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1. Executive Summary

The Adriatic lonian region is poised to play a critical role in advancing the EU’s renewable energy
targets as it has significant potential in wind, solar and hydropower resources. This report provides
an analysis of the renewable energy market, highlighting the current state of the region,
opportunities for growth and alignment with EU targets under the REPowerEU plan and the
Renewable Energy Directive.

The integration of digital twins — advanced virtual models that replicate energy systems in real
time - is a key enabler of this transformation. Digital twins enable resource optimization, efficiency
improvements, cost reductions and cross-country collaboration and are therefore essential to
accelerate the clean energy transition.

The key findings highlight the untapped potential of renewable resources in the region and the
significant advantages of adopting digital twins to optimize energy systems. The report
recommends fostering collaboration between stakeholders, investing in digital twin technologies
and aligning regional efforts with EU directives to realize these benefits.
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2. Abbreviations and acronyms

Abbreviation / Acronym Description
WP Work package
DT Digital twin
Al Artificial intelligence
loT Internet of things
NECP National energy and climate plan
RES Renewable energy source
HPP Hydro power plant
TPP Thermal power plant
LULUCF Land use, land use change and forestry
GHG Greenhouse gas
EnC Energy community
BiH Bosnia and Herzegovina
Mtoe Million tonnes of oil equivalent
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3. Introduction

Ending the EU’s reliance on fossil fuels will require a massive scale-up of renewables as well as
faster electrification and replacement of fossil-based heat and fuel in industry, buildings and the
transport sector. The clean energy transition will help over time lower energy prices and reduce
import dependency. Renewables are the cheapest and cleanest energy available as well as can be
generated domestically. The European Commission proposed to increase the EU’s 2030 target for
renewables from the current 40% to 45%. The REPowerEU Plan? brings the total renewable energy
generation capacities to 1236 GW by 2030, in comparison to 1067 GW by 2030 which was
envisaged under the Fit for 55 for 2030. The Renewable Energy Directive? is the legal framework
for the development of clean energy across all sectors of the EU economy, supporting cooperation
between EU countries towards this goal. The amendment EU/2023/24133 that entered into force
on 20th of November 2023 sets an overall renewable energy target of at least 42.5% binding at EU
level by 2030, but aiming for 45%.

Despite these ambitious targets, achieving a sustainable energy future requires overcoming
significant regional disparities. This project focuses specifically on Slovenia, Croatia, Serbia, Bosnia
and Herzegovina, North Macedonia and Greece — countries with different levels of renewable
energy development, regulatory frameworks and market conditions. As EU member states,
Slovenia, Croatia and Greece comply with the Renewable Energy Directive and the associated EU
standards. In contrast, Serbia, Bosnia and Herzegovina and North Macedonia have different
regulatory systems, which can present both challenges and opportunities for harmonizing efforts
across the region. For example, EU standards emphasize cross-border energy trade, transparency
and the integration of renewable energy sources, while non-EU countries may focus more on
national energy security and the development of local infrastructure.

However, achieving the ambitious renewable energy goals will require more than just
technological advances and regulatory frameworks. Innovative tools and methods are needed to
optimize the planning, implementation and management of renewable energy systems. While this
deliverable focuses on the current state, targets, and growth potential of renewable energy
markets in specific countries, it is important to recognize the growing importance of digital
technologies such as digital twins in achieving these goals.

Digital twins have proven to be a transformative technology for improving the efficiency and
resilience of renewable energy systems. By integrating the emerging digital twin (DT) technology
with other advanced technologies such as artificial intelligence and the Internet of Things, it is
possible to make a virtual representation of a complicated system by monitoring the state of
performance, conducting virtual simulations and providing an excellent understanding of its
present state and future performance [1]. By enabling stakeholders to simulate the integration of
renewable energy sources into existing grids, digital twins help to identify potential challenges and
optimize solutions. They can also model infrastructure deployment and support predictive
maintenance, reducing costs and improving system reliability [2]. The potential of digital twins
goes beyond technical improvements. For example, they can provide valuable insights into
balancing intermittent renewable energy sources such as wind and solar, which accounted for 38%
of electricity generation in the EU in 2022. In addition, digital twins can support cross-border
energy cooperation by modelling regional energy flows, especially in areas such as the Balkans
where grid interconnection remains a key issue.

1 https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/repowereu-
affordable-secure-and-sustainable-energy-europe en

2 https://energy.ec.europa.eu/topics/renewable-energy/renewable-energy-directive-targets-and-rules/renewable-
energy-directive_en

3 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A3202312413&qid=1699364355105
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This deliverable examines the renewable energy market in several EU and neighbouring countries
and offers insights into the current state, targets, and conditions for growth. While digital twins
are briefly introduced here, their detailed exploration will be covered in subsequent deliverables.
The findings presented in this document are intended to serve as a basis for understanding the
renewable energy landscape and identifying areas for strategic development. Through a
combination of regulatory frameworks, innovative technologies and collaborative efforts, the EU
can accelerate its progress towards renewable energy targets, improve energy security and lead
the global transition to a sustainable energy future.
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4. Renewable energy market

The latest study on the potential of renewable power generation for the focusing on the South
East Europe region was performed by the International Renewable Energy Agency (IRENA) in
20174

4.1. Slovenia

Slovenia's energy sector is undergoing a transition, balancing traditional energy sources with
increasing commitments to sustainability and EU climate goals. The country's energy mix is
primarily composed of nuclear, hydropower, and thermal energy, with a growing share of
renewables. While Slovenia has made progress in decarbonization and energy efficiency,
challenges remain in reducing coal dependency, expanding renewable capacity, and modernizing
infrastructure. This section outlines the current energy landscape, national targets, and the
potential for renewable energy development, highlighting Slovenia’s path toward a low-carbon
future.

4.1.1. Current state and targets

This section provides an overview of the current state of the Slovenian energy sector and outlines
its strategic goals. It highlights key metrics such as energy production, consumption, imports and
exports as well as RES capacities and discusses the country's progress in integrating renewable
energy and improving energy efficiency.

4.1.1.1. Energy mix in Slovenia

The Slovenian energy mix reflects a combination of traditional and modern energy sources, as
shown in Figure 1, with a notable dependence on nuclear energy, hydropower and thermal power
plants. The mix is in line with the country’s strategic objectives in terms of energy security,
sustainability and compliance with EU directives.

Nuclear energy is the most important source of electricity in Slovenia, accounting for around 35%
of total electricity generation. The KrSko Nuclear Power Plant (NEK), a joint venture with Croatia,
is the backbone of the Slovenian nuclear energy sector and plays a crucial role in ensuring a stable
and reliable electricity supply. Efforts are currently underway to extend the operating life of the
plant and to explore the possibility of building new nuclear power plant capacity to meet future
demand and decarbonization targets.

Hydropower accounts for around 33% of electricity generation in Slovenia. The country’s extensive
river systems, particularly the Drava and Sava rivers, are home to several large hydropower plants.
These plants represent a renewable and low-emission energy source and offer additional potential
for small hydropower projects to further expand capacity. However, environmental concerns and
regulatory challenges could limit large-scale developments.

Thermal power, primarily coal-fired power plants, accounts for around 20% of the energy mix. The
largest thermal power plant, the Sostanj thermal power plant (TES), is powered by lignite, a
domestic coal resource. Many of these plants are aging and under increasing pressure to be
modernized or phased out to meet EU environmental standards. Coal’s share of the energy mix is
expected to decline significantly as Slovenia transitions to a low-carbon energy future. Natural gas

4 https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/IRENA Cost-
competitive power potential SEE 2017.pdf
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contributes a further 3.7% to electricity generation and therefore plays a smaller but important
role in the energy mix.

Energy mix

Electricity generation mix, Slovenia, 2023

Total energy supply Production  Electricity Consumption

Coal Matural gas Muclear Hydro Solar PV
197% 37% 35.0% 33.3% 6.3%

Figure 1: Energy mix for electricity production in Slovenia (2023)

Renewable energy sources, including solar, wind and hydro, account for around 40% of Slovenia’s
electricity energy mix. Solar energy has experienced steady growth due to government incentives
and falling technology costs. Wind energy potential is relatively modest but continues to be
explored. Biomass is used both for electricity generation and as an important source of heating,
especially in rural areas. The share of different renewable sources is shown in Figure 2.

Renewable capacity in 2023

7 0%

m Hydro/ marine
Solar

» Wind
45%

» Bioenergy

®m Geothermal

Figure 2: Renewable capacity in Slovenia (2023)

Slovenia has a total installed capacity of around 3,800 MW, most of which is accounted for by
nuclear, hydro and thermal power plants, although there is considerable potential for the
expansion of renewable energies, especially solar energy and hydropower. Figure 3 shows
evolution of electricity generation sources since 2000, while Figure 4 shows total electricity
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production since 2000.

Evolution of electricity generation in Slovenia since 2000

@ Coal © Oil © Naturalgas © Nuclear © Hydro © Biofuels © Waste O Wind © Solar PV
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Figure 3: Electricity generation sources in Slovenia (since 2000)
Total electricity production, Slovenia
20000 h
20|OO 20|05 20|1O 2(;15 20|23

Figure 4: Total electricity production in Slovenia (since 2000)

Slovenia is well connected to the European electricity grid and enables cross-border trade with
Austria, Italy, Croatia and Hungary. These interconnections ensure security of supply and enable
Slovenia to participate in the regional electricity market. Slovenia is both an importer and exporter
of electricity, depending on the seasonal availability of hydropower and domestic demand. Total
imports, exports and the balance of energy trade since 2000 are shown in the Figure 5. As can also
be seen from the figure, electricity exports have increased by 91% since 2000, reflecting the
country’s growing role in regional energy markets. Net electricity exports also accounted for 9.4%

of total electricity production in 2023.
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Trade in electricity, Slovenia

------------ 12 000GWh

Imports

| | | | |
2000 2005 2010 205 2023

Balance

Figure 5: Electricity cross-border trading for Slovenia (since 2000)

Electricity consumption has seen moderate growth of 12% over the last two decades, as shown in
the Figure 6, with consumption reaching around 6.5 MWh per capita in 2023. This figure reflects
Slovenia’s developed economy and high standard of living. Efforts to improve energy efficiency
and reduce consumption in industry and households are underway.

Electricity consumption per capita, Slovenia

--------------------------- ---8 MWh/ Capita

I I I
2000 2005 2010 2015 2023

Figure 6: Electricity consumption per capita in Slovenia (since 2000)

To summarize, the Slovenian energy mix is diverse, with significant contributions from nuclear and
hydropower, complemented by thermal power, natural gas and growing renewables. While the
Slovenian energy system is stable and well integrated into regional markets, it remains a challenge
to reduce dependence on coal, expand renewable energy capacity and modernize infrastructure
to meet EU climate targets. With strategic investments and policy reforms, Slovenia is well
positioned to make the transition to a more sustainable and low-carbon energy future.

4.1.1.2. Targets

The national plan of Slovenia outlines key goals and contributions related to climate and energy
policies until 2030, addressing multiple dimensions such as decarbonization, energy efficiency,
energy security, internal energy market, and research, innovation, and competitiveness.

Decarbonization goals
Project Acronym — GOTOTWIN 8191



Contribute to achieving net-zero greenhouse gas emissions (GHG) in the EU by 2050.
Reduce total GHG emissions by at least 55% by 2033, and by at least 37% by 2030,
compared to 2005 levels.
Specific sectoral reduction targets:

e Transport: -1%

e Residential: -69%

e Agriculture: -2.8%

e Waste management: -65%

e Industry: -40%

e Energy sector: -35%
Achieve at least a 70% reduction in GHG emissions from buildings by 2030 (compared to
2005).
Ensure that emissions from Land Use, Land Use Change, and Forestry (LULUCF) do not
exceed carbon sinks from 2021-2025, aiming for a net carbon sink of at least -146 kt CO2
by 2030.
Focus on climate change adaptation, climate justice, and eliminating fossil fuel subsidies
by 2030.
Promote a transition to a low-carbon circular economy, increase the use of renewable
energy (RE), and ensure the phase-out of coal by 2033.

Energy efficiency goals

Achieve at least a 33% share of renewables in final energy consumption by 2030.
Renewables in Buildings: At least 55% of energy used in buildings will be renewable.
Renewables in Industry: At least 30% of energy in the industrial sector will be from
renewables.

Increase renewable energy and excess heat share in district heating and cooling systems
by at least 2-3% annually, reaching 25-40% by 2030.

Ensure at least 55% of electricity production comes from renewable sources.

Achieve at least 45% of energy for heating and cooling from renewable sources.
Transport: At least 26% of energy used in transport will be from renewables.

Promoting the green transition:

Accelerate the deployment of renewable energy sources, particularly solar panels, in public
sector buildings.

Phasing out the use of coal in electricity production by 2033, ensuring a just transition for
affected communities and workers.

Promote decarbonization of energy-intensive sectors through financial support for green
technology adoption, including renewable energy, low-carbon gases, hydrogen, and CO2
capture, transport, and utilization technologies.

Focus on investing in human resources and knowledge to support the transition to a
climate-neutral society and reduce implementation gaps

4.1.2. Conditions and potential for growth

The national report®> examines the potential sites for deploying large Renewable Energy Sources
(RES) projects in Slovenia, specifically those above 10 MW. In the analysis, these sites are divided

5 https://www.energetika-
portal.si/fileadmin/dokumenti/podrocja/energetika/res_slovenia/res_slo_final_report.pdf
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into two groups: optimal sites and other sites. Optimal sites have a lower risk (with a score of 0 or
1), while other sites are considered higher risk (with a score of 2). Very high risk areas (score 3),
which account for 82% of the identified RES production potential, were excluded from this
analysis. The report uses the mapping to assess the locations for wind, solar and hydropower
plants, and also examines the main regulatory and procedural barriers to the long-term
deployment of large-scale RES projects.

One major obstacle is the lack of a comprehensive spatial planning document that would designate
priority areas for RES deployment. The report highlights that creating such a document is crucial
for ensuring the successful deployment of large RES projects. The sites analysed in the report are
grouped by risk score and assessed based on several factors: the annual production potential in
MWh/year, the number and size of wind turbines or solar power plants, the proximity to existing
electrical infrastructure (e.g., 110 kV grids and distribution substations) and an overall risk
assessment.

The analysis revealed that within the optimal locations, no areas with a score of 0 (no risk) were
suitable for large-scale RES deployment. However, several lower risk sites (scoring 1) were
identified for development. Specifically, there were four sites for wind power plants (WPP) with a
total rated capacity of 80 MW, three sites for ground-mounted solar power plants (SPP) with a
total rated capacity of 52 MW, and one site for SPP on water surfaces with a rated capacity of 22
MW.

The analysis of the higher-risk sites (score 2), on the other hand, revealed greater potential with
38 sites for wind power plants (1,044 MW total capacity), 110 sites for ground-mounted solar
power plants (309 MW total capacity), and three sites for solar power on water surfaces (280 MW
total capacity) as well as two sites for hydropower plants (130 MW total capacity).

If large RES projects were successfully deployed at all the optimal locations identified in the report,
the share of RES in Slovenia's gross final energy consumption could rise to 22.3%. Wind power
plants would make the largest contribution, followed by ground-mounted solar power plants and
hydro-based solar power plants. If the deployment includes both optimal and higher-risk sites, the
share of RES could rise to 26.5%, with wind power plants making the largest contribution, followed
by solar power and hydropower.

Despite the potential identified in the report, it is unlikely that Slovenia can achieve its current
2030 RES targets or its 2050 climate neutrality target through the deployment of large RES projects
alone. To achieve these targets, additional exploration of very high risk areas (not included in this
report) and smaller-scale RES projects below 10 MW are needed. The report concludes that
Slovenia may need to focus on the deployment of smaller-scale RES projects to achieve its climate
targets in the long term.

Hydropower: Hydropower has long been a central pillar of Slovenia's renewable energy sector and
contributes significantly to electricity generation. The Drava and Sava rivers, as well as numerous
smaller rivers, offer ample opportunities for large and small hydropower plants. The existing
infrastructure includes several large plants and offers room for expansion, especially for small
hydropower projects. However, the environmental and regulatory challenges associated with
further development could limit growth potential. According to the national energy report, the
production potential for hydropower in low-risk areas is estimated at 28 GWh/year.
Unfortunately, no potential has been identified in areas that are completely free of environmental
or regulatory risks.

Solar energy: Solar energy has steadily increased in Slovenia in recent years, mainly thanks to
government incentives and the rapid decline in the cost of solar technology. Although solar
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radiation in Slovenia is relatively modest compared to southern Europe, the potential remains
considerable. Rooftop solar energy has the highest production potential in areas without identified
risks, estimated at 4,257 GWh/year. On-ground solar installations in risk-free areas have a more
modest potential of 32 GWh/year. In low-risk areas, ground-based solar potential increases
significantly to 760 GWh/year, while the potential of rooftop systems is estimated at 107
GWh/year. However, the potential for floating solar installations is mainly located in areas with
higher or very high environmental risks, which limits its feasibility.

Wind energy: Wind energy is still underdeveloped in Slovenia, but the country has started to
explore its potential. The growth potential of wind energy is limited compared to other renewable
energy sources, but ongoing efforts to assess wind resources and improve the regulatory
framework could lead to further expansion. According to the national report, large wind energy
installations in low-risk areas have an estimated potential of 65 GWh/year, while small wind
turbines contribute an additional 36 GWh/year. No wind energy potential was identified in
completely risk-free areas.

Biomass: Biomass is an important renewable energy source in Slovenia, both for electricity
generation and district heating, especially in rural areas. Biomass resources, including wood chips,
agricultural residues, and biogas, are widely available and their use is supported by national
policies. Biomass is expected to remain stable and contribute to energy security and emission
reduction targets.

Total renewable energy potential: If Slovenia were to fully utilize the potential of renewable
energy production in areas with no identified risks, the share of renewable energy in gross final
energy consumption could increase from 21.97% in 2019 to 29.43%. Exploiting the potential in
low-risk areas could add a further 1.73 percentage points and reach a total of 31.16%. However, a
significant proportion of the identified renewable energy potential is located in higher or very high-
risk areas, where environmental concerns could hinder development if not successfully mitigated
through comprehensive impact assessments and planning.

4.2, Croatia

Croatia's energy sector is characterized by a diverse mix of energy sources, including hydro,
thermal, wind, and solar power. Due to its geographical position and natural resources, the
country relies significantly on hydropower, which remains a dominant source of electricity
production. Additionally, the increasing integration of renewable energy sources, such as wind and
solar, reflects Croatia’s commitment to sustainability and energy transition.

The nation also utilizes thermal power plants, primarily fuelled by natural gas and coal, to ensure
energy stability. Biomass, biogas, and geothermal energy contribute to the diversification of the
energy mix. Croatia is actively working towards energy efficiency improvements and reducing
carbon emissions in alignment with EU climate goals. As renewable energy capacity grows and
infrastructure modernizes, Croatia aims to enhance its energy independence and integrate further
into the European energy market.

4.2.1. Current state and targets

This section contains an overview of the present status of Croatia's energy sector and outlines its
strategic goals. It highlights key metrics such as energy production, consumption, imports, and
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exports, as well as RES capacities, while addressing the country's progress toward renewable
energy integration and energy efficiency improvements. Additionally, it sets forth Croatia's targets
aligned with European Union directives, including reducing greenhouse gas emissions, increasing
the share of renewable energy in total consumption, and enhancing energy security. This section
serves as a foundation for understanding Croatia's energy landscape and its trajectory toward
sustainability and resilience.

4.2.1.1. Energy mix in Croatia

In 2023, the Republic of Croatia's total primary energy production reached 159.8 PJ, marking a
3.1% increase compared to the previous year. Firewood and biomass accounted for the largest
share at 38.9% (62.1 PJ), followed by hydropower at 18.4% (29.3 PJ), natural gas at 16% (25.6 PJ),
and crude oil at 15.3% (24.5 PJ). Renewable sources contributed 10.1% (16.1 PJ), while non-
renewable waste made up 1.3% (2.1 PJ). Hydropower energy production saw a significant rise of
49.4%, with non-renewable waste and renewable sources increasing by 7.9% and 7.1%,
respectively. Conversely, production declined for firewood and biomass by 6.8%, crude oil and
petroleum products by 3.6%, and natural gas by 2.7%. The distribution of primary energy
production is illustrated in Figure 7.

2018.godina 2023.godina
[ Year 2018 / Year 2023
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M Drvoibiomasa
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/ Natural gas
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/ Hydro power

Il Neobnovljiviotpad
/ Non-renewable
waste

Obnovljivi izvori
/ Renewables

Figure 7: Primary energy production mix in Croatia® (2018 and 2023)

In 2023, total energy imports in the Republic of Croatia declined by 1.1% compared to the previous
year, amounting to 365.6 PJ. Petroleum products accounted for the largest share at 40.3% (147.3
PJ), followed by natural gas at 29.0% (106.1 PJ) and crude oil at 15.8% (57.6 PJ). Electricity
represented 9.9% (36.1 PJ) of total imports, while coal and coke made up 4.3% (15.8 PJ), and
renewable energy sources contributed 0.7% (2.6 PJ). As shown in Figure 8, structural changes in
energy imports were observed between 2018 and 2023. The shares of coal and coke, petroleum
products, and natural gas increased, whereas the shares of electricity, crude oil, and renewable
energy sources declined.

6 https://eihp.hr/wp-content/uploads/2024/12/Energija-u-HR-2023 WEB novo.pdf
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Figure 8: Mix of imported energy for Croatia (2018 and 2023)

In 2023, total energy exports from the Republic of Croatia reached 158.7 PJ, reflecting a 2.8%
increase compared to 2022 (154.5 PJ). Petroleum products accounted for the largest share at
42.2% (67.0 PJ), followed by natural gas at 25.4% (40.3 PJ) and electricity at 19.2% (30.5 PJ). Crude
oil contributed 7.7% (12.2 PJ), while renewable energy sources made up 5.6% (8.9 PJ). As
illustrated in Figure 9, the composition of energy exports has evolved between 2018 and 2023.
During this period, the shares of crude oil, natural gas, and electricity increased, whereas the
shares of other exported energy forms declined.
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Figure 9: Mix of exported energy for Croatia (2018 and 2023)

In 2023, final energy consumption in the Republic of Croatia reached 289.9 PJ, marking a 3.1%
increase compared to the previous year (281.1 PJ). The sectoral distribution of consumption was
as follows: industry accounted for 17.0% (49.1 PJ), transport for 35.9% (104.2 PJ), and other sectors
for 47.1% (136.6 PJ). As shown in Figure 10, petroleum products dominated final energy
consumption, totalling 130.0 PJ (44.8%). Electricity followed with 58.7 PJ (20.3%), along with
renewable sources at 43.9 PJ (15.2%), natural gas at 42.5 PJ (14.7%), heat at 9.8 PJ (3.4%), coal and
coke at 2.8 PJ (1.0%), and non-renewable waste at 2.1 PJ (0.7%). The share of renewable energy in

Project Acronym — GOTOTWIN 13|
91



gross final energy consumption for 2023 is estimated at 28.1%, based on EUROSTAT methodology,
reflecting a 1.4% decrease compared to 2022.
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Figure 10: Final energy mix for Croatia (2018 and 2023)

As seen in Table I, in 2023 the total electricity production in the Republic of Croatia reached
17,563.9 GWh, with renewable energy sources, including large hydropower plants, accounting for
approximately 63.7% (9,064.9 GWh) of the total output. Large hydropower plants contributed
38.4% (5,454.2 GWh), while the remaining 25.4% (3,610.8 GWh) came from other renewable
sources such as wind energy, small hydropower plants, biomass, geothermal energy, biogas, and
photovoltaic systems.

Domestic electricity production covered 91.7% of the total electricity demand, which amounted
to 19,141.6 GWh in 2023. Electricity imports totalled 10,037.9 GWh, representing 52.4% of total
consumption, while exports reached 8,460.2 GWh, accounting for 48.2% of total domestic
electricity production. Between 2000 and 2023, Croatia has achieved a notable improvement in
energy efficiency, with the energy efficiency improvement index indicating an overall
enhancement of approximately 20% across the economy. Industry and households have been the
primary contributors to this progress. However, in the transport sector, following a period of
growth, the index showed a further decline in 2023, signalling potential challenges in maintaining
energy efficiency improvements in this area.

By the end of 2023, Croatia's electricity generation infrastructure comprised 17 hydropower plant
locations, seven thermal power plant sites, and half of the installed capacity of the Krsko nuclear
power plant, which is located in Slovenia. Additionally, numerous renewable energy source (RES)
power plants, primarily wind and solar, contributed to the country's energy mix. Croatia's thermal
power plants operate using natural gas, coal, and liquid fuels (limited to industrial plants). By the
end of 2023, the total available electricity generation capacity in Croatia reached 5,474.8 MW, as
presented in Table I. This capacity distribution included 2,189.9 MW from hydropower plants,
1,662.3 MW from thermal power plants, 1,160.2 MW from wind power plants, and 462.5 MW
from solar power plants.
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Table I: Electricity generation and capacity in Croatia (2023)

Available power (MW)  Gross electricity produced in 2023 (GWh)

Hydro power plants 2,189.9 8,248.1
Storage 1,467.9 5,427.1
Pumped-storage 281.3 565.4
Run-of-river 405.9 2,092.5
Small HPP 34.8 163.2
Thermal power plants 1,662.3 6,316.2
Coal 199.0 1,325.2
Natural gas 954.3 3,864.3
Oil derivates 343.5 590.6
Biomass 97.6 705.8
Geothermal 10.0 20.6
Biogas 57.9 340.7
Wind power plants 1,160.2 2,586.5
Solar power plants 474.9 413.1
Total 5,487.2 17,563.9

The majority of electricity generation capacity in Croatia is owned by the HEP Group, a state-
owned company, while private producers primarily operate RES power plants.

4.2.1.2. Targets

According to the Croatian Low-Carbon Development Strategy’, the Republic of Croatia aims to: a)

promote sustainable, knowledge-based growth with a competitive low-carbon economy and

efficient resource use, b) enhance energy security, sustainability, availability, and reduce

dependence, c) fulfil Croatia’s international and EU commitments, contributing to global climate

goals, and d) reduce air pollution, improving health and quality of life.

Around 100 technical and non-technical emission reduction measures span sectors like energy,

transport, industry, agriculture, forestry, and waste. The Low-Carbon Development Strategy

outlines three scenarios for emission reduction:

¢ Reference Scenario (NUR): Continues current policies, relying on market-driven growth in

renewables and efficiency. Emissions drop 28.9% by 2030 and 46.3% by 2050 (vs. 1990).
Renewable energy reaches 35.7% in 2030 and 45.5% in 2050, but this scenario does not
achieve a low-carbon economy.

7 https://mingo.gov.hr/UserDocslmages/klimatske aktivnosti/odrzivi razvoj/NUS/Its nus eng.pdf
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e Gradual Transition (NU1): Aligns with EU and Paris Agreement goals (keeping the
temperature rise within 2 °C and preferably within 1.5 °C), driven by cost-effective
measures, energy efficiency, and rising CO, prices (€92.1/t by 2050). Emissions fall 33.5%
by 2030 and 56.8% by 2050, with renewables at 36.4% in 2030 and 53.2% in 2050.

e Strong Transition (NU2): Targets an 80% emission reduction by 2050 through aggressive
energy efficiency and higher renewable adoption (36.4% in 2030, 65.6% in 2050).
Emissions fall 73.1% by 2050, with transport, agriculture, and industry as the main
remaining sources.
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Figure 11: Reduction of greenhouse gas emissions according to the NUR, NU1 and NU2

scenarios

The NU1 and NU2 scenarios remain similar until 2030, allowing Croatia to start with NU1 and
transition to NU2. The goal is an emission reduction pathway between NU1 and NU2, with a
preference for the more ambitious NU2 target, as shown in Figure 11. In 2030, compared to 1990
levels, in the NU1 scenario, a total reduction of 33.5% is achieved, while in the NU2 scenario, a
reduction of 36.7% is achieved. The largest contribution to this decrease was made by the
industrial sector (43%), followed by the fuel production and processing sector (18%), the
agricultural sector (15%), the electricity and heat production sector (14%) and the general
consumption sector (10%). In the transport and waste sectors, emissions in 2030 are still higher
than in 1990, as emissions from these sectors recorded an increase until 2018. In 2050, in the NU1
scenario, a total decrease of 56.8% is achieved, while in the NU2 scenario, a decrease of 73.1% is
achieved, compared to 1990. The largest contribution to this decrease was made by the industrial
sector (36%), followed by the electricity and heat production sector (15%), the fuel production and
processing sector (14%), the general consumption sector (13%), the agricultural sector (11%), the
transport (9%) and the waste sector (1.3%).

Preliminary data for 2023 indicate that CO, emissions from stationary and mobile energy sources
amounted to 16.7 million tons, as shown in Figure 12: CO, emissions from fuel combustion in
Croatia (1990-2023). This represents a 7.3% increase compared to the emissions recorded in the
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previous year and a 15.4% decrease relative to the emissions in 1990. In the observed period from
2017 to 2023, CO, emissions increased at an average annual rate of 0.4%. In 2023, stationary
energy sources were responsible for 55.1% of total CO, emissions. Specifically, 24.0% of CO,
emissions originated from energy production and transformation plants, 15.5% from non-
industrial combustion furnaces, and 15.6% from manufacturing industries and construction.
Mobile energy sources contributed the remaining share of CO, emissions, with road transport
accounting for 43.6% of total energy-related emissions. Additionally, off-road transport, which
includes aviation, railways, and navigation, contributed 1.3% to the overall CO, emissions.
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Figure 12: CO; emissions from fuel combustion in Croatia (1990-2023)

The European Union plays a leading role in global efforts to combat climate change and has set
the most ambitious nationally determined contribution under the Paris Agreement. It has
committed to reducing greenhouse gas (GHG) emissions by at least 55% by 2030 compared to
1990 levels. To support this goal, the European Commission has proposed a regulatory framework
for climate and energy policy for 2030. For sectors covered by the EU Emissions Trading System
(ETS), the proposed emissions reduction target is at least 61% compared to 2005 levels. In non-
ETS sectors, an overall EU-wide target of at least a 40% reduction in emissions relative to 2005 has
been proposed, with specific targets varying across member states, ranging from -50% to -10% (-
16.7% for Croatia).
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Table II: Share of renewable energy sources in gross final energy consumption

RES-E 41,41% 4471% 45,04% 46,42% 46,34% 4814% 49,78% 53,82% 53,47% 56,24% 58,83%

RES-T 2,43% 2,37% 2,02% 0,80% 0,76% 2,20% 5,37% 5,93% 715% 2,39% 0,92%

RES-H&C 37,31% 36,22% 38,62% 37,64% 36,63% 36,65% 36,79% 36,98% 38,03% 37,21% 36,17%

RES 27,96% 27,76% 28,92% 28,15% 27,20% 28,09% 28,66% 31,30% 31,69% 29,52% 28,05%
* preliminarni podaci / preliminary data

Table Il represents the share of RES in Croatia's gross final energy consumption across various
sectors from 2013 to 2023. Four key indicators are observed: RES-E (electricity), RES-T (transport),
RES-H&C (heating and cooling), RES (total). The RES-E sector shows a steady increase over the
years, reaching 58.83% in 2023, which indicates significant progress in renewable electricity
generation, including main contributions from wind, solar, and hydropower. The share of
renewables in the transport sector has fluctuated significantly, peaking at 7.15% in 2021 but
dropping sharply to 0.92% in 2023. This indicates challenges in sustaining renewable energy use in
transport. The RES-H&C share has remained relatively stable over the years, hovering around 36—
38%, with a slight decline to 36.17% in 2023. The Table Il provides a clear picture of Croatia's
progress toward integrating renewable energy into its energy mix. While the electricity sector
shows remarkable growth, challenges remain in the transport sector and overall renewable energy
adoption.

To conclude, the Republic of Croatia has set indicative national targets for the shares of renewable
energy sources as 42,5% in the final energy consumption, 76,7% in the final electricity
consumption, 47,1% in the final consumption in heating and cooling, and 24,6% in the final
consumption in transport, by 2030, and is currently on stable path to achieve them, however, will
have to put more efforts in the transportation and H&C sectors.

4.2.2. Conditions and potential for growth

Based on Croatia's Draft® Updated Integrated National Energy and Climate Plan (NECP) for 2021-
2030, from 2023, the nation has outlined its current conditions and identified potential areas for
growth within its energy and climate sectors.

Croatia's energy landscape is characterized by a mix of strengths and challenges. The country has
initiated projects to harmonize land use databases and georeferencing, which is a positive step
toward efficient land management. Plans are also in place to assess CO, storage capacity and
conduct feasibility studies, indicating a commitment to carbon capture initiatives. In the realm of
electro-mobility, detailed plans have been developed to expand zero-emission technologies and
infrastructure. To enhance energy security, measures such as increasing domestic extraction,
boosting renewable gas production, and expanding LNG storage capacity have been proposed.
Good interconnection with neighbouring systems enables significant export, import and transit of
electricity through the transmission grid, and places the Republic of Croatia in the position of an
important link between the electricity systems of Central and Southeastern Europe. ENTSO-E is
currently analyzing the feasibility of the following 400 kV interconnectors: Bakovo (Croatia) — Tuzla
(Bosnia and Herzegovina), BDakovo (Croatia) — Gradacac (Bosnia and Herzegovina),

8 https://commission.europa.eu/document/download/c4al12c32-7c7c-475a-80b9-
366a7309bdc8_en?filename=CROATIA_%20DRAFT%20UPDATED%20NECP%202021%202030%20%282%29_0.pdf
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Zerjavinec/Drava (Croatia) — Heviz 2 (Hungary), Ernestinovo (Croatia) — Sombor (Serbia). Their
short- to medium-term realization is unlikely, depending on factors like electricity market
development and RES integration. After 2030, the Lika—Banja Luka 400 kV line could further link
Croatia and Bosnia and Herzegovina, with technical-economic analyses already completed.
Given the accelerated integration of renewable energy sources (RES) and the energy transition to
reduce greenhouse gas emissions, Croatia's transmission grid development will address the
following key projections for grid expansion by 2040:

e Peak load: estimated at 2,900 MW in 2020, rising to 3,200 MW by 2030.
New Generation Capacity:

e Hydropower Plants: 250 MW by 2030, with an additional 1,650 MW by 2040.

e Gas Blocks: 160 MW by 2030.

e Wind Farms: Over 1,345 MW added, supplementing the current 948 MW.

e Solar Power Plants: Over 460 MW connected to the transmission network.

e Existing Assets: TPP Plomin 2 remains operational; continued import of 50% of NPP Krsko's

production.

Investment Requirements: approximately €1.13 billion over ten years (2022-2031) to support new
connections and general grid enhancements.
Furthermore, Figure 13 presents the estimated powerplant capacity in the scenario with the
existing measures. As can be seen, most of the capacity increase is planned to be through wind
power, however solar power will also noticeably increase. Coal and fuel oil will fade out.
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Figure 13: Estimated powerplant capacity in the scenarios with the existing measures

Key Transmission Network Reinforcements:
Medium-Term Upgrades:
¢ Replacement of ACSR conductors with HTLS on 220 kV lines Senj-Melina and Konjsko-Krs
Padene-Brinje to support increased RES output in Dalmatia.
e Installation of additional transformers at SS Konjsko (400/220 kV) and SS Velebit (400/110

kV).
Long-Term Developments:
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e Construction of 400 kV lines Konjsko-Lika and (2x)400 kV Lika-Melina to alleviate
transmission bottlenecks.
e Establishment of 400/110 kV "zone connectors" in remote areas (e.g., Drni§/Knin, Sinj) to
manage RES generation where 110 kV grids are insufficient.
Interconnections and Modernizations:
e New SS 220/110 kV Vodnjan (2x150 MVA) and upgrading Plomin-Vodnjan lines to 220 kV.
e Revitalization of 220 kV cross-border lines: Dakovo-Gradacac, Pakovo-Tuzla, Zakucac-
Mostar.
e Post-2030: Potential construction of 400 kV Lika-Banja Luka line to strengthen Croatia-BiH
grid integration.
The Croatian Transmission System Operator (CTSO) will oversee system reliability, ensuring proper
coordination among production, transmission, and distribution. Continuous monitoring of the
system's performance with high RES penetration is crucial, with timely updates to relevant
institutions and proposals for capacity development mechanisms. All investments must align with
the Ten-Year Transmission Network Development Plan.

4.3. Bosnia and Herzegovina

Bosnia and Herzegovina (BiH) has a unique and complex Electric Power System (EPS), shaped by
its political structure and historical context. The country itself is highly decentralized, with multiple
levels of government that have overlapping, complementary or conflicting jurisdictions, and joint
bodies with relatively limited powers.

Figure 14 shows the transmission network of BiH, as well as all large power plants connected to it
as of December 2023°. The transmission network includes overhead and cable lines at voltage
levels of 400 kV, 220 kV, and 110 kV. It is divided into four operational areas (Banja Luka, Tuzla,
Sarajevo, and Mostar). The transmission network is connected to four distribution areas, managed
by four distribution companies (Elektroprivreda BiH, Elektroprivreda RS, Elektroprivreda HZHB,
and Komunalno Brcko).

J State Electricity Regulatory Commission (SERC), Report on Activities of the State Electricity Regulatory Commission
in 2023, December 2023.
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Figure 14: Map of the electric power system of BiH (31 December 2023)

4.3.1. Current state and targets

The BiH power system is decentralized, divided along the lines of its political entities: the
Federation of BiH (FBiH) and Republika Srpska (RS), with the Brcko District having special status.
Each entity manages its own electric utility company: In FBiH, two major companies operate:
Elektroprivreda BiH (EPBiH) and Elektroprivreda HZHB (serving the Croatian-dominated areas),
while in RS operates Elektroprivreda Republike Srpske (ERS) serving as the main utility. Each of
these utilities is state-owned, with decentralized management and separate infrastructure and
distribution networks. Each utility controls power generation, distribution, and supply within its
respective area. Despite public dominance, BiH has begun opening the market to private and
international investors, especially in renewables, driven by EU integration efforts and the Energy
Community Treaty.

Transmission and system operations are centralized at the state level through transmission
company Elektroprenos BiH, which is jointly owned by the two entities but regulated on the state
level. The Independent System Operator of BiH (NOS BiH) is responsible for managing the
transmission network and ensuring system reliability, demand forecasting, and market
facilitation.

As a signatory to the Energy Community Treaty, BiH is obligated to align its energy sector with EU
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standards, which includes increasing its share of renewable energy and reducing greenhouse gas
emissions. Renewable energy policy is decentralized, with each entity developing its own laws and
incentives. However, lack of coordination sometimes results in inefficiencies or regulatory
barriers.
The following laws are adopted at the state level:

e Law on Transmission of Electric Power, Regulator and System Operator of BiH;

e Law on Establishing the Company for the Transmission of Electric Power in BiH;

e Law on Establishing an Independent System Operator for the Transmission System of BiH.
At the entity level, in the Republika Srpska, the Federation of BiH, and the Brcko District, specific
legal acts have been adopted to regulate issues related to energy, electricity, renewable energy
sources, cogeneration, and energy efficiency.
Despite internal challenges, BiH remains a regional electricity exporter, owing to hydropower
exports during peak periods. EU accession aspirations place pressure on BiH to align with
European energy and environmental policies, which may drive gradual sector reforms and green
investments.

4.3.1.1. Energy mix in Bosnia and Herzegovina

BiH has a relatively balanced energy mix, with two main sources: hydropower and coal.
Hydropower comprises around 30% of BiH’s power generation, mostly produced in large Hydro
Power Plants (HPP) with some potential for expansion given the country’s significant river
resources. Coal (mostly lignite, fired in large Thermal Power Plants TPP) accounts for more than
60% of total generation. Most coal-fired plants are old, and many need modernization to meet EU
environmental standards. There is a small but growing contribution from renewables (e.g., wind,
solar), although this is limited and in early stages due to regulatory and investment barriers. Figure
15 shows energy mix for electricity production in BiH.

Energy mix

Electricity generation mix, Bosnia and Herzegovina, 2022

Electricity

Coa Oil Hydro Wind

Figure 15: Energy mix for electricity production in BiH (2022)

BiH relies heavily on coal and hydropower, which together account for over 90% of its electricity
generation. Coal-fired power plants are largely concentrated in RS, while hydropower plants are
distributed throughout both FBiH and RS.

BiH has a total installed capacity of approximately 4,700 MW, with potential for growth,
particularly in renewables and hydropower. Figure 16 shows electricity generation sources, while

10 https://www.iea.org/countries/bosnia-and-herzegovina (visited November 2024)
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Figure 17 shows total electricity produced since 2000,
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Figure 16: Electricity generation sources in BiH (since 2000)

Total electricity production, Bosnia and Herzegovina

Figure 17: Total electricity production in BiH (since 2000)

BiH is a regional electricity exporter, benefiting from interconnections with the power systems of
neighbouring countries. The country’s grid is well-connected with Croatia, Serbia, and
Montenegro, which facilitates cross-border trading. These connections help balance supply and
demand across regions, a capability that will become increasingly important as variable
renewables like solar and wind take on a larger share of electricity generation. It is a net electricity
exporter, especially during peak hydropower periods, exporting approx. 18.5% of total produced
electric energy. Figure 18 shows trade in electricity since 2020.

11 https://www.irena.org/-
/media/Files/IRENA/Agency/Statistics/Statistical_Profiles/Europe/Bosnia_and_Herzegovina_Europe_RE_SP.pdf
(visited November 2024)
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Trade in electricity, Bosnia and Herzegovina
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Figure 18: Electricity cross-border trading for BiH (since 2000)

Electricity consumption has been steadily growing, with a trend of over 100% since 2000. Per
capita consumption has remained slightly above 3,700 MWh per capita since 2022, as shown in
Figure 19.

Electricity consumption per capita, Bosnia and Herzegovina

Figure 19: Electricity consumption per capita in BiH

BiH has substantial renewable energy potential, particularly in hydropower, wind, and solar
energy. Renewable sources like wind and solar have a small but growing share, driven by EU
integration efforts and incentives. However, the complex regulatory environment and
underdeveloped infrastructure pose challenges to renewable integration. Renewable energy mix
consists of:

Hydropower: Hydropower has historically dominated BiH’s renewable energy sector and
accounts for a significant share of the country's electricity generation. BiH has numerous
rivers with strong hydro potential, and the sector provides a stable base for renewable
electricity.

Wind Power: In recent years, BiH has been expanding its wind energy capacity. Wind farms
have been installed mainly in the southern part of the country, where wind resources are
most favorable. Projects like the Mesihovina Wind Farm are early examples, with others
planned or in development.

Solar Energy: Although BiH receives ample sunlight, solar power is still underdeveloped.
However, interest in solar projects is growing, especially for residential installations and
utility-scale projects. BiH's southern areas, with high solar irradiance, offer significant
potential. Projects like the Solar power plant “Petnjik” in the south, which is commissioned
in 2023 is an example of a large solar generation facility.

Renewable capacity in 2023 is shown in Figure 20. Most of the renewable energy is produced by
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large HPPs.

Renewable capacity in 2023
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Figure 20: Renewable capacity in BiH (2023)

The main challenges to increasing the share of renewables include regulatory complexity arising
from the complex political structure, aging grid infrastructure that requires modernization to
accommodate variable renewable energy sources, and financial constraints that restrict funding
and access to finance for small-scale renewable projects. However, in recent years, thanks to

public investments, renewable capacity in terms of installed W/person has grown as shown in
Figure 21.

7.a.1 Public flows to renewables 7.b.1 Per capita renewable capacity

100 700 646.2

2016 2017 2018 2019 2020 2021 2016 2017 2018 2019 2020 2021 2022
Figure 21: Public flows to renewables and per capita renewable capacity

As a result, the share of renewables in the net capacity change of BiH's energy mix is slowly
increasing but remains nearly unchanged overall, as shown in Figure 22. This highlights a significant
reliance on non-renewable energy sources.
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Figure 22: Net capacity change in BiH (2016-2023)

In summary, while BiH’s power system is relatively stable and export-oriented, it faces a number
of challenges, especially in modernizing infrastructure, addressing environmental impacts, and
coordinating policy across its entities. With reforms and investment, BiH has significant potential
to diversify its energy mix and further develop renewables.

4.3.1.2. Targets

By signing the Treaty establishing the EnC, obligations from the UN Agenda 2030, the Paris
Agreement, and the Sofia Declaration, BiH expressed its clear determination for the sustainable
development of the energy sector. Therefore, the guidelines for the development of B&H's energy
sector should be based on sustainable development policies that have three aspects:

e Security of supply;

e Price competitiveness and availability of energy and

e Decarbonisation policy, i.e. the use of clean energy.

With a target increase in the sector efficiency and the use of renewable energy resources, B&H
can achieve parallel convergence with the assumed obligations and EU policies and position energy
as an instrument of the economy stability and sustainable development.

Since 2013, BiH has started establishing a strategic framework guided by the carbon neutrality
principles. Since then, several strategic documents have been adopted with intensive, ongoing
activities to harmonize them and establish a unified approach to achieving decarbonisation goals
by 2050.

The framework energy strategy of BiH until 2035 was adopted by the Council of Ministers of BiH
in August 2018. This strategy provides guidelines regarding the energy sector development goals,
with respect to environmental protection criteria, and recommends further alignment with EU
directives that promote the establishment of low carbon energy. It is particularly emphasized that
Bosnia Herzegovina needs additional reduction of greenhouse gas emissions from coal-fired
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thermal power plants and a greater share of cleaner energy in the system of future production.
This need should be supported by mechanisms such as the CO2 equivalent/greenhouse gas trading
system and the introduction of stricter local emissions standards. Also, the Strategy defines the
long-term energy sector goal in BiH, which implies the creation of a competitive and long-term
sustainable energy system, within the framework of available capacities, resources and adequate
dynamics.
Five key priorities and their associated focus areas are defined:

o Efficient use of resources;

o Safe and affordable energy;

o Efficient use of energy;

e Energy transition and environmental responsibility;

e The development and harmonization of a regulatory-institutional framework.

BiH integrated energy and climate plan establishes links between the existing elements of the
strategic framework, and defines a new approach that introduces stronger cooperation between
sectors, with the aim of establishing a clear and efficient implementation framework, based on an
intersectoral approach. This new, linked strategic approach should ensure a smooth process of the
energy sector decarbonisation in 2030, which aims for meeting the carbon neutrality criterion by
2050. The pillars of this strategic approach are set according to the dimensions defined by the
Energy Union Strategy namely:

¢ Dimension 1A: Decarbonisation: Reduction and elimination of greenhouse gas emissions;

¢ Dimension 1B: Decarbonisation: Renewable energy sources;

¢ Dimension 2: Energy efficiency;

¢ Dimension 3: Security of supply;

¢ Dimension 4: Internal energy market.

Also, the strategic approach defines the main indicators for monitoring progress on the
implementation of the plan, expressed in numerical values for reducing greenhouse gas emissions,
reducing the use of primary energy, reducing final energy consumption, and the share of
renewable sources in the total energy consumption.
The success of the implementation of the goals of the Integrated Plan for Energy and Climate in
BiH depends on the effectiveness of the prescribed policies and measures. The measure of this
success is the progress evaluation of the main indicators for monitoring the implementation. The
framework of this plan defines the following main indicators for monitoring:

e Total emission of greenhouse gasses;

o Share of renewable sources in gross final energy consumption;

e Primary energy consumption (PEC);

e Final Energy Consumption (FEC).

The integrated plan for energy and climate of BiH defines the target value for the reduction of
greenhouse gas emissions in 2030. This value was obtained as a result of planning the
development of the entire energy sector, based on the decarbonization of the sector and
compliance with the criteria defined in order to achieve carbon neutrality in 2050. In this regard,
the following goal is set as shown in Table llI:
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Table lll: Target values for greenhouse gas emissions reduction

Total CO,—eq emission with (Land Use, land Use Change and Forestry 15.6 MtCO,
—LULUCF) in 2030.
Emission reduction in 2030 compared to 1990 (with LULUCF). 41.21%

The goal implies a gradual reduction of CO2 emissions in the period 2022-2030 and foresees the
trend as shown in the Figure 23'2. The goal of the share of Renewable energy sources (RES) in the

total gross final consumption of energy in BiH in 2030 is 43.6%.

The trajectory of the RES share in gross final energy consumption in BiH by 2030 is given in Figure
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Figure 23: Foreseen trajectory of CO emission reduction (in MtCO2) with LULUCF in BiH for the

period 2022-2030.
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Figure 24: Trajectory of the RES share in gross final energy consumption in BiH for the period

2022-2030.

Over the entire period up to 2050, it is necessary to ensure continuity in the implementation of

12 Energy Community: Bosnia and Herzegovina Energy and Climate Plan, 2015.

Project Acronym — GOTOTWIN

28 |
91



policies and measures, resulting in target trends of change in the main indicators of the energy
sector. This is primarily about reducing greenhouse gas emissions, LULUCF projection, and PECand
FEC indicators. The basic indicator of the process of achieving carbon neutrality is the emission of
greenhouse gasses. The approximate projections of this indicator are given in Table IV.

Table IV: Projected indicators over the period up to 2050

MtCO2 2022 2030 2040 2050
Total CO2 emission without LULUCF - Baseline 26.44 27.39 19.63 16.24
Total CO2 emission without LULUCF - Policy 25.35 22.15 13.35 6.78
LULUCF -6,04 -6,5 -6.662 -6.668
Net emissions - Policy 19.31 15.65 6.69 0.11

There is a significant difference between the projections of this indicator in the two scenarios
(Figure 25). The first "Baseline" scenario predicts developments in the event that by the end of the
period, the existing policies and measures that were included in the planning are implemented.
Onthe other hand, the "Policy" scenario takes into account the ambition of decarbonisation, which
is reflected in more intensive policies and measures.

INITIAL STATE PHASE 1: NECP 2030 PHASE 2: 2030-2040 PHASE 3:2040-2050
35
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MILLION TONS OF CO2

Figure 25: Framework projections of greenhouse gas emission indicators by 2050 by phases

Based on Figure 24 and Figure 25, it can be concluded that the increase in energy production from
renewable sources plays a very significant role.
The participation of RES in reducing CO2 emissions and achieving carbon neutrality will be realized
through the following measures and policies:
e Ensuring spatial planning prerequisites for the use of renewable energy sources;
¢ Adoption of sustainable development strategic documents;
e Establishment of regional cooperation;
¢ Special measures for financial support;
e Increasing the use of renewable energy through models of energy communities
(renewable energy communities and civil energy communities) and prosumers (buyers-
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producers);

e Rationalization of administrative procedures, information provision and training
introduced;

e Expansion of new infrastructure for centralized heating and cooling produced from
renewable sources;

e Encouraging the production of electricity from renewable sources;

e Incentive measures for local self-government units;

e Ensuring the availability of biomass, including sustainable biomass: domestic potential
and imports from third countries;

e Policies and measures to achieve low-emission mobility;

e Sustainable use of renewable resources in the transport sector;

¢ Incentive measures and subsidies for the transport sector;

e Development of transport infrastructure at the local level.

4.3.2. Conditions and potential for growth

The trend of number of applicants pursuing renewable energy projects (predominantly wind farms
and solar power plants) continued in the second half of 2023 and the first half of 2024. The interest
of applicants was not affected by the significant decrease in electricity purchase prices during
2023.
A review of the Registry of User Connection Applications to the 110, 220, and 400kV transmission
network, maintained by Elektroprenos BiH, shows that, in addition to the projects listed in the
Registry of Balancing Responsible Parties prepared by NOSBiH, and based on the Regulation on
the Method of Maintaining the Registry of Balancing Responsible Parties, there are projects in
various stages of development, including:

e Approximately 2,500 MW of installed capacity from wind power plants;

e Approximately 8,100 MW of installed capacity from solar power plants.
Unlike previous years when there was no implementation of solar power plant projects, the first
photovoltaic solar power plant was connected to the BiH transmission network in 2023 — SPP
Petnjik, with an installed capacity of 29.9 MW.
The trend of connecting photovoltaic power plants to the transmission network continued in 2024,
with the following plants connected in the second quarter of 2024: SPP Zvizdan (28.5 MW), SPP
Bile¢a (55 MW), and SPP ECO-WAT Phase | (57 MW).
By the end of 2024, it is expected that the following plants will also be commissioned: WPP Ivan
Sedlo (25 MW), WPP Ivovik (84 MW), SPP Deling (29.75 MW), SPP Polog 1-8 (7.99 MW), and SPP
Plavo Sunce (20 MW). A similar trend of connecting solar and wind power plants can be expected
in 2025. This, along with the integration of renewable energy sources in the distribution network
and in neighbouring countries, could potentially lead to congestion in the transmission network
and complicate the management of BiH’s transmission system from a system regulation
standpoint.
One of the most important mechanisms to support the growth of renewables are support schemes
for renewable energy. By offering incentives such as priority grid access, guaranteed purchase
prices, and market-based premiums, these mechanisms reduce financial risks for investors and
make renewable energy projects more attractive. Despite some legal gaps, these policies create a
foundation for expanding the share of renewables in the country’s energy mix, supporting
sustainability goals and aligning with European energy transition efforts.
In Republika Srpska, support mechanisms vary based on facility size and technology type. Small-
scale facilities, such as solar and wind plants up to 150 kW, can either sell electricity at a
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guaranteed purchase price or receive a market premium for self-consumption or market sales.
Large-scale producers participate in competitive auctions to secure a variable market premium,
calculated as the difference between their auction bid and the reference market price. The
Federation of Bosnia and Herzegovina follows a similar classification, with annual FIT auctions for
small-scale projects and biennial FIP auctions for larger facilities. These auctions encourage cost-
effective renewable energy development by awarding incentives based on the lowest bids. In the
Brcko District, small installations benefit from feed-in tariffs or premiums for electricity used
personally or sold on the market, with incentives available for up to 10 years. Large-scale facilities
receive support through a variable market premium, determined by auction results. Across all
entities, these support schemes stimulate renewable energy investment and contribute to long-
term sustainability by ensuring financial viability for producers, enhancing energy security, and
promoting a cleaner energy transition.

4.4, Serbia

During its EU accession process, specifically under Chapter 15 — Energy?*3, Serbia has been aligning
its energy policies with EU legislation and implementing adopted regulations. At the Berlin Process
Western Balkans Summit 2022, Serbia signed a joint Declaration on Energy Security and Green
Transition in the Western Balkans which emphasizes the commitment to improving regional
cooperation in the process of clean energy transition in line with the Paris Agreement and the
European Green Deal. In 2023, Serbia adopted the Low Carbon Development Strategy for the
period from 2023 to 2030 with projections until 20504, while in February 2025 adopted the
Integrated National Energy and Climate Plan Of The Republic Of Serbia for the period up to 2030
with a vision to 2050 (INECP), see the repository of documents!®> of the Ministry of Mining and
Energy.

The current state and strategic objectives of Serbia, as well as potential for growth of the
electricity system are given in the subsections below.
4.4.1. Current state and targets

Serbia, like the rest of the world, faces challenges in the energy field. However, Serbia has good
RES potential: hydro- power, wind energy, geothermal energy, biomass energy, and solar energy.

4.4.1.1. Energy mix in Serbia
Serbia currently receives almost 35 percent® of its electricity from renewable energy sources,

which is more than the average in the countries of the European Union (see IRENA Report)?’. Large
hydropower plants Derdap (capacity of 1GW) and Bajina Basta (capacity of 600MW) contribute to

13 https://balkangreenenergynews.com/serbian-government-adopts-negotiating-position-for-chapter-15-energy/

14 https://balkangreenenergynews.com/serbia-adopts-low-carbon-development-strategy/
15 Ministry of Mining and Energy of the Republic of Serbia, https://mre.gov.rs/sektori/en/66/3/0/0
16 https://balkangreenenergynews.com/balkans-mostly-lag-behind-2022-global-renewables-growth-but-solar-
power-picks-up-pace/
17 https://www.irena.org/-
/media/Files/IRENA/Agency/Statistics/Statistical Profiles/Europe/Serbia_Europe RE SP.pdf
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this share. Only a few percentages come from wind and solar since the total power of wind farms
and solar power plants is less than one gigawatt. Vojvodina has significant wind energy potential,
with several wind farms in operation (e.g. Cibuk 1 wind farm, the largest wind farm in Serbia with
a capacity of 158 MW) or development. Solar capacity is growing, especially with residential and
small-scale installations, supported by government incentives.

To increase the share of electricity production from renewable energy sources, as well as to ensure
combating climate change, environment protection, energy transition, reduction of citizens’ costs,
simplification and acceleration of procedures as well as creating a legal framework for more
dynamic investments in the field of renewable energy sources, the National Assembly of the
Republic of Serbia adopted the Law on the Use of Renewable Energy Sources ("Law") at the session
held on April 20, 20218, In 2023, the law was amended?® thus enabling the introduction of new
capacities for the production of electricity from renewable sources into the power system, in a
way that would not jeopardize the safety of its operation. The final version of the Law can be found
here??. The Integrated National Energy and Climate Plan (INECP) of the Republic of Serbia for the
period 2030 with the projections up to 2050 is available at this location?!. The increased
penetration of RES is one of the most important INECP objectives for the Republic of Serbia with
a goal to reach 45% of the gross final electricity consumption in 2030 mainly through the
exploitation of the available potential for wind and photovoltaic energy. According to the
Technical Report of the Joint Stock Company ElektroMreZe Srbije??, the total installed power of
production capacities connected to the transmission system (power plants connected to 400 kV,
220 kV and 110 kV) is 7,998.9 MW, and with KiM 9,265.9 MW. The structure and installed power
in MW of these are given in the graphic and in the table capacity on 31.12.2023, see Figure 26.

Ky Xuapo
14 "DOTONHE KanauuteTtu enekrpana (MW
Tepmo . poTOME u KTp ( )
>

TonNaKa Xuapo — NpoToyHe 2.016,1
- Xvgpo — akymynauuje 986,1
Betap 477.,3

Tepmo 4.090,0

Tepmo — Tonnaxa 429.4

Cyma 7.998,9

KuM 1,267

YKYMNHO 9.265,9

Figure 26: The total installed power of production capacities connected to the transmission
system in Serbia%3

If we compare with the Technical Report of the Joint Stock Company ElektroMreze Srbije with the
ENTSO-E data (see Figure 27), we can notice:
e that that the numbers in the ENTSO-E platform are slightly higher, e.g., for Fossil/Brown

18 The Law on the Use of Renewable Energy Sources, "Official Gazette of RS", no. 40/21 (2021)

1% The Law on Amendments to the Law on the Use of Renewable Energy Sources, "Official Gazette of RS", No. 35/23
(2023)

20 https://www.paragraf.rs/propisi/zakon-o-koriscenju-obnovljivih-izvora-energije.html|

21 https://www.mre.gov.rs/extfile/sr/1113/INECP_Serbia_ENG_13.06.23.pdf

22 https://ems.rs/wp-content/uploads/2024/05/GTI-EMS-AD-za-2023.pdf

2 https://www.irena.org/Publications/2024/Jul/Renewable-energy-statistics-2024
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coal / Lignite;
e the solar capacities are not presented in the EMS Technical Report 2023.

transportation and consumption data and information
for the pan-European market.
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Figure 27: The total installed power of production capacities connected to the transmission
system in Serbia (source: ENTSO-E)

Therefore, we have also checked the IRENA statistics for the period from 2014 to 2023, see Figure
28. In the last decade, the share of wind and solar in the renewable energy generation has
significantly increased (from 0 to 10%).
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2014 2015 2016 2017 2018 2013 2020 2021 2022 2023
Total renewable energy (CAP MW) 2423 2440 2461 2482 2695 2910 2928 2957 3067 3181
Hydro 3017 3022 3030 3038 3043 3074 3082 3085 3107 3108
Renewable hydropower (including
mixed plants) 2403 2408 2416 2424 24323 2460 2468e 2471 e 2433 24%4e
Wind 1 10 17 25 227 398 3338 393 398 511
Solar 13 16 17 13 21 23 31 32 137 137
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Total renewable energy (PROD GWh) 11043 10127 10874 9303 10920| 10521 10238 12676 10010
Hydro 11617 10783 11520 9752 11393 10198 9749 11984 9274
Renewable hydropower (including
mixed plants) 11003 P30 10792 9153 10 640 9457 9034 11284 86490
Wind 0 1 26 48 150 898 976 1085 949
Solar 15 13 13 23 24 28 35 39 160

Figure 28: Total renewable energy production in Serbia (IRENA statistics for the period from
2014 to 2023)

However, if we compare the RES production from solar in Serbia with the partner countries
(Slovenia, Greece, Bosnia and Herzegovina, Croatia and North Macedonia), we can conclude that

Serbia has a great potential for extension of its solar capacities, see Figure 29.

SDG 7b1 RE capacity

per capita

Region Country RE or Non-RE Group Technology Year (W/inhabitant)

Europe  Bosnia and Herzegovina Total Renewable Solar energy 2000 a
Eurcpe  Bosnia and Herzegovina Total Renewable Solar energy 2022 3323461757
Europe  Croatia Total Renewable Solar energy 2000 a
Eurcpe  Croatia Total Renewable Solar energy 2022 4523171391
Europe  Greece Total Renewable Solar energy 2000 0
Europe  Greece Total Renewable Solar energy 2022 5351406374
Europe  North Macedonia Total Renewable Solar energy 2000 a
Europe  North Macedonia Total Renewable Solar energy 2022 40.56555243
Europe  Serbia Total Renewable Solar energy 2000 0
Europe  Serbia Total Renewable Solar energy 2022 18.97120558
Europe  Slovenia Total Renewable Solar energy 2000 0.50394615
Europe  Slovenia Total Renewable Solar energy 2022 298.21251

Figure 29: RES production from solar (IRENA statistics for 2000 to 2022)

4.4.1.2. Targets

The Integrated National Energy and Climate Plan adopted in February 2025 (/INECP?#) addresses
five dimensions in a coordinated manner, setting the objectives and targets summarized in in the
Table V.

Table V: Targets for 2020 foreseen in the Serbian INECP

Targets for 2030

Climate change, emissions and reduction of greenhouse gases

24 https://mre.gov.rs/extfile/sector/sr/876/6/04%20-

%20Integrated%20National%20Energy%20and%20Climate%20Plan%200f%20the%20Republic%200f%20Serbia%20f

0r%20the%20period%20up%20t0%202030%20with%20a%20vision%20t0%202050.pdf
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Reducing the GHG emissions by 40.4% in 2030 compared to 1990 including agriculture, waste
and LULUCF

The shift to a circular pattern can lead to a significant reduction in GHG emissions through
the recycling and re-use of materials, the more efficient use of resources and more eco-
friendly product design, as well as the introduction of new circular business models,
especially in industry, transport and the built environment.

Renewable energy sources

RES share in the gross final energy consumption should reach at least 45.2%

RES share in covering heating and cooling demand to reach 41.4%

RES share in the transport sector to reach 7% in alignment with the relevant EU calculation
methodology.

The installed capacity of the RES technologies for electricity production (mainly Roof top
photovoltaic systems) are expected to reach up to 0.5 GW in 2030 being capable of covering
approximately 5% of the electricity consumption in the residential sector.

The use of RES for covering the heating and cooling demand will be achieved mainly through
the large installation of heat pumps (approximately 7 GW).

The further utilization of RES in the district heating networks will be achieved mainly through
biomass (2.7 ktoe).

The contribution of electric vehicles is expected to be substantial for the further promotion
of RES. It should be noted that approximately 40 thousand electric vehicles (both passenger
and light-duty) will be registered until 2030.

The contribution of biofuels will remain dominant, with a particularly increasing share of
advanced biofuels until 2030 (49 ktoe without assuming the foreseen multipliers).

mprovement in energy efficiency

The improvement of energy efficiency managing to restrain the final energy consumption at
a level that doesn’t exceed 9.7 Mtoe in 2030. The same tendency is observed also for the case
of primary energy consumption, which should be less than 14.68 Mtoe in 2030.

506 ktoe of cumulative final energy savings should be achieved by the implementation of
energy efficiency measures over the period 2024-2030.

The implementation of the planned policies and measures in the end-users for improving the
energy efficiency requires the design of efficient financing mechanisms in order to increase
and maximize the current levels of own funds leverage.

The promotion of innovative financing instruments, including the promotion of energy
performance contracts and energy services.

Energy security
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Policies and measures will be launched to strengthen the diversification of energy sources
in order to prevent the dependence on just one fuel or just one country

Strengthening the geopolitical role of the Republic of Serbia constitutes another vital
objective. Therefore, it is urgent to complete the existing interconnections and to design new
international interconnections with pipelines from neighbouring countries.

The stabilization of the energy dependency rate is another important objective within the
NECP. The energy dependency should not surpass the level of 41% in 2030.

4.4.2. Conditions and potential for growth

The emerging problem of energy deficit requires construction and integration of renewable energy
into the power system of Serbia. The analysis presented above showed that Serbia hit 137 MW
total solar power and 511 MW wind power capacities, and these numbers are lower than in other
Southeast Europe countries. Adding additional capacities is not possible without a detailed
analysis of the capacity of the transmission system?> and solutions for balancing the variable
renewable energy sources [3]. In the Analysis [4] conducted in 2022, the authors conclude that:

¢ “The technical potential for the construction of photovoltaic power plants on the territory
of Serbia (exclKiM) amounts to about 24 GW, of which it is estimated that half of this
potential is available on the roof surfaces of buildings in Serbia. The estimated possible
annual production is about 31 TWh”.

¢ “Technical potential for the construction of wind power plants on the territory of Serbia
(without KiM) is significant and amounts to about 11.5 GW. Total net annual energy
corresponding to the determined potential wind power plant in Serbia is about 29.1 TWh”.

e “Also, it was concluded that Serbia has significant resources for construction of
photovoltaic power plants and wind power plants. Total the resources of these renewable
energy sources exceed the current needs for electricity in Serbia. Still, RES exploitation
requires the integration of appropriate capacities for balancing, as well as the development
of the transmission and distribution network”.

Therefore, in the next subsections we review the recent activities regarding construction of
renewable energy plants or modernization of existing plants.

4.4.2.1. PV plants in Serbia

The procedure for connecting a solar power plant to the grid is quite complex, see instructions
here?®. The deadline for obtaining a use permit is five years from the issuance of a valid
construction permit.

In the last two years, several projects were started, see Table VI: Investments in PV plants in Serbia
Table VI.

25 https://balkangreenenergynews.com/rs/kako-otkociti-i-ubrzati-investicije-u-solar-i-vetar-u-srbiji-predlog-za-novi-
model-aukcija/
26 https://welcometoserbia.org/en/building-solar-plants-in-serbia-costs-duration-and-legal-insights/
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Table VI: Investments in PV plants in Serbia

April The solar power plant ‘Delasol’?” (Lapovo) with capacity of 15 MW can generate
2023 electricity for over 2000 households.

Middle of | In the middle of 2023, the construction of the solar power plant “Saoaroci” in
2023 Smederevo was initiated. This solar power plant will have a power capacity of 9.95
megawatts, and the electricity is intended for the domestic market and will supply
about 2,500 households. It is an investment by the German company AVR Solar
Park, and it is realized by the Chinese company PowerChina.

May ADA - Nofar Energy?® is under construction and is expected to have an annual
2024 electricity production of 33,150,000 kWh.

October | In October 2024, the Ministry of Energy of the Republic of Serbia announced that
2024 a contract for the construction of six self-balanced solar power plants (with a total
capacity of 1 GW ) had been signed with a consortium of companies "Hyundai
Engineering" from South Korea and "UGT Renewables" from the USA, see Solar PV
Project. The power plants should be built in Negotin, Zajecar, Odzaci, Leban,
Leskovac and Bujanovac.

4.4.2.2. Wind parks in Serbia

In the last ten years, many wind plants have been installed in Serbia, e.g. Cibuk 1 wind farm. The
full list of wind plants foreseen to provide electricity in 2025 is given on page 91, Tab. 9.3:
Engagement of larger generating units by power plants for 2025 in the TRANSMISSION SYSTEM
DEVELOPMENT PLAN for REPUBLIC OF SERBIA?® for the period 2021-2030.

More about the Incentive system plan 2023-2025, can be found in the Analysis of the Law on Use
renewable energy sources®.

4.4.2.3. Hydro power plants in Serbia

The biggest hydro power plants in Serbia are managed by the public company ,,Elektroprivreda
Srbije” (EPS). The total installed capacity in 16 hydropower plants with 51 units is 3015 MW (3 108
MW was the capacity of all hydro power plants in 2023), which accounts for almost 38.4% of total
power potential of EPS.

The Serbian government plans to invest 400 million euros in the revitalization of EPS’s hydropower
plants. Some information about the projects in Reversible hydropower plants that are at the very
top of the priorities both for production and storage of electricity is given in the Table VII.

27 https://nova.rs/vesti/drustvo/pocela-da-radi-najveca-solarna-elektrana-u-srbiji-delasol-ce-proizvoditi-struju-za-
oko-2-100-domacinstava/

28 https://energijabalkana.net/u-adi-kod-sente-pocela-gradnja-najvece-solarne-elektrane-u-srbiji/

2 https://www.aers.rs/FILES/JavnaKonsultacija/Plan%20razvoja%20pren.%20sistema%202021-

2030 JavnaKonsultacija.pdf

30 https://reri.org.rs/wp-content/uploads/2024/03/RERI-Analiza-zakona-o-koriscenju-OIE.pdf
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Table VII: Investments in reversible hydropower plants in Serbia

RHE The reversible hydroelectric power plant "Bajina Basta" is an accumulation-
"Bajina derivation plant whose upper reservoir is located in the valley of the Beli Rzav
Basta" river, while the lower reservoir is the reservoir lake of the existing hydropower

plant "Bajina Basta"3!. The biggest hydro power plants in Serbia are managed by
the public company Elektroprivreda Srbije.

The revitalization of the reversible hydropower plant "Bajina Basta", worth
around 32 million euros, started on April 2024. While the first aggregate was
revitalized by the end of 2024, in 2025 all 614 megawatts will be renewed, which
provide significant energy security to the electricity generation system.

RHE In 2024, EPS conducted a study for the hydro potential of the Danube and plans
"Perdap 3" | for building the "Derdap 3" hydro power plant. The power plant will be a
reversible pumping-storage plant, where the water is captured from the Derdap
lake from an elevation of 68 m, and pumped into the upper planned basins
"Pesaca" and "Brodica", when the Serbian power system has surplus electricity.
During load peaks, it works as a storage power plant that provides the necessary
power and required amounts of energy. It is planned that the reversible
hydropower plant "Derdap 3" will be built in three stages. The total amount of
water in the Pesaca and Brodica reservoirs is 578 million m3, which provides the
possibility of realizing an energy reserve for crisis periods in the EES. The energy
equivalent of both reservoirs, in that last phase of development, would be around
484 GWh. The total power for all three stages is 2,400 MW32 33,

RHE One of the strategic projects of the Serbia and EPS is also the construction of RHE
"Bistrica" | Bistrica. With the planned power of 656 MW, RHE Bistrica brought additional
stability and reliability of the Serbian power system. In addition to balancing and
storage capacity, “RHE Bistrica will have an impact on the financial aspect of the
EPS portfolio through increased flexibility and through new services that will
inevitably appear on the market, which will give EPS a new commercial note in
business.” 34 3>

45, North Macedonia

North Macedonia is a non-Annex | party to the United Nations Framework Convention on Climate
Change (UNFCCC), that has ratified the Paris Agreement in November 2017 and is a Signatory of
the Energy Community Treaty, which highlights its alignment with EU’s energy and climate goals
and its commitment to transposing the EU’s acquis Communautaire. The country operates under
a unified governance structure for energy policy, with the Ministry of Energy, Mining and Mineral
Resources and the Regulatory Commission on Energy, Water Services and Municipal Waste

31 https://www.eps.rs/lat/dlhe/Stranice/RHE-Bajina-Basta.aspx
32 https://www.eps.rs/lat/djerdap/Stranice/razvoj.aspx
3 https://balkangreenenergynews.com/rs/u-igri-tri-opcije-za-kapacitet-rhe-djerdap-3/
34 https://www.rts.rs/lat/vesti/ekonomija/5356170/bistrica-elektrana-struja-obnovljivi-izvori-energije.html
35 https://nlinfo.rs/biznis/v-d-direktora-eps-izgradnja-rhe-bistrica-strateski-prioritet-srbije/
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Services Regulatory Commission playing key roles. However, it faces challenges such as aging
infrastructure, dependence on imported energy, and the need to align with EU renewable energy
targets, which shape its current energy landscape.

4.5.1. Current state and targets

4.5.1.1. Energy mix in North Macedonia

As of the latest data, renewable energy sources (RES) constitute about a third of North
Macedonia’s electricity production and installed capacities. When analysing current state in
electricity production by sources in NM, the coal dominance in the power sector (through REK
Bitola) is notable. The country is transitioning from coal (since there are depleted supplies on the
territory) to Cogeneration or combined heat (CHP) and power plants (on natural gas). Currently,
RES contribute approximately 35% of total electricity generation, with hydropower holding the
largest share, followed by emerging contributions from photovoltaic (PV) and wind power
installations, as shown in Figure 30 3¢ 3738 3% 'Hydropower remains a foundational component of
the country’s renewable energy mix, leveraging North Macedonia's natural resources to support
energy security and sustainability.

Production of Electrical Energy by sources in North Macedonia
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32% = Biogas plants

m Thermal power plants
CHP plants and Autoprod. thermal
power stations

Hydro power plants

Solar power plants1)

= Wind power plants

Figure 30: Production of electrical energy by sources in North Macedonia

The existing installed capacities underscore the importance of scaling other renewable sources to
meet future energy needs. At present, PV capacity is approximately 700 MW, wind power accounts
for 72,8 MW, large Hydro Power Plants participate with 571 MW, small Hydro Power Plants with
approximately 148 MW- reflecting steady yet gradual growth in these sectors (Figure 31) 40 4% 42,
43, However, these levels fall short of the long-term goals outlined in the national energy strategy,

36 https://erc.org.mk/page.aspx?id=395

37 https://www.stat.gov.mk/Default_en.aspx

38 https://www.statista.com/statistics/765703/north-macedonia-share-of-electricity-from-renewable-sources/

39 https://bankwatch.org/beyond-fossil-fuels/the-energy-sector-in-macedonia

40 power plants of North Macedonia (https://www.esm.com.mk/)

41 National transmission system operator (https://www.mepso.com.mk/docs/pubmk/razvoen-plan-2021-2030.pdf)
42 International renewable energy agency (https://www.irena.org/Energy-Transition/Technology/Solar-energy)

3 International energy agency (https://www.iea.org/countries/north-macedonia)
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indicating substantial room for expansion.

Electric power generation capacities in North Macedonia
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Figure 31: Electric power generation capacities in North Macedonia
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Figure 32: Growth of North Macedonia's renewable electricity capacity from 2012 to 202342

Figure 32 demonstrates the significant growth in global renewable electricity capacity from 2012
to 2023 in NM, particularly driven by solar photovoltaic and onshore wind expansion, alongside
steady contributions from renewable hydropower. This trend highlights the accelerating transition
towards a more diversified and sustainable energy mix, which is due to amendments to the law
on energy in 2019 and 2022.

4.5.1.2. Targets

Project Acronym — GOTOTWIN 40 |
91



The regulatory framework for energy and climate policy in North Macedonia includes several key
documents and laws:

1. Law on Energy**: This law sets the legal structure for energy activities in North Macedonia,
focusing on energy policy targets, activities in the energy sectors, renewable energy
sources, the liberalization of energy markets and other relevant issues pertaining the
energy sector. It aligns closely with EU energy directives, particularly the Third Energy
Package, to promote a competitive and sustainable energy market.

2. Law on Energy Efficiency®: This law establishes the legislative framework for energy
efficiency measures for various sectors such as buildings, the industrial sector and the
transport sector. The law outlines mandates energy audits, sets minimum energy
performance standards for buildings, and requires the implementation of energy-saving
measures with minimum energy efficiency improvement rates.

3. Law on Climate Action?®: This law outlines the framework for national climate action aimed
at mitigating greenhouse gas (GHG) emissions, sequestering CO2 emissions via natural sinks
and adapting to climate change. The law focuses on climate action planning, monitoring,
reporting and verification of GHG emission inventories and other matters relevant to
mitigation and adaptation to climate change.

This regulation is further supported by adequate secondary legislation that focus on sectoral rules
and regulations. The following legislative documents are most relevant to renewable energy:

e Rulebook on Renewable Energy Sources*’

e Rulebook on Preferential Producers that Use preferential Tariff*® and relevant
amendments*

o Distribution Grid Codes®® with and relevant changes®® 52

o Electricity Market Rules>3

e Electricity Supply Rules®* and relevant changes>®

o Tariff System for Electricity Distribution®®

The framework regulating the energy sector, however, is expected to undergo a significant change
with the introduction of a new Law on Energy®’ and a new Law on Renewable Energy Sources®®.
Their adoption is aimed at harmonizing the national legislation with the Clean Energy for All
Europeans Package, specifically Directives EU 2019/944, EU 2019/943, EU 2019/941, EU 2019/942.

4 https://ea.gov.mk/wp-content/uploads/2021/06/zakon-za-energetika-mk.pdf#fpage=14.34

45 https://ea.gov.mk/wp-content/uploads/2020/10/zakon-za-energetska-efikasnost.pdf

4 moepp.gov.mk/wp-content/uploads/2023/07/10082023 PuHanHa-Bep3mnja_3akoH-3a-KAMmaTcka-akumja.pdf
4 mchamber.mk/Upload/Documents/lMpaBuaHunK 3a 06HOBAMBM M3BOPU Ha eHepruja.pdf

48 erc.org.mk/odluki/42019.06.06 - Pravilnik za povlasteni proizvoditeli ENG.pdf

4 https://www.erc.org.mk/page.aspx?id=396

50 elektrodistribucija.mk/Files/Regulativa/MpeHn-npasuaa-3a-4McTpmbyLmja-Ha-eneKTpuYHa-eHepr.aspx

51 elektrodistribucija.mk/Files/Regulativa/20220427 MN3meHa-Ha-MpexHN-NpaBmaa.aspx

52 elektrodistribucija.mk/Files/Regulativa/20240322 Izmeni_Mrezni_-pravila 68 2024.aspx

53 elektrodistribucija.mk/Files/Regulativa/Pravila-za-pazar-na-ee-20140224.aspx

54 elektrodistribucija.mk/Files/Regulativa/lpasuna-3a-cHabayBarbe-co-eeKTPUYHA-EHEPIMja.asPX

55 elektrodistribucija.mk/Files/Regulativa//i3meHa-Ha-npasmna-3a-cHabayBare-co-eNeKTPUYHA-EHEep.aspX

56 https://elektrodistribucija.mk/Files/Regulativa/%D0%A2%D0%B0%D1%80%D0%B8%D1%84%D0%B5%D0%BD-
%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC-%D0%B7%D0%B0-
%D0%B4%D0%B8%D1%81%D1%82%D1%80%D0%B8%D0%B1%D1%83%D1%86%D0%B8%D1%98%D0%B0-
%D0%BD%D0%B0-%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0-
%D0%B5%D0%BD%D0%B5%D1%80%D0%B3.aspx

57 https://ener.gov.mk/Default.aspx?item=pub_regulation&subitem=view reg detail&itemid=80202

58 https://ener.gov.mk/Default.aspx?item=pub_regulation&subitem=view reg detail&itemid=81522
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https://ea.gov.mk/wp-content/uploads/2021/06/zakon-za-energetika-mk.pdf#page=14.34
https://ea.gov.mk/wp-content/uploads/2020/10/zakon-za-energetska-efikasnost.pdf
https://www.moepp.gov.mk/wp-content/uploads/2023/07/10082023_%D0%A4%D0%B8%D0%BD%D0%B0%D0%BB%D0%BD%D0%B0-%D0%B2%D0%B5%D1%80%D0%B7%D0%B8%D1%98%D0%B0_%D0%97%D0%B0%D0%BA%D0%BE%D0%BD-%D0%B7%D0%B0-%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D1%81%D0%BA%D0%B0-%D0%B0%D0%BA%D1%86%D0%B8%D1%98%D0%B0.pdf
https://www.mchamber.mk/Upload/Documents/%D0%9F%D1%80%D0%B0%D0%B2%D0%B8%D0%BB%D0%BD%D0%B8%D0%BA%20%D0%B7%D0%B0%20%D0%BE%D0%B1%D0%BD%D0%BE%D0%B2%D0%BB%D0%B8%D0%B2%D0%B8%20%D0%B8%D0%B7%D0%B2%D0%BE%D1%80%D0%B8%20%D0%BD%D0%B0%20%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%98%D0%B0.pdf
https://www.erc.org.mk/odluki/42019.06.06%20-%20Pravilnik%20za%20povlasteni%20proizvoditeli%20ENG.pdf
https://www.erc.org.mk/page.aspx?id=396
https://elektrodistribucija.mk/Files/Regulativa/%D0%9C%D1%80%D0%B5%D0%B6%D0%BD%D0%B8-%D0%BF%D1%80%D0%B0%D0%B2%D0%B8%D0%BB%D0%B0-%D0%B7%D0%B0-%D0%B4%D0%B8%D1%81%D1%82%D1%80%D0%B8%D0%B1%D1%83%D1%86%D0%B8%D1%98%D0%B0-%D0%BD%D0%B0-%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0-%D0%B5%D0%BD%D0%B5%D1%80%D0%B3.aspx
https://elektrodistribucija.mk/Files/Regulativa/20220427_%D0%98%D0%B7%D0%BC%D0%B5%D0%BD%D0%B0-%D0%BD%D0%B0-%D0%9C%D1%80%D0%B5%D0%B6%D0%BD%D0%B8-%D0%BF%D1%80%D0%B0%D0%B2%D0%B8%D0%BB%D0%B0.aspx
https://elektrodistribucija.mk/Files/Regulativa/20240322_Izmeni_Mrezni_-pravila_68_2024.aspx
https://elektrodistribucija.mk/Files/Regulativa/Pravila-za-pazar-na-ee-20140224.aspx
https://elektrodistribucija.mk/Files/Regulativa/%D0%9F%D1%80%D0%B0%D0%B2%D0%B8%D0%BB%D0%B0-%D0%B7%D0%B0-%D1%81%D0%BD%D0%B0%D0%B1%D0%B4%D1%83%D0%B2%D0%B0%D1%9A%D0%B5-%D1%81%D0%BE-%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0-%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%98%D0%B0.aspx
https://elektrodistribucija.mk/Files/Regulativa/%D0%98%D0%B7%D0%BC%D0%B5%D0%BD%D0%B0-%D0%BD%D0%B0-%D0%BF%D1%80%D0%B0%D0%B2%D0%B8%D0%BB%D0%B0-%D0%B7%D0%B0-%D1%81%D0%BD%D0%B0%D0%B1%D0%B4%D1%83%D0%B2%D0%B0%D1%9A%D0%B5-%D1%81%D0%BE-%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0-%D0%B5%D0%BD%D0%B5%D1%80.aspx
https://elektrodistribucija.mk/Files/Regulativa/%D0%A2%D0%B0%D1%80%D0%B8%D1%84%D0%B5%D0%BD-%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC-%D0%B7%D0%B0-%D0%B4%D0%B8%D1%81%D1%82%D1%80%D0%B8%D0%B1%D1%83%D1%86%D0%B8%D1%98%D0%B0-%D0%BD%D0%B0-%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0-%D0%B5%D0%BD%D0%B5%D1%80%D0%B3.aspx
https://elektrodistribucija.mk/Files/Regulativa/%D0%A2%D0%B0%D1%80%D0%B8%D1%84%D0%B5%D0%BD-%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC-%D0%B7%D0%B0-%D0%B4%D0%B8%D1%81%D1%82%D1%80%D0%B8%D0%B1%D1%83%D1%86%D0%B8%D1%98%D0%B0-%D0%BD%D0%B0-%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0-%D0%B5%D0%BD%D0%B5%D1%80%D0%B3.aspx
https://elektrodistribucija.mk/Files/Regulativa/%D0%A2%D0%B0%D1%80%D0%B8%D1%84%D0%B5%D0%BD-%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC-%D0%B7%D0%B0-%D0%B4%D0%B8%D1%81%D1%82%D1%80%D0%B8%D0%B1%D1%83%D1%86%D0%B8%D1%98%D0%B0-%D0%BD%D0%B0-%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0-%D0%B5%D0%BD%D0%B5%D1%80%D0%B3.aspx
https://elektrodistribucija.mk/Files/Regulativa/%D0%A2%D0%B0%D1%80%D0%B8%D1%84%D0%B5%D0%BD-%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC-%D0%B7%D0%B0-%D0%B4%D0%B8%D1%81%D1%82%D1%80%D0%B8%D0%B1%D1%83%D1%86%D0%B8%D1%98%D0%B0-%D0%BD%D0%B0-%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0-%D0%B5%D0%BD%D0%B5%D1%80%D0%B3.aspx
https://elektrodistribucija.mk/Files/Regulativa/%D0%A2%D0%B0%D1%80%D0%B8%D1%84%D0%B5%D0%BD-%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC-%D0%B7%D0%B0-%D0%B4%D0%B8%D1%81%D1%82%D1%80%D0%B8%D0%B1%D1%83%D1%86%D0%B8%D1%98%D0%B0-%D0%BD%D0%B0-%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0-%D0%B5%D0%BD%D0%B5%D1%80%D0%B3.aspx
https://ener.gov.mk/Default.aspx?item=pub_regulation&subitem=view_reg_detail&itemid=80202
https://ener.gov.mk/Default.aspx?item=pub_regulation&subitem=view_reg_detail&itemid=81522

Multiple strategic documents reinforce the commitment of North Macedonia to decarbonize its
economy in line with EU Green Deal and the Paris Agreement commitments. The following
documents are most relevant to the energy sector:

1. Strategy for the Development of the Energy sector of the Republic of North Macedonia
up to 2040%: Using the MARKAL-Macedonia model, this long-term strategic document
defines North Macedonia’s vision for transitioning to a low-carbon energy system by 2040.
The Strategy expresses the following vision: “Secure, efficient, environmentally friendly
and competitive energy system that is capable to support the sustainable economic growth
of the country.”. The Strategy evaluates three different scenarios (Reference, Moderate
Transition and Green), each with different assumption regarding the socio-economic
development and energy transition dynamic (Figure 33). The summary of integrated results
for 2030 and 2040 based for the first- reference scenario is given below.

A summary of the key points for the Reference Scenario:

o

the present).

Installed Capacity: Nearly doubles to 3.8 GW by 2040 (an increase of +1.8 GW from

Energy Mix: Renewable Energy Sources (RES) reach 82% of total installed capacity.

Hydro contributes significantly, maintaining a 64% share of electricity generation.

Conventional Power: Bitola coal plant is revitalized as the least-cost option. Minimal

phase-out of conventional capacity, with new investments focused on hydro and
other renewables.

accounting for 71% of total production.

Energy pillar

Integration and
security of
energy markets

Decarbonisation

R&l and
competitiveness

Legal &
regulatory
aspects

Indicator

Energy
efficiency

Energy
dependence

GHG
emissions

RES
share

Total
system
costs

Legal &
regulatory

compliance

Electricity Generation: Total generation increases to 9.4 TWh by 2040, with RES

Metric

% reduction of
primary & final
energy consumption i
vs. BAU :

% of net import in
primary energy
consumption

% reduction vs.
2005 and vs. BAU

% of RES in gross
final energy :
consumption

Bn. EUR in 2030
and 2040 with
cumulative

EnC acquis
harmonisation &
implementation

Moderate Moderate
i -15.3% =31.2% -34.5% -34.9% -47.9% -51.8%
primary primary primary primary primary primary
:1=10.3% final| |-16.6% final| (-20.8% final| |-14.2% final| |-21.7% final |-27.5% final
48.7% 61.9% 59.1% 51.0% 61.9% 55.3%
i -20.9% -57.2% -64.7% -8.1% -43.3% 61.5% |:
-22.9% vs. || -58.3% vs. || -65.3% vs. | | -35.6% vs. | | -60.2% vs. || -72.8% Vs.
: BAU BAU BAU BAU BAU BAU E
33% 38% 40% 35% 39% 45%
3.8 3.3 3.2 5.1 4.8 4.5
41.0 38.3 37.3 86.5 81.2 78.1
Full compliance Full compliance

Figure 33: Summary of integrated results for 2030 and 2040%’

59 economy.gov.mk/Upload/Documents/Adopted Energy Development Strategy EN.pdf
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Figure 34: Growth in electricity generation from renewable energy sources*’

Table VIII: Planned generation capacity investments

Plant Technology | Capacity (MW)
New wind promoted Wind 113
New wind non-promoted | Wind 350
New PV promoted Solar 457
New PV non-prom. Solar 400
New Biogas Biogass 23
Cebren Hydro 123-458
Gradec Hydro 75
Veles Hydro 96
Globocica ll Hydro 20
Kanal Vardar-Kozjak Hydro 126
New Small Hydro Hydro 223
Total new capacity 2300
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2. National Energy and Climate Plan (NECP)®: Aligned with the EU’s governance framework,
the NECP lays out targets and measures across five dimensions: decarbonization, energy
efficiency, energy security, internal energy market, and research, innovation, and
competitiveness. It serves as a guiding framework for meeting North Macedonia’s climate
and energy targets, including a 82% GHG net emissions reduction relative to 1990 level.
The NECP of North Macedonia introduces 63 policies and measures, that are aligned with
those of the Nationally Determined Contributions, an evaluates their impact on the five
dimensions of EU’s Energy Community. The most relevant objectives/targets for three
dimensions are given in the table below.

Table IX: Key objectives/targets for 2030 based on the NECP

Dimension Key objective/target (2030)

Decarbonization (GHG 82% GHG net emissions reduction relative to 1990 level
emissions and removals)

66% emissions reduction in Energy sector (mainly through
decommissioning of coal fired TPP Oslomej in 2021 and TPP
Bitola up to 2027)

45% emissions increase in IPPU sector

29% emissions reduction in Agriculture sector

95% removals increase in FOLU sector

21% emissions reduction in Waste sector

Decarbonization 38% share in gross final energy consumption
(Renewable Energy)

66% share in gross electricity production

45% share in gross final energy consumption for heating and
cooling

10% in final energy consumption in transport

Energy efficiency 20.8% savings of final energy consumption relative to BAU
scenario

34.5% savings of primary energy consumption relative to BAU
scenario

Establishment of Monitoring and Verification Platform by 2021

Development of Building Renovation Strategy

19% savings of final energy consumption in the transport sector

60 economy.gov.mk/content/Official NECP_EN.pdf#tpage=146.32
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relative to BAU

3.

Just Transition Roadmap: The Just Transition Roadmap addresses the socio-economic
challenges arising from the phase-out of fossil fuels in North Macedonia, with a strong
focus on the phase-out of coal in Bitola and Oslomej. The Roadmap lays out different
pathways that should be simultaneously pursued to ensure that no one is left behind in the
energy transition:

e C(Clean Energy Pathway

Private Investments and Startup Economy Pathway

Green and Smart Infrastructure Pathway

Skills Development Pathway

The roadmap also comprehensively describes various technical, legislative and regulatory
policies and measures that should be undertaken in each pathway, describing their
respective time horizon, expected cost, impact and relevant stakeholders.

Smart Specialization Strategy of the Republic of North Macedonia®: The Smart
Specialization Strategy (S3) of North Macedonia is a strategic framework aimed at fostering
innovation and economic growth by identifying and prioritizing specific sectors with high
potential for development. This strategy aligns with the broader EU Smart Specialization
concept, supporting North Macedonia's integration with EU frameworks and enhancing its
competitive position.
The goal of the S3 is to focus resources on areas where the country has unique strengths,
fostering innovation and sustainable development by leveraging these competitive
advantages. The priority domain of S3 are:

e Smart Agriculture and Food with Higher Added-Value

e Information and Communication Technologies

e Electro-Mechanical Industry - Industry 4.0

e Sustainable Materials and Smart Buildings
Along with these 4 vertical priority domains, the domain Energy for the future was
identified as a horizontal domain that has synergies with all vertical domains, indicating
potential for cross-cutting R&l.

4.6. Greece

Greece has embarked on an ambitious transition plan to phase out lignite, aiming at both a)
reducing greenhouse gas emissions, and b) enhancing the exploitation of Renewable Energy
Sources (RES). Based on the lignite phase-out plan, Greece targets to close all lignite-fired power
plants by 2028. The transition to the post-lignite era is a part of the country’s broader commitment
to achieve climate neutrality by 2050. The plan emphasizes the development of RES, particularly
concerning solar and wind power. As lignite's share of electricity generation has decreased from
about one-third in 2018 to roughly 10% in late 2020, RES must fill this gap. Greece's National

81 mon.gov.mk/stored/document/Draft S3 MK.pdf#page=32.10
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Energy and Climate Plan (NECP) targets renewable energy to account for about 61% of gross
electricity consumption by 2030. More specifically, the government plans to significantly increase
wind capacity from 3.6 GW to 7.05 GW and solar from 2.8 GW to 7.66 GW by 2030.

4.6.1. Current state and targets

Greece is currently undergoing a significant transformation in its energy sector, driven by
ambitious targets concerning RES set in its revised NECP. As of early 2025, Greece has made
substantial progress in expanding its RES utilization, particularly regarding solar and wind power.
The share of RES in electricity generation is approximately 57%, with plans to be increased to 81-
82% by 2030. This marks a significant rise from the previous target of 66% established in 2019. The
country has also successfully phased out most of its coal-fired power plants, aligning with EU goals
to reduce greenhouse gas emissions.

4.6.1.1. Energy mix in Greece

According to the targets set for the energy transition and Greece's plan to achieve climate
neutrality by 2050, renewable energy sources (RES) have significantly increased and now
constitute a noteworthy part of the country’s electricity production and installed capacity.
Specifically, RES accounts for almost 57% of total electricity generation. Concerning demand, over
the last decade, the coverage of total demand by RES production increased by 151%, reaching over
43% in 2023, the highest percentage recorded so far.

However, despite this progress, the current state of electricity production in Greece still shows a
notable dominance of coal in the power sector. As shown in Figure 35, the largest share of RES
generation comes from wind power, followed by solar and hydro power. Although Greece has high
solar irradiance and a significant capacity of photovoltaics (PV), PVs are the second largest source
in the country’s renewable energy mix.

Renewable electricity generation by source (non-
combustible), Greece, 2023

Hydro Wind Solar PV
19.7% 45.9% 34.5%

@ Hydro @ Wind © Solar PV

Source: International Energy Agency. Licence: CC BY 4.0

Figure 35: Distribution of renewable electricity generation by source in Greece (2023)

Thermal power plants generate electricity by utilizing heat from burning fuels or nuclear reactions.
These processes are energy-intensive, with up to half of the original energy content being lost as
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waste heat and accompanied by significant CO2 emissions. In contrast, renewable energy sources
convert natural forces—such as sunlight, wind, and flowing water—directly into electricity,

providing a more efficient and environmentally sustainable solution.

As shown in Figure 36, the electricity generation mix highlights a consistent reduction in the use
of oil and coal. This shift is offset by increased reliance on natural gas, solar, wind, and hydropower,

reflecting a gradual transition toward cleaner energy sources.

Electricity generation, Greece, 2023

Coal Qi Natural gas Hydro

9.6% 5.3% 33.9% 9.9%
@ Coal o Oil © Naturalgas @ Hydro
@ Waste @® Wind O Solar PV

Source: International Energy Agency. Licence: CC BY 4.0

Figure 36: Production of electrical energy by source in Greece (2023)

In addition, Figure 37%% illustrates the percentage of renewable energy capacity in 2023, while
Figure 38% shows the electricity capacity of all energy sources in the country from 2012 to 2023.
The existing capacity of installed PV equals to 7030 MW, wind power from onshore wind accounts
for 5220 MW, renewable hydro power participates for 2728 MW, while mixed Hydro Power Plants

approximately for 699 MW.

62 https://www.irena.org/-

/media/Files/IRENA/Agency/Statistics/Statistical Profiles/Europe/Greece Europe RE SP.pdf

63 https://www.irena.org/Energy-Transition/Technology/Solar-energy
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Renewable capacity in 2023
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Figure 37: Renewable capacity in Greece (2023)
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Figure 38: Growth of Greece’s renewable energy capacity (2019-2023)

4.6.1.2. Targets

It is understood that these levels of RES penetration should be increased in order to achieve the
targets of the country, but as it seems in Figure 39%, which represent a map of Greece with
regional substations and the capacity distribution of installed RES, many of Greece’s substations
are overloaded. Specifically, the green color indicates areas where there is available thermal and
short-circuiting margin in the transformers, meaning that these regions currently have a low
percentage of installed RES. Examples of such areas are, Chalkidiki, Corfu and the regions of
Northern Greece. In contrast, the redder the color of the pin or the lightning symbol, the more
overloaded the transformer is, indicating that there is no availability for further RES installations

64 https://apps.deddie.gr/WebAPE/main.html#
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unless the transformer’s capacity is expanded. Examples of such areas are, Central and West
Macedonia.
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Figure 39: Map of Greece showing the distribution of RES and the potential for expansion in
each area

In recent years, due to the increased penetration of RES, the impact of climate change, and the
ongoing energy transition, Greece's National Energy and Climate Plan (NECP) has established a
legal framework to encourage greater investment in RES. Every year, the plan becomes more
dynamic, aiming to reduce RES generation curtailments and lower costs for citizens. More
specifically, the Greek government began to raise Laws, which incorporated the European
Directive on the promotion of electricity production from RES, since 2006. These laws are
continuously being recast in order to support and keep up with the requirements of the European
Union. According to the NECP of Greece for the timeline of 2030, the most important target is the
restructuring of the country's energy mix, aiming to achieve a 44 % share of RES in the total gross
energy consumption by 2030, primarily through the exploitation of available wind and
photovoltaic energy potential and replacement of fossil fuels, accounting for over 60% of final
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electricity consumption. Priority is therefore given to the energy transition in the electricity
generation sector with the aim for the share of RES generation in gross electricity consumption to
reach 80% by 2030. ENTSO-E has launched actions for the coordinated planning of a Pan-European
Transmission System something that will facilitate a further increase in the share of RES in
electricity generation, potentially exceeding 80%, by 2030. The target for transport sector is set at
29%, promoting electromobility with a target of 560,000 electric vehicles by 2030 and installing
charging stations in more locations, while the binding RES development target specifically for
heating and cooling is set at 46 % for 2030, higher than 43 % of the previous NECP. The primary
objective is the installation of heat pumps, which utilize electricity and ambient heat. However,
there is little to no plan for using biomass combustion in city buildings, to prevent air pollution and
particulate matter emissions. Moreover, the EU has set a greenhouse gas emission reduction
target of at least 55% below 2030, with the goal of net-zero carbon emission by 2050. The Greek
government initially established a target to phase out lignite plants from electricity generation by
2028, but there is an effort to achieve it earlier, by 2025. It is significant object to improve the
energy efficiency up to 38% by 2023 and an energy upgrade of at least 600,000 buildings has been
planned through financial programs such as "Execonomo"®. The table below presents a summary
of the targets outlined in the INECP®®,

The projected annual electricity generation from RES up to 2030 is considered both realistic and
achievable. For this reason, NECP of Greece continuously announces financial programs to
encourage the citizens to install net metering or net bulling as well as specific energy storage
solutions. These initiatives aim to promote self-consumption, reduce energy costs, and strengthen
the resilience and stability of the energy network®’.

Targets for 2030

Total generation will be increased at 60.5 TWh by 2030

Climate change, emissions and reduction of greenhouse gases

Reducing the GHG emissions by 55% in 2030 compared to 1990, excluding LULUCF CO2
removals and the reduction can reach 57 % if a higher contribution from LULUCEF, i.e.
agriculture and waste-related activities.

Priority for close to zero CO2 emissions from energy production is the reduction of CO2
emissions in the buildings, industry and transport sectors.

Renewable energy sources

RES share of total gross energy consumption is 44 %. The participation of RES in electricity
consumption is the main policypriority.

The energy transformation in the electricity generation sector aims to achieve an 80% share
of (RES) in gross electricity consumption by 2030, significantly surpassing the 61% target
outlined in the existing NECP.

85 https://exoikonomoneon.gov.gr/
66 https://commission.europa.eu/publications/greece-draft-updated-necp-2021-2030 en
87 https://ypen.gov.gr/wp-content/uploads/2024/09/FEK-5074B 05 09 2024-net-billing.pdf
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RES share in transport sector should reach 29%. E-mobility, biofuels, and non-recyclable fuels
of non-biological origin play a role in achieving this target. A binding goal has been set,
requiring it to comprise 1% of all transport sector fuels by 2030.

The binding target for RES in heating and cooling is set at 46 %.

Heat pumps will primarily contribute to the heating sector by utilizing electricity, ambient
heat, and solar thermal systems. It is expected that 17% of residential buildings will meet
their heating needs with air-to-water heat pumps.

The use of RES for covering the heating and cooling demand should reach at 470 TWh while
this index equals with 1870 ktoe.

The further utilization of RES in the district heating networks will be achieved mainly through
biomass 10.47 TWh and solar thermas at 5.82 TWh .

The contribution of biofuels will remain simple and expected to increase at 4.42 TWh.

The participation of electricity from RES about electromobility set at 86ktoe and promoting
electromobility with a target of 560,000 electric vehicles by 2030.

mprovement in energy efficiency

The improvement of energy efficiency aim to control and reduce the final energy
consumption, where possible or achieve a 38% reduction in primary energy consumption
through efficiency measures in buildings, industry, and transport.

Financial programs in order to encourage the citizens to install net metering or net bulling as
well as specific energy storage solutions.

Renovation of buildings to improve their energy efficiency, is a priority, with the goal of
upgrading at least 15% of the building.

m

nergy security

The improvement and displacement of electrical grid infrastructure and equipment.

Undependency from fossil fuels.

There are numerous of under development projects, including cross-border interconnectors
and grid upgrade to enhance grid’s stability and also to improve the exporting profile of the
country.

4.6.2. Conditions and potential for growth

Greece has established itself as one of the countries with a dynamic presence in RES exploitation
within the Adriatic region, as it shows high solar and wind capacity due to its geographic
advantages. As far as the second one is concerned, Greece's extensive coastline and favorable
wind conditions provide an ideal setting for offshore wind farms. Offshore wind energy plays a
crucial role in the country’s renewable energy strategy, with a target of reaching 1.900 MW
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capacity by 2030. As can be clearly evident, there is the potential for RES’ growth; however, the
existing continuous integration of RES has already led to saturated parts of the distribution
network with congestion issues. For this reason, part of the secondary legislation necessary for
the implementation of the provided operational restrictions for RES projects and Storage Stations
has been enacted, by virtue of Ministerial Decision (MD) no. “YNEN/AAMNEEK/53563/1556”. The
MD critically quantifies the applicable curtailment obligations for photovoltaic stations, windfarms
and storage stations, in accordance with article 10 of the Law. According to the MD: (a) PV stations
are subject to permanent maximum installed capacity limitations, (b) windfarms are subject to
intermittent curtailment which will be applied only within given time periods each allocation day,
and (c) hourly restrictions on the maximum injection power are applied during predefined time
periods within each day at storage stations. Thus, RES’ generation in Greece loses partially its
dynamic for growth that it could have under different conditions (e.g. improved grid structure).
This is why grid reinforcement is scheduled as it is expected to facilitate the national goals for RES
penetration.

4.6.2.1. Legislative framework

The legislative framework governing (in general) the operation of the electricity market and the
energy sector in Greece is set by Law 4001/2011. The development, construction, grid connection,
commissioning and commercial operation of RES projects in Greece is regulated by several laws,
most of them primarily adopted in order to transpose relevant EU legislation into national legal
order, among which Laws 4685/2020, 4951/2022 and 4414/2016 have a prominent role. In greater
detail:

e Primary laws

1. Law 3468/2006: entitled “Generation of Electricity from Renewable Energy Sources
and High-Efficiency Cogeneration of Electricity and Heat”. This law constitutes the
cornerstone law for Renewable Energy in Greece, transposing the EU RES Directive.
More specifically, it establishes the basic principles for the development, licensing and
operation of RES, and includes provisions for feed-in tariffs to incentivize RES projects.

2. Law 3851/2010: entitled “Accelerating the Development of Renewable Energy
Sources to Address Climate Change”. This law amends and supplements the
aforementioned law. In particular, it sets national targets for Renewable Energy
penetration in sectors that concern electricity, heating and cooling. Also, it simplifies
the licensing process for RES projects.

3. Law 4414/2016: entitled “New Support Scheme for Renewable Energy Sources and
High-Efficiency Cogeneration of Heat and Power”. This law sets the support scheme
under which RES projects operate through long-term operating contracts or through
direct participation in the energy market.

4. Law 4685/2020: entitled “Modernization of Environmental Legislation”. This law
simplifies the environmental permitting process for RES projects, and enhances the
legal framework for spatial planning and environmental protection in terms of RES
development.

5. Law 4951/2022: entitled “Modernization of the Licensing Process for Renewable
Energy Projects”. This law streamlines the licensing process for Renewable Energy
projects to reduce bureaucracy and promote investment. It includes digitalization of
the procedures and strict deadlines for project approvals.
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Other laws concerning RES applications (indicatively)

1. Law 3468/2006: entitled “Generation of Electricity from Renewable Energy Sources
and High-Efficiency Cogeneration of Electricity and Heat”. This law includes provisions
for the development of solar, wind, geothermal and bioenergy projects.

2. Law 4513/2018: entitled “Establishment of the Energy Communities Framework”.
This law promotes the development of Energy Communities for Renewable Energy
generation and energy efficiency.

3. Law 4951/2022: entitled “Modernization of the Licensing Process for Renewable
Energy Projects”. This law includes provisions for Energy Storage.

4. Law 4964/2022: entitled “Simplification of the environmental licensing and
establishment of Offshore Wind Farms framework”. This law includes provisions for
(a)the simplification of environmental licensing, and (b)establishment of a framework
for

5. the development of Offshore Wind Farms, addressing the energy crisis and
environmental protection.

The above legislative framework is supplemented by a number of secondary legislative acts,
mainly in the form of ministerial decisions and decisions of Regulatory Authority for Energy (RAE)
to regulate in a more detailed way various issues relating to the development, construction and
commercial operation of renewable energy projects, such as environmental, spatial planning,
building and operational issues. All laws and ministerial decisions that concern Greece’s transition
to Renewable Energy are available here®®.

4.6.2.2. Programs and Policies that enhance RES development

Greece participates in European programs and, also, has established national programs in order
to enhance the development of RES. More specifically, the programs are:

1.

2.

Environment and Climate Change®®: aims to address the key energy and environmental
challenges the country faces and in particular, with respect to energy, energy efficiency
schemes related to the building stock covering households and Small- and Medium-sized
Enterprises (SMEs) as well as the deployment of RES investments to address small and non-
interconnected islands under the Greek islands initiative will be supported including the
interconnection of Crete to Attica.

Just Development Transition: aims to address the socio-economic and environmental
consequences stemming from the decarbonisation of fossil fuel-dependent regions and
help them to transition to a greener economy. The most affected territories in Greece are
Western Macedonia and the wider area of Megalopolis where the energy transition results
from the closure of the lignite plants, and the islands of North-South Aegean and Crete,
where it results from the gradual phasing-out of the autonomous thermal plants using fuel
oil/diesel. The region of W. Macedonia will emerge as an Alternative Energy Hub, due to
the strong energy identity of the region and the global context in renewable energy sources
and energy storage. For the islands, the aim is to support RES penetration.

National Climate Law - Coal phase-out’®: the aim is to create a framework for improving
the country's adaptive capacity, climate resilience and the gradual transition to climate

68 https://ypen.gov.gr/energeia/ape/nomothesia/ethniko-plaisio/
89 https://ec.europa.eu/regional policy/in-your-country/programmes/2021-2027/el/2021el16ffpr003 en

70 https://ypen.gov.gr/perivallon/klimatiki-allagi/ethnikos-klimatikos-nomos/
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neutrality by 2050. To achieve the long-term climate neutrality objective, interim climate
targets for the years 2030 and 2040 are set: (a)reduction of net anthropogenic greenhouse
gas emissions by at least 55% in 2030 and (b)80% in 2040, compared to 1990 levels.
Photovoltaics on the Roof’*: in April 2023, the Ministry of Environment and Energy opened
for applications its new program "Photovoltaics on the Roof", worth EUR 200 million for
2023.

This grant is available for households and farmers able to install their own small
photovoltaic and storage systems, up to 75% of total cost for households and 60% for
farmers.

National Energy and Climate Plan (NECP)’%: the Greek government intends to use the
NECP as the main tool for national energy and climate policy for the next decade, taking
into account the recommendations of the European Commission and the UN Sustainable
Development Goals. The main objective of the NECP is to design, plan and implement the
most socially, environmentally and economically efficient policy measures that will
contribute to the achievement of the national energy and climate objectives in the medium
to maturity, contribute to the economic development of the country, while at the same
time meet the challenge of reducing energy costs and protect final consumers from high
prices of energy products and services. In Table X, an overview of 2023 NECP's objectives
is presented, while in Table XI Greece's energy sector targets and status for 2020 and 2030
are summarized.

Table X: Overview of objectives of the revised (2023) NECP 2021-2050

NECP 2023 NECP 2019 Estimations
for 2025 2030 2035 2040 2045 2050 2030 2021
GHG,LULUCF - - -68% -82% -89% -93% -40% -26%
41% 54%
GHG with LULUCF - - -72% -87% -95% -99%
44% 57%
RES indicatoras % 31% 44% 65% 83% 97% 105% 35% 22%

of gross final
consumption on
energy

Energy efficiency 4% 5% -14% -18% -22% -27% 0%

Final consumption 16.6 154 13.7 127 12.0 115 16.5 15.2
(million billion)

! https://www.iea.org/policies/17357-photovoltaics-on-the-roof-programme
72 https://commission.europa.eu/document/download/83ffdc95-2d22-4c67-8d4c-
a3e59f752921_en?filename=GREECE%20-%20DRAFT%20UPDATED%20NECP%202021-2030%20EN.pdf
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RES- 58% 79% 94% 96% 96% 97% 61% 36%
Electroproduction

(% gross electricity

consumption)

RES- 36% 46% 63% 80% 99% 100% 43% 31%
heating/cooling

RES-transport 13% 29% 98% 209% 381% 584% 19% 4%
RFNBO 0% 1% 11% 23% 31% 50% 0% 0%
(% fuel transport)

Advanced 0% 24% 10% 17% 26% 32% 1.5% 0%
biofuels

(% transport fuels)

Conventional 1.7% 1.7% 1.7% 1.7% 1.7% 1.7% 1.7% 1.7%
biofuels

(% transport fuels)

— upper limit

ESR - - -61% -76% -84% -87% -32% -40%

(% GHG change in 36% 46%
non-ETS sectors)

Table XI73: Greece’s 2020 and 2030 energy sector targets and status

Target Metric Status 2020 2030
(2021) targets targets
Total GHG emissions CO2-eq emissions vs -38% No target -55%
2005
Non-ETS GHG emissions CO2-eq emissions vs -28% -4% -16%
2005
Energy efficiency (PJ) Primary energy 851 1034 858

consumption

Final energy 637 770 690
consumption

Renewable energy share Gross final energy 22% 19.7% 35%
consumption

Electricity 36% 29.2% 61%

73 https://iea.blob.core.windows.net/assets/5dc74a29-c4cb-4cde-97e0-9e218c58c6fd/Greece2023.pdf
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Cross-

Heating and cooling 32% 30.6% 42.5%
Transport 5.3% 6.6% 19%

border electricity 9.3% 10% 15%

interconnection

The NECP integrates and outlines measures for strategic priorities concerning RES such as:

1.

Rapid growth of RES: development of photovoltaic and wind systems (and acceleration of
offshore wind development), adding more than 12 GW of existing ones by 2030 and
exploiting the country’s remaining hydraulic potential. A specific programme to support
photovoltaics on roofs, expansion of energy communities and a focus on the development
of photovoltaics on industrial and commercial roofs. Strategic importance in the
development of super-building wind and ensuring the siting and network infrastructure.
Energy storage: the high RES penetration should go hand in hand with the development of
the required storage (mainly battery and off-the-shelf technology) to shift excess RES
energy, provision of balancing flows/flexibility services (e.g. fast capacity growth/reduction
services) and system stabilisation, contribution to capacity adequacy and network
decongestion services.

Creating a green hydrogen economy: the gradual development of infrastructure and
production of hydrogen from RES, with priority being given to its use as a clean gaseous
fuel, its uptake by industry and the substitution of fossil fuels in aviation, shipping and
freight with heavy vehicles, and for long storage in electricity generation.

The policy measures for the promotion of RES in the period 2023-2030 aim to cover eight different
policy priorities (FP2.1-FP2.8), which are presented in Table XIl and cover all sectors that may be
developed.

Table Xll: Policy priorities of RES in 2023-2030

FP2.1

Reforming a licensing framework and updating the special spatial space for RES —
Acceleration, digitalisation and efficiency of licensing

FP2.2 Ensuring that RES and Storage Investments are implemented — Extension of Schemes
Active Aid — Promotion of bilateral contracts

FP2.3 Promoting dispersed RES systems, Hybrid island systems and empowering local
communities and consumers

FP2.4 Ensuring the sustainability and liquidity of the mechanism for granting operational
splitting to RES powerplants and storage plants

FP2.5 Development and strengthening of energy networks and optimal integration and
operation of RES plants — Energy storage

FP2.6 Ensuring minimum RES participation in meeting energy needs in the building sector —
adaptations to the building regulation — promotion of energy sharing

FP2.7 Promote the use of RES systems to cover heating and cooling needs
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FP2.8 Promotion of new technologies and coupling of energy sectors with a focus on making
maximum use of domestic renewable energy potential

The revised NECP of 2023 is a significant step forward in the country’s energy transition, since it
targets 28 GW of renewables by 2030 compared to 19 GW under the previous plan, plus 8 GW of
energy storage, up from 3 GW previously. Apart from the 2030 goals, the new NECP also sets
targets for 2050 with the hope of almost complete decarbonization. Photovoltaics are expected
to reach 34 GW, while onshore wind would be at 10 GW and offshore wind at 17 GW. The capacity
of natural gas—fired power plants is seen dropping to 5 GW. Figure 40 summarizes NECP's goals
for RES production per technology until 2050, while Figure 41 presents the ranking of EU countries
in descending order of the target for RES production, based on their latest NECPs. As can be seen,
Greece is in the 7th place in terms of the RES energy production target for 2030 (based on the
2023 NECP) and in the 11th place in terms of actual production.

Latest @ NECP 2019 @ Effective target @ Latest NECP target

Greece °
Latest NECP target: 81.5%

—
—e
— -
— —a
— -
S S S
1 | o
*
(P P
e

Figure 40: Current and 2030 planned RES generation for EU countries based on their latest
NECPs
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5. Transnational perspective

The energy systems in the Adriatic-lonian region are becoming increasingly interconnected, driven
by the shared goals of enhancing energy security, integrating renewable energy sources, and
achieving EU climate and energy targets. Transnational cooperation is essential for optimizing
cross-border electricity flows, balancing intermittent renewable generation, and ensuring system
stability. Collaborative initiatives and infrastructure projects, such as interconnectors and regional
energy markets, play a critical role in fostering resilience and enabling the efficient use of
renewable resources across borders.

Figure 42 illustrates the part of the European transmission system related to the Adriatic-lonian
region, as reported by the European Network of Transmission System Operators for Electricity.
The existing power network, which includes a significant number of high-voltage overhead lines
and two HVDC submarine cables, provides a solid foundation for intensifying the integration of
renewable energy sources in the region, observing from a transnational perspective.

' MEDITERRANEAN - -

o

Figure 42: The map of power transmission lines in the Adriatic-lonian region (Source: ENTSO-E)

5.1. Slovenia
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As part of the continental European ENTSO-E synchronous grid, Slovenia maintains strong
interconnections with neighbouring countries to ensure a stable and reliable electricity supply and
to facilitate cross-border electricity exchange. Slovenia’s electricity needs are met by a
combination of domestic generation and imports from abroad, making interconnections a vital
component of the country's energy security and market integration.

The Slovenian transmission grid is interconnected with neighbouring countries via 400 kV, 220 kV
and 110 kV high-voltage lines as shown in Figure 43. The 400 kV transmission grid includes key
interconnections with:

e Croatia via the 400 kV double-circuit lines Tumbri — KrSko and Melina — Divaca,

e Austria via the 400 kV Obersielach — Podlog line,

e Hungary via the 400 kV Cirkovce — Héviz line,

e |taly via the 400 kV Divaca — Redipuglia line.
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! 3

......

........

(R

..........

LEGENDA

LU 3 S

E{ELES sLuZBA za NACRTOVANJE OMREZJA

Figure 43: Configuration of the Slovenian 400 kV, 220 kV and 110 kV grid’*

Slovenia is also connected to its neighbours via several 220 kV and 110 kV transmission lines, which
enable cross-border electricity flows and increase the operational flexibility of the regional power
system. These interconnections play a crucial role in maintaining grid stability and enable
electricity trade between Slovenia and other ENTSO-E member states. Slovenia also serves as an
important transit corridor for electricity flows between Western and South-Eastern Europe,
ensuring energy security and market efficiency across the region.

ELES, the Slovenian Transmission System Operator (TSO), has identified the need for strategic grid
reinforcements to enable the increasing integration of renewable energy sources (RES) and to

74 https://www.eles.si/sheme-prenosnega-sistema
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increase cross-border transmission capacity. A key project in this regard is the completion of the
2x400 kV Cirkovce — Pince interconnection with Hungary, which will significantly improve the East-
West electricity corridor and strengthen the integration of the Slovenian grid into the wider
European electricity market. This interconnection, which became operational in 2022, has
significantly increased the reliability of power exchanges between Slovenia and Hungary, reduced
congestion and improved energy flow management.

The Ten-Year Network Development Plan 2023-2032 outlines several proposed interconnection
projects, including the potential reinforcement of existing 400 kV lines and internal grid
improvements to support higher RES penetration. Reinforcement of the 400 kV Melina — Divaca
interconnection with Croatia is also being considered to improve cross-border capacity and
facilitate the integration of new renewable energy projects in both countries.

Given the increasing importance of interconnectivity in the region, the Slovenian power grid will
continue to evolve with strategic investments in infrastructure to ensure that it remains a reliable
link between Western, Central and South-Eastern Europe. As part of this effort, further studies
and cooperation with regional partners will be crucial to optimize the development of cross-border
transmission infrastructure to meet future electricity needs and sustainability goals. The expansion
and modernization of the Slovenian power grid will not only increase domestic energy security but
also contribute to a more integrated and efficient European electricity market.

5.2. Croatia

The Croatian power system comprises production facilities, transmission and distribution
networks, and electricity consumers within the Republic of Croatia. To ensure a reliable and high-
quality electricity supply, as well as enable electricity exchange, the system is interconnected with
the power networks of neighbouring countries and other ENTSO-E member systems, forming part
of the synchronous network of continental Europe. Electricity for consumers in Croatia is supplied
both from domestic power plants and through imports from abroad. Despite being one of the
smaller power systems in Europe, Croatia serves as a crucial link between the power networks of
Central and Southeastern Europe.

The Croatian transmission system is connected to neighbouring countries through transmission
lines operating at voltage levels of 400 kV, 220 kV, and 110 kV. The 400 kV transmission network
establishes connections with:

¢ Bosnia and Herzegovina via the 400 kV lines Ernestinovo — Ugljevik and Konjsko — Mostar,

e Serbia via the 400 kV line Ernestinovo — Sremska Mitrovica 2,

o Hungary via two 400 kV double-circuit lines: Zerjavinec — Héviz and Ernestinovo — Pécs,

e Slovenia via the 400 kV double-circuit lines Tumbri — Krsko and Melina — Divaca.

Additionally, Croatia is interconnected with neighbouring ENTSO-E member states through eight
220 kV transmission lines, as well as at the 110 kV level, where a total of 18 transmission lines
operate either permanently or occasionally. These strong interconnections facilitate significant
electricity imports, exports, and transits, further reinforcing Croatia’s role as a key link between
the power systems of Central and Southeastern Europe.

HOPS has identified the need to reinforce the 400 kV Velebit—Melina transmission line. As
expected, the overall grid reinforcement requirement is proportional to the installed capacity of
each grid connection candidate. However, due to the increasing number of grid connection
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applications, the scope of reinforcement has been extended to cover the entire Konjsko—Melina
route, as presented in Figure 44.
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Figure 44: Configuration of the Croatian 400 kV and 220 kV grid in 20217°

According to Action Plan for Power Grid Strengthening to Support the Integration of Renewable
Energy Sources in Croatia’® HOPS estimates that once the total installed capacity of RES reaches 3
GW, it will be necessary to reinforce the 400 kV Melina—Divaca (SLO) interconnection overhead
line (OHL) and/or significantly strengthen the internal 400 kV network. The specific reinforcement
needs will largely depend on the distribution of completed projects. The potential overload of this
interconnection can be mitigated through internal network reinforcements between the Lika and
Zagreb areas. One possible solution is the construction of a new 2x400 kV OHL between Lika and
Tumbri (Velesevec).

Also, approximately two-thirds of Bosnia and Herzegovina’s border is shared with Croatia,
resulting in a highly interconnected power system between the two countries. There are 24
interconnection lines at 400 kV, 220 kV, and 110 kV voltage levels, with a particular concentration

7> https://www.hera.hr/hr/docs/2023/Prijedlog_2023-01-30.pdf
76 https://oie.hr/wp-content/uploads/2022/02/RESC-EBRD-Action-plan-for-power-grid-strengthening.pdf
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in the southern region.

Given the strong interdependence of these power systems, coordinated transmission network
development is essential, especially in the context of RES expansion in the region. A joint analysis
based on a regionally validated model could be a valuable and time-efficient approach for both
countries, facilitating the complex and lengthy process of network reinforcement.

The Ten-year Network Development Plan 2023-2032 states that the possible construction of the
400 kV transmission line Lika (Croatia) — Banja Luka (BiH) will depend on the situation on the
electricity market, primarily on the needs of the BiH power system for the import or export of
electricity, depending on the prices of CO2 emissions in the future. The estimated length of the
line is 155 km, of which 45 km are in Croatia. Its construction would significantly strengthen the
400 kV network in that part of the region and increase the cross-border capacity between Croatia
and Bosnia and Herzegovina, and contribute to the integration of the electricity market in the
region. The analyses indicated that the construction of this pipeline is questionable depending on
the assumptions about CO2 prices in the future, which may vary significantly based on the
forecasts from the ENTSO-E scenario for the development of TYNDP 2018. It depends on the prices
of emissions whether there will be a reduction in the production of coal-fired TPPs in BiH and the
emergence of a need for significant energy imports in BiH, which further greatly affects the need
for the construction of this line.

5.3. Bosnia and Herzegovina

The transmission system of Bosnia and Herzegovina is connected via cross-border transmission
lines to the transmission systems of neighbouring countries (Croatia, Serbia, and Montenegro),
forming part of the pan-European transmission system. The cross-border transmission lines with
voltage levels of 400kV, 220kV, and 110kV are shown in detail in Figure 14. The overview of cross-
border transmission lines is given in Table XIII.

Table XIlll: The number of cross-border transmission lines to neighbouring countries

Voltage level Croatia Serbia Montenegro
400 kV 2 1 1
220 kV 7 1 2
110 kV 17 3 3
Total 26 5 6

Cross-border transmission lines enable exchange of electricity with neighbouring systems. Figure
45 shows data on energy exchange (in GWh) with neighbouring systems during 2023.
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Figure 45: Energy exchange of the power system of Bosnia and Herzegovina with neighbouring
systems in 2023

In order to illustrate the cross-border exchange in more detail, Figure 46 shows power balances
for a characteristic hour in November 2024, marked on the interconnection lines.
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" @

Figure 46: Transnational power exchange shown on the example of power flows between
Bosnia and Herzegovina and its neighbours on November 2" at 10:00

The need for new interconnections in Bosnia and Herzegovina is considered within the framework
of the long-term transmission network development plan, prepared by the Transmission System
Operator, and the Indicative Generation Development Plan, prepared by the Independent System
Operator. The interconnection lines planned for construction or under consideration are as
follows: the 110 kV line Srebrenica — Ljubovija (Serbia), the 400 kV line ViSegrad — Bajina Basta
(Serbia), the 400 kV line Banja Luka — Lika (Croatia), the 400 kV line Tuzla — Pakovo (Croatia), and
the 400 kV line Gradacac — Pakovo (Croatia). Among these transmission lines, only the first two
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are included in the approved Long-Term Transmission Network Development Plan 2021-2030, as
the construction of these lines is planned within the specified planning period.

5.4, Serbia

In 2007, the transmission systems operators of Serbia, Montenegro and Macedonia agreed to
establish the SMM control block, which has three basic functions: administration of the work
program, monitoring of the implementation of the work program in in real time (secondary and
tertiary regulation of exchange frequency and power) and calculation of exchanged electrical
energy. Control areas, blocks and coordination centers are functional entities organized by
transmission system operators work in the synchronous area of Continental Europe, as shown in
the Figure 47. SMM the control block belongs to the "South" coordination center, whose operator
is the Swissgrid, see Figure 4877,

Mahapcka

Mahapcka 4.246 GWh 6.091 GWh
1021 602
PymyHuja
2.516Gwh 3238 Gy
XpBaTtcka —
== 2.546 GWh

2.031 GWh

330
1320

XpBarcka 1183 pymyHuja

846 2.810 GWh

BocHa n —
X o=~ WHTepHa pasmena | 1.867 GWh
PO ssaGwh | 20.026GWh |G

1.706 GWh
1.099 GW//

2.277 GWh

LpHa lNopa
1.845 GWh 3.569 GWh
823
223

Makegonuja CesepHa MakepoHuja

BocHaM g5

XepuerosuHa 4
983

260 Byrapcka

295
UphaTopa 4q¢

201
Yamuk 1979

Figure 47: Transnational power exchange for Serbia

77 https://ems.rs/wp-content/uploads/2024/05/GTI-EMS-AD-za-2023.pdf
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Figure 48: Structure and organization of control blocks and regulatory areas

5.5. North Macedonia

The high-voltage power lines in North Macedonia play a critical role in regional energy integration,
connecting the country with neighbouring systems in Albania, Bulgaria, Greece, Kosovo, and Serbia
Figure 49. These interconnections are pivotal for cross-border electricity trade, enabling energy
exchange, balancing supply and demand, and enhancing energy security. As part of the EU's Energy
Community framework, North Macedonia is strategically positioned to contribute to a
transnational renewable energy network, fostering collaboration on large-scale renewable
projects and increasing regional grid stability.

The integration of digital twins into North Macedonia’s energy infrastructure presents significant
opportunities for enhancing regional grid stability, optimizing cross-border electricity trade, and
improving real-time energy management. By leveraging advanced modelling, predictive analytics,
and real-time data exchange, digital twins can facilitate better forecasting of electricity demand
and renewable generation, allowing for more efficient utilization of interconnections with Albania,
Bulgaria, Greece, Kosovo, and Serbia.

Furthermore, within the EU's Energy Community framework, digital twins could support
harmonized grid operations, enabling automated demand-response mechanisms, fault detection,
and dynamic energy balancing across multiple countries. This would foster collaboration on large-
scale renewable energy projects, improve transnational energy security, and enhance the overall
resilience of the regional power network.
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Figure 49: Transmission network topology of North Macedonia in 2020

5.6. Greece

Following the provisions of the Ten-year Network Development Plan 2023-203278, Independent
Power Transmission Operator (IPTO), being the Greek TSO, plans to add electrical interconnections
to the existing transmission system, with a major share of expenditure allocated to the
interconnection of Greek islands. Furthermore, two main projects have been published for the
future extension of the electricity system, one concerns the Euro-Asia project and the other is
Euro-Africa project, which both include the Greek electricity system. In Figure 50 the Greek
interconnected transmission network is illustrated. Figure 50 presents not only the current
transmission lines, but also the ones under development for the connection of most of the Aegean
Greek islands with the mainland network.

78 https://www.admie.gr/en/grid/development/ten-year-development-plan
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Figure 50: National and international interconnections of Greece”

The Euro-Asia interconnector regards a 2,000MW multi-terminal interconnection, which connects
the electricity systems of Greece, Cyprus and Israel with Europe using the HVDC technology. This
project is conceived as a new electric highway in the Eastern Mediterranean, which will cease the
isolation of Cyprus strengthening at the same time the security of supply for Israel, Cyprus and
Greece. The maps indicating the transnational interconnection is depicted in Figure 51.
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Figure 51: Euro-Asia project

79 https://admieholding.gr/app/uploads/2021/07/ADMIE_Annual-Report 2020.pdf
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The Euro-Africa interconnection has 2,000MW capacity and targets to interconnect Egypt and
Cyprus with Greece through a 1396km HVDC cable. It will create a reliable alternative route for
the transfer of electric energy to and from Europe through Greece, while it will enhance the
interconnections of Cyprus, being now an isolated grid. Following the updated timeline, this

project will be finalised by the end of 2029. The indicative map of the project is present in Figure
52.
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Figure 52: Euro-Africa project

Regarding the cross-border trading, Greece is electrical connected to Italy, Bulgaria, Albania, North

Macedonia and Turkey. The traded volumes and the respective net flow per month regarding the
year 2023 appear in Figure 53.
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6. Market facilitation with digital twins
The European Commission (EC) adopted the 'Digitalising the energy system' EU action plan in
October 2022 (COM/2022/552%9). It contains 6 thematic areas with 24 key actions, including:
e Thematic area #2: Promoting Investments in Digital Electricity Infrastructure
o Action: Digital Twin of the European Electricity Grid: Support the creation of a
digital twin by Transmission System Operators (TSOs) and Distribution System
Operators (DSOs) to improve grid management and resilience.
The European Association of the Electricity Transmission and Distribution Equipment and Services
Industry published in October 2024 a position paper entitled “Digital Twins: Crucial for the Energy
Transition”®!, discussing among all topics also the importance of DT for a successful green energy
transition and grid infrastructure operation.

6.1. Digital twin concept

The project will develop a digital twin platform that will seamlessly integrate data from renewable
energy systems and meteorological sources. This platform will enable real-time monitoring,
command and control, and support predictive maintenance of power plants. By leveraging the
latest Al and machine learning solutions, the digital twin will support accurate energy production
predictions and virtual power plant simulations, enhancing its capabilities in modelling and
optimizing renewable energy systems.

This digital twin platform will play a pivotal role in the Adriatic-lonian region by ensuring effective
synchronization between the physical and digital layers of energy infrastructure. It will provide
stakeholders with advanced tools for managing and optimizing renewable energy systems,
facilitating a sustainable and resilient energy transition across the region.

6.2. Needs and benefits of digital twin

Digital twins offer a range of benefits across the lifecycle of energy assets, from initial planning to
decommissioning. Key applications include:
e Feasibility and Planning- supporting site selection, resource assessment, and cost
estimation.
e Engineering and Design- facilitating detailed simulations to optimize system
configurations.
e Construction- enabling real-time progress tracking and quality assurance.
e Operations- improving predictive maintenance, fault detection, and efficiency monitoring.
o Lifecycle Management- providing insights for end-of-life planning and system upgrades.
e By leveraging DTs, energy stakeholders can achieve significant cost savings, enhance
reliability, and support grid stability, all of which are critical for a successful energy
transition.

6.3. Technology readiness level of digital twin

Digital twin (DT) technology is rapidly evolving, achieving higher levels of readiness for deployment

80 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022DC05528&qid=1666369684560
81 https://tdeurope.eu/wp-content/uploads/TD-Europe-Digital-Twins-position-paper.pdf
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across the energy sector. As the energy transition accelerates, DTs are increasingly recognized as
a critical enabler for optimizing energy systems, improving resilience, and supporting
decarbonization goals.

Maturity of Digital Twin Technology. The readiness level of DTs varies across applications,
ranging from experimental and pilot implementations to fully operational systems in
advanced use cases. While some sectors, such as manufacturing and aviation, have
achieved higher levels of DT maturity, the energy sector is advancing through targeted
research, development, and demonstration projects.

Tools and Platforms. Emerging tools and platforms are critical to supporting DT
implementation. These include software for real-time data integration, Al/ML-powered
analytics, loT-enabled sensors, and advanced simulation frameworks. Platforms are
increasingly designed to handle complex energy systems, enabling interoperability and
scalability to support multi-domain applications.

Applications Across the Energy Value Chain. Digital twins are being adopted by diverse
stakeholders, enabling transformative improvements: i) Infrastructure Operators (TSOs,
DSOs, Microgrid Operators)- DTs assist in grid optimization, fault detection, load
forecasting, and real-time decision-making; ii) Market Entities (Suppliers, Balancing
Responsible Parties)- DTs provide tools for market forecasting, demand-response
optimization, and portfolio management and iii) Linked Utilities (Multi-utility Operators)-
DTs facilitate integrated resource management, cross-sector optimization, and enhanced
customer services.

Additional Considerations for Adoption.

o Technology Interoperability. The ability to integrate DT platforms with existing
energy management systems is critical to accelerating adoption.

o Cost-Effectiveness: Reducing the cost of implementing DTs, particularly for small
and medium-sized utilities, will be essential for widespread adoption.

o Cybersecurity and Data Privacy. Addressing concerns about data security and
regulatory compliance is paramount as DTs rely on sensitive real-time data.

o Collaboration and Knowledge Sharing. International cooperation, such as within the
Adriatic-lonian region, can accelerate technology readiness by pooling expertise,
sharing case studies, and harmonizing standards.

By focusing on these aspects, the project will evaluate the current readiness of DT
technology and provide actionable insights to stakeholders, enabling the successful
deployment of digital twins across the energy sector.

6.4. Legal constraints and regulatory frameworks

6.4.1. Slovenia

In April 2023, the Slovenian government adopted the Digital Slovenia 2030 Strategy, serving as the
overarching framework for the country's digital transformation. This strategy emphasizes the
integration of various sectoral plans into a unified development approach, focusing on areas such
as gigabit infrastructure, digital competences, economic digital transformation, smart society
development, digital public services, and cybersecurity. A key principle of this strategy is the
promotion of research and development in digital technologies, including the use of digital twins,
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to enhance the quality of life in a sustainable and trustworthy manner®?.

At the European level, Slovenia is an active participant in initiatives aimed at advancing digital twin
technologies. Notably, the country supports the 'Local Digital Twin & Citiverse' European Digital
Infrastructure Consortium (EDIC), launched by the European Commission in collaboration with five
member states. This consortium seeks to pool investments and knowledge to scale digital twin
applications across Europe, facilitating shared investments in knowledge and funding at a
European scale®3.

Legal Considerations
Although Slovenia does not have a dedicated law regulating digital twins, several existing legal
frameworks provide indirect governance over their implementation:

o Digital Slovenia 2030 Strategy: This national strategy highlights the role of digital
technologies, including digital twins, in improving various sectors and public service®.

e Promoting Digital Inclusion Act: Enacted to raise awareness about the benefits of digital
tools, this act aims to enhance digital competencies among the population, creating an
environment conducive to adopting technologies like digital twins.

e Personal Data Protection Act: This legislation aligns with the EU's General Data Protection
Regulation (GDPR), ensuring that data handling practices, including those involving digital
twins, comply with stringent privacy and data security requirements.

Therefore the deployment of digital twins raises several legal issues that organizations in Slovenia
must address:

¢ Data Ownership and Intellectual Property: Determining the ownership of data generated
and used by digital twins is crucial. Clear agreements are necessary to define who holds
the rights to the data and any derived insights, ensuring that intellectual property is
adequately protected.

o Liability and Accuracy: Digital twins often simulate or predict the behaviour of physical
systems. If these simulations are inaccurate and lead to damages or losses, questions of
liability arise. Organizations should consider including liability clauses in contracts and
securing appropriate insurance coverage to mitigate such risks.

e Cybersecurity: As repositories of sensitive data, digital twins must be safeguarded against
unauthorized access and cyber threats. Implementing robust cybersecurity measures is
essential to protect the integrity and confidentiality of the data.

¢ Regulatory Compliance: Given the evolving nature of digital twin technologies, regulatory
frameworks may lag behind technological advancements. Organizations should stay
informed about existing regulations and anticipate future legal developments to ensure
compliance.

6.4.2. Croatia

A digital twin is a virtual model of a physical object, process or system that enables simulation,
analysis and optimization in real time. In energy sector, digital twins are used to manage and
optimize energy production, distribution and consumption, predict failures, integrate renewable

82 https://interoperable-europe.ec.europa.eu/sites/default/files/inline-
files/DPA_Factsheets_2023_Slovenia_vFINAL_rev.pdf
8 https://eurocities.eu/latest/launch-of-european-funding-instrument-to-upscale-digital-twins-towards-the-
citiverse-through-living-in-eu
84 https://www.gov.si/assets/ministrstva/MDP/Digital_Slovenia_2030.docx

Project Acronym — GOTOTWIN 73|

91



energy sources, develop smart grids and increase energy efficiency. Information and
communication technologies play a key role in achieving most of the priorities of the European
Union, as outlined in the Digital Single Market Strategy, and in meeting goals to ensure a fair,
open, and secure digital environment. In 2021, the European Commission adopted the Digital
Compass, a ten-year plan that defines the EU’s digital ambitions for 2030, including the
digitalization of public services, digital transformation of businesses, secure, efficient, and
sustainable digital infrastructure, as well as digitally skilled citizens and highly qualified
professionals.

The Republic of Croatia has several Acts, including but not limited to, regarding the electrical
energy sector, that are adopted at the state level: The Energy Act, The Electricity Market Act, The
Act on the Regulation of Energy Activities, The Act on Renewable Energy Sources and High-
Efficiency Cogeneration, The Energy Efficiency Act, The Act on Cybersecurity of Essential Service
Operators and Digital Service Providers, and many other secondary and internal acts;
methodologies, rulebooks, rules, grid code, etc.

Even though Croatia currently doesn't have regulation regarding the Digital Twins, in
December, 2022, the Republic of Croatia adopted the Digital Croatia Strategy for the period until
2032, establishing the national framework for digital transformation. The Strategy aims to
establish guidelines for achieving the targeted transformation of Croatia toward a green and digital
way of life, as prerequisites for future sustainable economic growth and social development. The
Strategy is also one of the strategic planning documents that supports the implementation of the
National Development Strategy of the Republic of Croatia until 2030, which provides long-term
direction for the development of society and the economy in all key areas for Croatia.

Through the digital transformation of the economy and public administration—by improving
the necessary infrastructure, digitizing business processes and services, and enhancing digital
competencies in all segments of Croatian society—the expected result is a Croatia advanced
through digital transformation. The plan is for Croatia to become, by 2032, a country with digitally
and economically competitive enterprises and a digitalized public administration, where all levels
of government and citizens actively participate in digital processes. Four strategic goals were
established in the strategy:

e A developed and innovative digital economy,

e Adigitalized public administration,

e Developed, accessible, and utilized broadband electronic communication networks,
e Developed digital competencies and digital workplaces.

Croatia will achieve its own digitalization goals by following the principles of good governance
and "do no significant harm" and will support a value-based and ethical approach as the basis of
digital transformation. In doing so, in line with the European Green Deal, it will place a strong
emphasis on the protection of natural resources, taking into account that the implementation of
new digital technologies contributes to reducing energy consumption and thus reducing
greenhouse gas emissions. Namely, although information and communication technologies are
large consumers of electricity (according to the European Commission's data from the Strategic
Foresight Report 2022, information and communication technologies are responsible for 5-9% of
global electricity consumption), and the acceleration of social digitalization may increase
electronic waste and its impact on the environment, digital technologies, if properly managed, can
help create a climate-neutral and resource-efficient economy and society and save resources in
key economic sectors that are responsible for the majority of greenhouse gas emissions.
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1.

Furthermore, even though, as stated before, Croatia does not have directly defined Digital
Twin regulations, the following laws and sectors indirectly relate to Digital Twins:

Infrastructure and data:

According to the Electronic Communications Act, electronic communications
infrastructure, development and use of networks and data management are of
interest to the Republic of Croatia. Digital twins require advanced communication
infrastructure and secure data exchange.

The Energy Act prescribes the introduction of advanced metering devices and
networking systems, which is a prerequisite for the development of digital twins
because it enables the collection and processing of large amounts of data in real
time.

2. Data protection and privacy:

The Electronic Communications Act ensures the implementation of European
directives on the protection of personal data and privacy in electronic
communications, which is crucial in the implementation of digital twins that process
data on energy consumption, production and distribution.

3. Energy efficiency and renewable energy sources:

The Law on Renewable Energy Sources and High-Efficiency Cogeneration highlights
the importance of innovative technologies and digitalization for decarbonization
and increasing the share of renewable energy sources. Digital twins enable the
optimization of the operation of renewable sources and their integration into smart
grids.

The same Law regulates the rights and obligations of renewable energy
communities and self-consumers, encouraging the participation of citizens and
communities in the production, consumption and sharing of energy, using digital
tools and platforms, including digital twins for transparent energy management and
optimization, which is directly related to the concept of digital twins.

The implementation of digital twins in energy sector requires:
Development and modernization of communication and energy infrastructure (smart grids,
advanced metering devices),

Compliance with data protection and privacy regulations,

System interoperability and data standardization,

Education and training of experts,

Involvement of citizens and entrepreneurs in the digital transition.

To summarize, Croatia currently relies on European directives and initiatives, such as the European
Data Strategy, Digital Compass 2030 and European smart grid projects. In practice, digital twins
are already being used in pilot projects to manage distribution networks, optimize the operation
of solar power plants and integrate energy storage. The legal framework of the Digital Croatia
Strategy until 2032 is based on compliance with European legislation, development of digital and
energy infrastructure, data protection, encouragement of innovation and citizen involvement.
Digital twins are recognized as a key tool for the digital and green transition of the energy sector.
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6.4.3. Bosnia and Herzegovina

Bosnia and Herzegovina does not have a law or specific legal provisions that explicitly address the
application of digital twins. However, there are legal constraints and regulatory frameworks in
accordance with EU legislation and laws in Bosnia and Herzegovina, as well as appropriate
standards that relate to the application of digital twins in renewable energy systems.

1. Implement digital twins in renewable energy systems in Bosnia and Herzegovina (BiH)
involves several considerations related to data protection and privacy laws. The Law on
Personal Data Protection in Bosnia and Herzegovina (LPDP) is a fundamental law aimed at
ensuring the protection of human rights and fundamental freedoms, particularly the right
to privacy and data protection concerning the processing of personal data relating to
individuals. Adherence to data protection regulations is crucial, particularly with the
implementation of digital twins, which rely on extensive data collection and processing:

Establishing a lawful basis (such as consent, contractual necessity, legal obligations, or
legitimate interests) for collecting and processing personal data within digital twin
implementations.

Providing clear information to data subjects about why and how their personal data is
processed. This transparency is essential when using digital twins, as individuals should
understand how their data is used in energy systems.

Implementation of appropriate technical and organizational measures for the
protection of personal data processed by digital twins within the system of renewable
energy sources. This includes measures to protect against unauthorized access, data
breaches and ensuring data integrity.

The sector of renewable energy sources in BiH also has special laws and regulations
related to energy efficiency, infrastructure and environmental protection. When
implementing digital twins, organizations must also consider compliance with these
regulations.

The Data Protection Agency of Bosnia and Herzegovina is the regulatory body overseeing
compliance with the LPDP. Organizations must stay informed about regulatory guidance and
ensure adherence to reporting and compliance requirements. By understanding and
addressing these data protection and privacy considerations, organizations can successfully
implement digital twins in renewable energy systems while ensuring compliance with BiH's
legal framework. Consulting with legal experts in data protection is advisable to navigate these
complexities effectively.

2. The use of digital twins in renewable energy systems in Bosnia and Herzegovina (BiH) has
links with intellectual property rights (IPR), so it is important to ensure adequate protection
and compliance with laws. The Law on Industrial Property in Bosnia and Herzegovina is a
fundamental law that defines the subject area. Here’s an overview of key aspects:

Copyright: Original software code created for digital twins can be protected under
copyright law. This includes any algorithms, models, or documentation developed
during the creation of the digital twin. In BiH, copyright is Price competitiveness and
availability of energy and protected as soon as the work is created and fixed in a
tangible medium. Registration is not required but can further establish rights and
provide legal advantages in enforcement.

Patents: If the digital twin technology involves novel processes, methods, or inventions
that offer a new solution to a technical problem, it may be patentable. Organizations
should assess whether any aspect of their digital twin solution fulfills the criteria of
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novelty, non-obviousness, and usefulness. Filing for patents in BiH or in other
jurisdictions can provide exclusive rights to the invention for a limited time, preventing
others from making, using, or selling it without permission.

e Licensing Agreements: When collaborating with partners or third-party vendors for
developing digital twin solutions, it's essential to establish clear licensing agreements.
These agreements should specify the ownership of IP, rights to use the technology, and
any revenue-sharing arrangements, ensuring that each party's contributions and rights
are clearly defined.

By recognizing and addressing these intellectual property rights considerations, organizations

can better protect their innovations while implementing digital twins in renewable energy

systems in Bosnia and Herzegovina.

3. Construction and Infrastructure Regulations: In the application of digital twins in
renewable energy systems in Bosnia and Herzegovina (BiH), it is necessary to comply with
the appropriate building and infrastructure regulations:

e When integrating digital twins with existing infrastructure (e.g., electrical grids,
transportation networks), compliance with regulations governing infrastructure
development is essential. This includes standards for interoperability, safety, and
maintenance.

o If digital twins rely on data from existing infrastructure systems, organizations must
ensure compliance with data protection laws.

4. Energy sector in BiH is regulated by several laws, Law on Energy, Law on Electricity, Law on
Environmental Protection, Law on Energy Efficiency, Law of Renewable Sources and the
set of laws on the entity level: including those related to energy efficiency, renewable
energy, connection rules and electricity market frameworks. Implementing digital twins in
these sectors must comply with relevant energy laws and regulatory requirements set forth
by the State Electricity Regulatory Commission (SERC) and cantonal or entity-level
regulatory bodies.

e Regulatory bodies in the energy sector typically establish frameworks for the
production, distribution, and sale of energy. Compliance with these regulations is
critical when integrating digital twins into renewable energy systems to manage energy
generation and consumption effectively.

o Specific regulations govern electricity markets, including trading, pricing, and grid
access. These regulations may dictate how digital twins interface with energy markets
and how they can optimize energy flow, predict demand, and facilitate energy trading.

e Bosnia and Herzegovina have established policies promoting the use of renewable
energy sources, such as subsidies, feed-in tariffs, and renewable energy certificates.
Understanding these policies is vital for leveraging incentives and ensuring that digital
twin technologies align with national renewable energy goals.

e Regulations governing the interconnection of renewable energy systems to the
electrical grid are crucial. Digital twins can help simulate grid interactions, optimize
connection points, and identify compliance with technical standards, ensuring that
renewable energy technologies operate reliably within the larger grid framework.
Many regions are modernizing their electrical infrastructure through smart grid
initiatives. Regulations related to smart grid implementation may affect how digital
twins are designed to interact with grid management systems, enabling better load
balancing, integration, and resilience.

e Energy sector regulations can set specific standards for energy efficiency and
performance that renewable energy systems must meet. Digital twins can help monitor
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and optimize system performance, helping to demonstrate compliance with these
standards.

e Regulations may exist to protect consumers in the energy market, ensuring that they
receive reliable service and fair pricing. Digital twins can help enhance customer
experiences by optimizing energy delivery and efficiency, but these implementations
must comply with consumer protection laws.

o |If digital twins rely on data from existing infrastructure systems, organizations must
ensure compliance with data protection laws.

By understanding and adhering to energy sector regulations, organizations can effectively

implement digital twins in renewable energy systems while optimizing performance, ensuring

compliance, and contributing to overall sustainability in the energy landscape.

5. Any implementation of digital twins, especially in sectors impacting the environment (like
energy), must consider environmental regulations and permits. The primary law that
regulates this is the Law on Environmental Protection in Bosnia and Herzegovina.
Compliance with environmental standards is critical to avoid legal challenges and ensure
sustainable practices. Here are some key considerations regarding these regulations:
¢ In BiH, an Environmental Impact Assessments (EIA) is often required for renewable

energy projects to evaluate potential environmental impacts. This process assesses the
effects on the environment, biodiversity, land use, and local communities. Digital twins
can aid in this assessment by simulating various scenarios to identify

¢ Sustainable Development Goals (SDGs) aligning renewable energy projects with the
United Nations Sustainable Development Goals (SDGs) is increasingly important. Digital
twins can support this alignment by facilitating better resource management, efficient
energy use, and minimizing environmental impacts.

¢ Once a renewable energy project is operational, ongoing monitoring of environmental
impacts may be required. Digital twins can assist in real-time monitoring and data
collection, allowing for timely responses to any environmental issues that may arise.
By understanding and adhering to these environmental regulations, organizations can
effectively implement digital twins in renewable energy systems in Bosnia and
Herzegovina. This approach not only aids in compliance but also promotes
sustainability and environmental stewardship in renewable energy initiatives.

6. As digital twins involve significant data exchange and connectivity, ensuring cybersecurity
is paramount. Organizations must comply with existing legal frameworks governing cyber
threats and data integrity. BiH has enacted laws and regulations addressing cybersecurity,
including the Law on the Protection of Personal Data and the Law on Communication. Here
are some key aspects of cybersecurity regulations and best practices relevant to this
context:

e The country has developed a National Cybersecurity Strategy that outlines objectives,
policies, and actions to enhance cybersecurity across various sectors, including critical
infrastructure. This strategy promotes the establishment of security measures and
incident response frameworks that organizations should align with during the
implementation of digital twins.

o Adopt a risk management framework to identify, assess, and mitigate cybersecurity
risks associated with digital twins. This includes evaluating vulnerabilities in systems,
networks, and data flows that could be exploited by cyber threats.

e Consider aligning our cybersecurity practices with international standards, such as
ISO/IEC 27001 for information security management systems. Adopting recognized
frameworks can enhance overall security posture and demonstrate commitment to
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cybersecurity best practices.

Regular engagement with relevant regulatory authorities, such as the Agency for Personal
Data Protection in BiH, can provide insights on evolving cybersecurity regulations and
compliance expectations.

Bosnia and Herzegovina is a signatory to various international agreements that might
impact the implementation of digital technologies, including digital twins. Adhering to
international best practices, standards, and agreements can also facilitate smoother
implementation.

United Nations Sustainable Development Goals (SDGs): BiH, as a member state of the United
Nations, is committed to the SDGs aimed at promoting sustainable development. Renewable
energy projects, including those utilizing digital twins, can align with these goals, especially Goal 7
(Affordable and Clean Energy) and Goal 13 (Climate Action). We should consider these goals when
planning and executing projects to enhance sustainability and stakeholder engagement.
European Union Regulations and Standards: While BiH is not an EU member, the country has a
Stabilization and Association Agreement with the EU, which encourages alignment with EU
regulations and standards. As renewable energy is a priority for the EU, BiH organizations should
consider EU directives and frameworks relevant to energy efficiency, emissions reduction, and
renewable energy integration.

EU Cybersecurity Act: This regulation emphasizes the importance of cybersecurity in
critical infrastructure, which includes renewable energy systems. Organizations in BiH
should adopt best practices outlined by the EU to enhance their cybersecurity posture.
International Organization for Standardization (ISO) provides various standards that can
guide the implementation of digital twins and related technologies in renewable energy:
ISO/IEC 27001: Focuses on information security management systems, helping
organizations establish, implement, and maintain effective cybersecurity measures.

ISO 50001: Provides a framework for energy management systems (EnMS), which can be
utilized in conjunction with digital twins to optimize energy use and improve efficiency.
ISO 9001: Governs quality management systems, ensuring that product and service
guality meet customer expectations. This is essential when developing and deploying
digital twins.

IEEE Standards:The Institute of Electrical and Electronics Engineers (IEEE) develops
standards related to technology and communications. Relevant IEEE standards can assist
in the interoperability and integration of digital twin technologies within renewable
energy systems.

World Trade Organization (WTO) Agreements: As a member of the WTO, BiH is subject to
various trade agreements that may impact how technologies are imported and exported,
including those related to renewable energy. Compliance with these agreements is
crucial for fostering international collaboration and ensuring fair trade practices.
International Energy Agency (IEA) Recommendations: The IEA provides guidance on
energy policies and practices, promoting the use of advanced technologies to improve
energy systems. Organizations in BiH can reference IEA reports and recommendations to
inform the development of digital twin applications within renewable energy.
International Renewable Energy Agency (IRENA) Frameworks: IRENA promotes global
cooperation in renewable energy deployment. Their reports and tools can provide
insights and best practices conducive to the implementation of digital twinning in
renewable energy sectors.

BiH is a signatory to various international environmental agreements, such as the Paris
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Agreement, aimed at reducing greenhouse gas emissions and promoting climate
resilience. Projects using digital twins should align with these commitments to enhance
their environmental sustainability.
e Collaborating with international entities can enhance the quality and effectiveness of
digital twin implementations in renewable energy systems.
For the successful implementation of digital twins in renewable energy systems in Bosnia and
Herzegovina, it is crucial that organizations conduct thorough legal assessments, collaborate with
legal experts and establish compliance strategies with relevant regulatory frameworks.
Cooperation with local authorities and regulatory bodies can also clarify specific requirements and
facilitate easier integration of digital twin technology.

6.4.4. Serbia

Serbia applied for EU membership in December 2009 and was granted EU candidate status in
March 2012. The EU-Serbia accession negotiations began in January 2014. As part of the EU
accession process, many regulatory documents in the energy sector have been adopted that
define the Serbian path of energy transition.
However, the global escalation of geopolitical conflicts, especially the war between Russia and
Ukraine at the beginning of 2022 has made an impact on the energy sector, energy policy and
planning the energy sector development.
Hence in Serbia, in February 2025, two documents were adopted, please check
e Energy Sector Development Strategy of the Republic of Serbia up to 2040 with Projections
up to 2050
e Integrated National Energy and Climate Plan Of The Republic Of Serbia for the period up to
2030 with a vision to 2050

The relevant legal framework for the energy sector is determined by the Energy Law (Official
Gazette of RS, No. 145/14 and 95/18 - another law and 40/21, 35/23 - another law and 62/23), the
Law on the Use of Renewable Energy Sources (Official Gazette of RS, No. 40/21 and 35/23), Law
on Energy Efficiency and Rational Use of Energy (Official Gazette of RS, No. 40/21), the Law on
Mining and Geological Exploration (Official Gazette of RS, No. 101/15, 95/18- another law and
40/21), the Law on Climate Change (Official Gazette of RS, No. 26/21), as well as by the Treaty
establishing the Energy Community (Official Gazette of RS, No. 62/06).

The Energy Law envisages that energy policy is elaborated and implemented in more detail
through the Energy Sector Development Strategy of the Republic of Serbia, the Strategy
Implementation Program, and the Energy Balance of the Republic of Serbia.

Topics of digitization, digital integration and smart control of energy processes is discussed in the
Serbian legislation linked to the energy sector. In the Energy Sector Development Strategy, it is
stated that “The Republic of Serbia also expects the integration into the EU's technological and
research initiatives that follow the energy transition, in order to support and participate in the
development of new industries and the creation of new jobs.”
If we consider the digital twins as ICT technologies, the other strategies related to

o Artificial Intelligence, see Strategy for the Development of Artificial Intelligence for the

Period 2025-2030%
e Information Security, see Law on Information Security (“Official Gazette of RS”, no. 06/16,

85 https://ai.gov.rs/vest/en/1296/serbia-adopts-strategy-for-the-development-of-artificial-intelligence-for-the-
period-20252030.php
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94/17 and 77/19), Information Society and Information Security Development Strategy of
the Republic of Serbia for the period 2021-2026%°
are also important.

More analysis of the existing regulatory documents and related strategies is needed in order to
spot the difficulties (constraints) in implementation and adoption of digital twins in Serbia.

6.4.5. North Macedonia

The successful implementation of digital twin (DT) technology in the North Macedonia’s power
sector depends on the country’s regulatory and legislative framework. Existing laws and policies
define the conditions under which digitalisation in the energy sector can evolve, addressing key
areas such as data access, grid integration, cybersecurity, and investment incentives.

The Law on Energy is the primary legislative act governing the energy sector, outlining market
liberalisation, system operations, and the integration of new technologies, including smart grids
and digitalisation measures. However, it does not explicitly regulate digital twins, which creates
uncertainties in areas such as data sharing between market participants, interoperability
standards, and responsibilities for digital infrastructure development. Aligning this law with EU
digital energy policies will be essential for facilitating DT implementation.

The Law on Energy Efficiency mandates monitoring and optimization of energy performance,
which could support the application of DTs in real-time energy management and predictive
maintenance. However, the lack of clear provisions for digital monitoring platforms and
standardized protocols for data exchange remains a regulatory gap that could slow down their
deployment.

The Law on Climate Action sets the framework for GHG emission monitoring and reporting, which
aligns with the potential of DTs to provide real-time emissions tracking and predictive
environmental impact assessments. However, there are no legal requirements mandating the use
of digital simulations for compliance reporting, which limits the incentive for utilities to invest in
such solutions.

Beyond primary legislation, several secondary regulations affect DT implementation in the power
sector. These include the Grid Codes, Electricity Market Rules, and the Tariff System for Electricity
Distribution, which govern the technical and economic conditions for grid operations and
renewable energy integration. The lack of specific regulations addressing digital models for grid
operation and market simulations presents a challenge for large-scale adoption of DTs.

Upcoming legal reforms, including the introduction of a new Law on Energy and a new Law on
Renewable Energy Sources, provide an opportunity to incorporate provisions for digital twin
technologies, ensuring their alignment with the EU Clean Energy for All Europeans Package
(Directives EU 2019/944, EU 2019/943, EU 2019/941, EU 2019/942). Establishing clear legal
definitions, technical standards, and cybersecurity requirements for DT applications will be crucial
for their successful deployment.

At a strategic level, national policy documents such as the Strategy for the Development of the
Energy Sector up to 2040, the National Energy and Climate Plan (NECP), and the Just Transition
Roadmap set objectives for digitalisation, smart grid development, and energy system
optimisation. However, none of these currently specify DTs as a tool for energy management,

86 https://arhival.mtt.gov.rs/extfile/sr/35315/Information%20Society%20and%20InfoSec%20Strategy%202021-
2026111.pdf
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leaving room for future policy adaptation. The Smart Specialisation Strategy (S3) identifies
digitalisation as a cross-sectoral priority, which could provide a foundation for further policy
development related to DTs.

While North Macedonia has taken steps towards digitalising its energy sector, regulatory gaps and
legal uncertainties remain key barriers to the widespread adoption of digital twin technologies.
Addressing these challenges through updated legislation, standardised frameworks, and targeted
incentives will be essential for enabling their full potential in the power sector.

6.4.6. Greece

Until today, Greece hasn’t had a specific law or legal provisions explicitly addressing the
implementation of digital twins in RES. However, there are legal constraints and regulatory
frameworks aligned with EU legislation and the laws of Greece, as well as guidelines and plans
related to digital twins and energy efficiency in general. Several steps have been taken to prepare
for their application, including the utilization of smart meters, smart grids, and cybersecurity
measures. All of these are essential for the effective operation of a digital twin. Thus, the
regulatory framework on energy sector and climate policy in Greece includes documents and laws:

1. Law on Energy®’: This law and the national energy plan outline the objectives and structure of
Greece's energy system, with particular emphasis on renewable energy sources (RES) and
strategies to accelerate their development. It defines the energy policy objectives, the activities in
the energy sector, the capacity of the energy network, and how to increase and improve that
capacity. Additionally, it establishes the regulatory framework for the energy market, the
integration of RES and the modernization-digitalization of the licensing process Renewable Energy
Sources. These measures align closely with EU energy directives in order to achieve the EU's targets.

2. Law on Energy Efficiency®® : This law incorporates Directive 2012/27/EU on energy efficiency and
establishes the legislative framework for energy efficiency measures across various sectors,
including buildings, industry, and transportation. It mandates energy audits to optimize
performance, sets efficiency standards for buildings, and requires the implementation of measures
to enhance energy savings and reduce costs.

3. Law on Climate Action®: This law outlines the framework for the national climate plan, focusing
on the transition to climate neutrality and adaptation to climate change. It also includes urgent
provisions to address the energy crisis and protect the environment, reducing the emission of CO2.

4. Law on Data Privacy®: This law establishes the regulatory framework for data protection and
privacy in Greece, ensuring compliance with the General Data Protection Regulation (GDPR) and
other relevant EU directives. It sets guidelines for the secure processing, storage, and transfer of
personal and sensitive data, particularly in the energy sector. Additionally, it defines the rights of
individuals regarding their data, outlines the responsibilities of organizations handling such data,
and introduces measures to enhance cybersecurity and prevent data breaches.

87 https://www.opengov.gr/minenv/?p=13352
88 https://ypen.gov.gr/wp-
content/uploads/2022/11/%CE%9D.4342 2015 %CE%9A%CF%89%CE%B4%CE%B9%CE%BA%CE%BF%CF%80%CE%B
F%CE%B9%CE%B7%CE%BC%CE%ADY%CE%BD%CE%BF%CF%82-%CE%AD%CF%89%CF%82-28.10.2022.pdf
83https://www.kodiko.gr/nomologia/download fek?f=fek/2022/a/fek a 105 2022.pdf&t=3a12273babfb7c1015727
df0a3afladl
%0 https://www.dpa.gr/sites/default/files/2019-
10/GDPR%20%CE%9C%CE%95%20%CE%94%CE%99%CE%9F%CE%A1%CE%98%CE%A9%CE%A4%CE%99%CE%9A%CE
%8C2-converted.pdf
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https://www.kodiko.gr/nomologia/download_fek?f=fek/2022/a/fek_a_105_2022.pdf&t=3a12273babfb7c1015727df0a3af1ad1
https://www.kodiko.gr/nomologia/download_fek?f=fek/2022/a/fek_a_105_2022.pdf&t=3a12273babfb7c1015727df0a3af1ad1
https://www.dpa.gr/sites/default/files/2019-10/GDPR%20%CE%9C%CE%95%20%CE%94%CE%99%CE%9F%CE%A1%CE%98%CE%A9%CE%A4%CE%99%CE%9A%CE%8C2-converted.pdf
https://www.dpa.gr/sites/default/files/2019-10/GDPR%20%CE%9C%CE%95%20%CE%94%CE%99%CE%9F%CE%A1%CE%98%CE%A9%CE%A4%CE%99%CE%9A%CE%8C2-converted.pdf
https://www.dpa.gr/sites/default/files/2019-10/GDPR%20%CE%9C%CE%95%20%CE%94%CE%99%CE%9F%CE%A1%CE%98%CE%A9%CE%A4%CE%99%CE%9A%CE%8C2-converted.pdf

Although Greece does not have a specific law governing the digitalization of the energy sector
(including digital twins), this transformation is crucial for the development of renewable energy
sources (RES). More specifically, digitalization can support the implementation of the
aforementioned existing laws related to energy efficiency and the expansion of RES capacity. To
this end, the European Union has adopted directives such as the EU Action Plan for the
Digitalization of the Energy System and regulations on cybersecurity, smart grids, and smart
meters. Since digitalization relies on the collection and analysis of large volumes of data on energy
production and consumption, ensuring the security of this data is essential. Greece has begun
installing smart meters®® and enhancing cybersecurity measures to prevent electricity outages,
both at the consumer level and across the grid.

Some strategic documents support the digitalization of energy with the goal of achieving climate
neutrality and establishing the targets of the EU Green Deal and Fit for 55. These include:

1. Digitalization of energy system- EU Action Plan (COM/2022/552)°%: It aims to promote the digital
transformation of the energy system. It includes measures to improve energy efficiency, enhance
the security of energy data and integrate digital technologies, such as digital twins and artificial
intelligence, into energy infrastructure.

2. Law No 5160 Government Gazette (A 195/27.11.2024)%: The legislation aligns with EU Directive
(EU) 2022/2555, also known as NIS2, and introduces stricter cybersecurity requirements for critical
infrastructure, including the energy sector. Additionally, it establishes guidelines for the
digitalization of the energy sector and the promotion of energy efficiency.

3. Smart grid and smart meters®*%: Smart grids are electricity networks that integrate digital

technologies to improve efficiency, reliability, and energy management. Similarly, smart meters
enable continuous and accurate real-time monitoring of energy consumption, facilitating more
effective energy management.
To advance these technologies, Greece is actively working to expand the availability of smart grids
and smart meters. Specific laws establish the framework for modernizing and developing the
energy sector, including smart grids, while also promoting the installation of smart meters to
enhance energy efficiency and ensure transparency in energy consumption. Additionally, the
Hellenic Electricity Distribution Network Operator (HEDNO) has launched programs for the
widespread deployment of smart meters, with the goal of completing the process by 2030.

4. The Greek National Digital Decade strategic roadmap®’: It is the national roadmap that is alighed
with the EU's Digital Decade strategy to accelerate the country's digital transformation. It includes
actions to digitize energy, infrastructure, public services and the economy, promoting the adoption
of smart technologies.

9 https://ypodomes.com/exypnoi-metrites-xekina-i-egkatastasi-se-500-000-noikokyria-apo-ton-deddie/

92 http://eur-lex.europa.eu/legal-content/EL/TXT/PDF/?uri=CELEX:52022DC0552

Bhttps://www.kodiko.gr/nomologia/download fek?f=fek/2024/a/fek a 195 2024.pdf&t=db6d94d66b21144f8238

44dbd1828493

94https://www.kodiko.gr/nomologia/download fek?f=fek/2011/a/fek a 179 2011.pdf&t=282f4c4b525b905044c48

ff23821f81e

9 https://deddie.gr/el/deddie/diakirukseis/diakirukseis-dieuthunsis-ulikwn-promitheiwn-kai-metaforwn-

deddie/diakirukseis-diagwnismwn-dieuthunsis-ulikwn-promit/

%®https://www.kodiko.gr/nomologia/download fek?f=fek/2019/a/fek a 193 2019.pdf&t=e82647f09184f151d66c7

d18dd313756

9https://digitalstrategy.gov.gr/website/static/website/assets/uploads/digital decade national roadmap.pdf
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https://www.kodiko.gr/nomologia/download_fek?f=fek/2019/a/fek_a_193_2019.pdf&t=e82647f09184f151d66c7d18dd313756
https://digitalstrategy.gov.gr/website/static/website/assets/uploads/digital_decade_national_roadmap.pdf

5. National Energy and Climate Plan (NECP)%: Following the EU’s governance framework, the NECP
outlines goals and strategies of increasing capacity of RES, reducing carbon emissions, enhancing
energy efficiency, strengthening the internal energy market, and fostering research and innovation.

6. Strategy for the Development of the Energy sector of the Republic of Greece up to 2040%: This
long-term strategic document defines Greece’s vision for transitioning to a low-carbon energy
system by 2040. It promotes new technologies and innovations, including digitalization of energy.

7. Smart Specialization Strategy of the Republic of Greece!®: It is a comprehensive framework
designed to enhance research, technological advancement, and innovation. Its goal is to direct
investments toward areas of comparative advantage, fostering sustainable economic growth and
competitiveness. It targets businesses, research institutions, universities, public organizations, and
civil society.

8. Law 4635/2019 entitled "Investing in Greece and other provisions"!%: This law was enacted to
enhance the country's investment climate, support businesses, and advance research, innovation,
and technological progress, including digitalization and the development of renewable energy
sources (RES).

9. Long-term Strategy for the Renovation of Greece's Building Stock'®Z: It is a long-term framework
for improving the energy efficiency of buildings, aligned with Directive (EU) 2024/1275.

%https://www.kodiko.gr/nomologia/download fek?f=fek/2022/a/fek a 129 2022.pdf&t=aObe398054a311b45339
9eb367e7f186

9 https://ec.europa.eu/clima/sites/Its/lts gr el.pdf

100 https://www.espa.gr/el/Documents/FEK ESEE.pdf

01https://www.kodiko.gr/nomologia/download fek?f=fek/2019/a/fek a 167 2019.pdf&t=0467623c393fa64blde5
7aeb3553e2d1

102 https://ypen.gov.gr/wp-content/uploads/2021/03/%CE%A5%CE%91 -

20334 148 01.03.2021 %CE%A6%CE%95%CE%9A 974-B-

12.03.2021 %CE%9C%CE%91%CE%9A%CE%A1%CE%9F%CE%A0%CE%A1%CE%9F%CE%98%CE%95%CE%A3%CE%9C
%CE%97-%CE%A3%CE%A4%CE%AL1%CE%91%CE%A4%CE%97%CE%93%CE%99%CE%9A%CE%97-
%CE%91%CE%9D%CE%91%CE%9A%CE%91%CE%99%CE%9D%CE%99%CE%A3%CE%97%CE%A3-
%CE%9A%CE%AL%CE%99%CE%AL1%CE%99%CE%A9%CE%ID-%CE%I5%CE%A9%CE%A3-%CE%A4%CE%IF-2050.pdf
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7. Conclusions

This deliverable provides an in-depth market assessment and evaluation of the needs and benefits
of digital twins in promoting the uptake of renewable energy in the Adriatic-lonian region. The aim
of this work was to analyze the current state of renewable energy markets, identify growth
potentials and assess the role of digital twin technology in optimizing energy infrastructure. The
study was conducted within the framework of EU renewable energy policies, such as the
REPowerEU plan and the Renewable Energy Directive, to ensure coherence with broader climate
and energy objectives.

The main issue addressed in this report was the challenge of integrating and optimizing renewable
energy sources (RES) under different national regulatory and market conditions. With the
increasing demand for decarbonization and digitalization, digital twin technology is proving to be
a promising solution for improving system efficiency, predictive maintenance and cross-border
energy cooperation.

The methodology applied in this study combined qualitative and quantitative assessments,
including literature reviews, regulatory analysis, stakeholder engagement and case studies on the
energy markets in Slovenia, Croatia, Serbia, Bosnia and Herzegovina, North Macedonia and
Greece. The approach provided a holistic understanding of how digital twins can improve the
operation of energy systems and support the transition to a low-carbon economy.

The results show that while the region has significant untapped renewable energy potential,
several technical, legal and infrastructural barriers remain. Digital twins are a viable approach to
overcoming these challenges as they offer real-time monitoring, scenario analysis and improved
decision-making capabilities. However, their implementation requires investment in digital
infrastructure, cybersecurity measures and the development of a skilled workforce.
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