts, power flows and impacts of measures related to solving adequacy problems and their
influence on security.
All SEE TSOs send to the ROC their updated week-ahead load forecast in the appropriate format. The weather
forecast information provider is required to provide wind and solar generation week-ahead forecasts. Then,
the ROC receives the following set of information for the next week in order to perform RAA calculations:
planned generation maintenance of conventional units, IGMs and a list of possible remedial actions.
After that, the ROC performs probabilistic RAA calculations which consist of:
-

Creating available generation capacity model and building the Probability Density Function (PDF) of
the total available generation capacity;
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-

Creating load model and building the PDF of load;

-

Combining generation capacity model with load model to obtain the power balance (risk) model by
convolution of PDFs of the total available generation capacity and the load;

-

Calculating system adequacy index (SAI) based on the Cumulative Distribution Function (CDF) of the
power balance model

The hourly values of LOLP constitute the final result of the probabilistic calculation. The hourly calculated SAI
gives the option to define the required level of imports/exports for a control block in order to retain the
predefined target value. These import/export values (called Expected Remaining/Insufficient Capacity – ERIC)
describe adequacy of control blocks in the region, with negative ERIC values indicating lack of system
adequacy.
In order to resolve inadequacy issues of particular control blocks in the SEE region (those that exhibit a
negative ERIC), optimal adequacy transactions from other adequate control blocks (those that exhibit a
positive ERIC) should be performed. The distribution of optimal adequacy transactions, necessary to solve
detected inadequacy issues, is determined based on simulation of power flows on CGMs of the SEE region.
Three approaches for inadequacy resolution will be proposed:
•

calculation of adequacy transactions that guarantee minimal increase of power flow on all tie lines
in the SEE region; by using this approach, minimal amount of cross-border capacity will be allocated
for adequacy purposes, leaving the majority of it available for market transactions;

•

adequacy transactions are determined using the list of prioritized generation types of the SEE region,
where each MW of inadequacy is covered with a predefined contribution from different generation
types; this approach provides a possibility to solve inadequacy issues by using more RES units of the
region rather than conventional plants;

•

adequacy transactions are determined using a quasi-market approach, where the production costs
of all available power plants in the region is factored; by using this approach, load flows produced by
the market could be simulated (in an approximate way).

After imposing calculated adequacy transactions to the CGM, the ROC performs security analysis with
remedial actions on CGMs in order to determine whether simulated adequacy flows affect the security of the
grid. Finally, the ROC delivers all RAA results to all affected TSOs.

2.5.7 DYNAMIC LINE RATING FORECAST FOR OVERHEAD LINES
In the SEE region, TSOs are creating Individual Grid Models (IGMs) that use conservative, static thermal rating
of overhead lines. The RSC then merges these IGMs, creates a Common Grid Model (CGM) and performs
Security Analysis (SA) and Coordinated Capacity Calculations (CCC). CROSSBOW aims to investigate the
possibility to increase the transmission capacity of High Voltage Overhead Lines (HV OHL), including
interconnection lines, through dynamic line rating (DLR) principles. This will be highly beneficial for the
efficient operation of the whole SEE system, as TSOs will be able to allocate additional transmission capacity
to the electricity market.
The project will implement a pilot line thermal rating monitoring and forecasting system, based on
synchronized phasor measurements without major investments. Going further, it is proposed to use Real
Time Dynamic Line Rating (RT DLR) obtained from the WAMS system in combination with a suitable
probabilistic methodology and weather forecasts. The final goal lies in developing a Dynamic Line Rating
Forecast (DLRF) software package for different time domains: 1-8 hours ahead (intraday), 24 hours ahead
(day-ahead) and 48 hours ahead (two days ahead).
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The impacts of the developed DLRF method on different RSC functions will be examined through a costbenefit analysis, including Security analysis (SA), Outage Planning Coordination (OPC), Short Term Adequacy
(STA) etc. This cost-benefit analysis should be performed on all time horizons associated with operational
planning, i.e. intraday (IDCF), day-ahead (DACF) and two days-ahead (D2CF) congestion forecast processes.
The basic path of realization of this idea consists of the following steps:
•

TSO provides to the ROC synchronized phasor measurements in real time through dedicated WAMS
systems.

•

After am automatic periodic request is issued, the DLRF module performs data acquisition, processes
the acquired data, and provides the DLRF for the pre-defined time periods.

•

The DLRF values for selected HV OHLs of the CGMs are updated for the considered timeframes.

•

Using updated CGMs, SA and RA are performed by the ROC.

•

Finally, the ROC performs CCC calculation using updated CGMs.

2.5.8 FRR PROBABILISTIC SIZING USING RESERVES OFFERED FROM INTERCONNECTED TSOS
The large scale integration of renewable generation is expected to considerably increase the balancing
requirements of the system and thus the overall size of contracted reserve products (Section 2.1.2). These
products usually include frequency containment reserve – FCR (primary), frequency restoration reserve –
FRR (secondary) and replacement reserve – RR (tertiary). FCR is assigned the task of keeping frequency
deviation within an acceptable range, FRR is responsible for restoring frequency to the nominal value, and
RR is responsible for alleviating FRR and restoring the predefined Area Control Error (ACE). FCR acts
immediately or within a few minutes and thus most of FCR is scheduled within the day-ahead (DA) energy
scheduling of the TSO. FRR on the other hand can be non-spinning reserve, independently sized from the DA
energy market clearing.
Before the era of renewable generation, reserve sizing processes have been deterministic in nature, usually
requiring the reserve size to be equal to the size of the largest generation unit in the system. However, the
large-scale integration of variable and intermittent renewable generation implies that reserve sizing
processes should become probabilistic in nature and account for the uncertainty of renewable production
patterns. To this end, increasingly more TSOs abandon traditional deterministic approaches for probabilistic
methods that can properly handle uncertainty within acceptable risk margins.
Going further, in the context of regional coordination examined in the CROSSBOW project, neighboring
countries can exchange various reserve products, helping each other to deal with the increased balancing
requirements. As discussed in Section 2.1.4, 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
reserve requirements. In other words, it is of great value for TSOs to share FRR through cross-border
interconnections in order to reduce the size and costs of FRR provision. It is envisaged that the ROC will be
coordinating the FRR sharing mechanism, as illustrated in Figure 28.
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Figure 28: Illustration of cross-border FRR exchange

The analytical methodology supporting the probabilistic sizing and cross-border exchange of reserves
involves an optimization model minimizing the sum of the overall cost of FRR procurement and the risk
associated with lack of sufficient FRR, which will be quantified based on the loss of load probability (LOLP),
the expected energy not supplied (EENS) or the value of lost load (VOLL). Uncertainties associated with
generation outages will be modelled through capacity outage probability tables (COPT) or hidden Markov
models, while the uncertainties associated with load and renewable generation forecast errors will be
modelled through Gaussian stochastic processes. A convolution approach will be employed to consider all
different sources of uncertainty in an integrated fashion.
This analytical methodology will also require calculation of the available interconnection capacity for FRR
exchange, which will be based on the capacity estimated by the CGM and data regarding energy exchanges
through the interconnection corridors.

2.5.9 ENHANCE TRANSMISSION SYSTEM RESILIENCE DURING EMERGENCIES
Over the last years, extreme weather events have caused extensive damages in power systems, leaving
millions of customers without electricity and therefore highlighting the necessity to boost power system
resilience. Resilience is defined as the ability of a power system to withstand high-impact low-probability
events (such as extreme weather events) rapidly recover from such events and adapt its operation and
structure to be better prepared for similar events in the future. Current practices for dealing with typical
threats appear to be insufficient to address such extreme events and new measures should be applied to
enhance power system resilience. Preventive actions based on advanced weather forecasting tools could be
an effective solution. A proper constrained day-ahead unit commitment framework is able to enhance
resilience of a power system exposed to an extreme weather event and minimize load shedding due to
network element damages. In addition, a proper schedule of interconnections can further increase power
system resilience.
During emergency situations, close coordination between all actors playing an active role in the defense and
restoration schemes is required. TSOs are responsible for supervising and controlling the implementation of
emergency actions. Therefore, it is assumed that during emergency conditions the TSO has full control of
generators under his jurisdiction. This assumption is based on Commission Regulation (EU) 2017/2196 of the
24th November 2017, establishing a network code on electricity emergency and restoration. Under the threat
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of extreme weather events, it is probable that a large number of transmission lines will fail and therefore the
transmission capacity of the system will decrease significantly. Hence, the network constraints should be
considered during such events. The impact of the weather event on transmission lines could be captured
using fragility curves that express the weather-dependent failure probability of a component as a function of
a weather parameter (e.g. wind speed). Furthermore, availability of generation capacity is an important
factor for maintaining system security during extreme weather events. Considering the spatial and temporal
impacts of the extreme weather events on the transmission lines, the scheduling of generators and crossborder exchanges will be optimized so as to minimize load shedding while respecting operating limits of the
system.
In this process, the ROC will coordinate the communication between the TSO(s) affected by the extreme
weather events and the rest of the SEE TSOs in order to properly schedule the cross-border exchanges. The
communication between TSOs could be conducted via teleconferences or an appropriately designed
platform. The ROC will be also responsible for performing additional analysis in order to check the technical
feasibility of the determined energy exchange between the TSOs, and making recommendations to TSOs for
finding a technically feasible solution in case the determined one is not feasible. Furthermore, after the
emergency events terminate, a dedicated ROC team will produce a detailed written report containing
relevant information regarding the agreed operational actions among SEE TSOs. The energy exchange
between the TSOs could be decided based on market principles or through bilateral agreements between
TSOs, assuming that this is allowed during emergency conditions.
In order the resilience constrained day-ahead unit commitment to be applied, the area affected by the
weather event, the wind speed and temperature time series of the affected area and the fragility curves of
the vulnerable components should be known.
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3

RES REGIONAL COORDINATION CENTRE (RES-CC)

3.1

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

3.1.1 SYSTEM SECURITY
Impact of increased wind and PV penetration on transmission system
The inherent variability and uncertainty introduced the increased penetration of wind and PV power in
transmission inevitably impacts power system reliability and efficiency. Such impacts may either be positive
or negative, but usually with a break-even point existing at some point as the level of integration increases.
The two parameters of utmost importance in the assessment of wind generation impact on transmission
system operation are wind power variability and predictability as well as the good knowledge of wind turbine
technical characteristics (for example their ability to provide ancillary services). Variability usually refers to
the level of distribution of wind production over the transmission system (in a geographical perspective), i.e.
its spatial variation. In cases of high spatial variations of wind power production (for example major part of
wind power installed in one part of the system), sudden loss of wind may have large impact on power system
operation. Variability decreases as more turbines and plants are distributed over a certain area. Wind turbine
and wind farm aggregation over large areas generally decreases variability. Variability also decreases as the
time scale is decreased. Second and minute wind power production are much smaller that hour or day
variability and this is the main reason forecasting in of utmost importance is such cases.
According to [17], some major conclusions that can be drawn on variability are:
•

Very fast variations of distributed wind generation are quite low (time scale of second-minute)

•

The largest hourly step changes range from ±10% to ±35% while most of the time hourly variations
are within ±5% of installed capacity.

•

Wind power production varies a lot in the scale of 4-12 hours, highlighting the importance of
forecasting tools.

As far as predictability is concerned, it must be noted that apart from forecasting accuracy, forecasting
uncertainty must also be studied. Forecasting accuracy will improve as predictions for larger areas are
combined and as the forecasting horizon is decreased. However, even though the total balancing energy
required to integrate wind production depends on accuracy (for example RMSE), reserves are closely
connected to the largest errors and forecasting uncertainty. Reserves planning must take into account
possible large wind forecast errors.
Finally, in order to assess the impact of increased wind penetration on power system operation, the wind
turbine technical characteristics must be taken into account. Wind turbines can now take part in the power
system operation by providing various services, controlling their active and reactive power output. Such
services may include maximum power production setpoint, active power curtailment, delta control
(reserves), rate limitation, droop control, low-voltage ride through etc.
Wind generation has great potential impact on reliability and efficiency, which is typically addressed on
different time scales.
1) System stability (seconds-minutes): System stability may be threatened in cases large amounts of
wind power generation are lost due to faults or sudden decrease of wind production. Wind turbines
have different technical characteristics allowing some of them to support the grid both in normal and
fault operations. The most common characteristics that ensure stability are voltage and power
control as well as fault ride through, in a struggle to make wind farms behave as typical power plants.
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2) Regulation and load following (seconds-half an hour): This refers to the methodology followed in
order to address the impact of variability and uncertainty on the allocation and use of reserves.
Prediction errors (both on wind power production and load) must be taken into account when
calculating reserves. Balancing requirements in this case depend on the size of the balancing area,
load variations, wind production spatial distribution and local wind distribution parameters.
3) Efficiency and unit commitment (hours-days): Variations and prediction errors of wind power
production also affects the unit commitment process and thus the way conventional generation is
operated (the time of operation and the way units are operated). Thus, wind power uncertainty must
be taken into account by unit commitment tools taking into account relative flexible resources. Apart
from their impact on unit commitment, it must also be note that wind power prediction errors can
cause large imbalance costs as far as market operation is concerned.
4) Transmission adequacy and efficiency (hours- yeas): Increased wind penetration may require various
grid reinforcements which can be quite expensive to the operator. The location of wind farms as well
as their relative location to load centres are crucial at this point. Wind power affects transmission
flows such as power direction, increases or decreases losses and may also cause congestions. All
these problems can be traced back to power system infrastructure which must be upgraded if no
other solutions are devised. Such solutions include better monitoring and operation (for example
DTR-dynamic thermal rating), FACTS, storage systems etc.
Another factor that is influencing power system stability is reduced inertia which is directly connected to the
Rate of Change of Frequency (ROCOF) and transient frequency values during a system perturbation. In
“conventional” power system inertia was provided by rotating machines which possess capability to store or
inject their kinetic energy in the system when disturbance occurs. As wind turbine generators are decoupled
from the power system by power electronic converters, their increased penetration leads to reduced power
system inertia, which has substantial impact on frequency containment.
In order to deal with the abovementioned problem, some novel grid codes introduced a necessity that newly
connected wind turbines possess the frequency response capability. This is possible because modern wind
turbine controllers can convert the kinetic energy into active power, i.e. using control functions achieved by
power converter controls which can be seen as the virtual inertia of wind generators, and wind turbine
controls. However, there are still some drawbacks of the existing approaches. Most of the virtual inertia
control utilizes the system frequency as the control input to generate the reference output power and phaselocked loop is employed to measure the grid frequency and track the phase of grid voltage. This technique
works well when the wind turbines are connected to strong grid, but when the wind turbines are connected
to weak grid or the power systems have high wind energy penetration, the performance of the phase-locked
loop will be compromised and result in poor dynamic performance [18].

3.1.2 RENEWABLE ENERGY PRIORITY DISPATCH
Introduction
The term “priority dispatch” refers to the responsibility that transmission system operators have in order to
schedule and dispatch energy from renewable generators ahead of other conventional generators as far as
the security constraints of the electricity system permit, [19]. Priority dispatch for RES enforces the entire
power generation of the electrical system to operate in a more flexible way where the system operators
adopt more adaptive operation schemes and the transparency of their operational procedures is increased.
Moreover, RES dispatch combined with the priority or the guaranteed grid access, the optimal development
of the grid infrastructure is ensured in order to effectively integrate RES. Also, it maximizes the use of energy
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from RES and facilitates the achievement of EU RES targets where the grid access is not sufficient for the
effective integration of RES. From another point of view, however, priority dispatch has negative impacts
both on operation of the power system and market functioning. Both claims, operational and economic,
overlook the fact that RES base their generation primarily on the availability of their natural source, ahead of
current operational practices or economic theory.
Priority dispatch has to be considered as the different response to price signals from RES due to their
intermittent and uncontrollable nature, given the current market structure and regulations. Regardless of
how curtailment is addressed in each country, priority dispatch has important benefits with regards to the
high penetration of RES, [20]:
•
System operators have to improve, develop and discover technological solutions (i.e. system
monitoring, forecasting tools, communication and interoperability) to minimize the amount of curtailed
renewable electricity.
•
System operators and regulators are obliged to provide transparent rules on how curtailment is
treated among various technologies, and lead to compensation schemes that reduce market risks for new
market entrants.
•
In combination with priority or guaranteed access, it facilitates the optimal development of the grid
infrastructure necessary to effectively integrate wind and other RES.
In the following sections the current state of priority dispatch across Europe will be analyzed.
The situation in EU
In order to achieve the 2020 target and to enhance Renewable Energy Sources (RES) penetration, special
regulations about the connection of RES installations and the dispatch of RES electricity have been set in
some Member States (MS), [21]. On one hand, 10 out of 28 MS have set concrete regulations providing
priority for the connection of RES installations, i.e. the connection of RES installations is guaranteed and
prioritized to those of conventional installations. On the other hand, 12 countries provide a nondiscriminatory connection, i.e. RES installations are treated the same way as any other source conventional
or not. Furthermore, similar concepts are adopted by MS for the access of RES electricity to the grid, applying
a priority dispatch or a priority access. To be specific, network operators give priority to the RES producers
to sell and transmit their electricity at each time. This ensures that a maximum amount of RES electricity is
injected in the grid. In practical terms, the electricity produced by RES will be dispatched before conventional
sources electricity and certainly this will be curtailed as a last option.
The issue of priority dispatch is addressed in Art. 11 and 12 of European Commission’s proposal for a
regulation of the European Parliament and of the Council on the internal market for electricity recast. The
priority dispatch within EU can be distinguished as market priority or grid related priority dispatch. To be
specific, in some member countries (e.g. in Spain), when price offers between two producers are equal, the
offer from the RES installations get the priority. In other markets which based on market support schemes,
such as Feed-In Premium (FIP) or green certificates, a market priority dispatch becomes useless as RES
producers sell their electricity on the market in accordance with the same markets rules as all other market
players. However, in case of congestions priority dispatch remains as priority access at the grid level. The
majority of member countries has set grid related priority dispatch regulations (19 out 28).
In case of congestions some member countries of Council of European Energy Regulators (CEER) established
specific rules defining the priority of RES and the compensation of RES operators in case of curtailments.
Especially MS, which have network congestion problems, do set rules that guarantee that RES plants are
curtailed subordinately to conventional plants. Most of them (10 MS) also regulate the compensation of RES
operators in the case of curtailment. In addition, in many CEER member countries (e.g. Bulgaria, Estonia,
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Finland, Latvia, Luxemburg, and Malta), specific rules for priority dispatch or congestion management have
not been established, since the network congestions are not substantial there. Moreover, a significant
number of MS (Estonia, Finland, Latvia, Netherlands, Norway, Poland, and Sweden) do not discriminate (i.e.
no priority) between RES and conventional power plants in case of congestions.
Under redispatching situation and curtailment measures, compensation and curtailment schemes are
addressed in detail by the European Commission’s proposal for a regulation of the internal market for
electricity.
The situation in Balkan States
In Balkans the electricity produced by RES, generally is given priority if the technical conditions of each
country permit it, [22].
More precisely, in the Federation of Bosnia and Herzegovina, the connection of power plants from renewable
energy sources to the grid is mainly regulated by the general legislation on energy (Art. 28 § 1 RES Law FBiH).
The grid operators provide non-discriminatory access to the grid and renewable energy producers are given
priority to connect to the grid. Specifically, in the Republic of Srpska, the connection of power plants from
RES to the grid is regulated by the general legislation on energy (Electricity Law RS, RES Law RS) and General
Conditions for Delivery and Supply of Electricity, Rule Book on Methodology for Determination of the Fee for
Connection to the Distribution Network, Rule book on conditions for connection of the facilities to the electric
distribution network of the Republic of Srpska.
North Macedonia is currently taking further steps to market-based support for RES. In particular, the
government plans to adopt the implementing regulations to define procedures for awarding premiums and
to prepare the tendering documentation and the standardized premium agreement. According to the Energy
Law, the electricity transmission or distribution system operators shall provide priority access to RES,
provided that the plant operators meet the conditions for connection and the stability of the electricity grid
is not threatened.
In Serbia, the connection of power plants from RES to the grid is regulated by the general legislation on
energy. The grid operators offer non-discriminatory access to the grid and renewable energy producers are
prioritized to connect to the grid, if the technical conditions permit (Art. 109 § 1 Nr. 30 and 136 § 1 Nr. 37
Energy Law).
Similarly in Montenegro, the connection of RES power plants to the grid is regulated by the general legislation
on energy, the access to the grid is non-discriminatory (Art. 99 and 101 Energy Law) and if the technical
condition are met renewable energy plants are given priority to connect to the grid (Art. 151 Energy Law).
In Table 20 a brief overview of the current state regarding the priority dispatch is presented.
Table 20: Overview of RES priority dispatch in Europe [21] [22]

Country

Austria

Dispatch of RES
electricity/Access
to the network
Priority

Comments

DSO defines next grid access point based on grid capacity. This
is not necessarily the shortest connection to the grid. In case
of local limited free capacities it can be next substation etc. In
case that RES and conventional are applying for the same
locally free grid capacity, RES has priority.
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Bulgaria

Priority

Croatia

Priority

Cyprus

Priority

Czech Republic

Priority

Denmark

Priority

Estonia

Non-discriminatory

Finland

Non-discriminatory

France

Priority

Germany

Priority

Greece

Priority

Hungary

Priority

According to §35 (2) of the Electricity Act (86/2007) TSO/DSOs
grant a priority access to electricity producers of CO2 neutral,
renewable energy, waste and high efficiency CHP
technologies. According to §36 (1) of Electricity act the
transmission or distribution of electricity can be restricted if it
causes disadvantage for the generation or use of RES. No
major changes in the last 2 years.

Ireland

Priority

Dispatch rules:

System operators give the priority to generating installations
using renewable energy sources in so far as the secure
operation of the national electricity system permits. In case of
a large curtailment of electricity produced from renewable
energy sources, system operators need to notify HERA and
also offer solutions for eliminating said curtailment. HERA
determines if the curtailment was justified and if the
proposed measures are adequate.
RES has priority.

Once connected to the system, priority dispatch requirements
must be met whilst maintaining the secure operation of the
electricity system. The SEM Committee has deemed that
priority dispatch is a SEM matter and has set out how priority
dispatch is implemented in the SEM, including how different
parties qualifying for priority dispatch are treated relative to
each other.
Italy

Priority

Latvia

Non-discriminatory

Lithuania

Priority

Luxembourg

Priority

Malta

Priority

Netherlands

Non-discriminatory

Norway

Non-discriminatory

Dispatching - Priority of dispatching is guaranteed to RES
power plants for the same offer price. No changes have
occurred in the last 2 years.
It's no changes in the last 2 years.

Dispatching is non-prioritized.

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

61

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

Poland

Non-discriminatory

Renewable energy sources are prioritized in the context of
access to the network.

Portugal

Priority

Priority dispatch.

Romania

Priority

Priority dispatch is applicable for electricity producers from
RES in power plants with installed power of maximum 1 MW,
as long as the safety of the national power system is not
affected.

Slovenia

Priority

Dispatching: Non RES plants are curtailed first (the electricity
system operator shall, within the framework of balancing
network activities and on the basis of transparent and nondiscriminatory criteria, give priority to generation units using
renewable energy sources and high-efficiency cogeneration
insofar as this permits the secure operation of the national
electricity system).

Spain

Priority

By Electricity Act 24/2013, renewable and cogeneration
plants have priority in dispatch. They also have dispatching
priority if economic market conditions are equivalent to other
technologies. No changes in last years.

Sweden

Non-priority

Dispatching: Non-priority

UK

Priority

Serbia

Priority

According to Energy Law, privileged RES (on feed-in tariff)
have dispatch priority and do not participate in balancing
mechanism. Non-privileged RES have also dispatch priority
but are obliged to offer ancillary services and balancing offers
according to their technical characteristics (as any other
generating unit – non-discriminatory).
It is not clear how to interpret non-privileged RES dispatch
priority (for instance Hydro Power Plants). They might inject
generation in the system as priority, but with commercial
consequences due to imbalance settlement, as for any other
balancing group. So far, we had no problems, as all generation
on transmission system is within national generation
company (single balancing group).

Bosnia
Herzegovina

and Priority

North Macedonia

Priority

Montenegro

Priority

Priority approach.

RESs always have dispatching priority in comparison with
other resources.

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

62

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

3.1.3 REGULATORY FRAMEWORK IN EU
The following document is a review and analysis of EU regulations impacting priority dispatch of renewable
energy embedded in the recently enacted Clean Energy Package, Electricity Market Regulation. It is important
to note that, at this stage (February 2019), analysts across the EU are still examining the CEP in detail.
Therefore, all expected results of the new regulations are still be identified.
Current state-of-play
As presented in the CROSSBOW document D 1.1, Legislation and Regulatory Frameworks, the general
characteristic of the countries of the CROSSBOW Consortium from the South East European (SEE) region (as
well as throughout the wider EU) is that all renewable energy system (RES) generating units have priority in
dispatch. Capacity threshold levels of generating units receiving priority dispatch can vary from country to
country.
In the occasion of congestion in the system, RES generation can be curtailed. This is also the case for all
countries in the SEE region, with some differences for generation that can be curtailed as well as in the
treatment of RES producers in comparison to the other generators. If a RES unit is curtailed, payment is not
guaranteed. The TSOs in the region have the right to send re-dispatch orders in case of congestion, but so
far, this was rarely applied.
Identify how current policies will change based on the recently approved Clean Energy Package.
Article 11 in the Electricity Market Regulation (EMR) in the Clean Energy Package reduces the mandatory
priority dispatch to only small-scale RES installations of 400 kW and below. The regulation applies only to
new RES and combined heat-and-power (CHP) installations. RES power generating facilities with contracts
entering into force prior to the implementation of Article 11 still qualify to receive priority dispatch.
Member States can phase out priority dispatch if there are well-functioning intraday, wholesale, and
balancing markets where access is granted to all players (e.g. third parties as such as aggregators) and if RES
makes up to 50% of the national electricity consumption. The provisions in Article 11 EMR will be applied
directly (no need of national transposition) as soon as the EMR enters into force.
Article 12 opens redispatching to all generation technologies, storage, and demand response using marketbased mechanisms and be financially compensated. Furthermore, TSOs and DSOs are required to continue
to prioritize the dispatch of renewable energy sources with minimal redispatching.
Analysis of projected positive outcomes and risks that may hinder transition
Overall, the EMR, and specifically Articles 11 and 12, improve the European electricity market as it clarifies
existing EU regulations and aims to harmonize the patchwork of interpretations across Member States.
Article 11 guarantees market access to RES, while also allowing these facilities to access support schemes
offered in their respective Member States (e.g. feed-in-tariffs). Furthermore, it broadens the scope of RES
participation in the balancing and wholesale markets, allowing these facilities to participate more fully.
Article 12 continues to prioritize the dispatch of RES by directing TSO and DSO operators to minimize its
redispatching. Early interpretations of this regulation suggest that RES (and CHP) are to be the last generating
units to be curtailed. If RES sources are curtailed, financial compensation is required.
Risks hindering the transition to the revised priority dispatch and redispatching regulations may include, but
are not limited to, a number of different factors that will impact each Member State. Reducing the capacity
threshold level to 400 kW will put new RES generators who are over the threshold more exposed to the
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market, thereby assuming higher risk levels in their business cases. The rate of applying the revised priority
dispatch regulations may vary among Member States for 2 known reasons: 1) the derogations written into
the regulations will impact which Member States may/may not apply the revised RES priority dispatch
regulations and 2) existing capacity thresholds for priority dispatch vary and, therefore, may affect the rate
application. i.e. How fast it can be implemented in a Member State.

3.1.4 INFLUENCE OF RES ENERGY IN ENERGY PRICE
Electricity Market Framework in EU
The electricity industry has been widely deregulated in most European countries through the unbundling of
vertically integrated monopoly utilities and the introduction of competitive markets in generation and retail
sectors. The basic products of such markets include:
•

Energy: This market’s objective is to facilitate optimal energy trading.

•

Ancillary Services: This market encompasses any type of supportive service necessary for the reliable
operation of the power system for reliable operation such as:

•

o

Reserves (FCR, FRR, and RR)

o

Black Start

o

Short-circuit power

o

Voltage control/Reactive power support

Capacity: This market aims at ensuring that the system has sufficient generation capacity in order to
be reliable in its operation and have competitive prices, both in short and long time horizons.

Our focus in this section lies in is Energy Markets. Energy Markets can be categorised based on the timeframe they are assigned to:
•

Futures markets have the largest time frame and are mainly contract-based bilateral agreements for
energy purchase employed usually for price hedging and risk management.

•

Day-ahead markets or spot markets or pool markets are the wholesale markets where the energy
required to match the demand during the next day’s operation is traded.

•

Intra-day markets are receding horizon markets for during-the-day operation that allow for
correction in errors at original day-ahead schedules (due to forecast errors, outages, etc.).

•

Balancing markets are monopsony market where the system operator buys energy close to real-time
operation in order to ensure that supply will meet demand and the system will be balanced.

Our analysis will mainly focus on the day-ahead markets, as they affect the retail price the most and are the
ones in which renewables naturally participate due to their intermittent nature.
The Day-Ahead wholesale market
The Day-Ahead spot market is a pool market where buyers and sellers place their bids and offers. The market
clearing process typically involves a merit order procedure, as illustrated in Figure 29. The clearing price is
the price where the supply and demand curves intersect. All suppliers receive the same price and all the
buyers pay the same price, which is usually referred to as the spot price. Microeconomic principles dictate
that this is the process that maximizes social welfare.
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Figure 29: Merit order market clearing [23]
RES in the market environment across the EU
In a competitive market without significant extents of market power, the generators tend to offer a price
which is as close as possible to their marginal production cost. RES do not have explicit fuel costs whereas
conventional thermal plants do. Therefore, RES marginal cost is technically zero, apart from the negligible
maintenance costs. It is common that, when participating in the spot market, RES owners will offer a price of
0 €/MWh, see Figure 30 [24]. This results in a “shift” of the supply curve to the right that leads to a lower
level of clearing price. This is called the merit order effect that renewable energy usually has on the wholesale
electricity market. In this setting, the large-scale integration of renewable generation introduces a
fundamental market challenge: given that operating costs of renewables are very low, the electricity prices
are significantly reduced, threatening the recovery of generation investment costs and therefore the
profitability and viability of generation companies.
Apart from the effect that renewables have on the level of the spot price, their variability and intermittency
affects the volatility of electricity prices. For example, in [25] it is showed that in Denmark, the price decrease
is distributed throughout the day and the peak (in average) wind generation coincides with the load peak
hours. However, in Germany, wind power is prominent during off-peak hours, thus increasing price volatility.
In general, RES tend to increase volatility in electricity prices, as it is the fact in Italy [26], the Netherlands
[27] and New England (US) [28]. In [29], it is found that wind power generation is causing increased price
volatility across the Nordic countries with the higher effect being in Denmark, contradicting [25], see Figure
31. This price volatility drives significant initiatives for the introduction of flexible technologies (such as
energy storage and demand side response): their flexibility can be used to exploit price differentials and
create significant profits.
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Figure 30: The merit order effect [24]

Figure 31: Electricity price volatility for DK1 and DK2 area [29].
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Effect on retail prices
According to [30], despite efficiency gains and the progressive opening of energy markets to competition,
that have reduced wholesale electricity prices, retail prices have increased, and the price increase during the
period from 2007 to 2013 has been strongly influenced by the regulated component. Renewable Promotion
Costs (RPCs) have been singled out as a main driver of such increase. This conclusion from [30], applies to
both industrial and residential customers, see Figure 32. However, results show that RPCs have a relatively
small impact when compared to other variables. That being said, although this impact has been small in the
period considered, it is likely to be much higher with growing RES shares. [30]

Figure 32: Evolution of the retail price for household and industrial consumers and RPCs for the EU
(€/MWh).
SEE REGION
Current status of energy and renewables in the SEE region
The energy systems of SEE have a total installed power capacity of 118 gigawatts (GW) and annual electricity
consumption of 334 terawatt hours (TWh) [31]. These systems vary significantly across the region, in terms
of the energy resource base (domestic energy production vs energy import dependency) and energy supply
mix. Bulgaria, Romania and Ukraine have significant solar PV and wind energy capacity installed, amounting
to approximately 7.8 GW (Figure 33 and Figure 34).
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Figure 33: Power systems of SEE in 2015

(Based on Energy Community, GlobalData and IRENA data)

Figure 34: Renewable power generation and total electricity consumption in SEE in 2015
(Based on Energy Community, Eurostat, IRENA and NREAPs)
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The key elements of the energy infrastructure (e.g. thermal and hydropower plants) were built in the 1960s
and 1970s [32]. This concentration in age, combined with the obsolete technology status of the grid, is now
creating serious technical and policy challenges. As a consequence, there is an urgent need for widespread
readjustment and replacement of this infrastructure [32] [33]. At the same time, electricity consumption is
expected to increase in most of the SEE countries, as can be observed in the NREAPs.
The SEE region has significant renewable energy potential. So far, though, the focus in discussion and
planning has been largely on hydropower, as well as on biomass in the heating sector. It has been less so on
the emerging options, such as wind or solar PV, due to insufficient understanding of the renewable energy
technologies (RETs), coupled with concerns over electricity price rises (Figure 35).

Figure 35: Renewable energy capacity in the power sectors of SEE in 2015
(Based on Energy Community, Eurostat and IRENA)
By 2015, a total amount of 36 GW of renewable energy capacity had been installed in the power sector of
the region, more than 75% of which is accounted for by hydropower (Figure 36).
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Figure 36: Shares of renewable energy power capacity in the SEE region in 2015 (36 GW)
(Based on Energy Community, Eurostat and IRENA)
While large hydro is a well-established technology in the SEE region, small hydropower plants (SHPPs) have
emerged only in the last few years. Small hydro is considered a success, particularly in Bosnia and
Herzegovina, Montenegro and in North Macedonia. The success of smaller plants is due to their advantages
compared to the large plants – namely higher cost efficiency, lower public opposition, easier authorizing
procedures, reduced financing issues (access to capital, the need for high-cost loans) and a lower risk
perception for hydro in general by investors, compared to new renewable energy technologies.
The region has also experienced an emerging trend towards solar PV and wind power plants. This occurred,
however, only in the EU SEE countries, as deployment of renewables has been a part of the EU’s energy policy
since before the adoption of the Renewable Energy Directive (RES Directive) in 2009. These EU SEE countries
had submitted their NREAPs by 2010 and achievement of their targets was legally approved under EU law.
In Bulgaria, Slovenia and Romania, a beneficial support system and decreasing technology costs led to an
investment prosperity in solar energy in the years 2010-14. In Bulgaria, more than 1 GW of solar PV capacity
had been installed by 2012, which is three times more than the amount foreseen by 2020 in the country’s
NREAP. Wind energy also developed successfully in Bulgaria and Romania. However, some of these countries
experienced drastic, sometimes retroactive, changes to the legal basis of their support schemes in later years,
causing investors to withdraw. Investors reported a spillover of the resulting uncertainties from these
countries to the entire SEE region.
In 2012, the RES Directive was also adopted by the Contracting Parties of the Energy Community, who
introduced binding renewable energy targets for 2020 and committed to submission of their NREAPs. This
was an impulse to start development of non-hydro renewable technologies in the power sector. The progress
of renewable energy deployment, however, has been slower than expected and many Energy Community
and Contracting Parties will have difficulties reaching their 2020 NREAP targets [34].
Despite the efforts to improve the legislative and regulatory frameworks, the actual implementation of
renewable energy has been rather slow. As a result, there is still a significant gap in the region between
today’s level of renewables deployment and the one planned for 2020, both in the EU and non-EU area (Table
21 and Figure 37). Solar PV constitutes the only exception to this status, as by 2015, its development levels
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in Bulgaria and Romania had already exceeded the goals for 2020, by 729 megawatts (MW) and 1041 MW,
respectively.
Table 21: Current and planned renewable energy deployment levels in the power sector

(Based on IRENA)

Figure 37: Current and planned renewable energy deployment levels in the power sector
(Based on Energy Community, Eurostat, IRENA and NREAPs)
In non-EU SEE in particular, solar PV has previously received limited political acceptance, due to concerns
over rising retail electricity prices. This is still a major issue. In most cases, the quotas for solar PV plants up
to 2020 are very small (e.g., 12 MW in Serbia and 16.2 MW in Bosnia and Herzegovina). Due to declining
technology costs, however, there is developing interest in increasing solar PV quotas.
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Wind energy expansion has also seen limited success in the non-EU SEE, due to lack of bankable Power
Purchase Agreements (PPAs) in, for example, the Federation of Bosnia and Herzegovina and Serbia. Other
barriers have also hampered success. In Serbia, for example, there were 800 MW of projects with preliminary
PPAs that had been waiting for a new PPA model. This was eventually adopted in June 2016. Despite the
existing challenges, however, several hundred megawatts of wind projects may be eventually implemented
in the region over the next few years.
The market structures in the non-EU SEE also contribute to the limited expansion of renewables. In most of
the area, there is still no open electricity market. Concepts such as power exchange, unbundled transmission
and generation ownership, regulated third-party access, and sufficient competition on supply and demand
side have often been unknown. An important step towards a regional electricity market, however, was the
Memorandum of Understanding signed in April 2016 between six West Balkan countries on regional
electricity market development and the establishment of a framework for future collaboration.
In non-EU SEE, retail electricity prices are regulated tariffs, which are in many cases kept artificially low
through subsidies provided to the current state-owned utilities. The revenues based on the regulated prices
often cannot support the maintenance of the existing plants, the financing of new generation capacity, or
the upgrades of transmission network infrastructure needed to accommodate an increased share of variable
renewable generation [35]. While the liberalisation of the energy market may be of high importance in order
to attract investors, the current systems are difficult to change in a short timeframe. In particular, electricity
prices reflecting actual generation costs may cause major social problems, if they are not combined with
compensation mechanisms for the poorer parts of the population.
Future developments in the region
Destructive to the EU decarbonisation pathways and implementation of the Paris Agreement, a significant
expansion of new coal and lignite plants of up to 6 GW is planned in the Western Balkans, as well as 990 MW
in Ukraine [36]. Those plants would still be operating by 2050 and therefore threaten countries’ ability to
comply with EU long-term decarbonisation and other environmental targets [37]. An expansion of
conventional capacities, including gas and coal-based power plants, is seen by many countries as the only
means to guarantee energy security at reasonable costs. In addition, domestic lignite and coal is available at
very cheap prices, and electricity production from these sources is publicly accepted, as it creates local jobs.
Several recent developments at the EU level will have implications for the expansion of renewables in the
SEE region. In October 2014, the European Council adopted the EU’s 2030 Climate and Energy framework.
This introduces a renewable energy target of 27% at the EU level by 2030, but no longer foresees national
binding renewable energy source targets. The EU goal is meant to be fulfilled through contributions of the
member states, guided by the need to collectively deliver the said 27% – without preventing countries from
setting their own more ambitious national targets. A new renewables directive that will define specific
mechanisms for how to reach the target is currently under development.
Another development at the EU level that will be increasingly reflected in the SEE region is the move towards
more market based support schemes. The new EU state aid guidelines adopted in 2014 provide for the
gradual introduction of competitive bidding processes in allocating public support, while offering member
states flexibility to take account of their national circumstances. The rules foresee the gradual replacement
of the feed-in tariffs (FITs) by feed-in premiums (FIPs), which expose renewable energy technologies (RETs)
to market signals and the introduction of auctioning mechanisms. In some of the SEE countries, there is
already a trend towards moving from the current FIT to FIP systems. SEE is, however, a region with limited
competition in the energy market and at an early stage of renewable energy development, so there are
concerns about whether an auction scheme is a suitable model. Therefore, most countries intend to keep FIT
systems in the next few years, as these guarantee predictable revenues for investors.

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

72

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

Finally, the proposal for a new EU electricity market that was published in November 2016 is supposed to
promote decentralised structures, allowing innovative companies with new business models to emerge and
compete in the electricity market. An expected, longer-term adoption of the new market directive will pose
significant challenges to many Contracting Parties that are characterised by monopolistic and centralised
structures. The directive may, however, create a framework for new financing models that could accelerate
renewables expansion in the region.

3.1.5 CURTAILMENT SCHEMES
A variety of factors, such as the generation mix, market structure, operating rules, and transmission grid
topology, have an impact on the operation of renewable energy generators, as well as the potential for their
curtailment. In conditions of high renewables production and the lack of adequate transmission capacity,
significant need for curtailment could occur. In one way, systematic investments in order to increase
transmission capacity and improve grid infrastructure would help substantially lower renewables curtailment
levels. In the other way, the evolution of curtailment practices is a key indicator of the electricity system’s
performance relating to integration of renewable energies. In fact, this is an under-estimated driver to foster
a cost-efficient integration of renewables into the system.
According to the Article 15 in Electricity Directive 2009/72/EC where all countries in EU shall require system
operators to act in accordance with Article 16 of Directive 2009/28/EC where it’s written that transmission
system operators shall give priority to generation from renewable energy sources in so far as the secure
operation of the national electricity system permits. However, the EU commission is going to abandon the
priority dispatch for renewables in Member States leading in Renewable Energy. As soon as more than 15%
of the electricity is generated from renewable energy sources, the priority redispatch for renewable energies
shall no longer be applied. [38]

3.1.5.1 MARKET-BASED SCHEME – NOWADAYS APPROACH
Based on the mentioned facts above, a few curtailment schemes were adopted in the power system. The
approaches about how renewable energy is curtailed vary, ranging from manual to automated methods [39].
There is emerging interest in performing curtailment as part of the market function, indeed. The advantage
of a market-based approach is that economic signals regarding the cost-effectiveness of alternative
curtailments (dispatch-down) are transparent. If all market participants, including wind power plants,
participate, the solution will be economically efficient. Automated market-based approaches can also be
more efficient than manual curtailment processes, and they can reduce the amount of overall curtailment.
However, there is typically no compensation for this type of curtailment. Methods of compensation for
curtailment are changing in many regions and remain key issues of importance to wind generators and offtakers.

3.1.5.2 CURTAILMENT MARKET – POSSIBLE FUTURE APPROACH
A curtailment market might take the form of generators submitting bids on an annual, quarterly, monthly or
daily basis in which they indicate their willingness to curtail. In a perfect market, this bid would be equal to
the price the non-firm generator unit (NFG) would have received if they been allowed to generate during the
constraint period. The system operator will always aim to clear the constraint with minimum cost to the
system i.e. the lowest bids will be curtailed first. Compensation might be paid-as-bid, reflect the curtailment
market clearing price, or be a fixed price, e.g. a percentage of the price of whole sale electricity during that
particular period. This option gives control to generators to submit bids which reflect their desire to remain
connected and could encourage participation from existing firmly connected generation. [40]
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3.1.5.3 INTERNATIONAL EXPERIENCE WITH RENEWABLES CURTAILMENT SCHEMES –
COUNTRIES WITH SIGNIFICANT RENEWABLES CAPACITY
United States
In the United States, system operators including MISO, ERCOT, PJM, and NYISO use market-based
approaches. When no market mechanism exists or is available for curtailment, a system operator must
typically decide in real time which plant or plants to curtail. The absence of price signals in such cases will
likely result in an economically inefficient outcome. The Southwest Power Pool (SPP) and the Bonneville
Power Administration (BPA) are examples of U.S. regions that use manual curtailment, although SPP is
transitioning to more automated approaches. For example, in 2010, wind was being increasingly curtailed in
MISO via manual phone calls from operators. To allow wind to participate in the real-time market like other
types of generation, the Dispatchable Intermittent Resource (DIR) program was developed. Under the
program, MISO obtains a wind forecast for each plant for each five-minute interval that sets the maximum
for that plant in that time interval. Wind is part of the co-optimized five-minute market dispatch. This allows
wind to set price and to choose not to generate if prices are severely negative. To address balancing-related
events, first experience on using curtailed plants for up or down regulation is emerging. An example is the
vertically integrated utility of Xcel/Public Service of Colorado (PSCO), which needs to balance its own load
with its own generators (mostly thermal) and long-term contracts with wind power plant owners. At night,
when winds are high and loads are low, PSCO runs its thermal units down to minimum generation levels and
still needs to curtail wind at times to balance the load. In fact, PSCO has gone a step further, and when wind
is curtailed, it uses wind to provide balancing reserves. [40]
Germany
Feed-in management is a special measure regulated by law to increase network security and relating to
renewable energy, mine gas and CHP installations. Priority is to be given to feeding in and transporting the
climate-friendly electricity generated by these installations. Under specific conditions, the network operators
responsible may also temporarily curtail such priority feed-in if network capacities are not sufficient to
transport the total amount of electricity generated. Importantly, such feed-in management is only permitted
once the priority measures for non-renewable and non-CHP installations have been exhausted. The
expansion obligations of the operator answerable for the network restrictions remain in parallel to these
measures. The operator of an installation with curtailed feed-in is entitled to compensation for the energy
and heat not fed in as provided for by section 15 (1) of the Renewable Energy Sources Act. The costs of
compensation must be borne by the operator in whose network the cause for the feed-in management
measure is located. The operator to whose network the installation with curtailed feed-in is connected is
obliged to pay the compensation to the installation operator. If the cause lay with another operator, the
operator responsible is required to reimburse the costs of compensation to the operator to whose network
the installation is connected. The amount of energy curtailed as a result of feed-in management measures
decreased by 20% from 4,722 GWh in 2015 to 3,743 GWh in 2016. This corresponds to 2.3% of the total
amount of electricity generated in 2016 by installations eligible for payments under the Renewable Energy
Sources Act (including direct selling). [41]
Spain
In Spain, there are two methods of curtailment. Firstly, there is programmed curtailment where decisions
are made before the day-ahead market is closed. Secondly, there is a real time market. Curtailment
instructions are sent out from the system operator to the RES generators via the Control Centre for
Renewable Energies and the Generation Control Centres (GCC). All RES power greater than 10 MW must be
connected to the GCC. Analytical models are used to determine the need for curtailment. All real-time
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curtailment receives compensation of 15 % of the wholesale price for each hour which is multiplied by the
theoretical production based on the resource forecasts. [38]
Ireland
In Ireland, a distinction is made between constraints (which are resolved by reducing the output of particular
units) and curtailment (which is resolved by reducing the output of some or all units). Constraints are
normally applied first and are followed by curtailment, if both are required simultaneously. Curtailment and
constraint instructions are administered based on the active power control set-point of each unit. When a
dispatch-down instruction is required, first priority is given to non-controllable wind plants (by opening
relevant circuit breakers), then controllable wind plants, followed by wind plants that are still in a
commissioning phase. [42]
Denmark
High wind integration is supported by strong interconnections to neighbouring systems and well-functioning
international electricity markets. For example, negative price signals are used to encourage wind and other
generation to reduce output during periods of over-generation. All wind power is traded in the wholesale
markets (day-ahead and intraday power markets), either by production balancing actors or by the Danish
TSO. Wind owners are compensated at slightly above the market price. Large off shore wind plant
compensation is negotiated during the tendering process. As said before, there is a possibility to curtail
production from some wind turbines, either for shorter periods consisting of a few minutes or for longer
periods extending to several hours. Curtailment is technically feasible for all modern wind turbines. Excess
electricity is therefore not a technical problem but rather an economic one, which can be minimised when
the rest of the energy system becomes more flexible. In order to move toward such a system, incentives are
needed for market actors that adequately reflect and reward the value of increased flexibility. In a future
with a large share of wind power, it will likely be economically beneficial to reduce the output of some wind
turbines over selected periods of time rather than investing in flexibility options. The wind turbines that are
curtailed would then be available for providing positive regulating power. [42]

3.1.5.4 NON-MARKET CURTAILMENT SCHEMES
Non-market curtailment schemes use predetermined rules to curtail the production from renewables,
according to the [40]. Moreover, this rules here are set to be applied at the distribution network to maintain
the whole power system secure (due possible impacts to the transmission network). The included curtailment
schemes are: i) Last In First Out (LIFO), ii) Pro Rata, iii) Technical best, iv) Greatest carbon benefit, v) Most
convenient, and vi) Generator size.
i)

Last In First Out (LIFO)

Under this method, the first non-firm generator unit (NFG) to be curtailed under a constraint event is the
chronologically last NFG to connect to the network or added to an Active Network Management (ANM)
scheme. Adding a new NFG connection to the LIFO priority list (in the position of least priority) does not alter
the priority position of existing NFG. This approach is consistent, transparent and easy to implement within
the current EU regulations. However, this method would not necessarily be the best way of fully utilising the
available network capacity or the available renewable generation. For example, the lowest priority generator
maybe located furthest from the constraint which would result in a higher volume of curtailment required
when compared with a generator located closer to the point of congestion. As the number of NFG increases,
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the Capacity Factor (CF) for those at the bottom of the priority list may begin to approach unacceptable levels
and discourage any new NFG connections.
ii)

Pro Rata

The pro rata method divides the required curtailment equally between all NFG contributing to a network
constraint. The total amount of curtailment would be shared by each of the NFG based on the ratio of rated
or actual NFG output to total required curtailment. Implementing this method would grant equitable access
for multiple NFG. However, it is difficult for the Distribution Network Operators (DNO) to calculate the long
term volumes of curtailment of this method since, as more NFG is connected, the level of curtailment of each
NFG, including those already connected with NFG contracts, will increase. To some extent, this can be solved
by setting a cap on the level of generation which can be connected to a particular network location without
the network being reinforced. This then gives a minimum CF which allows generators to calculate return on
investment.
iii)

Technical best

This scheme allows to curtail the NFG in order of size of contribution to the prevailing constraint or based on
which generators are most effective (in power systems terms) in relieving the constraint. In general, this
would vary for different types of constraints and network configurations. This approach would ensure a
minimisation of the volume of energy curtailed and the most efficient operation of the network. This
approach may discriminate against certain NFG based on their location and capacity; however, it could also
encourage the DNO to upgrade the network at an earlier date.
iv)

Greatest carbon benefit

This method aims to minimise the carbon emissions associated with actively managed networks by curtailing
NFG which will result in the greatest reduction in CO2 emissions. Based on a carbon metric such as CO2/MWh
per generating unit the network operator could prioritise NFG in the curtailment scheme. Generators could
be grouped into a number of different ranges of CO2 emissions, similar to Renewable Obligation Certificates
banding. If the group of NFG all has similar CO2 emissions then this method could be combined with a second
scheme e.g., pro rata or LIFO to apply curtailment. There may be difficulties in the calculation of true carbon
emissions of each generation in a clear, open and fair manner.
v)

Most convenient

This method allows the system operator to curtail the generator they know to be the most convenient i.e.
easiest to implement and most effective for relieving network constraints. There may be unfair discrimination
against certain types of generators based on location, control room preference and size of generator. The
assessment may also be influenced by system operator preference which raises issues regarding fairness and
transparency.
vi)

Generator size

This method curtails the largest generator that is contributing to a constraint first, where size refers to output
at time of constraint. This method has the advantage of easing network congestion quickly by regulating or
removing the largest NFG first. This scheme could be deemed unfair, and may discourage efficient
investments from developers e.g., reluctance to install larger generating units.
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3.2

RENEWABLE ENERGIES MANAGEMENT IN THE REGION

3.2.1 GREECE
The former medium-term target for RES penetration in the energy production mix of Greece was 20% by
2020, following the European guidelines. Greek policies provided incentives and adopted the feed-in-tariff
scheme for investments in RES plants. This resulted in achieving the target already by 2016. Currently, the
RES share in Greece’s energy mix for electricity stands at approximately 24% while the new Energy &
Environment Roadmap of the Greek government has set the target of RES penetration at 32% of the total
energy consumption by 2030. Specifically, the new Roadmap sets the target of installed RES capacity as
follows: 6.4 GW for Wind turbines from 2.4 GW in 2018, 6.9 GW for PVs from 2.5 GW in 2018 and Hydro
plants to 3.9 GW from 3.2 GW in 2018.
As a result, the Greek Transmission System has experienced significant challenges posed by the massive
installation of new RES plants, a trend that will continue in the near future as well. Such challenges involve
line congestion issues and overvoltages as well as the need for the expansion of the network in order to
facilitate new installations in often remote geographical areas. Figure 38 shows the distribution of wind farms
in Greece.

Figure 38: Wind farms distribution in Greece in 2017 (source: HWEA)
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Evidently, if we take into account the PV plants, a high penetration of RES generation has been installed in
the geographical area of Peloponnesus in Greece. In addition, conventional generators of a total of 600 MW
capacity are installed in the area, while the 400 kV network has not yet expanded there. As a result, during
periods of high RES production, the lines connecting the cities of Korinthos and Argos are sometimes
congested, leading to RES curtailment. RES curtailment does not happen very frequently in general however,
potential congestion issues in other lines of the region has made further RES plants installation infeasible and
as a result no new production licences are approved for Peloponnesus by the National Regulatory Authority.
These issues hinder RES growth in the region and are a serious challenge for the TSO both technically and
financially. For example, especially in Peloponnesus, IPTO invests millions of Euros for the expansion of the
400 kV network to the area in order to alleviate these issues that arise from RES integration. Figure 39 depicts
the topology of the network area in focus between the cities of Argos and Korinthos where occasionally line
congestions have occurred.

Figure 39: Topology of Peloponnesus network area with congestion
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RES Management
In Greece, there are currently no dispatchable RES plants installed in the Transmission System since the
network regulation does not allow it. The only dispatchable RES units (Hybrid-RES) can be found in noninterconnected islands. As a result, there is currently no RES dispatch centre in the Greek Electricity
Transmission System. The Greek TSO is obliged to absorb the maximum possible amount of RES energy
produced in the system. That is, under the current electricity market legislation the RES do not participate in
the bidding process of the Day ahead wholesale market since their production has to be integrated before
all other power plants. Furthermore, since RES have priority in the Greek Transmission system there is
currently no remuneration for RES curtailment. This will change in the future with the establishment of intraday and balancing markets and RES curtailment will be compensated in order to address congestion issues
properly.
Furthermore, Greece is fully committed to adopt the EU energy market target model and due to that a new
supporting scheme for RES plants has substituted the feed-in-tariffs. This new scheme includes feed-in
premiums based on the differential between a fixed aid provisioned for the RES generation and the wholesale
price of electricity. Under the new market model, RES will participate competitively in different energy
markets such as the balancing market that will be operated by the TSO.
There is currently no established cooperation with the DSO regarding RES installed in the distribution system.
However, in 2018 a Memorandum of Understanding was signed between IPTO and HEDNO that among other
fields of cooperation, it mentions the establishment of coordination framework regarding RES plants in the
distribution system and the exploitation of grid services that can be procured by those.
RES and System reserves
In Greece, IPTO is responsible for the calculation of system reserves. As already mentioned, the new
balancing market has not yet been established, thus the reserves do not take directly into account RES
intermittency. The primary reserves requirements are based on ENTSO-E’s regulations and the particularities
of the Greek transmission system and stand at 80 MW for all Dispatch periods.
The requirements of the Secondary Reserve are set also by IPTO, according to the net load profile and are
approximately up to 350 MW for Secondary Up, 150 MW for Secondary Down, 50 MW for Fast Secondary Up
and 20-30 MW for Fast Secondary Down. The tertiary reserve requirement is set by IPTO at about 5-6% of
the system load. However, the increasing penetration of RES in the system is expected to increase the need
for tertiary reserve in the near future.
RES incentives and support schemes
The RES support is financed through a special account for RES, managed from the Market Operator. A portion
of this support comes from a so called “RES fee”, introduced in the electricity bills. Another source is the
forecasted power injection in the day-ahead market, which is calculated by the TSO. The clearing price comes
from the balancing based on the calculation of the actual power injection, just like for the rest of the
generators. Additional fees for lignite generation and CO2 emissions exist. The Ministry of Energy is
responsible for the determination of the non-tax levies.
As mentioned before RES were compensated by a feed-in tariff, which was a fixed premium. A new legislation
(Law 4414/2016), currently implemented, provides for the transition from a feed-in tariff to feed-in
premiums based on the differential between a fixed aid provisioned for the RES generation and the wholesale
price of electricity. With this new scheme the RES generator will participate in the day-ahead market by
submitting bids. This new law aims at providing a fair compensation for the RES generators and hedging from
possible fluctuations of the wholesale price in the future. The first PV and Wind farms with capacity of 400
MW that acquired licences under the new scheme are expected to start operation within 2019.
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RES production forecast calculation
Wind Farms Forecast
Wind farms production forecast is provided to ADMIE as a service by the Spanish company Meteologica since
2014. Forecasts are provided 5 times per day and cover a time span from the next hour up to the last hour
of the next day. More specifically, forecasts are provided:
1.
2.
3.
4.
5.

In 7.30, including the next 40 hours (16 hours of the same day and 24 hours of the next day)
In 10.30, including the next 37 hours (13 hours of the same day and 24 hours of the next day)
In 13.30, including the next 34 hours (10 hours of the same day and 24 hours of the next day)
In 27.30, including the next 30 hours (6 hours of the same day and 24 hours of the next day)
In 20.30, including the next 27 hours (3 hours of the same day and 24 hours of the next day)

The time resolution of these forecasts is one hour. Furthermore, the forecasts are related to the following
geographic areas of Greece:
•
•
•
•
•
•

The interconnected system as a whole
Northern Greece
Southern Greece
Thrace
Evvoia
Peloponnese

Forecasts are chosen to be provided separately for the last three areas because all of them are frequently
facing congestion issues. Furthermore, ADMIE is able to remotely access the forecast application and request
forecasts for a chosen hour in order to handle emergencies.
The wind farms included in the aforementioned areas are provided by ADMIE to the forecast system operator
and are frequently refreshed in order to make sure all relative installations are included. ADMIE provides
geographical coordinates as well as any certified historical time series data for the wind farm production.
In order to increase forecasting accuracy, the forecast service provider utilizes a combination of complex
numerical and statistical models. Numerical models are used for macroscopic simulation of the weather
during the following days. Downscaling is then used in order to achieve simulation detail in a more focused
geographical level. The data sent by ADMIE to the forecast system operator are used for identifying areas of
significance and in order to calibrate the forecast models. The models used by the forecast service provider
are based on meteorological variables whose forecast is achieved using numerical weather predictions
(NWP). NWP models allow for the production of weather forecasts on a grid, the size and structure of which
is decided by statistical downscaling. The results of this process are wind speed and direction forecasts on a
local level, which are then reformed to power production forecasts utilizing wind turbine power curves.
PV and other RES forecast
PV forecast on the HV and MV levels of the interconnected system is also provided to ADMIE by the Spanish
company Meteologica since 2016. The forecasts are based on the same processes and models described
above for wind farm production forecast. ADMIE provides the geographical coordinates pf PV systems
installed both in the HV and MV grid as well as certified time series data of PV production. The forecast is
focused on the following areas:
•
•
•

The interconnected system as a whole
Attika
Central Greece
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•
•

Macedonia-Thrace
Peloponeese-Epirus

A second software is used for the forecast of PV production and other RES which utilizes a statistical, machine
learning model developed by AUTH (Aristotelian University of Thessaloniki). This software is able to forecast
the production of all RES except wind farms with a time step of one hour and a horizon of up to 10 days.
Forecasts can be produced per geographical are and voltage level.
The RES technologies supported are:
• Biogass units
• Small hydro-electric stations
• CHP units
• PV units (HV and MV)
• PV units (LV)
• PV units (rooftops)
• All RES (except wind farms)
The areas supported are:
• Macedonia-Thrace
• Peloponnese-Epirus
• Attica
• Central Greece
• All areas
Training this model requires meteorological data and historical time series RES production data. This data
refers to the previously listed (4) areas. In order to produce forecasts on a voltage level though, regression
techniques are used for inferring PV production per voltage level. Meteorological data are only used for PV
production, while the rest of RES technologies are forecasted only using historical data.
Forecasting Error Calculation
Forecast errors are calculated by following the following two methodologies:
The Normalized Mean Absolute Error (NMAE):
𝑛

|𝑥𝑖 − 𝑦𝑖 |
1
𝑁𝑀𝐴𝐸 = ∑
𝑛
𝑃𝑖𝑛𝑠𝑡
𝑖=1

The Normalized Root Mean Squared Error (NRMSE):
𝑛

1
𝑥𝑖 − 𝑦𝑖 2
𝑁𝑅𝑀𝑆𝐸 = √ ∑ (
)
𝑛
𝑃𝑖𝑛𝑠𝑡
𝑖=1

Where:
𝑥𝑖 : Hourly forecast of wind farm production
𝑦𝑖 : Hourly measurement of wind farm production
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𝑃𝑖𝑛𝑠𝑡 : Installed wind farm power
Errors are calculated on a daily basis. In order to calculate errors, the real measurements for day D are used
together with the forecasts that were produced in day D-1 referring to day D. The mean values of the
aforementioned errors per month are defined as:
Monthly Average of Normalized Mean Absolute Error:
𝑚

𝑁𝑀𝐴𝐸𝑚𝑜𝑛𝑡ℎ

1
= ∑ 𝑁𝑀𝐴𝐸𝑗
𝑚
𝑗=1

Monthly Average of Normalized Root Mean Square Error:
𝑚

𝑁𝑅𝑀𝑆𝐸𝑚𝑜𝑛𝑡ℎ

1
= ∑ 𝑁𝑅𝑀𝑆𝐸𝑗
𝑚
𝑗=1

Where
m: the number of days including in a month
The calculated error values are used by ADMIE in order to benchmark and assess the quality of forecasting
models. In addition, these values are also used in order to assess the quality of the forecast service.

3.2.2 BULGARIA
The forced RES penetration, due to European energy policies and the adopted feed in tariff support scheme,
led Bulgaria to achieving the indicative goals eighth years before the dead-line. Wind farms’ deployment in
the Bulgarian power system is concentrated in the northeast part of the country (Figure 40), which is
insufficiently urbanized due to the existence of farming lands and severe weather conditions, especially
strong wind blowing.

Figure 40: Wind farm deployment in the Bulgarian power system (source: EWEA)
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For the above reasons, before the heavy wind power penetration started during the period 2008 – 2010, the
transmission grid in that part was negligibly developed at 110 kV level (Figure 41).

Figure 41: Transmission grid 110kV before 2014

In addition, due to EU third energy package, the ownership of the transmission network assets was
transferred from the public supplier to the transmission system operator (TSO) in the beginning of 2014.
Therefore, the ex-owner wasn’t interested in the deep integration of wind farms with a general concept for
the grid development. Each wind farm/turbine was connected to the nearest network element on the
principle “first come, first served”. Finally, the TSO was forced to apply wind power curtailment in the hours
when network thermal limits were reached. There were 480MW of wind capacity located in north-eastern
Bulgaria and the transfer capacity of the network at the time (2010 - 2014) was 311MW. Besides, some
operational conditions led to the curtailment of even more wind generation. In these circumstances before
the end of 2014, the TSO implemented an action plan in order to hasten the grid development and avoid
further curtailment of RES generation (Figure 42Figure 41). Since then, wind power curtailment due to
network congestion has been applied only in the cases of forced outages of important network elements or
in the cases of planned outages of assets between TSO and affected wind farms.

Figure 42: Transmission grid 110kV after the end of 2014
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There are no dispatching centres for renewables in Bulgaria. RES are dispatched by the network operator
where they are connected. The TSO can dispatch RES connected to the distribution grid via the DSOs. All RES
with installed capacity above 200kW are obliged by law to provide real time production data to their
respective network operator. Currently more than 70% of RES are observed online through the SCADA
systems of TSO and DSOs. The generation for the rest of the renewables below 200kW is estimated based on
the data provided by the nearest observed relevant type of RES multiplied by a coefficient depending on the
proportion of the installed capacities. Online dispatching signals (curtailment, voltage control and etc.) from
TSO to RES connected to the transmission grid are possible, but currently it is not applied in order to avoid
any possible damage to the assets, respectively further lawsuit. All dispatching signals are communicated by
phone. The situation is the same concerning TSO-DSOs dispatching orders. DSOs can curtail generation of
RES installations (basically above 1MW installed capacity) using SCADA signals but this method is used only
as a last resort.
Since 1st of January 2019, RES with installed capacity above 4MW are obliged to participate on the power
exchange (IBEX) individually (own balancing group) or in freely chosen balancing groups. In such case selfdispatching/management of RES above 4MW in the range of a balancing group with large portfolio (different
types of RES, pro/consumers and storages) is possible.
Before the start of the real balancing market (1st of June 2014), the Bulgarian TSO was obliged to forecast
and plan the hourly production of renewables.
Various tools like Resource Optimisation and Hydro-Thermal Coordination by Siemens were used during
system operation planning for time horizons of day-ahead and month-ahead.
The methodology for prediction of photovoltaic and wind generation was developed in the national
dispatching centre of the Bulgarian TSO - ESO. The prototype tools were put in operation since 2010 and
software platforms based on the prototypes were developed and commissioned in 2012 by an external
software developing company. The basic features and performance are described in the two papers [43],
[44]. The software solutions are updated hourly based on new inputs for wind speed, solar irradiance,
temperature and SCADA data (weather parameters, power output and assets availability) measurements.
They are still in operation and are used as follows:
•
•

To check market participants schedules and for detection of RES gaming: 1) providing lower values,
when a curtailment is expected; 2) providing higher values, in order to decrease settlement deficit
due to the higher balancing market prices.
As input data for prediction of the transmission losses [45], where distributed photovoltaic
generation helps to decrease the power flows, respectively the losses (up to 10%) and wind farm
generation leads to increase of the losses (up to 50%) in the north-east poorly developed part of the
transmission grid due to the thermal limits of some OHLs.

After 1st of June 2014 the responsibility for RES production forecasting was transferred to the owners of the
renewable energy sources or to their representative balancing group coordinator and the DSOs (for
installations less than 1MW). RES owners use many types of market-oriented forecasting software tools
(Aiolos Studio by Vitec, Meteologica and etc.). The observations on their aggregated forecasts show good
performance and similarity to ESO forecasts. All RES forecasts were aggregated by the three DSOs and sent
to the public supplier NEK. Till the end of 2018 the market participation of renewables was handled like this:
all RES were part of the public supplier NEK (national electricity company) balancing group and their
deviations from scheduled production were redistributed among all of them. DSOs had to aggregate the
forecasts of those RES producers connected to the distribution grid and then sent them to NEK. This scheme
is still in force after 1st of January 2019, but only for the RES with installed capacity below 4MW. The rest of
the renewables above 4MW are obliged to participate on the power exchange (IBEX) individually or in freely
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chosen balancing groups. The threshold is expected to be decreased from 4MW to 1MW during 2019. The
intraday market which was introduced in April 2018 gives good opportunity to the owners of renewable
energy sources to improve their forecasts, respectively to decrease their imbalances (deviations).
A number of statistical approaches and methods are used to quantify the influence and "contribution" of
wind and photovoltaic power on the enhancement of random factors in the power system operation. This
assessment is based on the quantitative comparison of all energy indicators obtained for gross and residual
load, or for two variants of the residual load received for different values of the installed photovoltaic and
wind capacities.
The variation of the wind and PV power output over time is a purely random process with continuously
changing probability characteristics and indicators depending on the change in the "availability" of the
respective renewable energy resources - wind and sun. The two random processes defining the operation of
conventional generating units are respectively:
•
•

Process 1 - the random process of hourly load variability
Process 2 - the random process of total hourly power output variation of wind and solar parks

In the formula below Pi stands for the time series of the hourly loads and RESi represents the corresponding
time series of the total power output of wind and PV. The residual load is the load that needs to be "covered"
by conventional generating units and it is equal to the difference between:
Piresidual = Pi – RESi
Thus, the wind and solar power output is represented as a "negative" load. The resulting time series Piresidual
is also a random process whose equivalent probability characteristics and metrics are derived from those of
the two random processes that form it, in accordance with the theorem and laws for summing up normally
distributed random variables. It has already been pointed out that the hourly fluctuations of the load and the
power output of wind and PV have a normal probability distribution. Under this condition the standard
deviation of the residual load will be determined by the formula:
σp-res = σ2p + σ2res +(-) 2Rp/resσpσres
Where: σp-res - standard deviation of the residual load;
σp - standard deviation of the load;
σres - standard deviation of the total power output of wind and PV installations;
Rp/res - correlation coefficient between the load and the residual load.
Depending on the value of the correlation coefficient, the following ratios are possible:
- at Rp/res = 0

→

σ2p-res = σ2p + σ2res

- at Rp/res > 0

→

σ2p-res > ( σ2p + σ2res )
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- at Rp/res < 0

→

σ2p-res < ( σ2p + σ2res )

- at Rp/res = 1

→

σ2p-res = ( σ2p + σ2res ) + 2σpσres

- at Rp/res = -1 →

σ2p-res = ( σ2p + σ2res ) - 2σpσres

The values of the correlation coefficients between the two processes and the verification of their significance
indicate that these processes can be considered independent therefore the first ratio is in effect. However,
in cases of significant correlation, the calculation will be performed according to the formula shown. As a
result, the standard deviation of the residual load will always be greater than the standard deviation of the
load. The difference:
Δσres-impact_IMPACT = σp-res - σp,
represents the total "contribution" of wind and PV power plants to the increase in the standard deviation of
the residual load and the consequent need to increase the requirements for the regulating reserve power.
This approach is used in the algorithm proposed below for assessing the impact of wind and solar power on
the power system operation.
The quantification of this impact on power system operation is based on a comparison of the statistical and
probability characteristics of the gross load and the residual load resulting from the subtraction of the wind
and PV power output. This comparison is carried out through a scenario-based simulation of gradual increase
of the installed capacity of wind and PV power, which helps to assess the development of the total installed
capacity on the one hand and on the other, the trend and sensitivity of the energy regime parameters to this
development. Energy regime of a power system is identified by the dynamic change of the power output of
the synchronous generating units and the change in the number of these units according to the constantly
altering operating conditions of the power system:
-

the random process of load variation.
the random process of variation of the available generation capacity due to failures of the generating
equipment.
the random process of variation of wind and solar power as well as run-of-the-river HPPs.

Due to the impact of a number of persistent and occasional factors, the electrical consumption is constantly
changing in all time horizons - from several years to several seconds, which is a typical non-stationary random
process. Reliable maintenance of an exact balance between production and consumption is the main goal of
planning and managing the energy regimes of the power system. To achieve this, it is necessary to
continuously adjust the power output of the system in accordance with the change in the total load and the
unexpected failures of the generating equipment and depending on the speed and direction of this change,
to activate or deactivate different types of reserve power available on units with different regulating features
and operating states. The selective start-up of a particular unit and the regulation of its operating power is
only possible with conventional generating units - thermal and hydro where the primary energy carrier is
virtually always available as its availability can be controlled. In the case of wind, photovoltaic and run-ofthe-river hydro generation, the output power varies only when the wind speed, solar intensity and the
corresponding water flow change, which is a random process. These generating sources cannot be started
selectively but only when there is sufficient primary resource, so they are virtually non-dispatchable, and the
electricity generated by them must be "absorbed" by the system at the time of its production regardless of
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the frequency and amplitude with which it occurs (so-called must-take energy). For these reasons, the task
of keeping the balance in the power system becomes more difficult, because besides the random fluctuations
of the load and its forecast error, one must compensate for the power fluctuations of the renewable energy
sources - wind, photovoltaic and hydro (run-of-the-river).
Table 22: Energy / power output from wind and PV installations combined (2015)

Metric (2015)

Energy / power output from wind and PV
installations combined

highest electricity production, MWh

14840

lowest electricity production, MWh

462

highest maximum output power, MW

1249

lowest maximum output power, MW

66

lowest minimum output power, MW

0

highest minimum output power, MW

482

largest difference between maximum and minimum output
power in a single day, MW

1151

smallest difference between maximum and minimum
output power in a single day, MW

66

highest capacity factor per single day, %

21.3

lowest capacity factor per single day, %

0.7

largest positive hourly ramp rate, MW/h

283

largest negative hourly ramp rate, MW/h

-358

largest value of the standard deviation, MW

140

lowest value of the standard deviation, MW

11

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

Annual average value for 2015

Energy / power output from wind and PV
installations combined

daily production, MWh

6965

maximum output power per day, MW

634

minimum output power per day, MW

72

daily variation range (min - max) of the output power, MW

562

capacity factor, %

10.0

largest positive hourly ramp rate per day, MW/h

140

largest negative hourly ramp rate per day, MW/h

-147

standard deviation of the hourly fluctuations , MW

73
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The results presented in Table 22 and Table 23, and mainly the annual average value of the standard deviation
of the hourly fluctuations of the total output power of wind and solar installations, are used to calculate the
size of the required reserve to cover these fluctuations in the power system. On the basis of simulations and
calculations, the dependence of the necessary reserve to compensate for the hourly fluctuations of the wind
and photovoltaic cumulative power output at different probabilities (Figure 64) and for different levels of the
installed capacity is defined.

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)

Since 2007 the Bulgarian NRA has adopted the feed-in-tariff support scheme which is not market sensitive.
No auctions for new capacity entries have been held so far. The main principle is “first come-first served”, if
the price determined by NRA for respective regulatory is attractive enough. During the period 2007-2012 the
prices determined by the NRA were more attractive varying in the range of 250-450EUR per MWh which led
to Bulgaria reaching its RES indicative goal eight years before the set deadline. Since 2013 the prices
determined by NRA have been around 80EUR/MWh for wind power and 120EUR/MWh for photovoltaic
power, but in the period 2013-2019 only 50MW of new capacities were installed. The absence of fair
competition between investors caused by the lack of new capacity auctions created big issues for the TSO
and the DSOs. All network operators were obligated to connect to their grids more than 1000MW of RES in
the period March-June 2012 and as result many temporary congestion problems arose. That was contrary to
the concept of sustainable development. The expectations concerning RES integration with horizon 2030 are
that the lessons from the past are learned and RES support schemes will be made more market sensitive,
giving the right signals to the investors and to TSO/DSOs for network development.
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3.2.3 REPUBLIC OF NORTH MACEDONIA
According to the data of the Energy Regulatory Commission, another 33 small HPPs with a total installed
capacity of 27.76 MW received temporary status of privileged producer and their construction is expected
to be completed in the period 2016/2017.
The first WPP installed in North Macedonian power system and so far the only one (WPP Bogdanci), was built
and put into operation in 2014. The WPP Bogdanci is located in the southeast of the country and consists of
16 Siemens wind turbines with a separate power of 2.3 MW, located on pillars with a height of 80 m, which
gives a total installed capacity of 36.8 MW. WPP Bogdanci is planned to be expanded to a total installed
capacity of 50 MW. WPP Bogdanci produced 120.8 GWh of electricity in 2015, which gives an equivalent
number of hours of work annually with a maximum power of 3281 hours and indicates the exceptionally
favorable location of this WPP. The remaining power of the WPP of 13.20 MW (second phase) is in progress
and is expected to be put into operation in the period 2016 - 20171.
According to available data, as of 31.12.2015, within the North Macedonian power system there are 2
thermal power plants with biogas with total installed capacity of 3,999 MW. The individual power of these
power plants is 999 kW and 3,000 kW. In 2015, biogas power plants produced 20.2 GWh.
The total installed capacity of PVPP, as of 31 December 2015, was 16.7 MW, out of which 3.65 MW with
power up to 50 kW and 13 MW with power from 50 kW to 1000 kW. A total of 101 surveyed facilities of this
type were in operation. All PVPPs are privately owned. In 2015, PVPPs produced a total of 22.6 GWh.
Table 24: Construction of RES in the Republic of North Macedonia in the current situation

Type of RES power plant
Wind power plants
Photovoltaic power plants

Biogas power plants
Biomass power plants
Small hydro power plants

Installed capacity (MW)

Production in 2015 (GWh)

36,8

120,8

3,65 / PVPP with installed capacity up to
50 kW
13 / with installed capacity from 50 kW tо
1000 kW

22,6

3,999

20,2

-

-

109

308,4

Regarding the decision of the Government of the Republic of North Macedonia for the total installed capacity
of RES, whose production is encouraged, currently quotas (free capacity for production at feed-in tariffs) are
not met for any RES. Given the WTT quota, another 28 MW (by 2016), i.e. 63 MW by 2020 and 113 MW by
2025 are free. For PVPP, there are still 0.35 MW free for construction up to 50 kW and 1 MW for a
construction size between 50 kW and 1 MW. The feed-in tariff is still available for biogas power plants for
power of 2 MW and biomass power plants for 10 MW. The small HPPs do not have limitations in the installed
capacity, related to the tariff and the status of privileged producer. Given the current build-up of new PVPPs,
the quota for power plants up to 50 kW will be completed soon, and their construction (without a trigger
price) is not expected, as well as the biogas TPP.
Within the framework of the energy sector strategy until 2035, three scenarios for energy development are
defined. In addition to the baseline scenario, which is based on existing measures and energy policy,
1

Still in construction
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additional scenarios have been defined that include lower growth rates of consumption, for the purpose of
applying energy efficiency measures and additional integration of RES.
In all analyzed scenarios, the reduction of electricity imports and the achievement of high security of supply
is expected at a price that is competitive on the electricity market in the region.
The final electricity consumption should grow at an average rate of 1.2%, 0.7% and 0.7% in a row, in the
baseline scenario (BASE)2, the scenario with the application of energy efficiency measures (S-ee) and the
scenario with the application of energy efficiency measures with increased integration of RES (S-еe-res).
Baseline scenario (BASE)
The share of final energy consumption in the final energy consumption should, according to this scenario, be
reduced from 33% to 25%. A significant increase in participation in final consumption is assumed for natural
gas (from 1% to 15%), which should considerably replace the electricity consumption which would therefore
increase with an average annual rate of only 1.2%, despite the significant increase of the projected GDP.
In the period from 2015 to 2035, a total increase in the final electricity consumption is expected from 29%
(from 7.1 TWh in 2015 to 9.1 TWh in 2035). Renewable sources in the baseline scenario would have been
built up to 2035 with the following installed capacities:
Table 25: Power to be installed in the grid up to 2035

Technology
Small HPP
WPP
PVPP
Other RES

Power Capacity
100 MW
200 MW
120 MW
40 MW (ТЕ-ТО on waste biomass, biogas PP and PP on geothermal energy)

Figure 44: Electricity production in the reference scenario

2

The other scenarios, rather than Baseline scenario are not presented in this document. This scenarios are
available on: MEPSO publications.
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Long term plans
For the various scenarios in terms of increasing of the energy consumption and the construction of new
power plants, it is estimated that the total RES production in 2020 would be between 2.5 TWh and 3.5 TWh,
which would be from 20% to 32% of the total produced electricity for the reviewed year.
Within the framework of the Strategy, the possibilities for utilization of the wind energy were considered,
based on the wind atlas and the measurements of its speeds at several locations (4 locations: Ranavec /
Bogdanci at 472 mnv, Shashavarlija / Shtip at 857 pm, Bogoslovets / Sveti Nikole at 733 pm, Flora / Kozuf at
1730 pm). On the basis of such observations, a total of 15 locations for possible construction of WPP with
determined power from 20 MW to 30 MW are designated, with expected annual production from 30 GWh
to 55 GWh. Potential locations are mainly at altitudes above 1000 m (only three locations are below that
height). The estimated factor of maximum power utilization for the locations under consideration is from
0.27 to 0.39. The favorable locations considering the climatic, topological and other characteristics, are
located along the valley of the river Vardar.
Network congestion problems
The network congestions in the North Macedonian electricity system are estimated both on medium and
long term, i.e. for 2020, 2025, 2030 and 2040. The estimation is determinated by the impact of the total
consumption and production, taking into account the action plans for further RES integration, on the
transmission network, from security analysis aspects, i.e. N-1 creation, voltage stability and short current
analysis.
Additionally, the transmission network development strategy was taken into account in terms of future
expansions and reinforcements of the transmission grid.
According to a Study for evaluation of total costs for integration of RES with a predicted scenario for
construction of new WPPs and PVPPs and their connection to the transmission and distribution network, by
2030 there is no need for additional reinforcement of the transmission network in relation to the
development of the network.
RES management
The situation of managing the RES in North Macedonian power system is almost the same as in other
counties, i.e. there are no dispatching centers for RES. RES, in current situation only WPP Bogdanci, that can
be dispatched by the transmission system operator. As stipulated in North Macedonian Grid Code, all RES
with installed capacity above 5MW are obliged to provide real time production data to the transmission
network operator. Additionally a group of SHPP with installed join capacity of 19 MW are providing real data
to the network operator, which is not manageable.
RES production forecast calculation
The RES production forecast calculation is provided different for the ones that are privileged producers and
the ones that are not. For the privileged producers, the Balance Responsible Party is the Market Operator,
which is part from MEPSO, where the calculations are provided by third party. The total imbalance form the
forecast are shown on the following graphs in addition of this document. For the non-privileged producers,
the forecast calculation is provided by their own and/or by their retail contractor.
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Figure 45: Hourly imbalances of WPP production from the forecast for 2015

RES and system reserves
System reserves for power and frequency regulation are usually provided conventional power plants
equipped with synchronous generators and turbines regulators (rotational speed regulators), included in
automatic systems AGC (Automated Generation Control) and automatic regulation of ACE -Automatic
Control Error, as well as all electrical power stations that are in operation at the moment under consideration
and can, after the dispatcher's oral / manual order in the required period of time to increase or decrease
production.
TPPs of coal, generally, are not intended to provide significant P/f regulatory reserves in the system, and
therefore do not contribute to the possible increase in the integration of RES in terms of balancing their
production. The oil fuelled TPP technically can be capable of providing a fast P / f regulation reserve, but at
extremely high costs for such a mode of operation. Therefore, from the existing TPPs in the North
Macedonian power system, no significant P / f regulatory reserve should be expected, which would facilitate
the future integration of RES.
The ability to provide system reserves for power regulation and frequency control of the WPPs and / or PVs,
is significantly limited due to the strong dependence between the current climate conditions (wind speed,
solar radiation) and the production of these types of electrical power plants at RES. For one WPP to
participate in the provision of system services for regulation of power and frequency, its current production
would have to be limited, regardless of the current wind speed. Thus, the WPPs can be capable according to
the system needs in a short period of time to increase production, respectively occasionally reduce
production regardless of the speed of the wind, which would lead to significant economic losses for the
owner, because the variable costs of these plants are practically zero.
According to the previously described reasons the assumption is that the WPPs and PVs in the North
Macedonian power system will be exempted from the inclusion in the automatic and manual systems
regulation of power and frequency, that is, their current production is dependent on the climatic conditions
at the moment considered and that the system operator (MEPSO) it will be further obliged to take over their
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entire production in the network regardless of its current value. This means that by increasing the integration
of WPPs and PVs into the electricity system of the Republic of North Macedonia will increase the needs for
system reserves and its costs security by conventional power plants.
Estimations of the total system reserves and increase due to RES integration in the period 2020 – 2040 is
given further:
▪

Secondary reserve (aFRR) will be kept at existing level, up to ±41 MW.

▪

Fast tertiary reserve (mFRR)
2020: total ± 111 MW, due to new RES ± 4 MW
2025: total ± 113 MW, due to new RES ± 6 MW
2030: total ± 116 MW, due to new RES ± 9 MW
2040: total ± 146 MW, due to new RES ± 39 MW

Studies defined list of measures in order to support RES integration in the system:
Short-term (year 2020)
▪

MEPSO and ELEM should technically improve the system services for secondary and fast tertiary
regulation and the cost to be valorized in transmission tariff.

▪

To decrease the unbalances of TPP and HPP.

Mid-term (year 2025)
▪

Continually to improve the production forecast of WPP and PVPP.

▪

In case of lack of secondary and fast tertiary reserves, to find the possibilities to partially supply the
reserves in the SMM control block.

Long-term (years 2030 and 2040)
▪

With timely realization of projects for new accumulation HPPs and new TPPs, and with sharing and
exchange of control reserves with neighboring control areas, MEPSO should not expect problems
with lack of system services for balancing the production of WPPs and PVPPs.

▪

If planned projects are not realized than MK should estimate technical possibilities and financial
consequences of engagement of gas TPPs (new coal TPPs as well) in provision of system services for
secondary and fast tertiary regulation.

Supporting schemes for RES
According to the data from the market operator, the total electricity production in 2015 by 162 privileged
producers with total installed capacity of 115.4 MW was 263.6 GWh, for which a total of 1,665,706,829 North
Macedonian denars were paid without VAT, i.e. 27,087,879.2 euros according to the exchange rate of the
National Bank of the Republic of North Macedonia on 11 November 2016.
This means that in 2015, for each kWh produced electricity by the privileged producers, they are paid on
average 6.32 denars / kWh without VAT, ie about 10.3 € c / kWh. On the other hand, the regulated price for
the production of North Macedonian Power Plants (ELEM), with a decision of the Regulatory Commission of
30.6.2015, amounted to 2.5241 denars / kWh, ie about 4.1 € c / kWh, which means that the average price
for the purchase of the production of the privileged producers, was about 2.5 times the regulated price of
the dominant producer, which mainly manages conventional power plants (TPP, TE-TO and HPP).
The Strategy for utilization of RES in the Republic of North Macedonia was developed in 2010 and on the
basis of the study of the potential for construction of different types of RES in the Republic of North
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Macedonia and analysis of the impact of the feed-in tariff for privileged producers on the final electricity
price, it has determined the recommended levels of integration of the different types of RES in the power
system:
• For the WPPs it is recommended usage of a feed-in tariff for total installed capacity of 150 MW for
installations whose installed capacity does not exceed 50 MW (the limitations are proposed due to the
relatively small installed capacity of the power plants in the power system of the Republic of North
Macedonia and due to the structure of the production sources which are dominated by TPP),
• For PVPPs has been proposed the use of feed-in tariffs up to a total installed capacity of 10 MW,
whereof the total installed capacity for larger plants up to 1 MW is limited to 8 MW, to allow wider
construction of smaller PVPPs,
• For combined biogas and biomass power plants, a limit of 10 MW is proposed,
• For HPPs there are no restrictions in their construction, because they do not cause technical problems
in the functioning of the system, and the feed-in tariffs for encouraging their production are relatively
low.
The Decree for feed-in tariffs for electricity defines the conditions that a power plant needs to fulfill in order
to gain the status of privileged electricity producer, by encouraging its production in accordance with
privileged prices, whereby the System Operator (Electricity Market Operator) must take over the entire
production of power plants with the status of privileged producer. The act defines the upper limit for the
installed capacity of the individual types of power plants that can receive privileged status, the value of the
feed-in tariff and the time limit within which the power plant is entitled to a privileged tariff. The right to a
privileged producer have certain types of HPP, WPP, PVPP and biomass or biogas power plants.
In order to obtain a comparative character for the feed-in tariffs, an overview for each type is given
separately.
Small HPP
HPP may obtain the status of privileged producer if its installed capacity does not exceed 10 MW. The time
of guaranteed purchase of electricity for small HPPs is 20 years. Depending on the monthly production of the
considered HPP with the status of privileged producer, the purchase prices of electricity are:
12 €c/kWh (for production ≤ 85.000 kWh),
8 €c/kWh (for production > 85.000 и ≤ 170.000 kWh),
6 €c/kWh (for production > 170.000 и ≤ 350.000 kWh),
5 €c/kWh (for production > 350.000 и ≤ 700.000 kWh),
4,5 €c/kWh (for production > 700.000).
WPP
WPP may obtain the status of privileged producer if its installed capacity does not exceed 50 MW. The time
of guaranteed purchase of electricity for these WPP’s s is 20 years. The purchase price of produced electricity
in the HPP is:
8,9 €c/kWh.
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PVPP
PVPP may receive the status of privileged producer if its installed capacity does not exceed 1 MW. The time
of guaranteed purchase of electricity for PVPP is 15 years. The purchase price of produced electricity in the
PVPP is:
16 €c/kWh (for PVPP with installed capacity ≤ 0,05 MW),
12 €c/kWh (for PVPP with installed capacity > 0,05 MW).
Biomass power plant
The biomass TPP can obtain the status of privileged producer if its installed capacity does not exceed 3 MW
and if the largest share of fossil fuels in the total energy value of primary fuel is 30%. The period of guaranteed
purchase of electricity for biomass TPP is 15 years. The purchase price of produced electricity in the biomass
TPP amounts to:
15 €c/kWh (for biomass power plants in which the share of fossil fuels in the total energy value of primary
fuel does not exceed 15 %).
In case the share of fossil fuels is greater than 15% and less than 30%, the purchase price is reduced based
on the formula prescribed in the government act.
Biogas power plant
The biogas TPP can obtain the status of privileged producer, if the largest share of fossil fuels in the total
energy value of primary fuel is 20%. The timing of the guaranteed purchase of electricity for TPP of biogas is
15 years. The purchase price of produced electricity in the biogas TPP is:
18 € c / kWh (for biogas power plants where the share of fossil fuels in the total energy value of primary fuel
does not exceed 10%). In case the share of fossil fuels is greater than 10% and less than 20%, the purchase
price is reduced based on the formula prescribed in the government act.
Table 26: Constraints and tariffs per RES technology
Type of RES power plant

Maximum
power
(MW)

Wind Power Plants

50

Photovoltaic Power Plants

1

Thermal Power Plant on
Biogas
Thermal Power Plant on
Biomass

Small Hydro Power Plants

3

10

Constraints
No constraints except in the total
installed capacity
Power up to:
<0,05 MW
>0,05 MW
No constraints except in the total
installed capacity
No constraints except in the total
installed capacity
Production up to
1-85 MWh/monthly
85 – 170 MWh/ monthly
170 – 350 MWh/ monthly
350 – 700 MWh/ monthly

Feed-in tariff
(€c/kWh)

Period of
Incentive
(years)

8,9

20

16
12

15

18

15

15

15

12,00
8,00
6,00
5,00

20
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3.2.4 MONTENEGRO
According to current situation, RES in Montenegro (excluding large hydro power stations) comprises two
large wind power parks (WPP “Krnovo” and WPP “Mozura”) and several small hydro power stations. Based
on data provided by Montenegrin Energy Market Operator (COTEE), participation of RES in annual electricity
production for 2018 was 6.53%, where RES refers to eligible producers meaning that their produced energy
has to be redeemed by suppliers and that they use supporting/incentives schemes in the form of feed in
tariff).
The list of renewable energy sources considered as eligible producers, at the end of 2018, are given in the
table below (Source: COTEE)
Table 27: List of renewable energy sources

Technology

Number of power plants

Installed power (kW)

Wind power plants

2

128000

Solar power plants

0

0

Small hydro power plants

13

24000

Biomass power plants

0

0

Biogas power plants

0

0

Cogeneration facilities

0

0

Geothermal power plants

0

0

Landfill gas power plants

0

0

Power plants on gas from
facilities for sewage treatment

0

0

WPP “Krnovo” is the first wind farm developed in Montenegro and it is one of the most powerful in this part
of Central Europe. It has been commissioned in January 2017. Installed capacity of this WPP is 72 MW.
According to data provided by COTEE, WPP “Krnovo” has produced 161.626 GWh during 2018, which
represents 66.07% of production from RES in the system. WPP “Mozura” has been commissioned in January
2019 and its installed capacity is 46 MW.
Locations of the mentioned WPPs are given in the Figure 46.
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Figure 46: Location of WPPs in Montenegro

Both WPPs are connected to 110kV voltage level, with feed-in tariff regarding energy price and they have a
right of priority re-dispatch, no matter how well they follow the proposed production plan. WPPs are located
relatively far away from existing large hydro power stations and thermal power station. Therefore, they don’t
cause congestions in the 110kV network, and they have positive effect on voltage levels in the network.
In order to have better power system control, as well as to have better balancing needs dimensioning and
utilization, Montenegrin Energy Market Operator (COTEE) uses statistical approach in combination with
neural networks for WPPs energy production forecast. Monthly variations of electricity production of the
WPP “Krnovo” (for only which data are available for 2018, because WPP “Mozura” has been commissioned
in 2019) are given in following figure (Figure 47):
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Figure 47: Monthly variation of the electricity production of WPP “Krnovo” for 2018

Following figure (Figure 48) presents maximum positive and maximum negative WPP “Krnovo” hourly output
variation during the February 2019. Maximum positive variation was 40.928 MW, while maximum negative
variation was 56.518 MW. Maximum average positive hourly WPP output variation in given timeframe was
15.618 MW, while maximum average negative hourly WPP output variation was -18.856 MW.
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Figure 48: Maximum positive and maximum negative WPP “Krnovo” hourly output variation during
the February 2019
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The activities of WPPs are monitored via SCADA at National Dispatching Centre (NDC) of CGES, to which are
all of the WPPs connected. There is no separate control centre for renewables in Montenegro – RES
connected to the transmission grid are controlled from NDC and local transmission control centres.
Communication between transmission system dispatcher and RES production unit connected to the
transmission grid is done mainly via phone, although, as mentioned before, monitoring and curtailment is
done via SCADA and in case of emergency, WPP can be disconnected from the grid remotely via SCADA.
Installed capacity of small hydro power stations are:
Table 28: Installed capacity of small hydro power stations

Small hydro power stations

Installed power (kW)

Annual production (2018) - kWh

Bistrica

5600

19385603

Jara

4570

19252523

Majstorovina

3600

9524546

Babino polje

2210

8541095

Šekular

1670

6203257

Piševska

1080

3150375

Bradavec

950

4063703

Orah

950

4325914

Jezerštica

840

1314798

Šeremet

790

570526

Spaljevići

650

2070571

Vrelo

620

2626909

Rmuš

470

1972140

24000

83001960

TOTAL

Annual production of small hydro power stations during 2018 was 83GWh, which represents 33.93% of
electricity production from RES in the system with status of eligible producer.
It should emphasise that every new producer of renewable energy will be considered as market participant
responsible for balancing.
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3.2.5 CROATIA
In Croatia case the main problem with renewable energy sources is related to the fact that majority of them
are wind power plants located in similar geographical location in the southern part of the country, along with
the fact that majority of transmission system consumption is located in the northern part causing south-tonorth energy flows. To be more specific, the largest distance between two WPPs is about 300 km, while 16
out of 19 WPPs with 75% of total WPP installed capacity is located on the area with similar wind climate (110
x 70 km2). The largest number of wind power plants (14) are connected to 110 kV voltage level, while the
rest are connected to the mid-voltage distribution network (35, 30 and 10 kV).

Figure 49: WPP locations
Along with significant wind variability, it strongly affects WPP output variability as well as controlling power
system in general. This means that output power change of one power plant is also represented on the others
and leads to increased needs for reserves to keep transmission system balanced. Maximum positive and
maximum negative wind power plant hourly output variations are given on the Figure 2. In other words, the
difference between in hourly WPP output in two consecutive hours is shown. The largest positive hourly WPP
output variation was 212.4 MW. The largest negative hourly WPP output variation was -121.6 MW. Maximum
average positive hourly WPP output variation in given timeframe was 124.77 MW, while maximum average
negative hourly WPP output variation was -99.22 MW. When analysing these figures, it has to be taken into
account that peak load of Croatian transmission system is around 3000 MW. It also has to be said that current
data indicates the cumulative effect of reducing hourly generation variations (in p.u.), with the increase of
wind farms number, since standard deviation of individual wind power plant with the largest output variation
in each month is significantly larger than standard deviation of all wind power plants' output. Currently,
dimensioning of frequency restoration reserve (FRR) and the ratio between automatically and manually
activated is done according to the Article 157 of SO GL (System operation guidelines, Commission regulation
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(EU) 2017/1485). Main principles lay on historical data of imbalance and reference incidents of loadfrequency control (LFC) block. Croatia is a part of SHB LFC block, along with Slovenia and Bosnia and
Herzegovina. Determination of FRR reserve is based on probabilistic methodology and required reserve
capacity cannot be less than reference incident for respective direction of SHB block and TSO’s control area.

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

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
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Another effect is that, since in Croatia case significant amount of hydro power is installed again on similar
location as wind power plants, congestions occur in the periods of high hydrology, which means mainly in
early spring which is typically windy period. Another problem can be detected in term of voltages that are
generally too high in the region concerned, especially overnight and in off peak hours. Current situation
regarding congestions and voltage levels with 576 MW power installed from 19 wind power plants could
become even worse in the future since in the short term installed power from wind power plants will be
doubled in comparison with current situation and there are also plans to install more solar power plants on
the transmission grid.
Since almost all of the current wind power plants are connected with feed-in tariff, they have a right of
priority redispatch, no matter how well they follow the proposed production plan. In daily operation, HOPS
as Croatian transmission system operator, have a right and possibility, in case that power system security is
jeopardized, to curtail wind power plant production to (or for) certain percentage. However, it should be
noted that curtailment should be considered as last available countermeasure. This can be done via SCADA
to which are all of the wind power plants connected and monitored (ones connected to the transmission
grid). Power plants connected to distribution grid, are not controllable via SCADA and their monitoring
possibilities are limited. In order to avoid curtailment, have better power system control, as well as to have
better balancing needs dimensioning and utilization, HOPS uses two approaches for renewable energy
production forecast:
Statistical approach - Wind Power Prediction Tool, WPPT (prognostic model developed by RISO Institute
and DTU) the statistical dynamic adaptation of prediction parameters):
-

Input data: speed and wind direction meteorological forecast from micro location of a single WPP from
more different meteorological resources combined in one optimal numerical weather forecast and
archives of production of each WPP.

-

Output data: production of individual WPP for 2 days in advance (long-term) or 6 hours in advance for
(short-term).

Combination of statistical-physical approach – AIOLOS (prognostic model developed by Swedish company
Vitec):
-

Input data: speed and wind direction meteorological forecast from micro location of a single WPP from
more different meteorological resources combined in one optimal numerical weather forecast and
archives of production of each WPP.

-

Output data: production of individual WPP for 2 days in advance (long-term) or 6 hours in advance for
(short-term).

Both approaches are combined operationally by final user using – SUEV (user-friendly GUI developed by
University of Zagreb, Faculty of Electrical Engineering and Computing).
For solar power plants prediction only Combination of statistical-physical approach – AIOLOS (prognostic
model developed by Swedish company Vitec) is used.
In Croatia wind power plant generation forecasting started operating in 2011, however, along with legislative
changes from the beginning of 2019 this task is allocated to ECO balance group. Croatian Energy Market
Operator (HROTE) acts as ECO balance group leader. Wind power plant generation forecast was done on dayahead and intraday basis.
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Figure 52: Maximum positive, maximum negative and average absolute forecast error of wind power
plant hourly output
There is no separate control centre for renewables in Croatia – RES connected to the transmission grid are
control from national dispatch centre and local transmission control centres. There is also no specific
curtailment strategy developed – curtailment is done based on situation in the grid and experience.
Communication between transmission system dispatcher and RES production unit connected to the
transmission grid is done mainly via phone, although, as mentioned before, monitoring and curtailment is
done via SCADA and in case of emergency, WPP can be disconnected from the grid remotely via SCADA. There
is also unofficial agreement between HOPS and WPPS for WPPs to work with power factor 0,95 capacitive
between 11 pm and 8 am. This is hardcoded in WPPS management system in order to deal with high voltages
overnight. As mentioned earlier, monitoring and control possibilities of RES connected to distribution grid
ranges from very limited to none.
According to data provided by Croatian Energy Market Operator (HROTE) at the end of the year 2018,
renewable energy sources considered as eligible producers, meaning that their produced energy has to be
redeemed by suppliers and that they use supporting/incentives schemes in the form of feed in tariff, are
given in the table below:

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

Technology

Number of power plants

Installed power (kW)

Wind power plants

21

555 800

Solar power plants

1229

52 434

Hydro power plants

13

5 785
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Biomass power plants

28

58 329

Biogas power plants

37

40 732

Cogeneration facilities

6

113 293

Geothermal power plants

0

0

Landfill gas power plants

1

3 000

Power plants on gas from
facilities for sewage treatment

1

2 500

Maximum installed power of renewable energy sources considered as eligible producers are given in the
table below:
Table 30: Maximum installed power of RES in Croatia (2018)

Technology

Number of power plants

Installed power (kW)

Wind power plants

28

738 000

Solar power plants

1231

53 461

Hydro power plants

16

6719

Biomass power plants

60

114 787

Biogas power plants

51

55 519

Cogeneration facilities

6

113 293

Geothermal power plants

1

10 000

Landfill gas power plants

1

3 000

Power plants on gas from
facilities for sewage treatment

1

2 500

Every new producer of renewable energy is considered as market participant responsible for balancing.
Currently feed in premium model is used as supporting/incentives schemes. Feed in premium model
considers conducting public procurement for eligible quotas which are defined by government. At the
moment there are no renewable energy sources in the feed in premium model as there is no government
decision on quotas for feed in premium model.
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3.2.6 BOSNIA AND HERZEGOVINA
Most attractive sights of the current and future RES, wind power plants at the first place, are located in the
south-western part of Bosnia and Herzegovina. As it can be seen from the Figure 53 approximately of 550MW
installed power of current (marked with yellow) and future wind power plants are located in narrow area
covered with only 110kV network.

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

Additional problem is that this part of the transmission network is connected with Croatian power system
with high penetration of RES, mostly wind power plants, often congested due undeveloped and unbranched
110kV transmission network.
In accordance with Rules on connecting on the transmission network, issued by Elektroprenos BiH
(transmission company), all investments regarding development of the transmission network for connection
of production/consumption units are carried by the investor. With this kind of provision, which is similar in
most of the countries in the region, there is a certain amount of the caution on the side of the potential
investors. Since transmission capacity in this part of the network is almost filled with existing generation,
significant investments will be needed to connect new capacities. Even if the same rules prescribes provision
that every next investor has obligation to proportionally with its capacity, compensate investor which
invested first in the developing of the grid, risk still exist, and potential investors are hard to decide to take
such step.
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This issue is recognized as a major and it is sure that level of integration of RES is partially below of expected
percentage due to this problem.
All RES connected to the transmission network in Bosnia and Herzegovina are dispatched by the TSO. In
accordance with RES Directives transposed in national laws, all RES has priority in dispatching, as well as
access to the transmission network. These activities can be performed directly/remotely (only in the case of
urgent situation) or by bilateral communication with RES operator or RES unit. All renewables connected to
the transmission grid are obliged to provide set of signals (i.e. total production, production by generator,
position of circuit breakers, disconnectors etc.) at the TSOs SCADA system and possibility of remote control
of RES unit.
Concerning RES connected to the distribution grid, TSO has possibility to dispatch these units indirectly by
giving orders to the RES operators, since TSO cannot observe these units through the SCADA system. In Bosnia
and Herzegovina, there are two responsible RES operators, in each entity one – RES operator of Federation
of Bosnia and Herzegovina and RES operator of Republic of Srpska.
Regarding RES obligations in forecasting, they are obliged to forecast their production and to deliver it to the
RES operator. RES operator delivers to the TSO daily production schedules (in hourly resolution) for whole
production group (distribution and transmission connected grid units) and also sends daily production
severally for the units connected to the transmission grid. This procedure can be done by sending these data
directly or via selected balancing responsible party (in case when balancing responsibility is transferred from
the RES operator to another subject). Depending on total installed power of RES unit, time resolution of
production plan varies. In the entity Federation of Bosnia and Herzegovina production units with installed
power below 150kW are not obliged to deliver their production plans, while in Republic of Srpska this
provision is valid for the units below 250kW. RES units send weekly production plans:
-

in Federation of Bosnia and Herzegovina for the power plants from 150kW – 3MW

-

in Republic of Srpska for the power plants from 250kW – 1MW

For the units with installed power larger than above mentioned producers has to deliver daily schedules in
the hourly resolution.
RES operator has possibility to change production plans in the case when forecast in day ahead timeframe
was not accurate or in the case of unavailability of certain production units. Regarding balancing
responsibility RES units are responsible for covering 25% of their production deviation.
Beside the inadequate transmission capacity, another big issue in RES integration in Bosnia and Herzegovina
is reflected through insufficient regulation reserve. 98% of production in Bosnia and Herzegovina is covered
with conventional production units (hydro and thermal) which limits possibilities of regulating the
intermittent production. Due to this limitation National Regulatory Agency made a decision in 2013 which
prescribes that maximum amount of wind power plant integration in the power system of Bosnia and
Herzegovina, based on available balancing reserve is 350MW. This decision included only wind power plants,
while PVs were not investigated due to less interest of the investors in that time.
As it mentioned in section 2.1.2, NOSBiH made analysis during 2018 which showed that, due to the lowering
of unintentional deviations in control area of Bosnia and Herzegovina in the past few years and developing
of reserve exchange mechanisms with neighbouring countries, this limitation can be increased. So based on
these results, at the beginning of 2019, NOSBiH proposed to the National Regulatory Agency, new quota for
wind and solar power plants based on the available regulation reserve integration (WPP = 460MW;
PV=400MW). These analyses are made in accordance with ENTSO-E Load frequency control & reserve policy
- LFCR, using probabilistic approach (planned and realised production data in hourly resolution for the 1 year
timeframe; data on unintentional deviations of regulation area of Bosnia and Herzegovina).
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Entity regulatory agencies in Bosnia and Herzegovina established feed-in-tariff support scheme which is not
market oriented. The main principle of acquiring rights for the capacity is based on the principle “first comefirst served”. Dynamic quotas are established on the entity level by the respective regulatory agencies and
they are:
-

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

Type

2012
(MW)

2013
(MW)

2014
(MW)

2015
(MW)

2016
(MW)

2017
(MW)

2018
(MW)

2019
(MW)

2020
(MW)

Hydro

20,729

20,729

23,918

28,747

30,052

36,585

39,024

40,244

50,000

<1MW

7,83

7,83

8,371

8,624

9,016

10,976

11,7070 12,073

15,000

1-10MW

12,899

12,899

15,546

20,123

21,036

25,610

27,317

28,171

35,000

>10MW

0

0

0

0

0

0

0

0

0

Solar

1,265

1,265

3,900

5,230

5,900

8,000

9,330

9,670

12,000

PV

1,265

1,265

3,897

5,230

5,900

8,000

9,333

9,667

12,000

0,0020,023MW

0,081

0,081

1,169

1,569

1,770

2,400

2,800

2,900

3,600

0,0230,150MW

1,185

1,185

1,159

2,092

2,360

3,200

3,733

3,867

4,800

0,1501MW

0

0

1,169

1,569

1,770

2,400

2,800

2,900

3,600

Contentrat. 0

0

0

0

0

0

0

0

0

Wind PP

0

0

0

0

0

24,000

30,000

38,000

42,800

Onshore

0

0

0

0

0

24,000

30,000

38,000

42,800

Biomass

0

0

0,923

1,846

2,154

2,769

3,385

3,846

4,615

Solid

0

0

0,923

1,846

2,154

2,769

3,385

3,846

4,615

Total

21,994

21,994

28,741

35,823

38,106

71,355

81,739

91,760

109,415
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-

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

Type

2015 (MW)

2016 (MW)

2017 (MW)

2018 (MW)

2019 (MW)

2020 (MW)

Hydro

37,90

49,090

60,710

71,870

94,810

112,360

<1MW

4,700

6,860

9,600

11,950

14,900

17,880

1-10MW

33,270

42,230

51,110

59,920

79,910

94,480

Solar

3,250

5,000

6,500

7,000

7,500

8,000

PV

3,250

5,000

6,500

7,000

7,500

8,000

<0,250MW

3,250

5,000

6,000

6,000

6,000

6,000

0,25-1MW

0

0

0,500

1,000

1,500

2,000

Contentrat.

0

0

0

0

0

0

Wind PP

35,000

45,000

55,000

65,000

85,000

100,000

Onshore

35,000

45,000

55,000

65,000

85,000

100,000

Biomass

5,780

6,970

8,520

9,740

12,520

14,830

Solid

3,500

4,040

4,940

5,840

7,640

8,990

Biogas

2,280

2,930

3,580

3,900

4,880

5,840

Total

82,000

106,060

130,730

153,610

199,830

235,190

As it can be seen from the previous tables, this scheme of incentive in both of the entities in Bosnia and
Herzegovina will last until the end of the 2020 and after that it will switch to the market oriented model –
auction type.
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3.2.7 SERBIA
Pursuant to the Article 20 of the Energy Community Treaty, the Republic of Serbia accepted the commitment
to apply European Directives in the field of renewable energy sources Directive 2001/77/EC for the
promotion of electricity from renewable energy sources and the Directive 2003/30/EC on the promotion of
biofuels or other fuels produced from renewable energy sources for transport. Since 2009 the said Directives
were gradually replaced and in January 2012 they were repealed by a new Directive 2009/28/EC of the
European Parliament and Council, dated 23 April 2009, on the promotion of the use of energy from
renewable sources and amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC
(Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the promotion of
the use of energy from renewable sources and amending and subsequently repealing Directives 2001/77/EC
and 2003/30/EC CELEX No. 32009L0028).
In line with the Directive 2009/28/EC binding targets were set for the members of the European Union in
order to provide that, in the 2020, RES participate with 20% in the gross final energy consumption at the level
of the European Union. Binding national targets of the EU member countries are defined in the part A of the
Annex I and they are consistent with the target that the share of RES will be minimum 20 % in the gross final
energy consumption at the EU level in 2020. Within the effort to fulfil the share of RES in GFEC, each member
country is bound to provide the share of energy from RES in all forms of transport of minimum 10% of the
GFEC in the transport sector of that member state in 2020. GFEC is calculated in compliance with the Article
2 (f) of the Directive 2009/28/EC.
In addition, increase of energy efficiency is a key task for achieving the improvement of 20 % in energy
efficiency until 2020 at the EU level. The Directive envisages that every EU member country shall prepare its
NREAP in line with the adopted template for the preparation of that document (Decision 2009/548/EC). The
National Action Plan sets national goals for the share of energy from RES in the sectors of transport, electricity
and heating and cooling until 2020, taking into account effects of energy efficiency measures on GFEC. Also,
the Action Plan foresees adequate measures to be taken with an aim of achieving national goals, including
cooperation between the local, regional and national authorities, as planned cooperation mechanisms
between the EnC member states aimed at achieving their respective binding targets.
In accordance with the Directive 2009/28/EC and the Decision of the Council of Ministers of the Energy
Community of 18 October 2012 (D/2012/04/MS-EnC) a very ambitious binding target was set for the Republic
of Serbia, amounting to 27 % of RES in its GFEC in 2020. The same Decision defined that the NREAP of the
Republic of Serbia should be prepared in compliance with the adopted template for the preparation of this
document (Decision 2009/548/EC).
According to this Decision, each country party to the EnCT is bound to bring laws, regulations and
administrative provisions which will be in compliance with the Directive 2009/28/EC until 1 January 2014.
The Republic of Serbia has adopted a decree determining the categories of privileged electricity producers
and regulating incentive measures. The incentive period is 12 years for each of the power plants of the
privileged power producers. By this decree, the public supplier is obliged to buy all the electricity produced
by privileged power producers. Moreover, the public supplier is specified by this decree as balance
responsible party for all producers who get incentives. The role of the public supplier in the Serbian power
system is assigned to the Public Enterprise Electric Power Industry of Serbia (PE EPS), which is an integrated
state-owned power utility. PE EPS as dominant electricity producer is currently the only one company in
Serbia that has the capacity to balance intermittent production and it covers almost the entire power value
chain, from mining, through electricity generation and distribution (as separate legal entity DSO “EPS
Distribucija”), up to electricity trading and supply.
Feed-in tariff of this Decree shall be determined according to the category of privileged producer i.e.
depending on the type and the installed power of the power plant which had acquired the privileged
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producer status. The power plant type and the installed power are determined by the bylaw on obtaining the
status of privileged power producers. Feed-in tariff amount is shown in the table:
Table 33: Feed in Tariff properties of RES in Serbia

Item
No.

Type of power plant

1
1.1
1.2
1.3
1.4
1.5
1.6
2
2.1
2.2
2.3
3
3.1
3.2
3.3
3.4

Hydro power plant

4
5
6
6.1
6.2
6.3
7
7.1
7.2
7.3
8
9
10

Using existing infrastructure
Biomass power plant

Installed power Р
(МW)

Feed-in tariff
(c€/kWh)

up to 0.2
0.2 – 0.5
0.5 - 1
1.0 - 10
10.0 - 30
up to 30

12.4
13.727-6.633* P
10.41
10.747-0.337* P
7.38
5.9

up to 1
1.0 - 10
over 10

13.26
13.82 – 0.56*P
8.22

up to 0.2
0.2 - 1
over 1

15.66
16.498 – 4.188*Р
12.31
12.31

Biogas power plant

Plant fired by biogas from animal
origin waste
Landfill and sewage gas power plant
Wind power plants
Solar power plant
roof-mounted
roof-mounted
ground-mounted
Geothermal power plants

Waste fired power plant
Coal fired co-generation power plant
Gas fired co-generation power plant

6.91
9.2
up to 0.03
0.03 – 0.5

20.66
20.941 – 9.383*Р
16.25

up to 1
1–5
over 5

9.67
10.358-0.688*Р
6.92
8.57
8.04
8,89

up to 10
up to 10

Feed-in tariffs from the first round of incentives for wind (500 MW) and solar (2MW) are divided and now it
is awaiting the adoption of regulation for the second round of incentives. It is rumoured that feed-in tariffs
will be replaced by the auction mechanism in the second round, but it is still unknown which technologies
and in which amount will be subsidized.
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European regulations forced Serbia to increase the production from renewable sources. At the end of 2018,
two wind power plants were connected to the transmission system of Serbia: WPP Cibuk 1 with 158.46 MW
and Alibunar with 42 MW. In the connection process is the third wind power plant Kovacica with the installed
power of 104.5 MW. Wind power plants are connected to different voltage levels: WPP Cibuk 1 - 400 kV,
WPP Kovacica - 220 kV and WPP Alibunar - 110 kV. In the near future, it is expected to connect Kosava wind
power plant with 69 MW.
The integration of wind power plants is concentrated on the territory of South Banat (Pannonian Plain, north
of the Danube). This area is suitable due to strong winds of constant direction - Kosava. In addition to the
Pannonian Plain, the regions of Serbia with good wind power potential are mountain areas (Pesterska
tableland, Kopaonik, Zlatibor, Divcibare, Bjelasica etc.) and eastern parts of Serbia (Stara planina, Ozren,
Rtanj, Deli Jovan etc.).
The advantage of the southern Banat area is:
•

Proximity to the Danube (cheap transport of large wind turbines).

•

Available field (low construction price).

•

Low level of thunderstorm activity.

•

Close to the High Consumption Centre (Belgrade).

The threatened region in the current state of the network is the South Banat loop region. This problem is
becoming more pronounced after the wind power plants have been planned in the area, so this part of the
network is planned to be strength by building transmission line Bela Crkva - Veliko Gradiste. In addition, there
is also planned the reconstruction of the transmission line in the loop, so this will increase in transmission
capacities.

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

For the above reasons, before the heavy wind power penetration started during the period 2017 – 2018, the
transmission grid in that part was negligibly developed (Figure 55).
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Figure 55: Part of the transmission network which is planned to be strength

Solar power plants are less developed in Serbia, despite good potential. There is one solar power plant of 2
MW in Kladovo.
There are no dispatching centres for renewables in Serbia. RES are dispatched by the National Dispatch
Centre operator. The TSO can dispatch RES connected to the distribution grid via the DSOs. All RES with
installed capacity above 200kW are obliged by law to provide real time production data to their respective
network operator. Currently more than 90% of RES are observed online through the SCADA systems of TSO
and DSOs.
The production of small power plants (dominantly small hydro power plants) connected to the distribution
network is relatively low. However, since new capacities are connected, despite the fluctuation of
hydrological conditions, their production increases year after year. Production in these power plants
amounted to 538 GWh in 2017 which is around 20% higher than in 2016.
Bearing in mind that, PE EPS is specified as balance responsible party for all privileged power producers, it
means that the power produced by privileged producers should be considered as part of the PE EPS energy
portfolio in terms of planning (both short-term and long-term). As a result, PE EPS has the need to forecast
the production of privileged producers from intermittent sources, as well as JSC EMS, who is responsible for
network security.
JSC EMS as Serbian Transmission System Operator, currently started with process of forecasting production
from wind power plants. There will be 3 independent approaches for considering wind production. Firstly,
JSC EMS procured service for wind production from Denmark company ENFOR and domestic Netinvest.
Secondly, JSC EMS plan to provide software for wind production, which will be property of JSC EMS.
Also, all wind power plants have obligation to deliver daily/hourly their own forecast/plans and realization
which will be good input for generating precise forecast.
Due to the fact that the production of the privileged producers is still not significant, EPS still rely on the
forecast delivered by the privileged producers. With an increase in the share of intermittent sources (almost
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500MW of wind power plants are expected to be connected to the network in 2020), PE EPS will need to
procure a more precise forecast since privileged producers have no obligation in terms of the accuracy of
their forecast.
Due to the fact that the share of intermittent production in the total production mix is still not large, the
required level of secondary and tertiary reserves has remained unchanged as in the previous years,
amounting to 160MW for secondary regulation and 300MW for tertiary regulation.
In period 2016 - 2018, final electricity customers paid fee for stimulating privileged electricity producers in
the amount of 0.093 RSD/kWh (around 0.0008 €/kWh). Based on Government Decree adopted in February
2019, amount of 0.093 RSD/kWh will be paid in 2019, too. Considering the fact that a significant increase in
wind power generation is expected in 2019 compared to 2018 (approx. 300MW installed capacity from the
wind power was put into operation at the end of 2018 and at the beginning of 2019), "the hole" in the PE EPS
budget for covering the production of the privileged producers will be even greater.
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3.2.8 ROMANIA
Network congestion problems related to RES.
For the Romanian TSO, the main problem regarding RES integration is the takeover of the RES energy
produced in Dobrogea region. In order to solve this problem, the Romanian TSO is in the process of
developing a project for a new double circuit 400 kV OHL Gutinas – Smardan.
The project of the new double circuit 400 kV OHL Gutinas – Smardan is foreseen in Romania’s Energy Strategy,
a strategy for the continuation of the development, modernization and upgrading of the transmission and
distribution network in the integrated Grid concept, with the proper preparation of the connection to the
grid of renewable resources, as well as the increase of the degree of interconnection with European Union
and the Black Sea Countries.
The new 400 kV line is timely and necessary in the context of the Romanian Power Grid development
planning analyses, the primary responsibility of the Romanian TSO. The analyses revealed the following
aspects:
-

Transmission Grid developments are needed as a result of the crowding of large sources of power in
areas with relatively low consumption, RES having an important share, especially wind sources,
sustaining the need for the surplus energy to be evacuated to other Grid areas;

-

Eliminating overloads and reducing electricity losses in the National Power Grid, taking into account
that the construction of the power lines uses the newest technologies, respecting the principle of
sustainable development;

-

There is a need for Transmission Grid Developments that can achieve ENTSO-E requirements;

-

Increasing safety and flexibility in the operation of the National Power Grid;

-

Indirect benefits for the environment are mentioned by the decrease of energy losses and facilitating
the connection of renewable sources to the National Power Grid reduces the amount of electricity
required to be produced for non-renewable sources.

RES management.
In Romania, dispatchable RES producers (Pinst> 5 MW) are connected to a “local plant dispatcher”. Local
dispatchers provide the operation of the transformation substations through which the energy produced in
RES power plants is delivered to the National Power Grid. Through SCADA systems, remote manoeuvres can
be made with equipment in those substations.
Local dispatchers are authorized by the National Power Dispatcher and can complete the manoeuvres sent
to them for the power plants they manage. Through the communication systems, the local dispatchers
ensure the remote monitoring of the producers who have the obligation to be dispatched in accordance with
the Romanian Legislation.
The local dispatcher ensures the transmission of data regarding power generation as well as manoeuvres
such as stopping or remote starting of power plants, manoeuvres disposed by territorial dispatchers of
manoeuvres disposed the National Power Dispatcher. Usually, local dispatchers are private economic
operators offering dispatching activity in the form of a service, which is contracted by RES producers.
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RES production forecast calculation.
In Romania, RES production forecast calculation is used by renewable energy producers. This type of service
is usually acquired from private companies specialized in the commercial operation of renewable energy
production. These companies use their own software to forecast the production of renewable energy.
Additional reserves required due to RES intermittency. Method for calculating the required reserves.
According to the Romanian Energy Strategy, after 2030 and especially after 2040, there will be a need to
develop new storage solutions for the energy produced in wind and photovoltaic power plants.
It is estimated that in the 2050 horizon, the Romanian Power Grid might require capacities that can provide
a 15-20 GW balancing facility in intermittent power plants. In addition to the types of capacities currently
available, high-capacity battery systems will be developed as a marginal solution on the balancing market,
and many smaller, geographically distributed battery systems.
An expensive solution, but which could become economically feasible, is the pumping hydroelectric power
plants. Pumping hydropower plants become necessary in the mix of capacities in all scenarios but only after
2030. The scenarios envisage pumping capacities of approximately 1000 MW in 2050, with variations
between 850 MW and 1100 MW. The two scenarios where the pumping capacities are the lowest (250 MW
and 750 MW respectively) are those with ambitious decarbonisation.
An important role in the balancing of the Romanian Power Grid will be held by smart grid and energy demand
management concepts, increasing the role of local communities and the prosumers and small geographically
distributed storage capacities.
Supporting/incentives schemes for renewables.
In Romania, obligatory quota scheme using green certificates is implemented. Romania implements
additional schemes that are used to provide non-refundable financial support from structural funds during
implementation periods of RES projects. The first one is a regional state aid scheme for companies and the
second one is a co-financing scheme, used for local public administration and intercommunity associations.
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3.3

EXPERIENCES IN OTHER COUNTRIES

3.3.1 EU
3.3.2 SPAIN
The strategic location of the Iberian Peninsula, between the Atlantic Ocean and the Mediterranean Sea at
South-Western Europe, provides a wide variety of climatology that enables the exploitation of RES, e.g.
hydro, wind and solar, by leveraging different proven and cost-efficient technologies. Moreover, Spain has
world class companies and research centres pioneers in RES integration as well as citizens aware of current
climate and energy challenges, thus pushing regulators to legislate providing mechanisms to foster the
country’s RES potential. In this sense, Spanish TSO (Red Eléctrica de España) developed the Control Centre of
Renewable Energies (CECRE) in 2006 in order to effectively manage the integration of RES into the grid and
optimize the output of such infrastructures. From the private sector, two control centres have been endorsed
in the last years at national and global level, becoming a reference in the sector, i.e. Renewable Energy
Control Centre (CECOER) and Villadiego Control Centre (CECOVI).
CECRE: [46]
Within Spanish Electricity Control Centre (CECOEL), the authorized control centre for real-time coordination
of generation and transport facilities in the Spanish power system, CECRE operates following the Royal
Decree 413/2014 guidelines, that establish the obligation to register and sign-up with a Generation Control
Centre (GCC) for facilities with a power capacity greater than 5 MW (0.5 MW for territories outside the Iberian
Peninsula). GCCs, as information aggregators, send real-time telemetry to CECRE every 12 seconds about
connection point’s voltage, and generated active and reactive power. The system operates 24/7 in order to
analyse the functioning of the grid and send orders to different facilities so that control actions are
implemented in less than 15 minutes, ensuring grid’s reliability.

Figure 56: Control Centre of Renewable Energies (CECRE)

RD 413/2014 regulates the activity of producing electrical energy from renewable energy sources,
cogeneration and waste, then it is set how to obtain TSO’s authorization to put in service generating stations.
However, technical specifications such as operating procedures are described in several Official State
Gazzetes (BOE), where it is stablished the means to program non-dispatchable RES generation.
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CECOER: [47]
This regional coordination centre is owned by Acciona Group and it’s located in Navarra (Spain), with
delegations in Mexico City (Mexico) and Chicago (USA). It manages almost 14 GW distributed over 19
countries in more than 400 renewable facilities powered by wind, photovoltaic, concentrating solar power,
hydropower and biomass.
The Renewable Energy Control Centre provides real-time monitoring and control to the power plants O&M,
coordinating the Spanish ones with CECRE, sending to Red Eléctrica de España its own forecasts for
production scheduling, and receiving its orders to operate the electric system.
It is also in charge of event management, dealing with ca. 500.000 incidents per year, being able to remotely
solve part of them, and coordinating with maintenance companies for in field resolution. In order to maximize
the usage of renewable power plants, CECOER also manages electrical substations and high voltage lines.

Figure 57: Renewable Energy Control Centre (CECOER)

CECOVI:
Developed by ETRA and owned and deployed in 2007 by Grupo Cobra, it is located in Burgos (Spain), where
it manages renewable power plants in Spain, Peru and Uruguay, and gives service to other facilities in Panama
and Dominican Republic. Although it also supports generation coming from solar photovoltaic plants and
solar thermal plants in Spain, just wind supposes 1000 MW of power monitored and controlled by CECOVI.
It provides real-time monitoring of renewable energy generation plants (wind, photovoltaic, hydraulic, etc.),
their elements (wind turbines, photovoltaic panels, meteorological stations, etc.) and their associated
substations, giving 24/7 service and maintaining permanent contact with the Spanish TSO and the owners of
the power plants to sale energy according to its price and the specific needs of the market.
The main objective of CECOVI is to integrate in the national electricity system the maximum production of
renewable energy, while maintaining the levels of quality and safety that are required by the grid operator.
This target is achieved by monitoring generated energy and operating parameters and alarms in a
coordinated manner to meet TSO requirements and tracking data records for reporting and analysis.
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It has the capacity to remotely manage more than 40 RES facilities (wind, PV, hydro and CSP) and electrical
substations, being able for instance, to inject the power generated by 900 wind turbines into the grid.

Figure 58: Villadiego Control Centre (CECOVI)
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3.3.3 NON-EU
3.3.4 INDIA
By the end of March 2018, total India’s installed capacity exceeded 340 GW, of which 114 GW came from
renewable energy sources [48]. This figure is foreseen to be raised until 175 GW by 2022, mainly boosting
solar and wind resources.
Such a large power generation system distributed over 3,287,263 km2 of territory [48] needs a strongly
coordinated control, which in this case is stablished by hierarchical control centres ruled by Grid Standards
and the State Grid Code through the National Load Dispatch Centre (NLDC) located in New Delhi. NLDC
directly manages five Regional Load Dispatch Centres (RLDC) in which the country geographically divides its
power system. Analogously, RLDCs manage 34 state control centres, named State Load Dispatch Centres
(SLDCs), which are in charge of the grid operation for each of the administrative divisions of India. Following
this hierarchical schema, at district level, 51 Area Load Dispatch Centres (ALDCs) monitor and control ca. 1800
Remote Terminal Units (RTU), as well as the Substation Automation Systems (SAS) that manages 51,445 MVA
up to January 2019 [49].

Figure 59: India’s control centres hierarchy

In order to fit existing and upcoming RES power plants in the Indian electrical system in an optimized manner,
several projects have been endorsed by the Ministry of Power such the Green Energy Corridor and the
Renewable Energy Management Centre (REMC). These initiatives aim at enhancing the current transmission
system for intra and inter State connections, but also to provide control over RES production, reactive
compensation, storage systems, etc. since it is recognized as a global best practice for RES integration in
electrical systems. REMC is being developed under consultancy companies’ guidelines, to provide with
advanced functionalities such as forecasting tools, smart dispatching solutions and real-time monitoring of
RE generation, aiming at a safe, secure and optimal coordination with the electrical system operators. [50]
Ministry of Power, vide their Office Memorandum dated 11.09.2017, has conveyed their sanction of Rs. 409
Cr. for the establishment of REMC. As an example of actual status of REMC’s deployment, the following
packages are envisaged for REMC project at 11 locations [51]:
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1. REMC-SR (Tamil Nadu, Andhra Pradesh, Karnataka SLDCs & SRLDC).
2. REMC-WR (Gujarat, Maharashtra, Madhya Pradesh SLDCs and WRLDC),
3. REMC-NR (Rajasthan SLDC, NRLDC and NLDC)

3.3.5 USA
The North American Electric Reliability Corporation (NERC) is in charge for the continental United States,
Canada, and the northern Baja California, Mexico, in terms of grid security and reliability. NERC is the Electric
Reliability Organization (ERO) for North America, under rule of the Federal Energy Regulatory Commission
(FERC) and governmental authorities in Canada. As a not-for-profit international regulatory authority, NERC's
scope covers users, owners, and operators of the power system. Moreover, on 2016 NERC reached an
agreement with the European Commission’s Directorate General for Energy to collaborate on grid reliability
by fostering technical collaboration and exchange of information [52]. NERC stablishes rules of procedure to
be fulfilled by all its members, such as RES control centres like the ones arranged by Duke Energy and Cypress
Creek Renewables, both in North Carolina:
Duke Energy Renewable Control Center:
Duke Energy’s RCC is located in Charlotte, where it started operating in 2009. Nowadays it monitors and
controls almost 100 facilities between batteries, solar and wind power plants, for a total of 5,000 MW (2,000
of them owned by third parties). These facilities are spread across the USA, even the first offshore wind farm
of the USA located in Rhode Island’s coast. [53]

Figure 60: Duke Energy Renewable Control Center

Similarly to previously mentioned examples, this RCC deals with weather, regulators, markets, incidents, etc.
so that it ensures an optimized way to leverage their managed asset’s performance technical and
economically, but also gives high standard service for assets’ maintenance and reliability, both for Duke
Energy’s portfolio and for their customers’.
Cypress Creek Control Center:
Cypress Creek Control Center is a national solar control centre, located in Durham, that operates more than
230 utility, distribution and rooftop-scale solar facilities totalling around 2.2 GW in 14 states across the USA.
This control centre, opened in late April 2018, gives O&M services to solar facilities owned by Cypress Creek
Renewables, but also to third parties, in a 24/7 real-time manner so that incidents are promptly managed
and solar energy is efficiently injected to the grid to maximize the power plant’s output. It is also worth
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mentioning the efforts that this centre puts into grid’s security by pioneering reliability against cybersecurity
threats. [54]

Figure 61: Cypress Creek Control Center

3.3.6 OTHER
Chile
Its geographic and geological conditions make Chile a strategic vector for RES integration in LATAM region.
From favourable hydro conditions, winds regimes and solar insolation to highly active Earth’s crust, able to
provide with large amounts of geothermal energy, Chile has a great RES potential to be exploited throughout
its 4,300 km of length (without considering the Antarctic territory). Nevertheless, it also faces significant
challenges due to its geographic and geological characteristics, that make the country prone to natural
disasters such as earthquakes. Consequently, it is crucial for the energy sector to monitor and control its
assets, not only for the shake of themselves, but also for the critical service that energy supply means to
human life in case of natural disaster.
Renewable Energy Control Room:
Opened in 2018 by Enel Green Power in Santiago de Chile, the Renewable Energy Control Room is the first
RES regional coordination centre in South America able to manage hydro, solar, wind and geothermal power
plants [55], and the biggest of the region. This control room monitors a total of 4.7 GW of installed capacity
divided into 36 power plants (18 hydro, nine wind, eight solar and one geothermal) that are distributed along
2,500 km [56], then going through 11 administrative divisions of Chile.
Designed and deployed for RES optimization, this facility operates in real-time on a 24/7 basis and according
to Uptime Institute’s TIER III standard, that stablishes over 99.9% for data centre availability thus ensuring a
continuous monitoring and control. [56] This centre has among its functions to ensure that each plant
operates in the most efficient way possible and inject the energy generated in the National Electric System
[55], achieving this goal by managing more than 250,000 variables through panoramic video wall system,
motorized workstations, redundant climate system and video surveillance system among others. [56]
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Figure 62: Renewable Energy Control Room

Australia: [57]
Commonwealth Scientific and Industrial Research Organisation, CSIRO’s Energy Centre in Newcastle
(Australia), is the home of a leading renewable energy research centre: Renewable Energy Integration Facility
(REIF). The facility counts with almost 300 kilowatts of solar photovoltaics, one megawatt hour of battery
storage and five kilowatts of wind generation, to demonstrate how electricity networks will work and how
renewable technologies can be integrated into the grid, by setting up smaller versions of the electricity grid
using real world conditions to test the impact of RES and storage, and how these technologies can be
controlled to create the most beneficial grid model.
In the control room it is monitored all of the energy data that come alive and monitor how alternative energy
sources can be combined to provide a stable electricity supply. The REIF is available to industry and
researchers to collaborate.

Figure 63: Commonwealth Scientific and Industrial Research Organisation (CSIRO)
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3.4

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

3.4.1 FORECASTING
Introduction
RES-CC has the following functionalities that are executed automatically in hourly base:
-

Load Forecasts per system for short term horizons (1 to 48 hours) with hourly time resolution; A one
week ahead load forecast per system could also be available to support maintenance planning.

-

Intermittent Renewable Production Forecasts (solar and wind) for 48 hour-ahead horizon with hourly
time resolution.

Load forecast:
The load forecasting models should be able to accurately predict the evolution of the aggregate (active
power) consumption by system, taking into account temperature forecasts, calendar data and special days.
For this purpose, a history of load time-series with "sufficient" size, with hourly values or even greater time
resolution will be made available by CROSSBOW partners. The techniques used to develop the load forecast
functionality explore machine learning and/or artificial neural networks models.
The forecasting system should not require retraining to automatically avoid significant deviations from actual
verified values for consumption.
Renewable production forecast:
In order to forecast the production of the renewable resources, historical time series covered more than one
year, will be made available by CROSSBOW partners with hourly intervals or even with a smaller interval (20
minutes) wind or solar power.
The combined use of meteorological information and high resolution physical models can be considered in
order to improve the performance of forecasting systems. ICCS must indicate the weather forecasting system
they admit being used and the electronic data reception format of the data to be received.
In the case of wind production forecast, information will be made available regarding:
-

Number of wind farms, number of wind turbines and the coordinates per farm in each system.

-

Nominal power of installed wind turbines.

In the case of solar production forecast, information will be made available regarding:
-

Number of solar plants and the coordinates per farm in each system

-

Nominal power of installed photovoltaics

Forecasting modules
The forecasting modules consists of a data correction module and a prediction module. At the case of wind
power forecasting, a rejected-power estimation module can be also included. The prediction module uses a
novel neural architecture that performs three operations: data clustering, ensemble prediction and
aggregation.

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

123

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

Wind forecast:
The wind power forecasting model firstly uses the wind speed and the wind direction measurements to
estimate the rejected wind power. Then it receives the temperature, the wind speed and the wind direction
forecasts from NWP grib files that correspond to multiple points surrounding the wind farms. It uses also the
two most recent observations of wind power production and calendar data. It runs once per hour providing
48 hour-ahead predictions with 1 hour time step. There can be also two intra-hour executions that provides
a 4-hour ahead prediction with 20 minutes time resolution.
PV forecast:
The PV forecasting model receives the temperature, the solar radiation and the total cloud coverage
forecasts from NWP grib files that correspond to multiple points surrounding the PV farms. It uses also the
two most recent observations of solar power production and calendar data. It runs once per hour providing
48 hour-ahead predictions with 1-hour time step. There can be also two intra-hour executions that provides
a 4-hour ahead prediction with 20 minutes time resolution.
Load forecast:
The input of the load forecasting model consists of 53 historical load measurements that correspond to
different lags into the last year. In addition, it includes forecasted and measured temperature values, special
indices, daily consumptions and calendar data. It runs once per hour providing 48 hour-ahead predictions
with 1-hour time step.
Data required for model training
RES production forecasting:
Data to be provided by CROSSBOW members (dates should be in UTC time):
-

1 year period active power production of each wind farm or PV plant

-

rated power + WT type of each WF

-

installation date of additional WT (if any)

-

coordinates (latitude, longitude) of each farm

In the case that TSO or DSO sets limits to wind power production more information will be needed (after data
cleaning, the available data should cover one year period):
-

set points/command to limit production for each hour

-

1 year period wind speed measurement of each wind farm

-

1 year period wind direction measurement of each wind farm

The following data will not be provided by CROSSBOW members:
-

1 year period the corresponding numerical weather predictions

Load forecasting:
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Data to be provided by CROSSBOW members (after data cleaning, the available data should cover four years
period):
-

4 years period load measurements of the power system or of the HV substations

-

4 years period temperature measurements (hourly resolution) recorded in the largest cities of TSO
supervising area

-

list of public holidays (indicate those with not a fixed date)

The following data will not be provided by CROSSBOW members:
-

4 years period the corresponding numerical weather predictions (temperature)

3.4.2 MONITORING
The power system is one of the biggest and most complex system ever built. It is composed of a huge number
of individual assets sparse distributed geographically that should cooperate among each other. In this system
the monitoring capability is key for ensuring a safe transmission of electricity with adequate quality of supply.
More specifically, the need of featuring a fast and accurate monitoring system for the energy supply assets
(RES and conventional) has been identified as a must since the system inception.
Technically, the power system relies in two-layer system combining traditional electrotechnical technology
with new ICT technology, that supports operators for remote monitoring also providing functionalities for
control and protection in the assets comprising the system. The electricity network has been adopting new
monitoring and control tools for decades, such as automatic load shedding to solve frequency events. More
recently, from the beginning of 21st century, new smart grid approaches and the introduction of RES into
distribution and transmission grids, forced digital monitoring tools to update the existing systems or adopt
new ones, as the distribution network’s remote control. [58]
Through a RES dispatching center it is possible to streamline the management of multiple power plants,
facilitating access to the data of each of the facilities from a single control post, for the centralized
management of power plants installed in different places and with different technology.
The number of power plants that can be connected to a RES dispatching center is unlimited, while the
information provided gives a seamless vision of the assets’ portfolio status through reports and historical
data that can be obtained to allow comparisons of performance between different technologies and
scenarios.
RES-CC guarantees its customers the full availability of their data through its own solution, a support center
for renewable energy generating plants that guarantees the operation of the infrastructures assigned to it in
the event of possible catastrophes. The services provided count with a supervision and continuous
monitoring service in a 24 × 7 system, to guarantee very short reaction times against possible incidents, as
well as to attend to the reception of any alert and immediately managing its resolution.
Functionalities related to the monitoring:
-

Security of operational data: record and store all the data of each of the assets of customers' facilities
for future information retrieval and queries.

-

Delegated office: redundant control center lines and compliance with the TSOs’ regulations to
perform the functions of a delegated office. It relieves the TSO from the task of implementing and
maintaining all the connections with the RES monitoring and control systems (SCADA).
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-

Remote assist 24 x 7: remote monitoring and supervision of the assigned facilities is carried out, with
short reaction times to guarantee assets’ owners the full operation of their facilities.

-

Event management: immediate detection of incidents that occur in any installation, which speeds up
its correction, either remotely or in coordination with the local system.

The RES-CC will interface RES units in different countries and will provide up-to-date information from the
whole portfolio to the corresponding TSO. The addition of new RES units will minimally impact the TSO
processes, since the specific integration technical details of the new RES will be handled and solved at the
RES-CC and the information and protocol will be normalized before being sent to the TSO. This will simplify
the process of adding additional RES units to the transmission system and is ultimately a mechanism that will
allow integrating high levels of renewable energy (it is being designed to scale appropriately)
The RES-CC will provide enhanced monitoring for different actors:
-

TSO. It will benefit from the extra information available that will increase the security of supply

-

RES owners. They will benefit from having a centralized platform for monitoring their plant portfolio
and assess on the performance of the assets. Maintenance will also be reinforced with the use of
RES-CC

The CROSSBOW use case HLU2-UC3 “RES units monitoring” directly addresses the monitoring of RES units,
but most of the use cases in HLU2 and HLU3 will make use of the information monitored.

3.4.3 COMMAND DISPATCHING
As it is stated in CROSSBOW D8.1 – 2.1 TSO main responsibilities, The Directive 2009/72/EC [59] defines the
responsibilities of the TSOs related to dispatching and balancing. The TSOs are responsible for dispatching
the generation units in their area and determining the use of interconnectors with other systems without
prejudice, on the basis of contractual obligations and following criteria approved by national regulatory
authorities within their competences. This is to be done in a non-discriminatory manner and in line with the
functioning of the internal market in electricity. The dispatching of generating units using renewable energy
sources (RES) should be in accordance with the Directive 2009/28/EC3.
The TSOs have the responsibility to adopt and implement the rules on balancing of the electricity system,
including charging the system users for their imbalances. The TSOs are responsible for procuring the energy
required to cover the system losses and the reserve capacity in a transparent, non-discriminatory and
market-based procedures. With the aim to perform the activity of transmission of electricity and fulfil the
abovementioned requirements, the TSOs should have the required assets, equipment, staff and financial
resources [59].
RES-CC shall provide TSOs with tools to comply with the abovementioned responsibilities, by means of
Automatic Generation Control (AGC), in order to dispatch orders for curtailment and firm energy provision.
RES-CC will act as a dispatching centre connected to TSOs’ control centre, so a TSO is able to send commands
to generation units:
-

3

Automatic Voltage Regulator Systems (AVR) → regulate voltage and reactive power.

Renewable Energy Directive, https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32009L0028

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

126

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

-

Automatic Load Frequency Control (ALFC) → assess and rectify power and frequency.

Command dispatching will be done duly motivated by the system operator, for the following reasons,
commonly used for real-time control of renewable energy generation parks (wind, photovoltaic, hydraulic,
etc.), their elements (wind turbines, photovoltaic panels, meteorological stations, etc.) and their associated
substations, to the benefit of the grid:
-

Congestion of the generation evacuation: inadmissible overloads on elements of the transport
network due to excess production with respect to the evacuation capacity. The DSO can also
communicate the need for reduction to the system operator.

-

Stability – voltage drop: associated with the maximum generation loss that the system can withstand
due to a voltage drop acting, in the case of reduction of production, first on the power generators
with lower tolerances to the voltage drop. It seems like the most probable cause of power reduction.

-

Short-circuit power: the value of the short-circuit power affects the stability of the voltage and
therefore the fluctuation of the voltage and the severity of the flicker.

-

Viability of the power balances: in the generation scheduling, the system operator must ensure the
viability of the active and reactive power balances taking into account the unique circumstances of
operation and the technical limits of dispatchable plants critical to cover the demand in the next time
periods. It is associated with daily horizons on the whole system.

-

Generation surplus unable to be integrated into the system: Under certain circumstances, a lower
than expected demand or a production higher than the forecast can be considered unfeasible by the
system operator, which can determine the curtailment over some generation units.

-

Exceptional mechanism: finally, the system operator can exceptionally determine any action on the
system if it lacks the means to resolve an incident.

RES-CC will present the information exchanged for each system asset with the TSO, both the information
sent to it and the commands received. It will allow the configuration of the generation unit’s power ramp
(time and power steps), setting a threshold (%) for increase by plant or globally over the received command,
to calculate the command to be sent to generation units automatically, semi-automatically or manually:
-

-

-

In the case of configuring the automatic mode, without the need for operator intervention, the
commands will be automatically transferred to the park after being received from the TSO (setpoint
based on the operating procedure).
In case of setting the semiautomatic mode, the operator must validate the sending of the proposed
setpoint, which will be automatically calculated by the system. It will warn when the application
time is about to expire.
Manual: setpoint input by the operator.

Moreover, for each park it will allow to access the specific screen for active and reactive power regulation.
The system will have an internal calculation module that will allow the following aspects:
-

-

For generation surplus curtailment commands, establish the setpoint for a group of generation
units.
At regulation nodes, establish node setpoint.
Dynamic delivery of setpoint between all the parks being part of the node or group of generating
units, guaranteeing that, for a given park, it will never establish a setpoint below the one
established specifically for that park by the TSO.
Production surplus or default will be divide depending on priority criteria set by the operator.

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

127

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

3.4.4 MAINTENANCE MANAGEMENT
Basic concepts: predictive, preventative and corrective maintenance
Maintenance is understood as all the activities that allow the continuous and efficient operation of all the
components and systems of a plant.
Within the maintenance of power plant there is a set of programmed and unscheduled activities that allow
ensuring the performance ratio and its expected availability. The aim of the maintenance plan is to ensure,
at least, the useful life of the project offered by the constructor.
From the economic aspect, the cost of preventive maintenance is usually low, compared to the loss of
production and the cost associated with the repair of a fault. For example, in a photovoltaic plant, O&M costs
vary between 3% and 4% of its income from electricity production.
Maintenance activities can be classified into three types:
•

Predictive Maintenance

•

Preventive Maintenance

•

Corrective maintenance

Below, it is explained the main aims of each type of maintenance and its main advantages and disadvantages.
Predictive Maintenance
Predictive maintenance corresponds to the set of activities that allow anticipating a possible failure of any
equipment or component before it occurs. This type of maintenance allows planning preventive actions in
order to avoid that the possible failure becomes real.
Predictive maintenance is possible when facility have a set of predictive tests, but also, historical records and
a specialized monitoring system that allows a continuous analysis of the operation parameters of the
equipment.
Advantages:
•

It allows to anticipate specific failures in the equipment

Disadvantages:
•

High cost of specialized equipment.

•

The personnel interpreting the results must be qualified and experienced.

Preventive Maintenance.
Within the scope of the preventive maintenance are scheduled activities that aim to avoid equipment
failures, due to the normal use of the components of the plant in the short, medium and long term.
The historical analysis of the behaviour of the main systems, as well as the knowledge and experience gained
during the operation of the plant are the main tools for the execution of preventive maintenance.
Advantages:
•

It allows to avoid failures in the equipment and in turn the corrective maintenance.
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•

The cost of this maintenance is low considering that production shutdown and corrective
maintenance costs can be avoided.

•

It allows to increase the availability and the lifetime of the equipment.

•

It can be planned the frequency and conditions to carry out maintenance activities.

•

It can be avoided the risk of lack of spare parts, tools and resources by requesting them in advance.

Disadvantages:
•

The cost of preventive maintenance requires an initial investment in equipment, tools, trained
personnel, among others; this investment is viable only with an operation and maintenance contract
of at least 3 years.

•

Preventive maintenance activities should be analysed in detail in order to carry out only those that
are essential, unnecessary activities raise the cost of maintenance and add risk to affect equipment
that remained and operated in perfect condition before maintenance.

Corrective maintenance
Within the corrective maintenance are included the non-scheduled activities that must be executed after a
failure event and whose purpose is to correct it. In an efficient maintenance plan, these activities should be
applied only in equipment where its outage does not affect the electricity production of the plant and in
where the cost of repair is low compared to one of carrying out preventive maintenance activities.
Advantage:
•

It allows to correct faults detected in the equipment.

Disadvantages:
•
•
•
•

The repair of faults implies the interruption of the operation of the damaged equipment.
Time consumption for repairing but also for commissioning. The availability of the equipment is
reduced.
The failure of a component can generate major failures in the same or another equipment of the
installation.
The risk of not having spare parts and shortening the useful life of the equipment is high.

As it has been exposed, corrective maintenance actions are the ones with higher cost, since they includes the
cost of the repair, spare parts, and the loss of production during the time it takes to repair the fault. Due to,
these activities must be avoided, strengthening the predictive maintenance actions (and consequentially,
preventive maintenance). However, it implies the use of specialized and expensive equipment and
knowledge of qualified and experienced personnel to interpret the results.
In this sense, the new RES dispatching centres (such as RES-CC), can play a key role assuming more
responsibilities in the field of maintenance management. As an added value, RES-CC could centralize all repair
and maintenance activities including a computerized maintenance management system to plan, prioritize
and track data form all the plants and providing alerts and advices to each plant to ensure that maintenance
activities are completed before a major failure appears in any plant. In addition, from RES-CC could be also
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planned and tracked the management of major maintenance events or otherwise planned or corrective
maintenance in each plant, avoiding the outage of many plants at the same time.
Methodology
To manage power plants maintenance activities from RES-CC, it will be necessary to provide a listing, in a
hierarchical manner, of all key equipment and systems. The main activities that could be managed from this
centre are summarized below:
•

Generate preventive and predictive maintenance work orders for each plant– the system will provide
the maintenance instructions and frequency for each activity as outlined by the equipment
manufacturers.

•

Input, prioritize and track corrective maintenance activities. The system will capture the details of
the potential problem and their possible solution. This information will be archived and kept for
historical analysis on an equipment-by-equipment basis.

•

Input, track and provide reorder information for spare parts and auxiliary systems with low
availability (i.e. big crane trucks, specific drones with thermal imaging camera, etc.). The system could
provide warehouse location (considering warehouses of main manufacturers, but also, warehouses
of competition plants with similar equipment), cost information and historical usage on each part.

To diagnose and solve problems faster, the analytical process will have four pillars:
•

Categorization

•

Classification

•

Machine learning

•

Collaborative filtering

Categorization involves creating metrics that are specific to the problem domain. Classification involves
determining which data is most relevant to solving the problem. Machine learning involves anomaly
detection, clustering, deep learning, and linear regression. Collaborative filtering involves looking for patterns
across large data sets4.
Categorization
Maintenance management requires many raw data that is relevant to the problem being solved. So that, the
first step is to categorize the problem defining metrics that allow the problem to be broken into smaller
pieces. In example, for wind turbine generators the problems could be categorized among their main
components: multiplier, generator or principle axe.
Classification
Once the problem has been categorized into different areas, the next step is to have classifiers for each
category that will point users in the direction of a meaningful conclusion. By this way, once it is known the
category of a problem (e.g. a drive train module problem), operators need to start classifying what is causing
4

https://www.infoworld.com/article/3200790/4-key-ai-concepts-you-need-to-understand.html
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the problem: weather conditions, gearbox assembly, high-speed shaft transmission, mechanical breakage,
main shaft, generator silent blocks, status of the oil, etc.
Machine learning
There are many machine learning algorithms and techniques, but machine-learning using neural networks is
becoming one of the most popular ones. With the latest increases in compute and storage capabilities, neural
networks can be trained to solve lot of the main maintenance problems, such as anomaly failure discovery
from image recognition or predicting the power plant performance and production based on the
environmental conditions and the actual state of the main equipment.
Collaborative filtering
In the same way that collaborative filtering recommends items that a customer might buy, after he looked
for some other article on the Internet, the maintenance manager system, integrated in RES-CC, could be used
to sort through large sets of data and recommend maintenance actions based on previous experiences in the
installation itself or in others similar facilities.
At this point is where all the data collection and analysis is turned into a powerful tool to manage the
maintenance of the generation plants controlled form the RES-CC, providing answers as a virtual assistant
that helps solve actual or even potential problems.
In conclusion, with the implementation of RES-CC, it could be centralized all the maintenance activities,
providing advices, with the information gained from all the system, to each plant to solve any failure that
could appear in any facility. In addition, thanks to the use of new technologies such as AI, these advises or
maintenance work orders will be more and more accurate over time.
Such as an example, in the figure below, it is represented how an evolutionary algorithm changes over time
thanks to the machine learning: each dot represents an individual and connections represent the ancestry.
After the initialization, the algorithm quickly focuses on ancestors from only one initial individual.

Figure 64. Example: Evolutionary algorithm over time [60].
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3.4.5 ALARMS
Concerning the alarms management, currently some providers offer additional services in order to monitor
and anticipate some critical failures on their own products (wind turbines, AC/DC inverters, etc.). With these
specified and local monitoring solutions, when an alarm is detected, they apply knowledge-based alarm rules
to quickly reset and restart the equipment in failure.
These generic products make difficult the decision-making process when more than one plant and/or
equipment are involved. So that, it is necessary to go beyond of the state of art to monitor several plants, in
a cross-border way, from a unique control point. In this sense, new RES Control Centres could monitor not
only some equipment separately, but also to monitor all the systems of all the plants with the same
monitoring tool.
Independently of the technology, the developed tool shall include the following data associated with any
alarm:
•

Value. Text with the value of the alarm collected in the system.

•

Creation date. Date on which the system alarm was received.

•

Recognition date. Date in which an operator recognized the alarm in the system.

•

Deactivation date. Date on which the alarm has been deactivated.

•

Plant. Name of the plant where the element/system that has generated the alarm.

•

Element. Name of the system/equipment that has generated the alarm.

Additionally, the system shall also allow to the user/operator checking not only the active alarms, but also
the alarm history of each plant. In addition, the plant operator should specify/modify the limit values,
adapting the thresholds depending on the project and to the manufacturer recommendations of each
equipment.
The data continuously collected from the sensors in each system are transmitted to the SCADA of each plant
and then, to the control centre RES-CC over the Internet, using a Virtual Private Network (VPN)
On the other hand, with the advanced filtering module, the operator can gather all the alerts actives by group
of alarms:
•

Technology

•

Type

•

Status

•

Priority

Below, it is exposed the main alarms that should be included within the RES-CC monitoring system (by
Technology).
For solar photovoltaic plants, main alarms must be predefined as follows:
•

Zero inverter production

•

Communication alarms for the installed systems

•

Zero production in Stringbox

•

Inverter faults/warnings

•

Protection of MV cell line

•

Tracker deviations
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•

Others defined by the user

For wind farms, the alarms management system must include, at least, alerts in:
•

•

•

Multiplier
o

Low speed shaft bearings

o

Planetary stage bearings

o

Planetary stage gears

o

High speed shaft gears

o

High speed shaft bearings

o

Mechanical pump

Generator
o

Bearings

o

Clearances

o

Imbalance

o

Electric failure

o

Misalignment

Principal axis
o

Bearings

With respect of the Type, alarms can be classified as it is indicated in the table below:
Table 34: Types of alarms

Alarm
HiHi

Value
Very High Value

Hi

High Value

Lo

Low Value

LoLo

Very Low Value

The Status of each alarm can vary according to one of the next conditions:
•

Active and non-recognized→ an alarm that it is currently active in the system has appeared and the
operator has not still recognized the alarm in the control room.

•

Active but recognized → an alarm that it is currently active in the system has appeared, but the
operator has recognized the alarm in the control room.

•

Inactive and not-recognized→ an alarm that it is not currently active in the system has appeared and
the operator has not still recognized the alarm in the control room. This kind of alarms can emerge
during transient status.
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Finally, alarms can be divided into the following groups depending on the Priority of them:
•

Critical/Stop Alarms: These are the alarms associated with some serious event (of any plant). This
kind of alarms must be shown in the operations console for monitoring and quick intervention.

•

Alarms: These are the alarms of some element registered that we want to monitor, but not as serious
as the previous ones and that it is not necessary to follow immediately.

•

Warnings: Events of some element registered of minor importance.
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3.4.6 ANCILLARY SERVICES PROVIDER FOR SYSTEM OPERATOR
RES dispatching centres shall include functionalities to manage ancillary services provision and thus help
system operators to balance the grid, which will be available when implementing RES-CC, in order to support
or directly tackle TSOs’ responsibilities derived from CROSSBOW D8.1, chapter 2, related to SOGL – LFC and
reserves, which are summarized as follows for FCR, FRR and RR:
Frequency containment process (FCR) – primary reserve:
-

Specify dimensioning process for the synchronous area and other common FCR properties jointly
with other TSOs.

-

Determine reserve capacity for FCR.

-

Ensure compliance of FCR with SOGL requirements.

-

Develop jointly with other TSOs FCR prequalification process.

-

Ensure availability of at least its FCR obligations agreed between all TSOs of the same synchronous
area and other tasks for FCR provision.

-

Jointly with other TSOs of the synchronous area that comprise more LFC blocks determine the Kfactor for each LFC.

-

Ensure that a loss of FCR providing unit does not endanger the operational security.

-

Develop and propose other processes and methodologies related to FCR activation and use.

Frequency restoration process (FRR) – secondary reserve:
-

Specify dimensioning process for the LFC block and other common FRR properties.

-

Determine reserve capacity for FRR.

-

Develop FRR prequalification process.

-

Jointly with other TSOs of a LFC block determine the ratio of automatic FRR, manual FRR, automatic
& manual FRR full activation time.

-

Jointly with other LFC block determine other FRR related parameters.

Reserve replacement process (RR):
-

Specify dimensioning process for the LFC block and other common RR properties.

-

Determine reserve capacity for RR.

-

Develop FRR prequalification process.

Moreover, voltage control is also taken into account as ancillary service to keep grid’s voltage and reactive
power setpoints in order to provide quality supply and protect the devices connected. As more distributed
resources, such as RES and storage, are connected to the grid, wider voltage variations will occur. Then,
system operators will need to take larger voltage control reserves. Depending on the activation time, there
are three voltage control mechanisms:
1) Primary voltage control: automatic voltage regulators (AVRs) maintain voltage setpoints in
milliseconds when a deviation is detected. This control is running for a minute at most, under
security, reactive power and voltage drop criteria, among others.
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2) Secondary voltage control: it is a closed loop system dedicated to keep constant the voltages of some
load buses, called pilot buses, as a means to improve power system voltage security and operation.
The activation time reaches one minute and lasts for some minutes.
3) Tertiary voltage control: the prime role is managing limits on voltage control devices, such as
generators. It coordinates the reference values of voltages in the pilot nodes to ensure the secure
and economically efficient operation of the power system as a whole, but also provides voltage
reference value for secondary control. The activation time is between 10 and 30 minutes.
The ancillary services that could be provided from RES-CC are [61]:
•

Resources for solving congestion during the planning phase.

•

Resources for the primary power reserve.

•

Resources for the secondary and tertiary power reserve.

•

Resources for balancing.

•

Reactive power reserve for voltage regulation.

•

Active power reserve for voltage regulation.

•

Island operation of part of the network.

These ancillary services can be offered both during normal operation and in emergency situations, and can
also be offered to address local problems as well as global problems.
With regard to grid balancing, RES resources can contribute by balancing their own output. This means that
TSOs are given relief when dealing with imbalances from the whole system in real time, due to a reduction
in the amount of activities to be done and regarding the operational reserves to be procured, thus leading to
lower operational costs and raise of efficiency.
Furthermore, RES-CC will give functionalities to leverage the aggregation of several small RES generation
units. RES units could offer balancing services with existing BRPs who have complementary assets, as pumped
hydro power plants, or bigger market agents can be facilitated by aggregating several RES units to enable
economies of scale [62].

3.4.7 MARKET PARTICIPATION
From late century, across several European countries, RES generators have gone to the market with Feed-In
Tariff and Feed-In Premium schemes, in order to foster a higher RES penetration in the energy markets.
Nowadays, these schemes have been completely abolished or reduced to some exceptions, (e.g. keeping
premiums for installed power, instead of energy production, as it has happened recently in Spain with the
last RES auctions) while the tendency now is to make RES generation compete under the same conditions as
non-renewables sources.
Market integration of RES implies that investment in RES generation should be driven by market prices. Due
to the fact that, nowadays, RES generation is more expensive than conventional, RES investments remain
mainly driven by subsidies. However, this situation is expected to change for a number of reasons, such as
[63]:
•

The continuous reduction of RES production costs.
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•

The normalisation in conventional power markets (shut down of conventional power plants) and thus
recovery of market prices.

•

The growing internalisation of external costs, e.g. greenhouse gases.

Exposing RES producer to market’s short term signals (day ahead and intraday) will lead to market
development driven by RES capacity to integrate short term products into the market at the latest time
available. [63]
Consequently, go to market strategies have evolved in order to overcome new challenges, thus technologies
and tools aiming to support market processes, such as RES-CC, have to respond by providing new
functionalities to allow RES assets’ managers success to comply with business targets in real market
conditions, i.e. maximize revenues, minimize costs and reduce risks.

3.4.8 CONTROL RESERVE MONITORING
As stated in ENTSO-E operational reserve report [64], operational standards are key elements for the
application of control reserves. Five relevant categories (1-performance, 2-operational rules, 3-dimensioning,
4-exchange of reserves, 5-monitoring) of operational standards have to be taken into account, of which
monitoring will be supported by RES-CC and is further described below:
-

Monitoring is an essential part of the provision and performance of operational reserves as it assures
that the standards are followed by all TSOs involved.

-

Guidelines for monitoring should be provided so that it is done in a harmonized way.

-

Monitoring shall include common quality parameters (system frequency) as well as individual
parameters for TSOs.

-

Process on how to perform the monitoring should be made available to all TSOs.

-

The results of the monitoring should be declared to a common TSO body per synchronous area for
analysis.

-

Criteria compliance reporting -all criteria will be evaluated and compare to its requested values.

Due to the mutual influence by and on all interconnected TSOs, each control block / TSO ought to be subject
to evaluation and reporting, on several levels (i.e. ENTSO-E, synchronous area, TSO).
Monitoring the quality target
Frequency as unique performance indicator:
As a general quality target for a synchronous area, the percentage of 15-minutes time units outside a given
frequency band is measured. The 15-minutes time frame is taken as the relevant time unit since it relates to
the reaction time of FRR.
During an observation period, the number of 15-minutes time frames, where the average system frequency
deviation is outside a given threshold fTHRS, is counted. The percentage value (rate) r(fTHRS) is calculated by
dividing this count by the total number of 15-minutes time frames in the observation period. The observation
period is typically 1 year.
As an ENTSO-E wide, unique performance indicator it is proposed to take a unique limit value for the
percentage value (rate) r(fTHRS), but different values for the allowed frequency range fTHRS per Synchronous
Area. The choice of these limit values is performed per synchronous area separately.
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ACE as de-central performance indicator:
In large synchronous areas like Regional Group Continental Europe (RGCE), a de-central load-frequencycontrol of control blocks is applied. To satisfy the desired overall system frequency quality in this case the
ACE of the individual control blocks must to be kept within defined limits on a continuous basis.
The FRR performance indicator in case of a de-centralised approach is based on the Area Control Error (ACEi)
of the control block “i”. The 15-minutes time frame is taken as the relevant time unit since it relates to the
reaction time of FRR.
The performance of de-centralised load-frequency control is measured by the combination of two indicators
–an indicator measuring the compliance with the principle on non-intervention and another indicator
measuring the severity of ACE deviation (area imbalances contributing to a frequency deviation increase are
more severe than imbalances contributing to mitigation). The observation period is typically 1 year, and this
methodology serves as an indicator.
Indicator measuring the compliance with the non-intervention:
During the observation period, the number of 15-minutes time frames, when the average ACEi is outside the
given threshold ACETHRS, is counted. The percentage value (rate) r(ACETHRS) is calculated dividing this count by
the total number of 15-minutes time frames in the observation period. The observation period is typically 1
year, and this methodology serves as an indicator.
Using these metrics is in compliance with required control policies and the principle of non-intervention, in
which each control block should compensate its ACE (its domestic imbalance) to acceptable limits. It also
reflects the fact that the prescribed obligatory PI controller for load-frequency control reacts only to ACE and
therefore its performance should be evaluated by appropriate metrics over ACE.
Based on overall system frequency quality requirements, individual ACE thresholds ACE(fTHRS) per control
blocks can be calculated. Maximum relative time when those limits are exceeded remains constant among
all control blocks and equals the value r(fTHRS).
The frequency threshold for a whole synchronous area with a K-factor KT is translated and decomposed in to
the individual thresholds for one control block with K-factor of by this formula:

Indicator of ACE deviation severity:
During the observation period the sum of average ACEs in 15-minutes periods is counted separately when
the area imbalances contribute to mitigation of frequency deviation and when imbalances contribute to
frequency deviation increase. The ratio greater than 1 of the two previous values shows that the area tends
to stabilise the system frequency while ratio lower than 1 shows that the area tends to worsen the frequency.
The indicator of severity will complete the conclusions that come from the observation of the previous
indicator.
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