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EXECUTIVE SUMMARY  

Background  

The Initiative for the Central and South Eastern European Energy Connectivity (CESEC) 

was launched in 2015 to address concerns of gas supply security in the nine EU Member 

States and the eight non -EU Contracting Parties. In 2017, the Initiative was extende d to 

cover cooperation in the area of renewable energy and, in this form, it addresses three 

related issues: first, it aims to consolidate the security of energy supply in a region that 

has historically been affected by limited diversity of the energy mix and exposure to 

external disruptions, particularly in gas supply; second, it addresses the need for 

modernisation of the wider electricity system, in a region where the bulk of ï mainly 

fossil fuels -based -  power generation plants are approaching the end o f their operational 

life; and third, it aims to support increasing power generation and trade of renewable 

energy, as a partial means to address the first two objectives.  

Objectives  

This report provides a detailed analysis of the potential for cost -effective renewable 

energy projects and associated infrastructure requirements in the CESEC region, in the 

short and long terms of 2030 and 2050, respectively. The analysis has an explicit focus 

on cross -border cooperation among CESEC members, as opposed to separate 

assessments of individual countries. This is to keep in line with the nature of the CESEC 

initiative, the ultimate goal of which is to build on synergies between the EU Member 

States to increase the resilience of the overall regional energy system. The ultimate goal 

of the analysis is to identify the infrastructure, regulatory and market 

requirements that facilitate the integration of renewable energy sources (RES) 

in the CESEC re gion.  To this end, the content of this report is structured around 

answering the following questions 1:  

¶ What are the geographical locations of prime interest for RES development, with a 

cross -border dimension? 2  

¶ What are the connecting electricity infrastr ucture needs required to facilitate RES 

integration? 3 

¶ Which cross -border electricity infrastructure projects can be identified as priority 

projects in enabling the integration of electricity from RES, in the CESEC region?  

¶ What are the technical, regulatory  and market issues that create barriers to cross -

border cooperation and hinder renewables deployment? 4 

 

Approach  

To answer these questions, the analysis focuses on the differences in cost and technology 

ï and corresponding policy -  implications in pair -wis e combinations of three sets of 

scenarios, regarding 1. the time horizon, 2. the RES targets and 3. the electricity 

interconnector infrastructure. More specifically, the two different time horizons 

considered in this study are the short term ï 2030, and th e long term ï 2050. Second, 

the two sets of RES targets considered in this study are: a. the targets set out in the 

National Energy and Climate Plans (NECP), where defined -  or alternative targets -  which 

correspond to the scenario of reference contributio n from RES in the electricity mix, and 

b. the targets underlying the Green Deal initiative, which correspond to the scenario of 

high contribution from RES. Finally, the three electricity infrastructure scenarios 

considered here are: a. the electricity infr astructure currently in place as well as 

reinforcements underway  -  whereby new capacity of RES technology is installed 

                                           

1  This Executive Summary presents a compact version of the main results. For the more detailed answers to 
the four questions, see Chapter 6: Conclusions and recommendation.  

2  This question corresponds to the analysis presented in Chapter Three.  
3  Questions Two and Three correspond to the a nalysis presented in Chapter Four.  
4  This question corresponds to the analysis presented in Chapter Five.  
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domestically, b. additional electricity infrastructure projects, as reflected in the planned 

projects in TYNDP, PECI and CESEC priority l ist, and c. infrastructure projects identified 

in addition to these latter projects. In scenarios b. and c., new capacity of RES 

technology is installed in regions with higher potential for power generation from RES 

technologies and neighbouring countries that rely on cross -border electricity trade.  

The analysis uses a mixed -method approach (Chapter Two). The first question -  What are 

the geographical locations of prime interest for RES development, with a cross -border 

dimension?  -  is addressed using a comb ination of literature review and Geographical 

Information System (GIS) mapping.  

Based on the results of this analysis, the study uses three well -established energy 

system models, with a history of application in policy analysis, to address the following 

two questions, namely -  What are the connecting electricity infrastructure grid needs 

required to facilitate RES integration? and What are possible cost -effective projects with 

a cross -border dimension that could be further assessed and proposed as priority  

projects in the CESEC framework?  

Each of these models looks at individual aspects of the energy system and together they 

provide a comprehensive analysis of the energy system -wide impacts of the uptake of 

RES. More specifically, the Green -X Model is used to determine the implications for RES 

deployment of different energy policy scenarios. The high level of detail of the model 

specifications allows for the understanding of the associated costs, expenditure and 

benefits corresponding to different scenarios of RES deployment. The European Power 

Market Model is a high -granularity model used to determine the cost -optimal combination 

of power generation plants and cross -border transmission capacity. Finally, the 

Consentec Transmission Grid Model is used to provi de a detailed representation of the 

European transmission system. The high level of detail of the model specifications allows 

for determining the impacts that changes in power generation or demand have on grid 

expansion requirements, among others.  

The las t question -  What are the technical, regulatory and market issues that create 

barriers to cross -border cooperation and hinder renewables deployment?  -  is addressed 

by a combination of literature review and expert interviews and surveys.  

The analysis presen ted in this report reveals key insights that could guide the cost -

effective uptake of RES projects with a cross -border dimension, in the CESEC region.  

Keeping to the framework introduced by the four questions above, this report finds the 

following:  

The CE SEC region includes promising site locations for cost - effective solar PV and 

onshore wind close to internal borders.  

Electricity from RES is expected to reach shares of either 49% or 53.1% in the CESEC 

electricity mix by 2030, depending on whether the refe rence NECP or the Green Deal 

targets are implemented. By 2050, the difference between the two scenarios is much 

more pronounced: electricity from RES is expected to reach either 75 -77% or 85 -87% of 

the regional electricity mix, in the reference of the Gree n Deal scenarios, respectively.  

There is a systematic difference between the current deployment of RES in the EU 

Member States (MS) of the CESEC region, compared to the non -EU Member State 

counterparts: to reach the Green Deal targets, RES power generation  in the EU Member 

States would need to slightly more than double, whereas, for the non -EU Member States, 

the increase should be at least four - fold. Power from photovoltaic systems ï both 

centralised and decentralised ï stands out as the largest contributor s to the future 

energy mix. Onshore wind is a close second largest contributor. The most promising 

locations for offshore wind are close to some of the most promising locations for onshore 

wind. However, given the much more attractive economics for onshore  wind and having 

land still available for wider deployment of onshore wind and PV, offshore wind becomes 
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a relatively distant third most promising technology for the time being. Other RES are 

close to or have already reached their potential for cost -effect ive contribution.  

Figure  0 .1  Mapping of identified promising cross - border RES zones  and 

overview on the mapping of the installed capacities of key RES technologies in 

total (incl. wind, solar, hydro) in the CESEC region by 2050, indicating averages 

across all scenarios (RefRES and HighRES, with and w/o cooperation).  

For solar PV, promi sing site conditions are widely spread but specifically in the Southern 

parts of the CESEC region and of each respective country. Onshore wind energy offers 

promising site conditions in several CESEC countries. The site quality in Ukraine is 

remarkable, wh ere according to the meteorological data at hand, similar conditions to 

onshore or even offshore developments in the North of Europe are applicable. Promising 

sites are also applicable in several parts of Italy, in Bosnia and Herzegovina, at the 

border of Austria, Hungary and Slovakia, at the North -Eastern border of Bulgaria, in 

Eastern parts of Romania and at several locations within Greece to name a few 

examples. Offshore wind offers promising site conditions in the Adriatic / Mediterranean 

Sea between It aly and Albania, at several locations within the Greek sea territory and in 

the Black sea area of Romania and Ukraine. There is however a strong competition to 



 

12  

onshore wind which is available at comparatively similar site conditions but comes at 

present at  significantly lower cost, specifically in the Black Sea area (within Ukraine).  

Cross -border power trade and proactive cooperation in RES policy making has a large 

potential to contribute to the geographical smoothing of cost -effective electricity 

generat ion from RES: at the CESEC level, cost savings of 19% can be attributed to RES 

cooperation, facilitated by cross -border grid infrastructure. Albania, Bosnia and 

Herzegovina, Italy, Montenegro and Slovakia may offer promising RES potentials for 

export by 20 30. In the long term to 2050, the picture partly changes: Bosnia and 

Herzegovina may again act as host country for the future RES uptake but other countries 

such as Greece, Moldova, Romania or Ukraine also join this group.  

Currently planned projects for cr oss - border electricity infrastructure are critical 

both to prevent market congestion and to enable the integration of electricity 

from RES, but their impact is more clearly visible after 2030.  

The currently planned infrastructure projects in the CESEC regi on ï i.e. the projects in 

the TYNDP, PECI and the CESEC priority list -  are critical in supporting the market 

integration of the identified RES projects. This is indicated by the price convergence of 

the CESEC power markets, where significant wholesale pri ce reductions and even more 

sizeable reduction in price variance is observed. Depending on the assumed RES 

deployment, the projects contributing to RES integration show significant differences 

related to their location in the CESEC region and the target ye ar when they become 

relevant.  

Overall, the currently planned projects: reduce the need for curtailment of power 

generated by RES, support the integration of RES on the reserves market, address 

transmission grid bottlenecks and contribute to the reduction o f CO 2. Currently planned 

projects are also necessary to reduce existing bottlenecks caused by reasons other than 

increasing RES generation. With the existing grid topology, congestions would occur at 

the West Balkan region, while with the realisation of th e planned projects remaining 

congestions would be centred at the borders of Italy, Austria and Slovenia. Without the 

planned extensions, there are significant congestions in the system, reaching a critical 

level by 2050 at many borders.  

The welfare analys is carried out on the planned and on the proposed new infrastructure 

projects shows, that the planned projects are beneficial from a socio -economic point of 

view. These socio -economic benefits are clearly positive in the high renewable 

deployment scenarios . With a lower level of RES deployment, infrastructure development 

costs might be higher than the economic benefits for a given period of time, between 

2030 and 2050. This underlines the importance of iterative planning: infrastructure 

developments should follow the RES capacity developments to reach economically and 

socially optimal pathways. Therefore, a delay in any of these projects can result in 

significant market congestion or grid bottlenecks, among others.  

Further electricity infrastructure projects  provide only marginal benefits in terms 

of cost - effective RES integration.  

The further expansion of the CESEC power grid, with new lines identified beyond the 

already planned projects, has a low effect on the wholesale electricity prices. This means 

that  the proposed list of additional projects mainly serves RES integration objectives, as 

operationalised by minimising curtailment.  These new projects include cross -border 

interconnections as well as internal lines, which underlines that import/export capabi lities 

are not only dependent on the amount of cross -border transmission. The infrastructure 

projects identified to be beneficial in the considered scenarios are widely spread over the 

CESEC region. However, some of the countries (e.g. IT, BG, EL) are stro nger affected 

than others.  

One important caveat of the results of the modelling exercises concerning cross -border 

RES cooperation (cf. section 3.2 ) is that they are contingent on homogenous regulatory 

frameworks among the CESEC countries. However, the qualitative assessment of barriers 
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to RES deployment as well as to cross -border infrast ructure projects points to political 

and regulatory barriers as the most severe set of barriers. While the set of barriers 

differs per country, this observation is consistent across all CESEC countries. Financial 

and technical barriers are identified as so mewhat less stringent, although this 

assessment varies per country. Overall, social and environmental barriers were ranked at 

the lower end of severity, although it is important to note that this also differed per 

country and per type of technology.  

Conclu sions and recommendations  

The way forward towards meeting the three ambitions of increasing security of supply, 

enabling the modernisation of the energy system and increasing the deployment and 

trade of RES in the CESEC region relies on a coordinated appro ach to the individual 

challenges identified in this report. In practical terms, this translates to defining a 

transparent framework to prioritise RES projects with a cross -border dimension that are 

best positioned to achieve the highest and earliest aggreg ate benefits. An important 

overarching finding of this report is that identified projects listed in Table 4.11 are well -

placed to enable the cross -border RES projects necessary to meet regional targets. The 

main policy implication of this finding is to ens ure these projects are implemented on 

schedule.  The recommendations included in this report (Chapter Six) address the entire 

set of identified barriers to the cost -effective integration of RES in the CESEC region. 

Across countries, political and regulatory  barriers to cross -border RES are assessed as 

the most severe. These are followed by technical and financial barriers and, lastly, socio -

economic and environmental barriers. This study provides an in -depth and 

comprehensive analysis of the electricity mark et, CO2 emissions and social welfare 

effects, among others, of the cost -effective integration of electricity from RES in the 

CESECôs regional ï current and planned ï electricity infrastructure. The recommendations 

derived from the study results aim to cont ribute to rigorous guidance of the process of 

decision making in forward - looking electricity system development within the CESEC 

region.  

 



 

 

1  OBJECTIVE AND BACKGROUND  

1.1  Objective of the study  

The key objective of this study is to iden tify the electricity infrastructure, 

regulatory and market needs facilitating RES integration in the CESEC region.  

The Central and South Eastern Europe energy connectivity (CESEC) cooperation can 

actively contribute to the European Union climate and energy targets for 2030, and to 

the transition toward a net -zero carbon economy by 2050 5. To support the CESEC region, 

the European Commission initiated this study to:  

1) Identify the potential for the Renewable Energy Sources (RES) integration in 

the CESE C region , based on the available technical and economic RES potential within 

the CESEC region, commercial interest, location of demand and the ability to replace 

existing fossil -based generation;  

This resulted in a consolidated mapping, identifying the mos t prosperous regions to 

exploit renewable energy sources and current barriers to be overcome (Chapter 3);  

2) Identify the connecting infrastructure needs to ensure RES integration , by:  

Evaluating the contribution of CESEC priority electricity infrastructur e projects to RES 

integration, assessing their implementation progress and identifying further connecting 

infrastructure project needs.  

This resulted in a thorough analysis of infrastructural prerequisites to facilitate 

renewables integration in the electr icity sector (Chapter 4);  

3) Identify possible renewable projects with a cross - border dimension  (e.g. wind 

farm and associated grid connection) that could be further assessed and proposed to be 

taken up in the CESEC framework in future  

This resulted in a list of possible renewable cross -border projects (Chapter 3.2);  

4) Identify implementation challenges and barriers to RES deployment and 

cross - border cooperation .  

This resulted in the identification of challenges and barriers to RES deployment and cross 

border cooperation is the third pillar of this study (Chapter 5).  

5) Draft conclusions and recommendations for policy action and regulatory changes 

for CESEC cooperation to foster renewable deployment in the CESEC region;  

This resulted in several targeted co nclusions and policy recommendations for future 

actions to overcome identified challenges and barriers (Chapter 6).  

6)  Ensuring stakeholder engagement , through the involvement of relevant 

stakeholders and experts within the region and at EU level, consolid ating the results 

through a workshop and present results at CESEC Ministerial Conference.  

This ensured that stakeholders could provide views and reactions to the draft in the 

stakeholder workshop and were interviewed on the challenges for implementation.  

 

                                           

5  The study was conducted prior to the publication of the Fit - for55 -  package. Assessments and developments 
were valued in that perspective.  
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Ecorys has, together with TU Wien, REKK, Consentec, Fraunhofer and SQ Consult 

undertaken this study between December 2020 and October 2021, using literature 

review, modelling, data analysis, stakeholder involvement and interviews to come to the 

results in  this study.  

To achieve the objectives above, a thorough analysis was conducted on existing studies 

and data in the region and previous works of the consortium, including a cross -

verification with relevant national data and various data sources.  Moreover,  assumptions 

and results were reflected and consolidated within the planned stakeholder engagement. 

In terms of geographical coverage, the study focuses on the CESEC countries.  

 

1.2  Background  

The region covered by the CESEC initiative is very heterogenous in terms of general 

economic development, as well as concerning energy supply and demand patterns, 

including the current use of renewable energy.  

Figure 1 .1  CESEC countries  

 

 

Ensuring energy supply security has been a key issue of concern shared by Central and 

South Eastern European countries, which led to the creation of the CESEC initiative back 

in 2015. The region is characterised by a strong  dependency on fossil fuel imports and 

has been exposed to cuts in gas supply in the past, indicating the potential vulnerability 

and impact of external disruptions. Most countries within the CESEC region have limited 

diversity in gas supply since long - ter m gas supply contracts from a single supplier had 

been of predominance. There is also a general lack of alternative gas supply sources, 

partly driven by the missing or inefficient use of interconnections within the region, and 

legacy transit regimes with l egal and technical characteristics potentially resulting in 

market foreclosure (CESEC Countries, 2015).  

Apart from fossil fuel import dependence, another pressing issue for various CESEC 

members is the need for modernisation of the energy sector since a la rge fraction of the 

existing fossil fuel - fired power plants have reached or are close to reaching the end of 

their operational lives. Again, also here the situation is diverse across the CESEC region: 

while for some CESEC members a reduction of fossil - fuel led production has been 

initiated, for other members these generation assets still represent the bulk of their 

generation capacity, increasing the challenge imposed. The need for modernisation goes 

well hand in hand with the need for decarbonisation. All t hese elements require the 

establishment of a sound transformation process of the energy sector over the next 

decade.  
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While mostly not explicitly part of the energy policy debate, the health impact of the 

energy sector is also a key challenge for the region . The combustion of fossil fuels causes 

poor air quality which is a real threat to the health of citizens in several CESEC countries. 

In this context, the European Environment Agency estimates that about 400,000 people 

die prematurely in Europe each year d ue to air pollution (EEA, 2019). South -Eastern 

European countries are amongst those with the highest levels of air pollution in cities and 

associated mortality rates in Europe (IQAir, 2020).  

The socio -economic conditions of some CESEC members, with substan tially lower levels 

of income per capita than the average of the European Union (IRENA, 2019) as well as 

higher levels of perceived investment risk, present barriers that need to be overcome to 

address the above -mentioned challenges while ensuring energy a ffordability for citizens 

and improving the countriesô economic competitiveness.  

Policy context  

Several important elements prescribe the policy context -specific for the CESEC region 

and concerning the focal points of this project. A summary of these eleme nts is provided 

below:  

The CESEC Initiative ï focusing on supply security and cooperation (on 

renewables) among its members  

In September 2015, the Commission launched the Initiative on CESEC, initially focusing 

on gas policies, driven by concerns in suppl y security as discussed above (CESEC 

Countries, 2015). In 2017, a Memorandum of Understanding has been signed by CESEC 

members, which extends the cooperation to other areas, including renewable energy.  

Integrated National Energy and Climate Plans ï a key element for more 

strategic policy planning  

In November 2015, the European Commission adopted its first Communication on the 

State of the Energy Union (EC, 2015), stating that integrated national energy and climate 

plans (NECPs), addressing all key dimensio ns of the Energy Union, are crucial tools for 

the implementation of the Energy Union Strategy and the development of more strategic 

energy and climate policy planning.  

As part of this Communication, the European Commission published a Guidance to the EU 

Member States on integrated NECPs, which provided the basis for the EU Member States 

to initiate the preparation of national plans for the period 2021 to 2030. This document 

has also served to set out the main pillars of the corresponding governance process .  

Similar to the European Union, the Contracting Parties of the Energy Community  

have committed themselves to launch monitoring and reporting in the areas of 

renewables, energy efficiency and greenhouse gas emissions as well as other climate -

relevant info rmation. Additionally, the Paris Agreement established an enhanced 

transparency framework for action and support with respect to climate change which as 

such defines the climate change - related reporting obligations for the period after 2020.  

In this conte xt, the Energy Community adopted a Recommendation on preparing for 

the development of NECPs  addressing all key dimensions of the Energy Union by the 

Contracting Parties of the Energy Community (EnC, 2018). The Recommendation aims at 

building the analytical , institutional and regulatory preconditions for the development of 

integrated NECPs. This recommendation is not legally binding and therefore, it does not 

impose obligations on Contracting Parties, nor does it establish any formal deadline. 

However, as in dicated in Article 5, the preparation of national plans should be an iterative 

and dynamic process launched in 2018. According to planning, draft NECPs should be 

submitted during the first quarter and finalised by the end of the year 2020. In reality, 

some  further delays in that process are appearing for some Contracting Parties (CPs). 

The NECP process established at the EU level has already shown that it appears 

challenging for countries to complete their NECP on time, specifically if the process of 
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public  consultation is taken up seriously. Valuable lessons learned can then be gained 

from the review and consistency check within and across draft NECPs. The feedback 

provided by the European Commission (EC) has also helped the EU Member States in 

identifying options to increase their ambitions and improve the quality of their NECPs.  

So far, Northern Macedonia has prepared an NECP and also other CPs, e.g. Serbia, 

started drafting an NECP (Balkan Green Energy News, 2021). Some of the contracting 

Parties have iss ued a National Emission Reduction Plan (NERP), which is required under 

the Large Combustion Plant Directive. Bosnia and Herzegovina, Ukraine, North Macedonia 

and Kosovo have issued such NERP. Other relevant policy initiatives are for example the 

Economic a nd Investment Plan for the Western Balkan that started in December 2020. 

This covers also the Green Agenda for the Western Balkans (EC, 2020b). In this 

Investment plan for example the Fierza hydropower plant in Albania will be rehabilitated 

through the Wes tern Balkan Investment Framework (WBIF) and technical assistance will 

be provided to renewable energy sources in Bosnia and Herzegovina.  

RES potentials in the CESEC region  

In general terms, CESEC countries possess excellent resource conditions for increas ing 

the use of renewables in the electricity sector. According to the recently published CESEC 

REmap study (IRENA, 2020) and as confirmed by other studies done at a subregional or 

national level (cf. section 3.1), the region has vast untapped potentials of  solar 

photovoltaics and onshore wind  ï two key technologies for the transformation of the 

electricity sector. Previous IRENA analysis (IRENA et al., 2017) in the region had already 

estimated the current cost -competitive potential for renewable electricity  generation in 

South -East Europe at about 130 GW. Moreover, the cost -competitive potential for 

renewable generation is expected to grow substantially towards 2030, driven by further 

reductions in technology costs and expected increases in carbon prices. A conservative 

estimate of the technical potential in the broader CESEC region amounts to about 800 

GW and about 400 GW for onshore wind and solar PV respectively 6 (IRENA, 2020). 

Within the course of this project, a cross -check and verification of these figu res was 

undertaken, based on literature and complementary model -based analyses. That aims for 

deriving a consolidated basis concerning the resource availability within the CESEC 

region. While only a fraction of that technical potential can be tapped cost -effectively 

within the forthcoming decade, these figures indicate that resource availability is not a 

limiting factor for accelerating the deployment of these renewable technologies within the 

region.  

Apart from wind and solar, electricity generation from biomass and biogas  can also be 

substantially increased within the region. IRENA estimates the long - term sustainable 

potential of bioenergy -based electricity supply at about 32 GW across the CESEC region. 

Moreover, bioenergy -based electricity supply serves here as an important asset for 

energy security since it can provide firm generation capacity in systems with high shares 

of variable renewables, similar to what is provided today by the use of fossil fuels. 

Furthermore, bioenergy can act as an enabler for tackling synergies between the power 

and the heat supply sector through the use of combined heat and power (CHP) systems 

to feed district heating networks, which are common in several parts of the region.  

Hydropower  is a mature renewable technology, alread y accounting for about a fifth of 

total electricity generation in the CESEC region. Most of the existing capacity was 

however installed decades ago. A substantial pipeline of additional hydro developments 

exists in several CESEC countries (Neubarth, 2018; KPMG, 2010; WBIF, 2019). 

Hydropower plants can serve as a key asset to the electricity system thanks to their 

commercial viability and since they may act as an enabler for cost -effective integration of 

(other) variable renewables like wind and solar photov oltaics. Hydropower may offer a 

large untapped technical potential within the region but the consideration of 

environmental constraints and social acceptance limits the realistic uptake within the 

                                           

6  For c omparison, the cumulative installed capacity of all generation technologies in the CESEC region was 
about 274 GW in 2015.  
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forthcoming decade significantly. Refurbishment or upgradin g of existing generation 

assets are therefore no - regrets options, complemented by new plants that comply well 

with European environmental protection regulations.  

Infrastructure needs in the CESEC region  

To provide solutions for all previously listed challe nges in the CESEC region and, 

specifically, to foster renewable integration, significant infrastructure development is 

required in the coming decade both amongst the EU and non -EU countries. This demand 

for improved connectivity is well indicated by the nu mber of projects proposed for the 

PCI, PECI (Projects of Energy Community Interest) and PMI (Projects of Mutual Interest) 

processes, as the NSI East electricity and gas region contains close to 30 project clusters 

in electricity and gas in the PMI list (C( 2019) 7772 final, Annex). Energy Community 

countries proposed more than 25 projects for the PECI and PMI selection this year (ECS, 

2021). These were cross -checked with other sources like the Energy Community Network 

development plan, and the relevant proje cts were included in the modelling (PCI grid). 

The wholesale price differences within the region are also among the highest in Europe, 

indicating significant bottlenecks in the cross -border electricity flows in the region mainly 

due to infrastructure const raints: For example, according to the latest ACER Market 

Monitoring Report (ACER -CEER, 2020), in 2019 the average of absolute price differentials 

was 8.8 ú/MWh on the Slovakian-Hungarian border,  in spite the coupled day -ahead 

markets, while AT -IT (11.4 ú/MWh) and AT -HU (11.3 ú/MWh) borders were in the top 

ten borders with the highest average day -ahead price differentials across Europe in 2019. 

Not only do the physical network constraints present bottlenecks for further market 

integration, but further improv ements in capacity calculation methodologies for cross -

border trade can also be achieved in the CESEC region. As the overall deployment level 

of variable renewable electricity sources (RES -E) is well below its potential and below the 

EU average in most cou ntries, these constraints would become more severe if the 

targeted more ambitious RES -E deployment levels are achieved.  

European policy initiatives may assist  

At the European level, several policy initiatives may facilitate the uptake and integration 

of r enewable energy within the CESEC region. Key pillars among these are:  

The Trans - European Networks for Energy (TEN - E)  Regulation (No 347/2013) 

aims to support a well - interconnected EU energy infrastructure, including links between 

Member Statesô electricity grids. This shall serve as an enabler for the integration of more 

renewable electricity, improve competition, market integration and supply security. The 

large number of electricity PCIs (C(2019) 7772 final, Annex) in the CESEC region 

highlights the need for additional infrastructure to address bottlenecks and integrate 

electricity from renewable energy. Furthermore, the Energy Community also identified 

several priority projects in the lists of PECI and of PMI (Decision D12018111/MG -EnC) . 

The Connecting Europe Facility (CEF)  for the period 2021 -2027 includes, as a new 

element, the support for cross -border cooperation in the field of renewable energy in 

addition to the support for projects of common interest under the TEN -E Regulation 

(C(2019) 7772 final; European Parliament, 2015). This could support renewable 

generation projects in the broader sense ï i.e. including grid integration, storage and 

conversion facilities, involving joint projects with third countries as well as cooperation 

agreements between the EU Member States.  

The Western Balkan Investment Framework (WBIF) . The WBIF provides financing 

and technical assistance to strategic investments in the energy, environment, social, 

transport, and digital infrastructure sectors. It also supports private sector development 

initiatives. It is a joint initiative of the EU, financial institutions, bilateral donors and the 

governments of the Western Balkans. Within energy, the WBIF has so far supported 52 

projects in the fields of Energy Efficiency, Transmissi on & Distribution and Sustainable 

Hydropower (WBIF, 2021).  
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1.3  Structure of this report  

This final report summarises the work undertaken in the underlying study. In terms of 

structure, this first chapter explains the objectives and context. Subsequently, chap ter 2 

contains the methodology used. Chapter 3 comprises the outcomes of the assessment of 

RES potentials in the CESEC region) and subsequently the mapping of cross -border RES 

projects. In chapter 4 connecting infrastructure needs are identified to ensure RES 

integration. The results are presented from the modelling work concerning the RES 

uptake in CESEC and the related mapping exercise for identifying promising Cross -Border 

RES projects and the grid - related analysis. Chapter 5 presents the barriers and 

challenges for implementation based on research and interviews. Lastly, in Chapter 6 

conclusions and recommendations can be found.  

The annexes contain a list of key literature used (Annex 1), details on approach and 

assumptions used for a GIS -based analysis  of wind and solar potentials (Annex 2), a 

recap on 2030 RES targets (Annex 3), a detailed list of identified promising cross -border 

RES zones (Annex 4), details on assumptions used in power sector modelling (Annex 5), 

and detailed modelling results of the  power sector modelling (Annex 6).  

 



 

 

2  METHODOLOGY  

2.1  Overall approach  

Figure 2 .1  The overview of the study  

 

 

For meeting the objectives , four complementary tasks (c.f. Figure 2.1 ) were conducted:  

1.  Identifying highest -potential RES zones with a cross -border dimension;  

2.  Identifying infrastructure and interconnection needs to ensure RES integration;  

3.  Identifying challenges and barriers to RES deployment and cross -border 

cooperation;  

4.  Deriv ing conclusions and recommendations, building on the analyses performed 

and complementary stakeholder consultation.  

The underlying approach of each of these tasks is described in further detail within this 

chapter, cf. section 2.3  to 2.6 . Apart from desk research, involving a literature survey 

and  data gathering/processing, and a proactive stakeholder engagement, several key 

activities in this project required key expertise in the area of modelling . A brief recap 

of the correspondingly applied approach and the applied modelling suite is provided 

below, cf. section 2.2 . Further details on the models used within the activities performed 

are provided in subsequence to that within the detailed task  description. Moreover, 

please note that assumptions on key input parameters taken in power sector modelling 

are listed in Annex 5 to this report.  

 

2.2  Overview on modelling: activities and applied modelling suite  

Modelling activities for the identification o f cross - border renewable energy 

projects and the identification of connecting infrastructure needs to ensure RES 

integration:  

¶ An important prerequisite for the identification of cross -border renewable energy 

projects was to undertake a prospective analysis of future RES deployment by 

technology and country for the CESEC region;  

¶ Complementary to that, the identification of connecting infrastructure needs to 

ensure RES integration was required. This implied identifying possible grid 

constraints that c ome along with the uptake of renewables under the current grid 

topology and by consideration of planned grid extensions. Based on the above, 

options for and benefits of further grid enhancements for a cost -effective RES 

integration were analysed.  
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These requirements could best be met by using specialised models that incorporate the 

specifics of the CESEC region. Models used needed to be ready for incorporating data 

inputs (as derived within this project) as well as for performing the modelling works  

collaboratively in a quick but sound manner (in order to perform the comprehensive list 

of activities well in time).  

Overview of the applied modelling suite:  

In accordance with the above, the consortium made use of  the consortiumsô 

modelling capabilities  ï more precisely, the consortiumsô methodology centred around 

the use of three well -established models:  

¶ TU Wienôs Green - X model , a powerful model for assessing future RES 

deployment under different policy frameworks within Europe;  

¶ REKKôs European Power Market Model (EPMM) , a well -established tool for 

conducting power system analysis under the given geographical scope; and  

¶ Consentecôs Transmission Grid Model (TGM), a toolbox that allows for 

detailed modelling of the transmission systems (and selected dist ribution 

systems) in the region of the European Network of Transmission System 

Operators for Electricity (ENTSO -E).  

 

The models and their interplay are described below.  

Characterisation of the Green - X model  

Green - X is an energy system model, developed by T U Wien, that offers a detailed 

representation of the potentials and the related technologies of various RES in Europe 

and neighbouring countries, including all EU Member States and all Contracting Parties of 

the Energy Community. It aims at indicating the consequences of RES policy choices in a 

real -world energy policy context. The model simulates technology -specific RES 

deployment by country on a yearly basis, up to 2050, taking into account the impact of 

dedicated support schemes as well as economic and n on -economic framework conditions 

(e.g. regulatory and societal constraints). Moreover, the model allows for an appropriate 

representation of financing conditions and the related impact on investorôs risk. This, in 

turn, allows conducting in -depth analyses of future RES deployment and corresponding 

costs, expenditures and benefits arising from the preconditioned policy choices on 

country, sector and technology level.  

The Green -X model can build on a long track record of applications in studies conducted 

at t he national, regional and European level. First uses at the EU level date back to 2004, 

e.g. the study ñAnalysis of the Renewable Energy Sourcesô evolution up to 2020 (FORRES 

2020)ò (Ragwitz et al., 2005), and since then the model has been applied in various 

European studies on renewable energies with distinct topical focusses, for example on 

assessing financing aspects (cf. ñFinancing Renewable Energy in the European Energy 

Marketò (De Jager, 2011)) or on analysing future RES prospects by 2020, 2030 and 

beyond (c.f. ñDialogue on a RES policy framework for 2030 (Towards2030-Dialogue)ò 

(Doukas et al., 2017) and ñNavigating the Roadmap for Clean, Secure and Efficient 

Energy Innovation (SET -Nav)ò (Crespo et al., 2019)). Apart from research and 

consultation proj ects, model results have been documented in various scientific papers. 7  

                                           

7  Selected references of the Green -X model are:  
Held Anne, Mario Ragwitz, Frank Sensfuß, Gustav Resch, Luis Olmos, Andrés Ramos, Mich el Rivier (2018): 
ñHow can the renewables targets be reached cost-effectively? Policy options for the development of 
renewables and the transmission gridò, Energy Policy 116 (2018) 112ï126, 
https: //doi.org/10.1016/j.enpol.2018.01.025 . 
Pablo del R²o, Gustav Resch, Andre Ortner, Lukas Liebmann, Sebastian Busch, Christian Panzer: ñA techno-
economic analysis of EU renewable electricity policy pathways in 2030ò, Energy Policy 104 (2017), p. 484ï
493, http://dx.doi.org/10.1016/j.enpol.2017.01.028 . 
Resch Gustav, Gephart Malte, Steinhilber Simone, Klessmann Corinna, Del Rio Pablo, Ragwitz Mario 

https://doi.org/10.1016/j.enpol.2018.01.025
http://dx.doi.org/10.1016/j.enpol.2017.01.028
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Characterisation of the European Power Market Model (EPMM)  

The European Power Market Model (EPMM ) is a unit commitment and economic 

dispatch model, which during the optimisation proces s satisfies the electricity 

consumption needs in the modelled countries at minimum system cost considering the 

different types of costs and capacity constraints of the available power plants and cross -

border transmission capacities. The model minimises the  production cost of power plants 

to satisfy demand. These costs include start -up and shut -down costs of the power plants, 

the costs of production (mainly fuel and CO 2 costs) and the costs which occur to RES 

producers in the form of curtailment. The model s imultaneously optimises all 168 hours 

of a modelled week, and as a result, determines the hours of the week in which power 

plants operate and at what production level. The model is executed for each week of the 

given year, where all 8760 hours could be mod elled. EPMM endogenously models 41 

electricity markets in 38 countries across the ENTSO -E network. The model runs yield the 

optimal generation mixes and required number of power plant start -ups for the region.  

Potentially missing production and the availa ble upward and downward capacities for 

reserve services are also important outputs of the model. In the EPMM, each country 

represents one node, and network constraints inside the countries are not considered. 

Cross -border transmission capacities are repres ented by net transfer capacities (NTCs) 

values, which put an upper limit to cross -border electricity trading. In the EPMM perfect 

allocation of NTC capacities is assumed, taking into account historical NTC levels, which 

implicitly includes the information regarding former market couplings. This assumption is 

close to the allocation method in case of market coupling. Imports and exports take place 

to minimise system cost and maximise the security of supply. The model outputs include 

the Energy not Supplied ( EnS) values, curtailment levels (both RES and nuclear) as well 

as reserve availability and its resulting costs levels and can be used to derive these 

results under various weather pattern scenarios.  

The model and its predecessor (EEMM) was used in many stu dies, e.g. in the SEERMAP 

project (in combination with TU Wienôs Green-X model)  (Szabó et al., 2019), in the 

assessment of the EC project on the integration of Ukraine and Moldova to the European 

grid (Szabó et al., 2020), and also for the assessment of th e TEN-E regulation (Support 

to the evaluation of Regulation (EU) No 347/2013 on guidelines for trans -European 

energy infrastructure (DG ENER, 2021)).  

Characterisation of the Consentec Transmission Grid Model (TGM)  

The Consentec Transmission Grid Model (TGM )  is a toolbox that allows for detailed 

modelling of the transmission systems (and selected distribution systems) in the ENTSO -

E region. The transmission system model contains a detailed representation of the 

European transmission system (CESEC regions cov ered as far as belonging to 

synchronous area Continental Europe) on a nodal basis. TGM can be used to investigate 

impacts of changes in energy production and demand (as increased levels of RES 

deployment) in detail, regarding, for instance, line loading, g rid expansion demand 

(optimising investment decisions) and related costs. Another important application of the 

TGM model is the calculation of network representations that can be used in electricity 

system models like EPMM. Due to computational constraints , a nodal network 

representation is not possible for such system optimisation tools. Instead, they have to 

rely on regionally differentiated models for capacity representation like the NTC or flow -

based approach. Nevertheless, if input data for system opti misation tools are built in an 

intelligent manner from a high - resolution model which allows for a consideration of 

transit and loop flows and the dependency of grid expansion costs on operation points, a 

sufficiently high accuracy can be reached. TGM in th is context has proven to be capable 

to provide highly accurate models for system optimization tools which among others 

include the dependence of distribution network costs on RES technologies and RES 

penetration, or the dependency of costs for transmission  grid expansion on the topology 

                                           

(2013): ñCoordination or harmonisation? Feasible pathways for a European RES strategy beyond 2020ò, in: 
Energy & Environment (Volume 24 No. 1 & 2 2013).  
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of the existing grids, non - linear dependency on operating points and exchanges between 

neighbouring systems. TGM was successfully applied together with various electricity -

system models for that purpose and back testing with  high - resolution network calculation 

methods (such as nodal load - flows) has proven the feasibility and accuracy of the 

modelling approach.  

The model is currently used in several studies, e.g. ñScenarios for the transformation of 

the German energy systemsñ commissioned by a German ministry, ñRisk of bidding-zone 

splits as a consequence of the EU's Clean Energy Packageò commissioned by a European 

utility and investigations on the impact of new interconnections between France and 

Great Britain on the continen tal European transmission grid carried out for international 

investors.  

The combination of the three models  

The combination of these models offers unique advantages while bearing negligible risks:  

¶ Each of these models has been developed and is operated by  members of the 

consortium and has been extensively used in similar studies, among others for the 

Energy Community Secretariat, the European Commission (DG ENER), the 

European Climate Foundation (ECF) and at the national level for various clients, 

includin g ministries, NGOôs and the industry; 

¶ All models have been tested and verified by various stakeholders within a broad 

set of past activities as briefly described above;  

¶ The models have a sound geographical coverage of the whole CESEC region and 

they have been applied within various studies under a comparatively similar 

geographical scope;  

¶ The models complement each other well thanks to their distinct topical scope, and 

they can be easily operated in conjunction. For example, the linkage between 

Green -X and  EPMM has been proven within various projects, specifically within a 

geographical focus on South Eastern Europe.  

 

Figure 2.2 illustrates the model coupling ï i.e. the  interplay between Green -X, EPMM and 

TGM. For assessing the interplay between the renewables uptake, the electricity market 

and the corresponding grid infrastructure, Green -X is complemented by its power - system 

companions ï i.e. EPMM and TGM to shed furthe r light on the interplay between supply, 

demand, storage and grid constraints in the electricity sector thanks to a higher 

intertemporal resolution than in the renewable energy investment model Green -X. TGM 

complements the detailed power sector analysis do ne by EPMM with a transmission grid 

analysis, providing grid typology specific endogenously calculated cross -border net 

transfer capacities. And results from the EPMM and TGM models are fed back to Green -X 

to update the Green -X model assumptions on electri city costs and prices as well as on 

RES curtailment at country level.  
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Figure 2 .2  Model coupling between Green - X, EPMM a TGM for an assessment of 

RES developments in the electricity sector under distinct grid  topologies  

 

 

2.3  Methodology for identifying highest - potential RES zones with a cross -

border dimension  

The identification of the highest potential RES zones with a focus on projects that offer a 

cross -border dimension served as the starting element within this project, providing the 

basis for the further assessment undertaken within this study.  

Approach fo r identifying highest - potential RES zones and cross - border RES 

projects  

To identify the potential for RES integration in the CESEC region, a twofold approach was 

used:  

¶ A detailed analysis of applicable RES potentials in each of the CESEC 

countries was unde rtaken , serving as input for subsequent energy modelling in 

the course of this study. The analysis of future RES potentials also serves as the 

basis for a mapping exercise dedicated to identifying the CESEC region areas with 

the highest and most cost -effective potential for renewable energy deployment. 

The available RE resources are acknowledged, as well as the commercial 

viability 8;  

¶ Based on the above, future RES deployment was assessed up to 2030 and beyond 

(2050) using scenarios. This served to  identify possible ñcross- border 

renewable energy projects ò, comprising a combination of generation assets 

and associated grid connection with a cross -border impact.  

 

Subsequently, the underlying approach of each of these two steps is explained in further  

detail.  

                                           

8  The commercial viability was addressed in this study in a two - fold manner ï i.e. on the one hand, by 
acknowledging land use constraints that reflect con flicts of commercial interest in the GIS -based analysis 
done for solar and wind, and, on the other hand, by modelling future RES deployment in accordance with 
country/region -specific policy needs.  
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Identification of the highest - potential renewable energy zones in the CESEC 

region per technology  

Objective and approach  

The aim was to identify for the CESEC region the areas with the highest and most 

cost - effective potential for the development of renewable energy  (ñrenewable 

energy zonesò), building on an assessment of energy resources and related costs and 

acknowledging the probability of development (including commercial interest).  

To achieve this, a mapping exercise was launched for identifyi ng the CESEC region areas 

with the highest and most cost -effective potential for renewable energy deployment, 

acknowledging the available RE resources as well as the commercial viability.  

The RES - related analysis includes the following renewable electrici ty generation 

technologies:  

¶ wind energy (on -  and offshore);  

¶ solar (rooftop and industrial scale);  

¶ bioenergy;  

¶ geothermal; and  

¶ hydropower (run -of - river and storage).  

 

All these technologies are relevant for the CESEC region under the given timeline (up to 

2050), whereby large differences among the technologies in their availability across 

individual countries are indispensable as confirmed during this study.  

Activities  

To identify for the CESEC region the areas with the highest and most cost -effective 

pot ential for the development of renewable energy (ñrenewable energy zonesò), the 

following activities were undertaken:  

1.  Update/collection of information on future potentials of RES, including 

biomass feedstocks  

The following key datasets served as the basis f or the assessment of the resource 

base for investigated RES technologies:  

-  TU Wienôs Green - X database , containing verified assumptions on 

technology -specific RES potentials and related costs by CESEC countries, 

including financing cost, served as a starting  point and solid basis for this 

assessment;  

-  The IRENA database , specifically concerning solar and wind potentials 

(IRENA et al., 2017), building on GIS -based assessments for both key 

supply options, and for biomass where the recently published IRENA study 

ñRenewable Energy Prospects for CESECò (IRENA, 2020) contains data on 

sustainable biomass options for the CESEC region;  

-  The ENSPRESSO database of JRC : an open data for the whole EU -27 

and the Energy Community (EnC), comprising a comprehensive 

transparent a nd coherent database of wind, solar, biomass and 

hydropower energy potentials (Ruiz et al., 2019);  

-  The LOCATE -  Territories and Low - Carbon Economy : One objective of 

this project was the provision of an overview on the regional (NUTS -3) 

potential for genera ting and distributing renewable energy across Europe, 

broken down into wind power, photovoltaics, hydroelectric power, tidal 

power, geothermal energy, biomass and the renewable part of waste 

(Schremmer et al., 2018).  

 

First, a comparison and cross -check of  the available datasets was conducted to clarify the 

data used for further processing, specifically the mapping exercise that needs to be 
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performed subsequently. Building on the datasets listed above as well as on other studies 

in that topical context, a c omprehensive literature review on identified future potentials 

was undertaken, specifically for hydropower, geothermal energy and biomass (with 

emphasis on acknowledging environmental constraints). Then, a consolidated dataset on 

feasible RES potentials in  the CESEC region was derived serving as a basis for 

subsequent modelling (cf. section 3.2 ).  

2.  A mapping exercise to identify promising ñrenewable energy zonesò 

A mapping exercise has been conducted at a detailed geographical distribution 

(NUTS -3) to identify for the CESEC region ñrenewable energy zonesò, i.e. areas 

with the highest and most cost -effective potential for the development of 

renewable e nergy:  

-  In practical terms, this implied undertaking a GIS - based analysis  for the 

processing of weather data, specifically of relevance for wind and 

solar ;  

-  A comprehensive meteorological dataset on time -series of wind, solar 

irradiation, temperature etc. u nder a detailed geographical resolution was 

processed for past weather years, serving as a basis for identifying 

unconstrained resources potentials across the whole CESEC region, 

including adjacent marine areas;  

-  As the next step within the GIS -based assess ment, spatial constraints  were 

incorporated that stem from competing land use, such as nature protection 

(e.g. by excluding Natura 2000 protected areas), urban, agriculture, 

military use or other purposes that limit the suitability for renewable power 

prod uction and related grid deployment. Offshore wind is according to past 

experience less relevant for the CESEC region but recently gaining key 

policy attention at the European level 9. Specifically, for offshore wind, 

competing uses of the sea (e.g. main shi pping routes, nature protection 

areas and specifically tourism) were taken into consideration (i.e. by 

excluding related areas from the applicable resource base as a 

simplification 10);  

-  Other RES technologies like geothermal energy, biomass and hydropower 

were added to the mapping exercise, including in a more bottom -up 

manner site -specific information derived from the literature and stock -

taking exercise conducted;  

-  Complementary to the renewable resources, the GIS -based analysis also 

included a mapping of (t ransmission) grid infrastructure as well as of 

current and expected future demand centres, done in a more simplified 

and stylised way by processing population data and information on 

industry zones available at sub - regional level (NUTS -3). This allowed for  

the identification of spatial opportunities  for ñrenewable energy zonesò, 

notably the availability of grid connection and local consumption 

opportunities;  

-  Throughout the whole analysis, special attention was paid to RES 

potentials in coal regions thanks t o possible benefits concerning available 

infrastructure, land, skills and industrial heritage already in place;  

-  The results were presented to the CESEC working group, thus allowing 

them to provide feedback on the draft results.  

 

3.  Mapping of existing RES ge neration facilities  

As a first step, existing RES generation facilities were incorporated in the GIS -

based mapping exercise.  

                                           

9  To ensure that offshore renewable energy can help reach the EU's ambitious energy and climate targets, the 
Commission published a dedicated EU strategy on offshore renewable energy COM(2020)741 on 19 
November 2020 that assesses its potential contribution and proposes ways forward to support the long - term 
sustai nable development of this sector.  

10   The exclusion of such areas represents a simplification done within this study. Coexistence with other sea 
uses than energy is in reality possible as proven by past offshore wind developments in the North of Europe.  
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-  For doing so, an up - to -date commercial data set was acquired (European 

wind farms database as of The Wind Power (2021)) on existin g wind 

installations covering the whole European continent;  

-  Complementary to that, information derived from the database inventory 

undertaken (originally targeted towards future RES potentials) served as a 

basis for the mapping of the existing power plant stock for other 

generation assets 11 , complemented by bottom -up desk research.  

 

Methodology for the identification of potential cross - border RES projects  

Objective and approach  

The core objective was to identify possible cost -effective ñcross- border renewabl e 

energy projectsò with a cross- border dimension  that could be further assessed and 

taken up in the CESEC framework.  

Based on the outcomes of the mapping exercise concerning RES potentials in the CESEC 

region, a model -based assessment was undertaken of fu ture RES deployment up to 2030 

and beyond (2050). This was conducted based on scenarios for all countries and 

technologies that are included in this study. This model assessment served to identify 

possible ñcross-border renewable energy projectsò, comprising a combination of 

generation assets and associated grid connection with a cross -border impact. For the 

identification of those projects, the principle was followed that each of those possible 

projects should in principle affect more than one country in t he region and hence require 

a coordinated approach for implementation.  

Activities  

To identify the potential cross -border RES projects, the following steps were taken:  

1.  (Model - based) Outlook of future RES deployment by 2030 and beyond 

(2050):  

An important prerequisite for the identification of cross -border renewable energy 

projects was to undertake a prospective analysis of future RES deployment by 

technology and country for the CESEC region. The modelling capabilities of the 

well -established G reen -X model were applied, a powerful model for assessing 

future RES deployment under different policy frameworks within Europe (cf. 

section 2.2 ), to derive distinct scenarios of future RES deployment in accordance 

with market prospects and policy needs. The scenario definition applied in this 

context and a recap on 2030 RES targets ar e both described below.  

 

2.  Identification of cost -effective ñcross-border renewable energy projectsò:  

As a final step, possible cost -effective ñcross-border renewable energy projectsò 

were identified that possess a cross -border dimension to be further asses sed and 

taken up in the CESEC framework. This was based on a quantification of the 

potential capacity for renewable integration in the region, and the contribution of 

each RES capacity identified to the 2030 energy (i.e. RES) and climate (i.e. 

greenhouse g as (GHG)) targets. In practical terms, the outcomes of the above -

described modelling of future RES deployment were then transferred back into the 

mapping exercise of RES potentials.  

 

                                           

11   Specifically the ENSPRESSO database of JRC (Ruiz et al., 2019) provides useful information on the existing 
RES power plant stock within Europe.  



 

28  

Renewable Scenario definition  

For the model -based assessment of 2030 and  2050 RES deployment in the electricity 

sector, the following scenario definition was used: in total, two pairs of RES deployment 

scenarios were quantified. One pair of scenarios with a moderate level concerning the 

future RES uptake in accordance with nat ional planning), and another pair assuming a 

strong RES uptake in accordance with EU Green Deal needs. Furthermore, light was shed 

on the impact arising from cross -border RES cooperation. Details on the conception of 

the scenarios are provided below.  

The f irst pair covers the Reference RES scenarios, where RES deployment follows 

national projections derived from (draft) NECPs or alternative energy and climate 

strategies 12  of the CESEC countries. These Reference RES scenarios have two sub -cases:  

1.  Reference RE S ï no cross - border RES cooperation (RefRES ïNoCoop):  in 

this scenario 2030 RES deployment is based on domestic fulfilments of targeted 

RES efforts. This means that in this scenario every country is assumed to aim for 

achieving its targeted RES share for 20 30 (and beyond) primarily by generation 

capacities located in the countryôs territory; 

2.  Reference RES ï cross - border RES cooperation (RefRES - Coop):  The other 

scenario follows a region -wide, least -cost approach for meeting targeted RES 

shares within the CESE C region. Consequently, cross -border RES cooperation is 

assumed to be enhanced when this is economically beneficial.  

 

The Reference RES scenarios indicate the feasibility of meeting the countries own targets 

for future RES deployment. More precisely, that  scenario definition aims to align 2030 

RES targets on National Energy and Climate Plans (NECPs) prepared by the EU Member 

States as well as corresponding documents (Draft NECPs) available for CPs of the Energy 

Community. 13  Details on the assumptions taken are provided in Table 2.1 below.  

A comparison of the two sub -cases alone provided a quantified assessment of the cost 

savings stemming from cross -border cooperation in achieving targeted RES efforts. 

Moreover, higher constraints in cross -border grid infrastructure and probably higher RES 

integration impacts (curtailments, reserve requirements) was also considered within the 

analysis.  

The second pair of sce narios assessed a higher level of RES deployment in the region, 

subsequently named as High RES  scenarios. The targeted future RES efforts are based on 

the 2030 RES shares to be achieved if the EU climate ambition is strengthened (ñEU 

Green Deal perspective ò). Subsequently, a fair effort sharing across the Member States 

was calculated, expressing national contributions for the EU RES target in accordance 

with an approach for doing so as described in the EU Governance Directive 14  (Regulation 

2018/1999). For the Contracting Parties of the Energy Community a similar approach 

                                           

12   For all EU Member States of the CESEC region draft and final NECPs are available and formed the basis for 
tar geted 2030 and 2040 RES deployment. Within the Energy Community a similar exercise has been 
launched but so far only for a limited set of Contracting Parties draft NECPs are available and, moreover, 
the overall process of establishing 2030 energy and clima te targets is less advanced. In the absence of 
(draft) NECPs other documents or projections were used, reflecting national strategies or planning. 
Complementary to that also the National Renewable Energy Action Plans of the Contracting Parties of the 
Energ y Community were used.  

13   As a consequence of non -availability of draft NECP data for CPs (with the exception of Northern 
Macedonia), reference trends derived in the ñstudy on overall 2030 energy and climate targets for the 
Energy Communityò, conducted by TU Wien and REKK on behalf of the Energy Community Secretariat have 
served as alternative data source.  

14   The question arose how to distribute the increased overall RES effort at EU level across individual Member 
States. Annex II of the EU Governance Direc tive introduces for that purpose a methodology for establishing 
benchmarks concerning the national contributions for the RES share in gross final energy consumption in 
the 2030 context at EU level. This approach follows an integrated concept that takes int o account the 
differences in economic development, the potential for cost -effective RES deployment and the 
interconnection level in the European Network of Transmission System Operators for Electricity (ENTSO -E) 
across the EU and its Member States, respect ively.  
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was followed, building on the outcomes of TU Wienôs recently (2019) completed ñstudy 

on overall 2030 energy and climate targets for the Energy Communityò done on behalf of 

the Energy Community Secretariat. A comparison was also undertaken to the recently 

published IRENA study ñRenewable Energy Prospects for CESECò. Again, here two sub-

cases were differentiated:  

1.  The first scenario assumes domestic fulfilment of ta rgets ( HighRES ïNoCoop );  

2.  The second scenario assumes increased cross -border RES cooperation ( HighRES -

Coop ), implying expectably higher RES deployment in the identified RES zones 

compared to the previous case.  

 

Similar to the reference situation, the cost s avings of more efficient RES deployment 

were quantified. This included elements such as lower costs of RES support, potential 

savings due to the more concentrated nature of grid access, and higher costs of RES 

integration in the RES zones, as a result of m ore concentrated development of electricity 

production from hydro, wind and PV.  

An illustrative schematic overview of the applied scenario definition is provided by Figure 

2.3  below whereas details on the country -specific assumptions taken for defining the 

targeted RES volumes in 2030 are given in Table 2.1 . Complementary information on 

2030 RES targets, including a comparison of planned RES targets (in accordance with 

NECPs where applicable) with EU Green Deal needs, is provided in Annex 3 of this report.  

Figure 2 .3  Applied scenario definition (schematic)  
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Table 2 .1  Overview on 2030 targets for RES (as defined in NECPs) and for RES - E 

(NECP ambition and assumptions taken in modelling)  

 

 

 

2.4  Methodology for identifying connecting infrastructure needs to ensure RES 

integration  

Objective and approach  

The general approach was a quantitative, model -based assessment, where various power 

sector scenarios with varying levels of RES deployment are analysed under diff erent grid 

topologies. It comprised a complex activity where the interplay of the three models used 

in this study was established and applied. These models were used in a coordinated 

manner as described in the methodology section (section 2.2 ).  

The two pairs of RES deployment scenarios were further analysed under three grid 

topologies:  

1.  In step 1, the RES integration costs were assessed under a referenc e grid 

infrastructure setup, applying the Consentec transmission grid model (TGM) (cf. 

Section 2.2 ) only to the existing power network of the CESEC r egion, i.e. 

considering the grid topology of 2020 and reinforcement projects already under 

construction. TGM identifies the network constraints under these conditions. For 

that purpose, NTC values are quantified for the situations with the considered RES 

deployment, using ósmartô NTC calculations. These NTC values are then utilised in 

the EPMM market model (cf. section 2.2 ) to quantify further system -wide impacts 

(e.g. RES curtailment, changes in economic welfare, trade between countries, 

identifying constrained or heavily utilised cross -border lines and GHG emissions 

etc.);  

2.  In step 2, the grid topology was enhanced to the level of the present C ESEC 

ambitions, including the planned cross -border infrastructure development projects 

in the region and quantifying the economic impacts of these developments 

similarly to step 1;  

RES share1

Country
RefRES scenarios 
(National Planing)

HighRES scenarios
(EU Green Deal Needs)

Albania 99% 101% 88%

Austria 46% 92% 92% 97% 75%

Bosnia and Herzegovina 58% 62% 45%

Bulgaria 27% 30% 37% 39% 24%

Croatia 36% 64% 69% 73% 50%

Greece 35% 61% 71% 79% 31%

Hungary 21% 21% 24% 28% 10%

Italy 30% 55% 58% 62% 35%

Kosovo* 18% 21% 5%

Moldova 19% 19% 3%

Montenegro 62% 65% 53%

North Macedonia 38% 66% 32% 35% 24%

Romania 31% 49% 58% 61% 42%

Serbia 40% 43% 30%

Slovakia 19% 27% 29% 30% 22%

Slovenia 27% 43% 46% 49% 33%

Ukraine 16% 19% 2%

CESEC ca. 49% ca. 53% 32%

NECP Target 

2030

Ambition 

indicated in 

NECP

Ambition assumed in modelling

Overview on 2030 targets 

for RES and RES-E

RES-E share2

Status Quo 

2019

bƻǘŜΥ м Χ {ƘŀǊŜ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎƛŜǎ ƛƴ ƎǊƻǎǎ Ŧƛƴŀƭ ŜƴŜǊƎȅ ŘŜƳŀƴŘΣ
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3.  In the third step, a more sophisticated grid modelling takes place where, t hrough 

a more iterative way, still missing cross -border infrastructure elements are 

identified with the grid model, exploring where missing cross -border elements can 

help to maximise the RES integration potential.  

 

In total, this implied the analysis of 12  scenarios (i.e. 4 RES scenarios under 3 different 

grid topologies), which allowed for the modelling teams to map those infrastructure 

bottlenecks that could improve the conditions for further RES integration most cost -

effectively.  

TGM is in this study ma inly used to prepare input data for transmission capacities 

between the market zones modelled by EPMM. As EPMM relies on the NTC approach for 

modelling cross -border capacities, NTC figures for EPMM are the main output of the TGM. 

In EPMM cross -border capac ities are allocated to traders in an efficient and competitive 

way.  

The calculation of NTCs is based on a flow -based capacity calculation according to the 

requirements of the electricity regulation (EU) 2019/943. This includes application of 

Power Transfe r Distribution Factor (PTDF) -based thresholds for the selection of critical 

network elements and contingencies, application of the so -called ñMinRAMò approach 

(ensuring minimum trading capacities) and consideration of dynamic Generation Shift 

Keys (GSKs) t o model the impact of net position changes on the considered network 

elements. The capacity calculation delivers a flow -based domain based on a detailed 

representation of the transmission system in the region taking into account cross -border 

and internal c ritical network elements. As only some of the CESEC countries are part of 

the Core flow -based capacity calculation region, the calculated NTCs might differ from 

actual trading capacities in Core and non -Core countries. According to the characteristics 

of t he ósmartô NTC approach (in particular that calculated NTCs are simultaneously 

feasible in the market), it is ensured that the NTCs for the non -Core countries are not 

overestimated while the trading capacities in the Core region are slightly reduced by tha t 

approach mainly in the distant target years compared to the flow -based capacities. For 

the considered time horizon until 2050, a uniform modelling for Core and non -Core 

countries was decided to be appropriate.  

Within the calculation of the capacity model , specific GSKs are applied for high -RES 

situations reflecting the additional RES generation. This ensures that the capacity model 

used in the market modelling most accurately reflects grid loading with high levels of RES 

generation and, thus, can reveal r egions within the grid that are most likely to become 

congested (differentiated between internal and cross -border elements) due to additional 

RES generation within the region.  

In order to prepare a reasonable operation point, the results of the market mod el are 

transferred to the grid model with a resolution on connection point level applying the 

following approaches for the different types of results:  

1.  EPMM delivers the dispatch of conventional generation at the power plant level. 

Based on the information on the geographical location of the units (merged 

database of REKK and Consentec), the generation infeed for each power plant is 

assigned to the closest transmission grid node;  

2.  RES infeed is treated as a country -wise value in the EPMM. In order to derive g rid 

node related RES generation infeed per country, the information on the gathered 

RES potential differentiated between RES technologies (regional resolution on 

NUTS-3 level) and the mapping of grid nodes to the respective NUTS -3 region are 

evaluated and transferred into relative distribution factors constituting the share 

of each node in the total RES infeed. By applying these factors, RES infeed per 

technology and node is calculated for each considered time stamp;  

3.  EPMM processes the demand on a country - / system -wide level. Yearly demand is 

an exogenous input for the EPMM and it reflects the latest available information 

based on data received during the PECI assessment process, data from final 

NECPs and local partners. The load curve is built up based on hi storical hourly 
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data for each country, and modified in the modelling as a result of demand -side 

management (DSM) and (pumped - )storage. To break down these aggregated 

demand figures into grid nodes, static distribution factors are used. The basis for 

such d istribution is taken from initial work based on TYNDP data during the 

parametrisation of the transmission grid model and therefore represents a typical 

load scenario.  

 

As mentioned before, the calculation of NTCs to be considered in EPMM are derived from 

the flow -based capacity domain based on the detailed representation of the European 

transmission grid. The initial run of the EPMM using approximated NTCs delivered the 

input to calculate the flow -based parameters for the selected representative time stamps . 

This includes the following calculation steps:  

1.  The selection of relevant combinations of critical network elements and 

contingencies (CNECs) serves to determine the branches and the respective 

outage situations whose loadings are significantly affected b y trade within the 

CESEC region. To find the relevant CNECs, a contingency analysis has been 

performed to determine the five most critical outages for each line in the CESEC 

region grid. Those CNECs that have at least one PTDF above 5% are specified as 

rel evant and are included in the flow -based domain;  

2.  PTDF figures describing the flow impact on all relevant CNECs due to a change of 

the net position for each bidding zone of the CESEC region are highly independent 

of the load/generation situation but are alm ost exclusively driven by the grid 

topology. Thus, these figures are calculated using a grid use case out of the 

representative time stamps. To ensure that the PTDFs reflect realistic flow impacts 

for a reasonable range of net position changes, the underly ing generation shift 

keys (GSKs) per bidding zone are calculated under consideration of the set point 

in each representative hour and an assumption of the range of net position 

changes to be covered. The set point is used to identify the current position o f the 

dispatched generation in the merit order of the respective national generation 

system and the given range of net position changes specifies which generation 

units would be included in the assumed generation shift around the set point. 

Depending on th e size of the bidding zones and the evaluation of the respective 

generation portfolios ranges of net position changes to be covered by the GSKs 

between 150 MW and 2,000 MW have been assumed;  

3.  To calculate transmission capacities on the CNECs to be offered t o the market 

(remaining available margin, RAM), the flow shares on the CNECs caused by the 

trade within the CESEC region according to the results of the initial EPMM run 

have to be determined. This has been done by multiplying the net position share 

caused  by the trade with the calculated PTDFs and deducting the determined 

trade flow from the total flow for each considered CNEC resulting in the so -called 

base flow. The impact of trade between CESEC and non -CESEC bidding zones is 

reflected as a contribution to the base flow and is therefore covered in the RAM 

figures. According to Regulation (EU) 2019/943 a so -called MinRAM of 70% has 

been modelled. This means that the RAM per CNEC is set to 70% of the technical 

transmission capacity in case that the calculat ed RAM figure is below this 

threshold. The value of 70% has been applied to cross -border lines. As 

quantitative grid analyses such as redispatch simulations are not in the scope of 

this study and aiming at a higher RES share without overestimating infrastr ucture 

needs, it is assumed that the existing redispatch potential is sufficient to ensure 

70% MinRAM in the interconnectors.  

 

The flow -based parameters have been calculated separately for each of the 

representative time stamps to cover seasonal and intraday fluctuations in the resulting 

NTCs applied in the exact EPMM runs.  

All calculation steps for the determination of the flow -based parameters are based on a 

DC (direct current) load flow methodology, such that the impact of losses is not 
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contained i n the RAM figures. The DC approach is in line with the capacity calculation 

methodologies applied in the Core and CWE (Central Western Europe) capacity 

calculation regions. Furthermore, losses in the transmission grid constitute around 1 -2 % 

of total gener ation. In comparison with the effects of other model assumptions, the 

impact of losses seems negligible.  

The EPMM requires NTCs per border and direction as a description of grid constraints so 

that the calculated flow -based domain cannot be immediately app lied. Thus, the flow -

based parameters constitute the basis to derive NTCs that are included within the flow -

based domain and are simultaneously feasible.  

As that there is not one unique, but many sets of NTCs which are feasible with a given 

transmission sy stem configuration described by the flow -based domain, the following 

approach to determine reasonable NTC sets have been applied:  

The NTCs applied in the initial EPMM run take into account the expected changes due to 

the assumed realisation of grid reinfor cement projects in the different target years. Not 

all combinations of these border and direction -specific NTCs are simultaneously feasible 

as usually only a subset of NTCs, in particular only on one direction per border, is used 

by the market in the consi dered scenarios (e.g. high demand combined with high RES 

infeed). Based on these considerations, the full usage only of those NTCs in the preferred 

market direction according to the results of the initial EPMM run has been simulated. A 

comparison of the re sulting flows on the CNECs with their respective RAM allows for a 

validation whether the set of NTCs is inside the flow -based domain or causes overloading 

on internal or cross -border lines or both.  

Taking into account which borders/directions are most val uable from a market 

perspective and to which extent the NTC usage affects the loading on the CNECs, the 

considered NTCs are scaled up or down using individual scaling factors until the loading 

on at least one CNEC reaches 100% RAM. For all further NTCs, th e approximated values 

of the initial EPMM run remain unchanged (assuming that the NTCs opposite to the 

preferred market direction are not used in the exact EPMM runs). By that approach, the 

physical flexibility in the grid is adequately represented althoug h the capacity model itself 

is only NTC -based and the final transfer capacities constitute a pattern of grid capabilities 

to increase transport of RES generation to demand centres of the CESEC region.  

 

2.5  Methodology for the identification challenges and barr iers to RES 

deployment and cross - border cooperation  

Objective and approach  

The objective was to identify and assess the multiple issues that create barriers to cross -

border RES cooperation and hinder further deployment of renewables in the CESEC 

countries.   

The overall methodology consisted of a combination of qualitative and quantitative 

approaches to systematise barriers, evaluating their severity and drawing action -oriented 

conclusions. First, an inventory of challenges and barriers that might obstruct t he 

implementation of cross -border cooperation and infrastructure projects in the CESEC 

area was developed based on extensive literature review and stakeholder consultation. 

The proposed inventory covers a wide spectrum of challenges spanning different 

geog raphic scales. Next, a short online survey based on the inventory was drawn up, and 

sent to relevant stakeholders. In addition, selected stakeholders were contacted for video 

interviews to add further insights and elaborate on barriers. Based on the result s 

collected via the survey and interviews, conclusions were derived, serving as inputs for 

the formulation of recommendations.  
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Activities  

To identify and assess the implementation challenges and barriers to cross -border RES 

cooperation, the following acti vities were undertaken:  

1.  Inventory of challenges  

This activity aimed at providing a comprehensive overview of the challenges 

cross -border RES projects are faced with. A systematic form for the inventory was 

set up, which classifies challenges based on their  type (regulatory, financial, 

technical, political, socio -economic and environmental). This step was based on 

extensive literature review and desk research, looking both into challenges to RES 

projects in general and cross -border (infrastructure) projects specifically. The 

systematic inventory of challenges can also be used to evaluate specific projects 

and get a sense of the particular challenges that they are faced with.  

2.  Survey  

The survey was designed using the inventory of challenges as main input and 

completed with a few general questions on assessment of the benefits of cross -

border RES cooperation. The survey was then tested during a stakeholder 

workshop using an interactive, live format. Following this, the questions were 

refined. Respondents also had  the opportunity to add additional barriers via open 

questions. The final survey was then distributed to relevant stakeholders from the 

region, including national experts/authorities, Transmission System Operators 

(TSOs), National Regulatory Authorities (N RAs), project promoters, NGOs and 

representatives of the Energy Community Secretariat. In the survey, participants 

were asked to assess the severity of barriers and also had the opportunity to add 

further relevant barriers and comments via open text fields . 

3.  Complementary stakeholder interviews  

To complement and validate the survey results, ten different stakeholders from 

six countries and one international organisation active in the wider region were 

interviewed to provide additional insights into barriers of cross -border RES 

cooperation and infrastructure projects. The selected countries represent an 

overlap of the countries with the highest potential areas for RES deployment and 

those countries where most future cross -border infrastructure projects were 

identified, according to the modelling. While the interviews do not aim at 

presenting a representative picture, they do provide relevant additional insights 

and help to validate and put the survey results into perspective.  

4.  The interviews were divided into t wo parts. In the first part, interviewees had the 

opportunity to elaborate on their perception of the identified connecting 

infrastructure projects and needs from the perspective of their country. In the 

second part, interviewees assessed the severity of b arriers that cross -border 

cooperation is faced with. Interviewees were also asked to elaborate on their 

ranking of barriers, draw comparisons between barriers and add additional 

barriers that they are experiencing. This part essentially mirrored the struct ure of 

the survey but provided ample room for participants to elaborate on their 

evaluations This allowed for a comparison between different barriers and 

challenges facing projects. Since the interviews were mainly used to complement 

the survey results and  add additional qualitative insights to the survey, the 

interview sample is not representative, which should be kept in mind when 

interpreting the results.  

 

2.6  Methodology for stakeholder engagement  

Objective and approach  

The objective was to ensure the stake holder's engagement and a positive impact of the 

study.  

Stakeholder engagement is important to ensure that the results of the study are 

checked, verified, accepted and also being used. Corresponding activities were to collect 

information (interviews), to verify and check information (contact during the data 
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collection and a stakeholder workshop) and to disseminate the results (stakeholder 

workshop and a presentation to the high - level CESEC).  

This was done by having the inputs data and results checked and verified by relevant 

stakeholders in the region.  

Stakeholders that were involved are national experts/authorities, TSOs, NRAs, ACER, 

project promoters, NGOs, and the Energy Community Secretariat. When engaging with 

stakeholders, the consortium complied wi th GDPR.  

Table 2 .2  Overview of stakeholder engagement  

Type of stakeholder  Type of stakeholder engagement (interviews, data 

collection, data validation, exchange of data)  

Energy Community 

Secretariat, Electricity 

market and renewables 

expert  

Data validation, interviews  

IRENA, ACER  Data exchange and validation.  

National experts 

(ministries, regulators, 

etc.)  

Data exchange, validation, interviews.  

NGOs Data exchange  

TSOs and NRAs  Interviews with selected experts to understand 

bottlenecks and barriers for RES integration as well as RES 

developers about their experiences concerning grid access.  

Project promoters of 

priority projects  

Cross -checking results coincide with earlier projects.  

TSOs/NRAs  in the 

region  

Interviews with selected experts to understand 

bottlenecks and barriers for RES integration.  

 

Activities  

The stakeholder engagement consisted of three main activities:  

1.  Data exchange and collection : continuous stakeholder engagement throughout 

the project to collect data and information;  

2.  Verify : the stakeholder workshop to verify and disseminate the preliminary 

findings; and  

3.  Disseminate : a stakeholder presentation to share the final results of the study.  

 

The activities are describe d below.  

1. Data exchange and data collection  

The consortium liaised with the stakeholders (e.g. the European Commission and the 

Energy Community) to ensure that the latest available data was used in the models, 

literature review and analysis. This was don e throughout the study.  

Data was also collected during the stakeholder workshop through a survey (see the 

section on barriers and challenges).  

Data was also collected during the interviews on the implementation barriers and 

challenges to be able to unders tand better the barriers and challenges and how to 

overcome them in cross -border cooperation in RES integration. The table above provides 

an overview of the stakeholders interviewed.  
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2. Verification of results  

To ensure that the stakeholders were able to p rovide feedback on the preliminary results 

a stakeholder workshop was organised on 15 June 2021, from 9.30 until 12.30. 70 

participants from CESEC participated. As the workshop was online, it enabled a larger 

group to participate than the initially foresee n 30 people.  

During this workshop, the preliminary results of the study on electricity grid development 

and renewables were presented. Participants were able to provide feedback.  

The following elements were presented:  

¶ Highest -potential renewable energy z ones per technology and possible cross -

border renewable energy projects in the CESEC region;  

¶ Potential grid bottlenecks, CESEC infrastructure priority projects and 

infrastructure and interconnection needs to ensure RES integration in the CESEC 

region;  

¶ Chal lenges and barriers to RES deployment and cross -border cooperation in the 

CESEC region.  

 

As a result of the workshop, the report has been adjusted in the following way:  

¶ The reasoning for the needed infrastructure projects is better explained;  

¶ The role of offshore wind energy is analysed in further detail;  

¶ Potential storage for hydrogen/batteries is addressed as far as possible;  

¶ Coal regions are more clearly addressed in the report (cf. the comparison of coal 

regions and identified cross -border RES zones in  section 0);  

¶ The results of the polling and feedback given were used for the challenges and 

barriers part of the study.  

 

3. Awareness of study and dissemination of results  

The consortium was involved in the following awareness and dissemination activities:  

1.  Presentation of the approach at the CESEC Electricity and Renewable Energy 

Plenary and Working Group of 11 February 2021. There were about 90 

participants;  

2.  Presentation at the above -mentioned Stakeholder Workshop of 15 June 2021 

where the members of the CESEC Electricity and Renewable Energy Plenary and 

Working Group were invited. 70 people participated;  

3.  Presentation at the 2022 CESEC Ministeria l conference planned.  

 

 



 

 

3  RES integration potential in the CESEC region  

3.1  Results from the literature review of RES potentials in CESEC countries  

This section is dedicated to informing on results of the literature review of RES poten tials 

in CESEC countries, presented in technological order. Since several studies analysed 

reports on the potential only in energy terms, i.e. indicating the amount of electricity that 

can be generated annually, the subsequent overview on assessed future p otentials 

follows that principle except for hydropower. For hydropower, the literature review also 

includes the potential electricity generation capacities. Subsections 0 to 0 present the 

results of the conducted literature review, whereas subsection 0 presents the results of 

the complementary GIS -based assessment for wind and PV, i.e. two key RES 

technologies for power generation within the CESEC region as well as at European and 

global scale . 

The terminology used for expressing RES potentials is introduced in this paragraph. For 

each technology, two tables and one depiction are included. The first table shows 

country -specific potentials according to the respective study and, for comparison, 

existing installations in 2015 in the first column. The year 2015 was chosen due to the 

availability of verified statistical data for all assessed countries and technologies. The 

detailed literature overview on potentials distinguishes between economic -  and  technical 

potentials (as far as applicable from the corresponding study). Thereby, the economic 

potential is in general a subset of the technical potential where the cost required to 

generate electricity is less than the revenue available.  Details on all cited reports can be 

found in the annex of this report. The second table respective to the discussed 

technology provides an overview of assessed RES potentials and their exploitation in the 

REMap study. It includes two scenario results of the REMap study ( IRENA, 2020) for the 

year 2030 in the first two columns. This is followed by the minimum and maximum 

economic potential and the maximum technical potential of the respective studies shown 

in the first table (respective for each technology). In the third pa rt, the second table 

includes the exploitation rate per technology of the REMap 2030 scenario in the year 

2030. It shows the exploitation rate of the minimum and maximum economic potential 

and of the maximum technical potential. This puts the IRENA (2020) REMap scenario 

assumptions regarding available RES potential per technology and country into 

perspective, using different literature sources.  

How the identified RES potentials of the literature review are used in the modelling is 

discussed in detail at the  end of this chapter.  

Hydropower  

Hydropower is generally classified as a mature RE technology, already accounting for 

about one -fifth of the CESEC regionôs power generation (IRENA, 2020). The vast majority 

of existing generation assets was installed decade s ago, however, several studies 

indicate a pipeline of additional hydropower projects under planning or consideration 

(e.g. Macdonald, 2017; Neubarth, 2018). In general, hydropower plants can be a key 

asset to the electricity system by providing cost -compe titive power. Storage or pump -

storage units may provide -  additional benefits, acting as a flexibility provider to the 

power system and facilitating a cost -effective integration of variable renewables.  

The literature survey confirms that the untapped techn ical potential for the technology 

within the CESEC region remains large. As indicated by IRENA (2020), the realistic 

potential for capacity expansion by 2030 can however be classified as much more limited 

once environmental and social acceptance constraint s are considered. Several studies 

(Neubarth, 2018; IRENA et al., 2017, 2020) indicate that there is within certain countries 

room for further expansion while complying with strict sustainability standards and with 

European environmental protection regulati ons in place. This contradicts the outcomes of 

an assessment performed by NGOôs EuroNatur/RiverWatch for South-East European 

(SEE) countries, applying an ecological feasibility assessment of the hydropower projects, 

based on a set of own criteria, and clas sifying 92% of these projects in exclusion zones. 
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According to Neubarth (2018), this implies that the further development of hydropower 

in the SEE region would de facto be limited to the refurbishment and upgrade of existing 

hydropower plants while hardly any new hydropower project would be realised. This 

perspective is as well confirmed by RiverWatch (2021). The respective database of 

planned hydropower plants outside protected areas in the SEE region adds up to just 711 

MW as shown in . 

Table 3.2 . Table 3.1  and . 

Table 3.2 provide the country -specific hydropower potentials (in GWh and MW) accord ing 

to the respective study, including the status quo (as of 2015 15). Since none of the studies 

has covered the whole CESEC region, an overall figure at CESEC level could not be 

provided therein.  

Table 3 .1  Coun try - specific hydropower potentials and existing installations in 

2015 (in GWh) according to the respective study  

Source: DLR, 2006; HPD, 2012; IRENA et al., 2017; IRENA, 2020; Neubarth, 2018; Schremmer et al., 2018 . 

Table 3 .2  Country - specific hydropower potentials and existing installations in 

2015 (in MW) according to the respective study or database  

 

                                           

15   2015 has been chosen as base year of comparison due to the availability of verified statistical data for all 
assessed countries and technologies.  

Indicator in GWh

Existing 

installations 

2015

Source
IRENA 

(2020)
DLR (2006) HPD (2012)

IRENA et al. 

(2017)

Neubarth 

(2018)
DLR (2006) HPD (2012)

IRENA et al. 

(2017)

Schremmer 

et al. (2018)

Neubarth 

(2018)

Albania 5,895 n.a. 11,700 12,929 13,200 n.a. 16,000 15,572 n.a. 15,600

Austria 37,057 56,000 53,200 n.a. n.a. 56,000 56,000 n.a. 6,154 n.a.

Bosnia and Herzegovina 5,551 19,000 19,000 14,951 14,600 24,000 24,000 24,498 n.a. 24,500

Bulgaria 5,660 12,000 n.a. 10,411 8,600 15,000 14,800 13,353 5,880 13,400

Croatia 6,391 8,000 10,500 8,919 n.a. 9,000 12,000 8,500 6,351 n.a.

Greece 6,098 12,000 15,000 n.a. 12,000 15,000 20,000 n.a. 9,663 15,000

Hungary 234 4,000 n.a. n.a. n.a. 5,000 4,590 n.a. 7,192 n.a.

Italy 45,538 65,000 50,000 n.a. n.a. 105,000 60,000 n.a. 15,998 n.a.

Kosovo* 140 n.a. n.a. 781 n.a. n.a. n.a. 1,348 n.a. n.a.

Moldova 50 n.a. n.a. 50 n.a. n.a. n.a. 3,361 n.a. n.a.

Montenegro 1,491 n.a. n.a. 4,349 4,500 n.a. n.a. 5,022 n.a. 6,600

North Macedonia 1,865 4,000 n.a. 4,311 3,700 6,000 5,500 4,006 n.a. 5,500

Romania 16,632 18,000 30,000 19,924 n.a. 36,000 40,000 38,000 16,721 n.a.

Serbia 10,081 27,000 15,000 14,537 14,500 27,000 17,600 18,000 n.a. 18,000

Slovakia 3,866 6,000 6,000 n.a. n.a. 7,000 6,607 n.a. 3,221 n.a.

Slovenia 3,808 8,000 6,125 5,148 n.a. 9,000 8,800 16,261 2,068 n.a.

Ukraine 5,397 n.a. 16,500 19,511 n.a. n.a. 21,500 21,500 n.a. n.a.

CESEC 155,754 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

 Technical potentialEconomic potential

Indicator in MW

Existing 

installations 

in 2015

Existing 

installations 

2020

Additional 

potential: planned 

outside protected 

areas (March 2021)

Source
IRENA 

(2020)
JRC (2020) ECN (2004) 

IRENA et al. 

(2017)

Neubarth 

(2018) 

IRENA et al. 

(2017)

Neubarth 

(2018)
RiverWatch (2021)

Albania 1,798 2,039 1,437 3,967 3,900 6,611 4,800 63

Austria 13,351 13,558 11,300 n.a. n.a. n.a. n.a. n.a.

Bosnia and Herzegovina 2,055 2,000 1,219 4,565 4,200 6,110 6,100 n.a.

Bulgaria 2,206 2,921 1,401 3,867 4,000 9,022 9,000 105

Croatia 1,915 2,125 2,042 2,904 n.a. 3,035 n.a. 75

Greece 2,693 3,395 2,523 3,500 6,200 8,000 8,000 53

Hungary 57 48 48 n.a. n.a. n.a. n.a. n.a.

Italy 14,628 19,393 14,927 n.a. n.a. n.a. n.a. n.a.

Kosovo* 43 65 n.a. 180 n.a. 495 n.a. n.a.

Moldova 16 n.a. n.a. 16 n.a. 840 n.a. n.a.

Montenegro 651 675 n.a. 1,947 2,000 2,040 2,700 5

North Macedonia 658 575 880 1,303 1,300 1,636 2,300 110

Romania 6,359 6,174 5,765 7,893 n.a. 15,385 n.a. n.a.

Serbia 2,408 2,800 3,813 3,560 3,600 4,736 4,700 187

Slovakia 1,606 2,455 2,400 n.a. n.a. n.a. n.a. n.a.

Slovenia 1,115 1,239 847 1,568 n.a. 3,804 n.a. 115

Ukraine 4,697 n.a. n.a. 10,276 n.a. 13,647 n.a. n.a.

CESEC 56,256 59,460 n.a. n.a. n.a. n.a. n.a. n.a.

 Technical potentialEconomic potential
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Source: ECN, 2004; IRENA et al., 2017; IRENA, 2020; JRC, 2020; Neubarth, 2018; RiverWatch, 202 1. 

Table 3.3 present the overview of the literature review conducted (in GWh and MW), 

indicating, the exploitation by 2030 according to analysed REMap scenarios (IRENA, 

2020), and the range of indicated eco nomic and technical potentials in accordance with 

the literature. A graphical illustration of the economic and technical potential for 

hydropower is shown in Figure 3.1 in energy terms, indicating the electricity generation 

potential by country in GWh, and in  

Figure  3.2 , illustrating the corresponding capacity potentials in MW.  

The REMap study (IRENA, 2020) indicates an increase of hydropower generation from 

156 TWh (2015) to 179 -187 TWh by 2030 or from 56,256 MW in 2015 to 65,128 -67,156 

MW by 2030. In summary, it can be concluded that at CESEC level t hese assessed 

REMap scenarios show deployment of hydropower plants in accordance with the 

economic (231 -295 TWh or 60.8 -77.4 GW) and technical potentials (385 TWh or 105.4 

MW). Generally, the technical potential has been considered as the upper boundary fo r 

the hydropower uptake in modelling. In modelling that has however been further 

restricted via consideration of environmental constraints where such information was 

applicable (c.f. .  

Table 3.2 , Additional potential: planned outside of protected areas (RiverWatch, 2021)).  

Table 3 .3  Overview of assessed hydropower potentials and exploitat ion in the 

REMap study (in GWh)  

 
Source: IRENA, 2020; Own calculations . 

Indicator in GWh

REMap 

Reference 

Case 2030

REmap 

2030

Economic 

potential 

min

Economic 

potential 

max

Technical 

potential

Exploitation of 

economic 

potential min

Exploitation of 

economic 

potential max

Exploitation of 

technical 

potential

Albania 8,235 8,214 11,700 13,200 16,000 62% 70% 51%

Austria 43,201 42,638 53,200 56,000 56,000 80% 76% 76%

Bosnia and Herzegovina 6,397 6,382 14,600 19,000 24,500 34% 44% 26%

Bulgaria 4,201 5,055 8,600 12,000 15,000 59% 42% 34%

Croatia 6,339 9,087 8,000 10,500 12,000 114% 87% 76%

Greece 5,559 6,911 12,000 15,000 20,000 58% 46% 35%

Hungary 227 240 4,000 4,000 7,192 6% 6% 3%

Italy 49,300 48,028 50,000 65,000 105,000 96% 74% 46%

Kosovo* 830 657 781 781 1,348 84% 84% 49%

Moldova 66 65 50 50 3,361 130% 130% 2%

Montenegro 2,217 2,314 4,349 4,500 6,600 53% 51% 35%

North Macedonia 2,500 2,473 3,700 4,311 6,000 67% 57% 41%

Romania 16,545 17,822 18,000 30,000 40,000 99% 59% 45%

Serbia 12,337 12,326 14,500 27,000 27,000 85% 46% 46%

Slovakia 4,822 4,736 6,000 6,000 7,000 79% 79% 68%

Slovenia 4,690 4,848 5,148 8,000 16,261 94% 61% 30%

Ukraine 11,500 15,028 16,500 19,511 21,500 91% 77% 70%

CESEC 178,966 186,824 231,128 294,853 384,762 81% 63% 49%



 

40  

Table 3 .4  Overview of assessed hydropower potentials and exploitation in the 

REMap study (in MW)  

 
Source: IRENA, 2020; Own calculatio ns. 

Figure 3 .1  Overview of assessed hydropower potentials in GWh  

 

Indicator in MW

REMap 

Reference 

Case 2030

REmap 

2030

Economic 

potential 

min

Economic 

potential 

max

Technical 

potential

Exploitation of 

economic 

potential min

Exploitation of 

economic 

potential max

Exploitation of 

technical 

potential

Albania 2,150 2,150 1,437 3,967 6,611 54% 150% 33%

Austria 13,741 13,741 11,300 11,300 11,300 122% 122% 122%

Bosnia and Herzegovina 2,454 2,454 1,219 4,565 6,110 54% 201% 40%

Bulgaria 2,338 2,754 1,401 4,000 9,022 197% 69% 31%

Croatia 2,190 2,495 2,042 2,904 3,035 122% 86% 82%

Greece 3,579 3,579 2,523 6,200 8,000 142% 58% 45%

Hungary 57 60 48 48 48 125% 125% 125%

Italy 19,200 19,200 14,927 14,927 14,927 129% 129% 129%

Kosovo* 234 234 180 180 495 130% 130% 47%

Moldova 19 19 16 16 840 119% 119% 2%

Montenegro 781 823 1,947 2,000 2,700 42% 41% 30%

North Macedonia 824 824 880 1,303 2,300 94% 63% 36%

Romania 6,645 6,907 5,765 7,893 15,385 120% 88% 45%

Serbia 2,941 2,941 3,560 3,813 4,736 83% 77% 62%

Slovakia 1,755 1,755 2,400 2,400 2,400 73% 73% 73%

Slovenia 1,220 1,220 847 1,568 3,804 144% 78% 32%

Ukraine 5,000 6,000 10,276 10,276 13,647 58% 58% 44%

CESEC 65,128 67,156 60,768 77,360 105,360 111% 87% 64%

0

20,000

40,000

60,000

80,000

100,000

120,000

A
lb

a
n
ia

A
u
st

ri
a

B
o

sn
ia

 a
n
d

H
e
rz

e
g
o
vi

n
a

B
u

lg
a

ri
a

C
ro

a
ti
a

G
re

e
ce

H
u
n

g
a

ry

It
a

ly

K
o

so
vo

*

M
o
ld

o
va

M
o
n

te
n

e
g
ro

N
o

rt
h

M
a
ce

d
o
n

ia

R
o

m
a
n

ia

S
e

rb
ia

S
lo

va
ki

a

S
lo

ve
n

ia

U
kr

a
in

e

H
y
d

ro
p

o
w

e
r 

p
o
te

n
tia

l i
n

 G
W

h

Economic potential min

Economic potential max

Technical potential



 

41  

Figure 3 .2  Overview of assessed hydropower potentials in MW  

 

Bioenergy (incl. liquid and solid biomass, biogas, biowaste)  

Bioenergy comprises a broad variety of feedstocks, including liquid and solid biomass as 

well as biogas and biowaste. It can be used as a fuel in thermal power plants for 

electricity generation or combined heat and power (C HP) production. Within the energy 

sector, bioenergy is however of dominance in heating & cooling, serving as fuel in 

classical stoves or modern biomass heating systems as well as for district heating. In the 

industry sector, it acts as a commonly applied f uel for example in pulp and paper 

production or for the wood processing industry. Liquid biofuels serve as fuel in transport 

especially when blending obligations requiring adding these to their fossil pendants 

(diesel and gasoline). The emphasis on using b ioenergy in the electricity sector has 

declined in many countries across Europe, mainly driven by the strong cost decline of 

other renewable sources like photovoltaics (PV) and wind but also due to environmental 

considerations ï due to the limits in resour ce availability and the growing competition 

between material uses and the use for energy purposes. For achieving carbon neutrality 

across the whole European economy many studies and experts claim that it may appear 

wise to use bioenergy there where mostly needed ï i.e. in transport and industry (cf. 

SET-Nav study (Crespo et al., 2019)).  

Within this potential assessment, both bioenergy feedstock and bioenergy electricity 

generation potentials within the CESEC region have been analysed. The technical 

potenti al has been considered for the modelling:  

Bioenergy feedstock potentials:  For the feedstock part verification of the assumptions 

on bioenergy feedstock potentials underlying the scenarios of the REMap study (IRENA, 

2020) with the corresponding ENSPRESSO da tabase of Ruiz et al. (2019) has been 

performed. The approach taken by IRENA for assessing bioenergy feedstock potentials 

appears solid and reflects well current practices to acknowledge sustainability concerns. 

A detailed description of that is provided i n Annex D of the REMap CESEC study (IRENA, 

2020). As applicable from Table 3.5  and Figure  3.3  in overall terms both datasets on 

bioenergy feedstock potentials match comparatively well ï significant differences are 

however applicable for some South East -European countries like Ukraine, Moldova or 

Roman ia. Here the IRENA dataset appears however more reliable since JRC stated that 

for the Western Balkans (and most likely also other non -EU countries) the derived 

ENSPRESSO dataset has not yet been tested.  

A brief recap on the approach used by IRENA:  IRENA has conducted a bottom -up 

analysis of bioenergy potential in CESEC members based on the methodology originally 

established in IRENA for global bioenergy assessments (IRENA, 2014) and subsequently 

improved and applied to regional bioenergy potential assessm ents. The bioenergy 
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potential for CESEC members was evaluated into three final bioenergy carriers: solid 

biomass, liquid biofuels and biogas, as listed in Table 3.5 .  

Table 3 .5  Overview of assessed bioenergy feedstock potential (in GWh)  

 
Source: IRENA, 2020; Ruiz et al., 2019; Schremmer et al., 2018 . 

Figure  3 .3  Overview of assessed bioenergy feedstock potentials in GWh  

 

¶ Bioenergy electricity generation potentials:  Complementary to feedstock 

potentials also the electricity generation has been analysed in variou s studies, as 

listed in subsequence ;  

¶  

¶ Table 3.6  provides an overview of the assessment conducted, indicating the 

status quo (as of 2015 16) a country -specific bioenergy electricity generation 

potential (in GWh). The exploitation by 2030 accor ding to analysed REMap 

scenarios (IRENA, 2020), and the range of indicated economic and technical 

                                           

16   2015 has been chosen as base year of comparison due to the availability of verified statistical d ata for all 
assessed countries and technologies.  

Indicator in GWh Liquid biofuels
Solid biomass Biogas Total

Total as of 

LOCATE 

Database

Total as of 

ENSPRESSO 

Database

in 2020 Ref

Source IRENA (2020) IRENA (2020) IRENA (2020) IRENA (2020)
Schremmer et 

al. (2018)

Ruiz et al. 

(2019)

Albania 12                     278 3,333 6,944 n.a. 14,490

Austria 6                       60,000 5,278 66,944 91,275 88,532

Bosnia and Herzegovina 20                     12,222 2,222 20,000 n.a. 32,509

Bulgaria 56                     23,889 4,722 44,167 77,959 69,022

Croatia 22                     13,333 2,222 21,667 27,458 24,353

Greece 104                   10,278 6,944 46,111 67,818 31,545

Hungary 87                     19,444 6,389 50,000 106,695 98,864

Italy 158                   91,389 29,444 164,722 281,706 208,533

Kosovo* 9                       1,944 1,944 6,389 n.a. 2,734

Moldova 38                     3,889 1,667 16,111 n.a. 1,451

Montenegro 2                       5,000 556 6,111 n.a. 8,049

North Macedonia 16                     2,778 1,111 8,333 n.a. 11,046

Romania 186                   71,667 15,000 138,333 280,303 213,728

Serbia 74                     18,889 5,278 44,722 n.a. 39,346

Slovakia 34                     19,444 2,222 31,111 28,206 39,429

Slovenia 2                       10,000 1,111 11,667 23,118 24,409

Ukraine 603                   100,278 30,000 297,778 n.a. 81,686

CESEC 1,429               464,722 119,444 981,111 n.a. 989,725
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potentials in accordance with literature are shown in Table  3.7 . Figure 3.4  

complements the table with a graphical depiction of the economic and technical 

potential for electricity from bioenergy.  

 

Table 3 .6  Country - specific bioenergy electricity generation potentials and 

existing installations in 2015 (in GWh) according to the respective study  

 
Source: DLR, 2006; Heaps et al., 2009; IRENA et al., 2017; IREN A, 2020 . 

IRENA shows in their 2030 REMap prospects a broad range for the future evolution of 

electricity generation from bioenergy. While in the reference scenario a negligible 

increase from 29 TWh (2015) to 32 TWh by 2030 is indicated, 116 TWh are achieve d at 

CESEC level in the so -called REMap scenario at the same point in time (cf. Table  3.7 ). 

The upper bandwidth is at CESEC level and for a limited numb er of countries above that 

what certain other studies (cf. Table  3.7 ) claim as being economic (i.e. the economic 

potential ranges from 108 to 232  TWh) bu t well below the reported technical potential 

(307  TWh, cf. Table  3.7 ). In general, the technical potential has been considered as the 

upper boundary fo r the feasible uptake of electricity generation from bioenergy for the 

modelling. As applicable from the modelling results (cf. section 3.2 ), the proj ected 

uptake of bioelectricity is modest and stays well below those limits.  

Indicator in GWh

Existing 

installations 

2015

 Technical 

potential

Source
IRENA 

(2020)
DLR (2006)

Heaps et al.  

(2009)

IRENA et al. 

(2017) Min

IRENA et al. 

(2017) Max

IRENA et al. 

(2017)

Albania 0 n.a. n.a. 504 4,989 11,195

Austria 4,410 30,600 20,240 n.a. n.a. n.a.

Bosnia and Herzegovina 0 9,500 n.a. 180 5,470 6,220

Bulgaria 273 7,700 n.a. 400 6,000 6,290

Croatia 266 8,900 n.a. 340 3,721 5,743

Greece 230 7,200 8,840 n.a. n.a. n.a.

Hungary 2,161 11,300 13,020 n.a. n.a. n.a.

Italy 19,399 46,100 57,680 n.a. n.a. n.a.

Kosovo* 0 n.a. n.a. 84 240 715

Moldova 15 n.a. n.a. 161 4,825 5,388

Montenegro 0 n.a. n.a. 50 425 686

North Macedonia 20 2,600 n.a. 24 166 310

Romania 525 40,900 n.a. 1,520 12,629 14,629

Serbia 24 14,300 n.a. 842 7,498 10,446

Slovakia 1,663 10,700 8,380 n.a. n.a. n.a.

Slovenia 266 6,300 4,180 84 1,320 1,420

Ukraine 145 n.a. n.a. 10,277 10,278 78,389

CESEC 29,397 n.a. n.a. n.a. n.a. n.a.

Economic potential
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Table 3 .7  Overview of assessed bioenergy electricity generation potentials and 

exploitation in the REMap study (in GWh)  

 
Source: IRENA, 2020; Own calculations .  

Figure 3 .4  Overview of assessed bioenergy electricity generation potentials in 

GWh  

 

Geothermal  

The geothermal energy potential of the region is primarily characterised by a rel atively 

low -enthalpy resource base, which is more appropriate for non -power applications. Only 

binary geothermal power plants 17 , which allow cooler geothermal reservoirs to be used 

for electricity generation, are considered feasible options for generating e lectricity. 

Geothermal power plants could be deployed mainly in Bulgaria, Romania and to a lesser 

extent in Croatia and Slovenia, while in the rest of the CESEC region, the geothermal 

electricity potential is often marginal and uncertain.  

 

                                           

17   A binary geothermal power plants does not allow a steam phase to separate, so carbon dioxide and the 
other gases remain in solution and are re - injected into the reservoir, without discharging to the 
atmos phere.  

Indicator in GWh

REMap 

Reference 

Case 2030

REmap 

2030

Economic 

potential 

min

Economic 

potential 

max

Technical 

potential

Exploitation of 

economic 

potential min

Exploitation of 

economic 

potential max

Exploitation of 

technical 

potential

Albania 299 495 504 4,989 11,195 10% 98% 4%

Austria 3,722 19,637 20,240 30,600 30,600 97% 64% 64%

Bosnia and Herzegovina 230 1,910 180 9,500 9,500 20% 1061% 20%

Bulgaria 503 5,614 400 7,700 7,700 1404% 73% 73%

Croatia 134 2,200 340 8,900 8,900 647% 25% 25%

Greece 652 5,088 7,200 8,840 8,840 71% 58% 58%

Hungary 1,665 6,943 11,300 13,020 13,020 61% 53% 53%

Italy 15,700 33,497 46,100 57,680 57,680 73% 58% 58%

Kosovo* 45 1,328 84 240 715 1581% 553% 186%

Moldova 129 1,656 161 4,825 5,388 1029% 34% 31%

Montenegro 500 542 50 425 686 1084% 128% 79%

North Macedonia 57 1,312 24 2,600 2,600 5467% 50% 50%

Romania 1,017 6,164 1,520 40,900 40,900 406% 15% 15%

Serbia 366 4,720 842 14,300 14,300 561% 33% 33%

Slovakia 2,660 2,659 8,380 10,700 10,700 32% 25% 25%

Slovenia 403 2,462 84 6,300 6,300 2931% 39% 39%

Ukraine 4,500 19,724 10,277 10,278 78,389 192% 192% 25%

CESEC 32,582 115,951 107,686 231,797 307,413 108% 50% 38%
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Table 3.8  provides an overview of the literature review conducted, indicating the status 

quo (as of 2015 18) and the country -specific geothermal electricity generation potentials 

(in GWh). Table 3.9  adds the exploitation by 2030 according to analysed REMap 

scenarios (IRENA, 2020), and the range of indicated economic and technical potentials 

for geothermal electricity in accordance with the literature. Figure 3.5  complements the 

table with a graphical depiction of the economic and technical potential for geothermal 

electricity.  

The comparison shows that 2030 prospects for geothermal electricity as derived reported 

in IRENA (2020) are conservative: At CESEC le vel only a comparatively small increase 

from 6 TWh (2015) to 8  TWh by 2030 is shown in the REMap scenarios (IRENA, 2020). 

This is below identified economic (32.0 -97.9 TWh) and well below the reported technical 

potentials (98.2 TWh). The technical potential  has been considered as the upper limit for 

future geothermal electricity generation in the modelling ï but similar to bioenergy that 

potential will hardly be exploited under the proclaimed least -cost uptake of renewables 

(cf. section 3.2 ).  

Table 3 .8  Country - specific geothermal electricity generation potentials and 

existing installations in 2015 (in GWh) according to the respective study  

 
Source: DLR, 2006; IRENA et al., 2017; IRENA, 2020 . 

                                           

18   2015 has been chosen as base year of comparison due to the availability of verified statistical data for all 
assessed countries and technologies.  

Indicator in GWh

Existing 

installations 

2015

 Technical 

potential

Source
IRENA 

(2020)
DLR (2006)

IRENA et al. 

(2017) Min

IRENA et al. 

(2017) Max

IRENA et al. 

(2017)

Albania 0 n.a. 0 10 10

Austria 0 4,100 n.a. n.a. n.a.

Bosnia and Herzegovina 0 n.a. 0 50 50

Bulgaria 0 800 0 1,400 1,400

Croatia 0 1,100 0 450 450

Greece 0 9,400 n.a. n.a. n.a.

Hungary 0 51,900 1,392 51,900 n.a.

Italy 6,185 19,600 14,034 19,600 n.a.

Kosovo* 0 n.a. 0 0 n.a.

Moldova 0 n.a. 0 0 n.a.

Montenegro 0 n.a. 0 10 10

North Macedonia 0 n.a. 0 70 70

Romania 0 1,000 0 2,500 2,800

Serbia 0 4,100 0 70 70

Slovakia 0 3,100 n.a. n.a. n.a.

Slovenia 0 400 0 540 540

Ukraine 0 n.a. 0 0 n.a.

CESEC 6,185 n.a. n.a. n.a. n.a.

Economic potential
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Table 3 .9  Overview of assessed geothermal electricity potentials and 

exploitation in the REMap study (in GWh)  

 
Source:  IRENA, 2020; Own calculations . 

Figure 3 .5  Overview on assessed geothermal electricity potentials in GWh  

 

Photovoltaics (PV)  

According to several studies analysed, the CESEC region offers a significant poten tial for 

photovoltaics which may act as a key enabler for the transformation of the power sector. 

IRENAôs assessment of potentials for the SEE region (IRENA et al., 2017) has estimated 

the current cost -competitive potential for renewable power in South -East Europe at about 

130 GW. According to their latest study on the CESEC region (IRENA, 2020), the cost -

competitive potential for renewable generation is supposed to grow substantially towards 

2030, driven by further reductions in technology costs.  

Table 3.10   offers an overview of the assessment on electricity generation potentials for 

PV, indicating the status quo (as of 2015 19) and the country -specific P V electricity 

generation potentials (in GWh). Table 3.11   provides the exploitation by 2030 according 

to analysed REMap scenarios (IRENA, 2020), and the  range of indicated economic and 

                                           

19   2015 has been chosen as base year of comparison due to the availability of verified statistical data for all 
assessed countries and technologies.  

Indicator in GWh

REMap 

Reference 

Case 2030

REmap 

2030

Economic 

potential 

min

Economic 

potential 

max

Technical 

potential

Exploitation of 

economic 

potential min

Exploitation of 

economic 

potential max

Exploitation of 

technical 

potential

Albania 0 0 0 10 10 0% 0% 0%

Austria 11 11 4,100 4,100 4,100 0% 0% 0%

Bosnia and Herzegovina 0 0 0 50 50 0% 0% 0%

Bulgaria 0 0 0 1,400 1,400 0% 0% 0%

Croatia 0 0 0 1,100 1,100 0% 0% 0%

Greece 0 0 9,400 9,400 9,400 0% 0% 0%

Hungary 65 65 1,392 51,900 51,900 5% 0% 0%

Italy 7,100 7,100 14,034 19,600 19,600 51% 36% 36%

Kosovo* 0 0 0 0 0 0% 0% 0%

Moldova 0 0 0 0 0 0% 0% 0%

Montenegro 0 0 0 10 10 0% 0% 0%

North Macedonia 19 19 0 70 70 0% 27% 27%

Romania 0 0 0 2,500 2,800 0% 0% 0%

Serbia 35 35 0 4,100 4,100 0% 1% 1%

Slovakia 30 30 3,100 3,100 3,100 1% 1% 1%

Slovenia 0 0 0 540 540 0% 0% 0%

Ukraine 700 700 0 0 0 0% 0% 0%

CESEC 7,960 7,960 32,026 97,880 98,180 25% 8% 8%
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technical potentials for PV electricity according to literature. Figure 3.6  complements the 

table with a graphical dep iction of the economic and technical potential for PV electricity.  

The comparison shows that 2030 prospects for PV electricity as derived reported in 

IRENA (2020) are within the range of classified being economic. At CESEC level a 

substantial increase from  33  TWh (2015) to 105 -167 TWh by 2030 is indicated by the 

REMap scenarios (IRENA, 2020). The low figure is below and the high figure is within the 

range of identified economic (102 -185 TWh) and well below the reported technical 

potentials (457 TWh) accordi ng to literature. PV appears of key relevance for the 

decarbonisation of the electricity sector within the CESEC region. For that purpose, 

complementary to the literature survey, an own GIS -based analysis of the technical 

potential for decentral and large -scale central PV systems has been conducted in the 

course of this study. The outcomes of that analysis have served as the basis for the 

subsequent modelling and are compared to the literature survey (as well as the modelled 

2050 RES deployment) in subseque nce, cf. section 0.  

Table 3 .10  Country - specific PV electricity generation potentials and existing 

installations in 2015 (in GWh) according to the respective study  

 
Source: DLR, 2006; IRENA et al., 2017; IRENA, 2020; Schremmer et al., 2018 . 

Indicator in GWh

Existing 

installations 

2015

Source
IRENA 

(2020)
DLR (2006)

IRENA et al. 

(2017) Min

IRENA et al. 

(2017) Max

IRENA et al. 

(2017)

Schremmer 

et al. (2018)

Albania 0 n.a. 3,696 3,706 3,706 n.a.

Austria 937 2,900 n.a. n.a. n.a. 15,022

Bosnia and Herzegovina 0 600 4,135 4,135 4,135 n.a.

Bulgaria 1,383 2,000 10,130 10,130 10,130 19,399

Croatia 57 800 4,355 4,356 4,356 21,863

Greece 3,900 3,900 n.a. n.a. n.a. 21,219

Hungary 122 2,000 n.a. n.a. n.a. 31,447

Italy 22,943 17,600 n.a. n.a. n.a. 153,327

Kosovo* 0 n.a. 835 835 835 n.a.

Moldova 1 n.a. 6,044 6,044 6,044 n.a.

Montenegro 0 n.a. 1,076 1,076 1,076 331

North Macedonia 22 600 2,226 2,226 2,226 n.a.

Romania 1,982 2,000 24,743 25,806 25,806 71,539

Serbia 10 1,000 8,536 9,308 9,308 n.a.

Slovakia 506 2,000 n.a. n.a. n.a. 4,897

Slovenia 274 1,000 447 448 448 2,160

Ukraine 477 n.a. 54,948 88,340 88,340 n.a.

CESEC 32,614 n.a. n.a. n.a. n.a. n.a.

 Technical potentialEconomic potential
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Table 3 .11  Overview of assessed PV electricity potentials and exploitation in the 

REMap study (in GWh)  

 
Source: IRENA, 2020; Own calculations . 

Figure 3 .6  Overview of assessed PV electri city potentials in GWh  

 

Wind energy (onshore)  

According to IRENA (2020), the region possesses a vast untapped potential for both solar 

PV and onshore wind, two key technologies for decarbonising the electricity sector. This 

perception is confirmed by the literature survey on corresponding potentials.  

Table 3.12   offers country -specific wind onshore electricity generation potentials and 

indicating the st atus quo (as of 2015 20). When comparing the two older literature sources 

(DLR, 2006; ECN, 2010) to the newer one (IRENA et al., 2017), an increase in the wind 

potential becomes obvious for Bulgaria, Romania and Slovenia. These are the only three 

countries c overed by all literature sources. The reason for this increase in wind potential 

is caused by technical learning effects. Nowadays, taller and more powerful wind turbines 

can utilize a greater part of the theoretical wind power potential. Table 3.13   provides the 

exploitation by 2030 according to analysed REMap scenarios (IRENA, 2020), and the 

                                           

20   2015 has been chosen as base year of comparison due to the availability of verified statistical data for all 
assessed countries and technologies.  

Indicator in GWh

REMap 

Reference 

Case 2030

REmap 

2030

Economic 

potential 

min

Economic 

potential 

max

Technical 

potential

Exploitation of 

economic 

potential min

Exploitation of 

economic 

potential max

Exploitation of 

technical 

potential

Albania 192 1,697 3,696 3,706 3,706 46% 46% 46%

Austria 3,245 12,711 2,900 2,900 15,022 438% 438% 85%

Bosnia and Herzegovina 20 1,811 600 4,135 4,135 44% 302% 44%

Bulgaria 2,802 7,110 2,000 10,130 19,399 356% 70% 37%

Croatia 517 2,851 800 4,356 21,863 356% 65% 13%

Greece 9,396 14,188 3,900 3,900 21,219 364% 364% 67%

Hungary 92 5,932 2,000 2,000 31,447 297% 297% 19%

Italy 71,948 79,665 17,600 17,600 153,327 453% 453% 52%

Kosovo* 62 1,102 835 835 835 132% 132% 132%

Moldova 57 1,098 6,044 6,044 6,044 18% 18% 18%

Montenegro 52 447 1,076 1,076 1,076 42% 42% 42%

North Macedonia 144 1,646 600 2,226 2,226 274% 74% 74%

Romania 2,767 9,602 2,000 25,806 71,539 480% 37% 13%

Serbia 256 4,778 1,000 9,308 9,308 478% 51% 51%

Slovakia 750 2,588 2,000 2,000 4,897 129% 129% 53%

Slovenia 762 1,459 447 1,000 2,160 326% 146% 68%

Ukraine 11,800 18,258 54,948 88,340 88,340 33% 21% 21%

CESEC 104,862 166,943 102,446 185,362 456,543 163% 90% 37%
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range of indicated economic and technical potentials for onshore wind in accordance with 

the lite rature. Complementary to above, Figure 3.7  shows the economic and technical 

potential for wind onshore.  

The comparison shows that 2030 prospects for on shore wind as reported in IRENA 

(2020) are within the range of classified being economic. At CESEC level a substantial 

increase from 36 TWh (2015) to 105 -142 TWh by 2030 is indicated by the REMap 

scenarios (IRENA, 2020). Both figures are within the range o f identified economic (52 -

1,336 TWh) and well below the reported technical potentials (1,703 TWh) according to 

literature.  

As applicable from the literature survey, wind energy offers promising potentials and 

appears of key relevance for the decarbonisati on of the electricity sector within the 

CESEC region. For that purpose, complementary to the literature survey, an own GIS -

based analysis of the technical potential for onshore wind as well as offshore wind has 

been conducted in the course of this study. T he outcomes of that analysis have served as 

a basis for the subsequent modelling and are compared with literature (as well as the 

modelled 2050 RES deployment) in subsequence, cf. section 0. 

Table 3 .12  Country - specific wind onshore electricity generation potentials and 

existing installations in 2015 (in GWh) according to the respective study  

 
Source: DLR,  2006; ECN, 2010; IRENA et al., 2017; IRENA, 2020; Schremmer et al., 2018 . 

Indicator in GWh

Existing 

installations 

2015

Source
IRENA 

(2020)
DLR (2006) ECN (2010)

IRENA et al. 

(2017) Min

IRENA et al. 

(2017) Max

IRENA et al. 

(2017)

Schremmer 

et al. (2018)

Albania 0 n.a. n.a. 9,569 13,605 13,654 n.a.

Austria 4,840 3,000 4,243 n.a. n.a. n.a. 31,078

Bosnia and Herzegovina 0 1,000 n.a. 19,374 26,308 26,336 n.a.

Bulgaria 1,451 8,900 10,996 36,622 52,757 52,851 8,583

Croatia 795 2,600 n.a. 24,937 29,153 29,153 27,561

Greece 4,621 49,000 19,436 n.a. n.a. n.a. 32,142

Hungary 693 1,300 2,584 n.a. n.a. n.a. 16,151

Italy 14,845 79,000 53,435 n.a. n.a. n.a. 101,122

Kosovo* 0 n.a. n.a. 2,273 3,850 3,850 n.a.

Moldova 2 n.a. n.a. 50,236 50,236 50,236 n.a.

Montenegro 0 n.a. n.a. 5,648 6,475 6,481 n.a.

North Macedonia 121 100 n.a. 2,201 7,639 7,655 n.a.

Romania 7,064 7,900 25,651 103,225 153,920 154,034 2,975

Serbia 0 300 n.a. 37,674 52,360 52,386 n.a.

Slovakia 6 700 224 n.a. n.a. n.a. 15,304

Slovenia 6 300 1,043 849 2,273 2,296 707

Ukraine 1,084 n.a. n.a. 855,125 858,452 858,452 n.a.

CESEC 35,528 n.a. n.a. n.a. n.a. n.a. n.a.

 Technical potentialEconomic potential
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Table 3 .13  Overview on assessed wind onshore electricity potentials and on 

exploitation in the REMap study (in GWh)  

 
Source: IRENA, 2020; Own calculations . 

 

Figure 3 .7  Overview on assessed wind onshore electricity potentials in GWh  

  

Complementary GIS - based analysis for wind and PV  

Complementary to the literature survey, in the course of  this study a GIS -based analysis 

has been conducted for both wind (on -  and offshore) and solar PV since these 

technologies, according to literature, offer promising potentials and appear of key 

relevance for the decarbonisation of the electricity sector in  the CESEC region as well as 

at European and global scale. This section informs in brief on the approach taken and 

presents the outcomes of the GIS -based analysis, serving as a basis for the subsequent 

power system modelling and the mapping exercise accomp anied to that.  

A summary of the approach taken is provided below whereas details concerning 

assumptions etc. can be found in Annex 2 of this report.  

Approach taken in the GIS - based analysis of potentials for wind (on -  and 

offshore) and PV:  

The approach ta ken comprised the following steps:  

Indicator in GWh

REMap 

Reference 

Case 2030

REmap 

2030

Economic 

potential 

min

Economic 

potential 

max

Technical 

potential

Exploitation of 

economic 

potential min

Exploitation of 

economic 

potential max

Exploitation of 

technical 

potential

Albania 168 1,794 9,569 13,605 13,654 13% 19% 13%

Austria 9,549 19,301 3,000 4,243 31,078 643% 455% 62%

Bosnia and Herzegovina 1,392 2,952 1,000 26,308 26,336 11% 295% 11%

Bulgaria 5,455 5,435 8,900 52,757 52,851 61% 10% 10%

Croatia 1,366 2,556 2,600 29,153 29,153 98% 9% 9%

Greece 15,262 14,581 19,436 49,000 49,000 75% 30% 30%

Hungary 872 5,248 1,300 2,584 16,151 404% 203% 32%

Italy 40,100 42,576 53,435 79,000 101,122 80% 54% 42%

Kosovo* 0 948 2,273 3,850 3,850 42% 25% 25%

Moldova 356 1,003 50,236 50,236 50,236 2% 2% 2%

Montenegro 436 473 5,648 6,475 6,481 8% 7% 7%

North Macedonia 380 1,756 100 7,639 7,655 1756% 23% 23%

Romania 12,571 12,689 7,900 153,920 154,034 161% 8% 8%

Serbia 2,409 3,727 300 52,360 52,386 1242% 7% 7%

Slovakia 560 1,587 224 700 15,304 708% 227% 10%

Slovenia 266 1,688 300 2,273 2,296 563% 74% 74%

Ukraine 13,400 22,910 855,125 858,452 858,452 3% 3% 3%

CESEC 104,542 141,224 1,021,346 1,392,555 1,470,039 14% 10% 10%
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¶ As a starting point, GIS - based processing of weather data  was conducted.  

¶ Comprehensive meteorological datasets on time -series of wind, solar irradiation, 

temperature etc. for past weather years were processed by use of th e open -

source GIS software QGIS 21  under a detailed geographical resolution (100m times 

100m), serving as a basis for identifying unconstrained resource potentials across 

the whole CESEC region;  

¶ As the next step within the GIS -based assessment, spatial constraints were 

incorporated that stem from competing land use, such as nature protection (e.g. 

by excluding Natura 2000 protected areas), urban, agriculture, military use or 

other purposes that limit the suitability for renewable power production and 

rel ated grid deployment. Data sources for the land use were the CORINE land 

cover database as of 2021 and, in the case CORINE data was not applicable the 

GlobeLand database 22  as of 2021;  

¶ For calculating the potentials  in terms of installed capacities and elect ricity 

generation state - of - the - art technology was considered , involving a 5 MW 

class turbine for onshore wind, an 8  MW class turbine in the case of offshore wind, 

and for PV systems a typical module and system configuration (15% efficiency, 

85% performance  ratio).  

 

Results of the GIS - based analysis of potentials for wind (on -  and offshore) and 

PV:  

This section is dedicated to inform on the outcomes of the GIS -based potential 

assessment, presenting the results by technology.  

Photovoltaics  

As applicable fro m the literature review, PV offers promising potentials in the CESEC 

region. Due to the Southern location within the European continent, many CESEC 

countries have comparatively high solar radiation. This is confirmed by the GIS -based 

analysis undertaken in  the course of this study.  

In this context, Figure 3.8  provides the solar radiation map of the CESEC region, 

indicating site conditions, i.e. global irradiance at the inclined surface, for solar PV. The 

applied colour code, following the rainbow p attern, informs on the site conditions for PV. 

Here yearly average global irradiation up to 130 W/m 2 (pale blue colour) can be classified 

as low. Moderate sites fall in the range from 130 to 170 W/m 2 (blue and green colour), 

and the best sites with good / excellent solar inflow are above 170 W/m 2 (orange, red 

and violet colour).  

A closer look at the solar radiation map ( Figure 3.8 ) indicates promising s ite conditions 

widely spread but specifically in the Southern parts of the CESEC region and of each 

respective country. Thanks to significant technological progress achieved throughout past 

decades, this generation asset became however economically viable even under less 

promising resource conditions as actual market developments have proven across the 

whole continent and worldwide. Thus, it can be expected that solar PV will become an 

important generation asset at the local and central level in future year s.  

                                           

21   Accessible at https://www.qgis.org/de/site/ . 
22   Accessible at https://observer.globe.gov/do -globe -observer/land -cover/science . 

https://www.qgis.org/de/site/
https://observer.globe.gov/do-globe-observer/land-cover/science
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Figure 3 .8  Solar radiation map of CESEC region, indicating site conditions 

(global irradiance on an optimally inclined surface) for solar PV  

 

 

Table 3 .14  Technical potentials for decentral and central PV systems in the 

CESEC region  

 

Based on solar radiation data and by application of land use constraints, limiting for 

example deployment of central (free - field) PV systems to less than 1% of current 

cropland  and 0.25% of artificial areas, technical potentials for central and decentral PV 

Capaci tiy 

potentia l

Electrici ty gener-

ation potentia l

Capaci tiy 

potentia l

Electrici ty gener-

ation potentia l

Capaci tiy 

potentia l

Electrici ty gener-

ation potentia l

MW GWh MW GWh MW GWh

Albania 3,041 4,576 5,129 7,601 8,171 12,177

Austria 18,372 19,587 18,187 19,227 36,559 38,813

Bosnia and Herzegovina 5,277 6,334 14,059 16,843 19,336 23,177

Bulgaria 22,742 30,984 32,701 44,686 55,442 75,669

Croatia 9,088 11,323 13,762 16,834 22,850 28,157

Greece 20,476 32,691 31,439 49,518 51,915 82,209

Hungary 31,179 36,522 43,059 50,634 74,238 87,157

Italy 90,273 126,175 110,518 158,509 200,791 284,684

Kosovo* 1,857 2,425 3,409 4,452 5,267 6,877

Moldova 7,511 9,212 19,585 24,109 27,095 33,320

Montenegro 1,160 1,613 1,628 2,105 2,789 3,717

North Macedonia 2,603 3,595 6,571 9,185 9,174 12,780

Romania 70,125 88,138 94,233 119,719 164,358 207,857

Serbia 15,557 19,610 32,921 41,371 48,478 60,981

Slovakia 13,753 14,722 15,143 16,290 28,895 31,012

Slovenia 3,631 4,148 4,123 4,717 7,754 8,865

Ukraine 110,042 127,621 305,751 357,352 415,793 484,973

CESEC 426,687 539,275 752,219 943,151 1,178,905 1,482,426

Decentral PV systems
GIS-based analysis of 

potentials for 

photovoltaics

Central PV systems Total PV systems

Technical potential (with land use constraints)
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systems have been calculated. The outcomes of that process are summarised in Table 

3.14 , listing the country -specific technical potentials for decentral and central PV system s 

in the CESEC region. Complementary to the above,  

Table  3.15   compares the identified GIS -based technical potentials for PV systems (left) 

with litera ture (middle) and with modelled 2050 PV deployment 23  (right). As applicable 

from this table, the identified PV potentials are significant in magnitude and more than 

two times higher than the ones taken from the literature. A surprisingly good correlation 

can however be found between technical potentials according to literature with the 

identified potentials for decentral PV systems. The outcomes of the GIS -based analysis 

served as input for the power system modelling (as presented in the subsequent section 

3.2 ), specifically as the upper boundary for the possible uptake and mapping PV 

installations to regions (NUTS -3 level). A comparison of identified po tentials with 

modelling results (cf.  

Table  3.15  right) shows that on average across the CESEC region less than one - third of 

that potentials is expected  to be used until 2050. Due to ambitious policy targets, a 

significantly higher exploitation rate is however expected for Austria and Italy, and for 

Slovenia the limited availability of alternative technology options drives the PV uptake to 

similar heights . 

Table 3 .15  Comparison of the identified GIS - based technical potentials for PV 

systems (left) with literature (middle) and with modelled 2050 deployment 

(right)  

 

Wind onshore  

Similar to PV, according to literature the CESEC region may offer promising potentials for 

the uptake of wind energy in future years. As verification of that, the outcomes of the 

GIS -based analysis undertaken in the course of this study are presented in su bsequence.  

                                           

23   Modelled 2050 deployment refers to the scenarios on th e future RES uptake derived within this study as 
discussed in the subsequent section 3.2 . More precisely, for that purpose maximum values of cumulati ve 
installed capacities of PV systems at country level are taken from the different scenarios derived.  

Capaci tiy 

potentia l

Electrici ty gener-

ation potentia l

MW GWh

Albania 8,171 12,177 3,706 30% 3,154 39%

Austria 36,559 38,813 15,022 39% 28,908 79%

Bosnia and Herzegovina 19,336 23,177 4,135 18% 2,448 13%

Bulgaria 55,442 75,669 19,399 26% 14,517 26%

Croatia 22,850 28,157 21,863 78% 8,698 38%

Greece 51,915 82,209 21,219 26% 29,602 57%

Hungary 74,238 87,157 31,447 36% 24,254 33%

Italy 200,791 284,684 153,327 54% 144,535 72%

Kosovo* 5,267 6,877 835 12% 2,006 38%

Moldova 27,095 33,320 6,044 18% 1,349 5%

Montenegro 2,789 3,717 1,076 29% 1,018 37%

North Macedonia 9,174 12,780 2,226 17% 2,228 24%

Romania 164,358 207,857 71,539 34% 25,354 15%

Serbia 48,478 60,981 9,308 15% 5,601 12%

Slovakia 28,895 31,012 4,897 16% 16,836 58%

Slovenia 7,754 8,865 2,160 24% 5,640 73%

Ukraine 415,793 484,973 88,340 18% 34,392 8%

CESEC 1,178,905 1,482,426 456,543 31% 350,538 30%

GIS-based analysis of 

potentials for 

photovoltaics

Technical potential (with 

land use constraints)

Technical potential 

according to literature 

survey

Maximum of installed 

capacity by 2050 

according to modellingTotal PV systems

GWh

% of GIS-based 

technical 

potential MW

% of GIS-based 

technical 

potential
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As a starting point, Figure 3.9  shows the wind map of the CESEC region, indicating site 

conditions, i.e. applicable maximum full load hours (under optimal conditions concerning 

shading), and incorporating land -use constraints for wind onshore. The applied colour 

code, following the rainbow pattern, informs on the site conditions for wind onshore. 

Here full load hours, derived by dividing yearl y electricity generation by the rated power 

of a wind power plant, up to 1882 h/a (pale blue colour) can be classified as low. 

Moderate sites fall in the range from 1882 to 2449 h/a (blue and green colour), and the 

best sites with good / excellent wind spe ed are above 2449 h/a (orange, red and violet 

colour).  

Onshore wind energy offers promising site conditions in several CESEC countries, cf. 

Figure 3.9 . Remarkably is the site quality in the Ukraine where according to the 

meteorological data at hand similar conditions to offshore developments in the North of 

Europe are applicable. Promising sites are also applicable in several parts of Italy, in 

Bosnia an d Herzegovina, at the border of Austria, Hungary and Slovakia, at the North -

Eastern border of Bulgaria, in Eastern parts of Romania and at several locations within 

Greece to name a few examples. In general, wind onshore has become a major 

generation asset within Europe and globally thanks to achieved technological progress 

and the related economic viability.  

Figure 3 .9  Wind map of CESEC region, indicating site conditions (full load hours) 

for wind onshore  

 

Building on wind speed data and via the application of land use constraints, technical 

potentials for wind onshore have been calculated. Identified country -specific technical 

potentials as graphically illustrated by  Figure 3.9  are listed in  
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Table  3.16   (left). Additionally, that table offers also a comparison with literature 

(middle) and with modelled 2050 wind onshore deployment 24  (right). The comparison 

shows that identified wind onshore potentials are significant in magnitude and on 

average more than 30% higher than the ones taken from literature. The outcomes of the 

GIS -based analysis were used as input to the power system model ling (cf. section 3.2 ), 

serving as an upper boundary for the possible uptake and mapping wind onshore 

installations to regions (NUTS -3 level). A compa rison of identified potentials with 

modelling results (cf.  

Table  3.16   right) shows that on average across the CESEC region less than one - fifth of 

that  potentials is expected to be used by 2050. An exception to this general trend is 

applicable for Austria and Slovenia, i.e. for both countries significantly stronger 

exploitation of the technical potential for PV is expected by 2050 according to modelling.  

This is a consequence of ambitious policy targets that have been set for renewables, 

specifically for PV.  

Table 3 .16  Comparison of the identified GIS - based technical potentials for wind 

onshore (left) with li terature (middle) and with modelled 2050 deployment 

(right)  

 

Wind offshore  

Offshore wind is according to past experience less relevant for the CESEC region but 

recently gaining key policy attention at European level 25 . Literature offering a 

comprehensive a nalysis of the potential within the CESEC region was not applicable but a 

GIS -based analysis has been conducted within this study to inform on the possible role 

this technology can take in forthcoming years. Details on the underlying approach and 

key assum ptions can be found in Annex 2 whereas the outcomes of that analysis are 

presented below.  

                                           

24   Modelled 2050 deployment refers to the scenarios on the future RES uptake derived within this study as 
discussed in the subsequent section 3.2 . More precisely, for that purpose at country level maximum values 
of cumulative installed capacities of onshore wind by 2050 are taken from the distinct scenarios.  

25   On 19 November 2020 the Commission published a dedicated EU strategy on offshore renewable energy 
COM(2020)741 that assesses the potential contribution of offshore renewables and proposes ways forward 
to support the long - term sustainable deve lopment of this sector.  

Capaci tiy 

potentia l

Electrici ty gener-

ation potentia l

MW GWh

Albania 3,826 6,563 13,654 208% 328 9%

Austria 26,961 60,494 31,078 51% 15,870 59%

Bosnia and Herzegovina 29,444 60,137 26,336 44% 4,461 15%

Bulgaria 41,184 76,473 52,851 69% 4,489 11%

Croatia 27,040 49,353 29,153 59% 3,233 12%

Greece 42,379 94,533 49,000 52% 11,946 28%

Hungary 92,647 194,781 16,151 8% 374 0%

Italy 181,618 381,812 101,122 26% 54,833 30%

Kosovo* 4,625 8,065 3,850 48% 619 13%

Moldova 11,486 24,224 50,236 207% 1,713 15%

Montenegro 14,505 28,355 6,481 23% 1,148 8%

North Macedonia 6,973 11,783 7,655 65% 1,896 27%

Romania 164,417 314,387 154,034 49% 15,078 9%

Serbia 84,305 158,545 52,386 33% 9,080 11%

Slovakia 18,850 39,699 15,304 39% 1,927 10%

Slovenia 5,135 9,248 2,296 25% 4,378 85%

Ukraine 133,734 347,343 858,452 247% 34,369 26%

CESEC 889,130 1,936,187 1,470,039 76% 165,741 19%

GIS-based analysis of 

potentials for 

onshore wind energy

Technical potential (with land 

use constraints)

Technical potential 

according to literature 

survey

Maximum of installed 

capacity by 2050 

according to modelling

% of GIS-based 

technical 

potentialGWh MW

% of GIS-based 

technical 

potential
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As a starting point, Figure 3.10   shows the wind map of the CESEC region, indicating site 

conditions, i.e. applicable maximum full load hours (under optimal conditions concerning 

shading) as well as certain land -use constraints (i.e. environmentally protected areas) for 

marine areas. The applied colour code, following the rainbow pattern, informs on the site 

conditions for wind offshore. Here full load hours, derived by dividing yearly electricity 

generation by the rated power of a wind power plant, up to 1600 h/a (pale blue colour) 

can be  classified as low. Moderate sites fall in the range from 1600 to 3000 h/a (blue, 

green and orange colour), and the best sites with good / excellent wind speed are above 

3000 h/a (red and violet colour).  

As applicable from this graph, offshore wind offers  promising site conditions in the 

Adriatic / Mediterranean Sea between Italy and Albania, at several locations within the 

Greek sea territory and in the Black sea area of Romania and Ukraine. There is however 

a strong competition to the onshore wind which is available at comparatively similar site 

conditions but comes at present at significantly lower cost, specifically in the Black Sea 

area (within Ukraine, cf. Figure 3.10  ).  

Figure 3 .10  Wind map of CESEC region, indicating site conditions (full load 

hours) for offshore wind  

 

Based on wind speed data and by incorporation of sea use constraints 26 , technical 

potentials for offshore wind have been calculated. For the analysis, apart from wind 

speed, differences in site characteristics (i.e. water depth, distance to shore) that may 

play a role for the specific technology selection (i.e. floating or ground -mounted turbines) 

and with respect to the accompanying grid connection cost (i.e. distance to shore) have 

been acknowledged. The outcomes of that process are summarised in Table 3.17  , listing 

the country -specific technical potentials for offshore wind in the CESEC region by site 

category. As applicable from that table, the remaining area available for offshore wind 

development was however huge, leading to techni cal potentials far above that what could 

be integrated into the power system. Thus, for estimating realisable technical potentials 

                                           

26   For offshore wind military zones, nature protection areas and major shipping routes were excluded, and 
distances to tourism areas were respected (5 km to the shore).  



 

57  

only the best sites were considered by country, i.e. generally that limited deployment to 

approx. 1% of technically available  sites. Complementary to the above, Table 3.18   

compares the identified GIS -based technical potentials (left) as well as approximated 

realisable potenti als in the 2050 timeframe (middle) with modelled 2050 offshore 

deployment 27  (right).  

The outcomes of the GIS -based analysis served as input for the power system modelling 

(as presented in the subsequent section 3.2 ), specifically as the upper boundary for the 

possible uptake of offshore wind installations. A comparison of identified potentials with 

modelling results (cf. Table 3.18   right) shows that on average across the CESEC region 

however only a negligible fraction of the potential is expected to be used by 2050 (i.e . 

ca. 1% of the reduced realisable technical potential in the 2050 timeframe). In this 

context, Italy 28 , Bulgaria, Greece and Romania are expected to act as the first movers 

within the CESEC region ï but offshore deployment is far below what has been seen f or 

its pendant onshore wind. Generally, it is the economic disadvantage compared to 

onshore wind that limits the use under the proclaimed least -cost deployment of 

renewables in forthcoming years. Technology -wise offshore wind is however ready to 

take a mor e prominent role in electricity supply within the CESEC region, for example if 

barriers for other RES technologies like onshore wind prevail in certain countries.  

                                           

27   Modelled 2050 deployment refers to the scenarios on the futu re RES uptake derived within this study as 
discussed in the subsequent section 3.2 . More precisely, for that purpose maximum values of cumulative 
ins talled capacities of wind offshore at country level are taken from the different scenarios derived.  

28   A comparison with the planned offshore wind deployment according to Italyôs NECP ï i.e. 0.9 GW by 2030 ï 
shows that modelled offshore wind use ï i.e. 0.3  GW by 2050 ï stays well below the politically planned 
one. This indicates the strong policy emphasis for this generation asset within Italy which, if future 
deployment follows planning, may become a role model also for neighboring countries, boosting offs hore 
deployment well above the derived outcomes of this study.  
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Table 3 .17  Detailed results of GIS - based analy sis of technical potentials for 

offshore wind by country  

 

 

Table 3 .18  Comparison of the identified GIS - based technical potentials (with 

(middle) and without (left) realisation constraints) for wind offshore with 

modelled 2050 deployment (right)  
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Full load 

hours 

(h/a)

d < 12 0 0 0 0 0 0 0 0 0 0

мн Җ Ř ғ нп1,331 19,553 1,364 3 37 1,573 1,717 25,216 2,075 2,028 29,784 1,414 5,353 78,626 1,549

нп Җ Ř 0 0 0 0 258 3,797 2,557 1,660 24,383 1,521 3 43 3,662

d < 12 0 0 0 0 0 0 0 0 0 0

мн Җ Ř ғ нп1,139 16,730 1,555 0 0 1,131 16,612 2,445 7,053 103,604 1,668 10,802 158,663 1,748

нп Җ Ř 0 0 0 0 1,925 28,274 2,639 6,210 91,214 1,874 223 3,280 2,152

d < 12 0 0 0 0 0 0 0 0 0 0

мн Җ Ř ғ нп1,197 17,584 1,913 0 0 116 1,707 2,539 4,441 65,232 1,982 12,705 186,624 2,300

нп Җ Ř 1,046 15,370 2,295 0 0 2,174 31,938 2,662 2,342 34,405 2,150 587 8,624 2,295

d < 12 0 0 0 0 0 0 0 0 0 0

мн Җ Ř ғ нп1,858 27,295 2,218 0 0 9 135 2,414 7,356 108,045 2,164 83,650 1,228,688 2,741

нп Җ Ř 4,770 70,068 2,666 0 0 4,654 68,367 2,772 9,050 132,932 2,323 27,044 397,232 3,101

12,121 13 34,709 55,297 482,397

11,342 166,601 2,215 3 37 1,573 11,985 176,046 2,593 40,140 589,600 1,982 140,367 2,061,782 2,646
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мн Җ Ř ғ нп17,775 261,091 1,572 235 3,445 1,118 530 7,781 2,497 96 1,406 1,364 24,524 360,225 2,889

нп Җ Ř 3,857 56,656 1,605 0 0 399 5,859 2,720 0 0 19,142 281,174 3,103

d < 12 0 0 0 0 0 0 0 0 0 0

мн Җ Ř ғ нп10,328 151,708 1,882 857 12,584 1,309 427 6,278 2,799 0 0 3,853 56,598 2,509

нп Җ Ř 7,778 114,241 2,066 0 0 9,489 139,378 2,931 0 0 8,759 128,661 3,046

d < 12 0 0 0 0 0 0 0 0 0 0

мн Җ Ř ғ нп12,147 178,415 2,103 905 13,294 1,406 0 0 0 0 1,755 25,772 2,323

нп Җ Ř 7,773 114,167 2,285 580 8,521 1,951 3,811 55,983 3,031 0 0 2,580 37,900 2,844

d < 12 0 0 0 0 0 0 0 0 0 0

мн Җ Ř ғ нп36,892 541,884 2,066 236 3,463 1,281 0 0 0 0 1,661 24,398 2,026

нп Җ Ř 62,667 920,479 2,674 2,393 35,145 2,099 4,521 66,408 2,982 0 0 8,529 125,272 2,891

536,272 6,373 29,587 208 134,966

159,216 2,338,641 2,241 5,205 76,451 1,750 19,177 281,687 2,944 96 1,406 1,364 70,804 1,040,001 2,910
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< -40
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< -80

Italy

USABLE Area

z < -120

TOTAL Area

USABLE Area

Country:

Country:

πпл Җ Ȋ

Montenegro Romania Slovenia Ukraine

Albania Bosnia and Herzegovina Bulgaria

GIS-based analysis of potentials for offshore wind energy

πул Җ Ȋ 

< -40

πмнл Җ Ȋ 

< -80

z < -120

TOTAL Area

Croatia Greece

Generator size 8 MW

Rotor diameter 164 m

Area for one turbine 0.54 km2 Remark: 4.5 times rotor diameter in square

MW per km2 14.7 MW/km2

Wind turbine specification:

VESTAS V164/8000

Capaci tiy 

potentia l

Electrici ty gener-

ation potentia l

Capaci tiy 

potentia l

Electrici ty gener-

ation potentia l

MW GWh MW GWh

Albania 166,601 368,947 1,666 4,058 1 0.001% 0%

Austria 0 0 0 0 0 n.a. n.a.

Bosnia and Herzegovina 37 58 0 0 0 0% n.a.

Bulgaria 176,046 456,445 1,760 5,021 115 0.065% 7%

Croatia 589,600 1,168,769 5,896 12,856 0 0% 0%

Greece 2,061,782 5,455,749 20,618 60,013 92 0.004% 0%

Hungary 0 0 0 0 0 n.a. n.a.

Italy 2,338,641 5,239,991 23,386 57,640 257 0.01% 1%

Kosovo* 0 0 0 0 0 n.a. n.a.

Moldova 0 0 0 0 0 n.a. n.a.

Montenegro 76,451 133,823 765 1,472 0 0% 0%

North Macedonia 0 0 0 0 0 n.a. n.a.

Romania 281,687 829,161 2,817 9,121 28 0.010% 1%

Serbia 0 0 0 0 0 n.a. n.a.

Slovakia 0 0 0 0 0 n.a. n.a.

Slovenia 1,406 1,917 70 105 0 0% 0%

Ukraine 1,040,001 3,026,690 5,200 16,647 0 0% 0%

CESEC 6,732,252 16,681,551 62,178 166,934 492 0.007% 1%

% of GIS-based 

realisable technical 

potential by 2050

GIS-based analysis of 

potentials for 

offshore wind energy

Technical potential (with 

marine use constraints)

Approximation of realisable 

technical potential by 2050

Maximum of installed capacity by 2050 

according to modelling

MW

% of GIS-based 
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3.2  (Results on) future RES deployment in the CESEC region  

This section is dedicated to present the draft final results of the modelling activities 

related to Task 1, indicating future RES deployment within the CESEC reg ion. Two pairs 

of scenarios have been assessed as described previously (cf. section 0):  

¶ The first pair covers the Reference RES scenarios, where RES deployment follows 

national projections derived from (draft) NECPs or alternative energy and climate 

strategies of the CESEC countries. These Reference RES scenarios have two sub -

cases:  

-  Referenc e RES ï no cross - border RES cooperation (RefRES ï

NoCoop):  in this scenario 2030 RES deployment is based on domestic 

fulfilments of targeted RES efforts, implying that in this scenario every 

country is assumed to aim for achieving its targeted RES share for 2030 

(and beyond) primarily by generation capacities located in the countryôs 

territory;  

-  Reference RES ï cross - border RES cooperation (RefRES - Coop):  The 

other scenario follows a region -wide, least -cost approach for meeting 

targeted RES shares within the CE SEC region. Consequently, cross -border 

RES cooperation is assumed to be enhanced when this is economically 

beneficial.  

¶ The second pair of scenarios assesses the feasibility of reaching a higher level of 

RES deployment in the region, subsequently named as HighRES scenarios. The 

targeted future RES efforts are based on the 2030 RES shares to be achieved if 

the EU climate ambition is strengthened (ñEU Green Deal perspectiveò). For 

distributing EU ambitions to a Member State level, the benchmark methodology is  

followed. A similar approach is applied to CPs of the Energy Community. Similar to 

above, two sub -cases are analysed:  

-  The first scenario assumes domestic fulfilment of targets ( HighRES ï

NoCoop );  

-  The second scenario assumes increased cross -border RES cooper ation 

(HighRES - Coop ), implying expectably higher RES deployment in the 

identified RES zones compared to the previous case.  

 

The future uptake of renewables in the electricity sector  

As a starting point for identifying promising cross -border RES zones within the electricity 

sector of the CESEC region, the performed assessment sheds light on the RES uptake 

proclaimed therein. Here modelling provides a sound basis for that since derived least -

cost pathways of RES deployment provide, on the one hand, insig hts on the planned RES 

uptake within the electricity sector in accordance with NECP planning  (RefRES 

scenarios ) as well as on the likelihood of that. On the other hand, modelling also allows 

for identifying the needs arising from the Green Deal for a stron ger increase of RES 

overall, and on the contribution of RES electricity to that ( HighRES scenarios ). Under 

both perspectives, the impacts arising from the use of RES cooperation mechanisms are 

subsequently illustrated. Within this section different aspects  related to the RES uptake 

are discussed in topical order, starting with the aggregated picture in terms of projected 

future RES shares and the impacts of cross -border RES cooperation on those. 

Subsequently, a closer look is taken at the future RES technol ogy mix and at installed 

RES capacities, followed by a discussion of corresponding investments needs and RES -

related support expenditures where impacts of the overall RES ambition, RES cooperation 

and RES policy design are analysed.  

The RES uptake in the C ESEC region ï the aggregated picture (RES shares)  

Within the CESEC region, renewables are already at present a key contributor to meet 

the electricity demand. According to the latest statistical data available (Eurostat, 2021), 

RES achieved a share of ca. 32% in gross electricity demand by 2019. Historically, the 

RES share was steadily growing over the past decade, with differences across countries. 

This growth needs to be accelerated in future years, given the policy commitments have 
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taken and the needs ar ising for a transformation of the energy sector to combat climate 

change.  

The model -based analysis performed in the course of this study sheds light on the 

required, considering both NECP ambitions and Green Deal needs, and on the feasible 

uptake of renew ables in the electricity sector within the CESEC region in the 2030 

context and beyond (2050).  

Figure 3 .11  Status quo (2019), planned (NECP target) and modelled 2030 RES 

shares by CESEC country according to assessed scenarios (RefRES and HighRES 

scenarios)  

 
Source: Eurostat, NCEP and Green -X modelling.  

Figure 3.11  provides a recap of the status quo (2019) and informs on planned (NECP 

target (where defined)) and modelled RES shares by CESEC country in the 20 30 context. 

As applicable from this graph, at present there are strong differences across the CESEC 

region concerning the power mix and specifically the contribution of renewables. While in 

countries like Austria, Albania, Montenegro or Croatia renewables,  specifically 

hydropower, contribute already today (as of 2019) more than half of the electricity 

demand, within Kosovo, Moldova or the Ukraine the share of renewables in power 

generation is currently negligible.  

The planned uptake of RES in the electrici ty sector by 2030, i.e. as proclaimed in NECPs 

(where applicable), appears feasible. A comparison of NECP targets with modelled 2030 

RES shares according to RefRES scenarios, specifically where domestic overall RES target 

fulfilment is envisaged (NoCoop sc enario variant), indicates that in several countries a 

slightly higher than planned RES uptake in the electricity sector would economically make 

sense for reaching the overall cross -sectoral RES target, defined as RES share in gross 

final energy demand, in  a least -cost manner (as prescribed in modelling). An exception 

to that is North Macedonia. Here modelling reveals that the planned RES -E share as 

reported in the draft NECP appears hardly feasible, considering the pace of transition and 

market uptake requ ired. RES cooperation with neighbouring countries would however 

allow for achieving the planned 2030 RES share under these circumstances.  

Complementary to planned RES deployment (i.e. NECP perspective and corresponding 

RefRES scenarios), Green Deal needs a re also illustrated in Figure 3.11 . Here the 

HighRES scenarios inform on the required stronger RES uptake under that perspective. 

Within the CESEC region, the difference compared to NECP planning and corresponding 

RefRES scenarios is however comparatively small in the short term (by 2030): According 

to modelling, the RES -E share at CESEC level would increase to 53.1% by 2030 (HighRES 

scenarios) under that perspective, instead of 49% (RefRES scenarios, in accordance with 

NECP planning). Reasons for that are,  on the one hand, already ambitious policy planning 

as reflected in NECPs (cf. Austria, Greece, Italy, North Macedonia), and, on the other 

hand, the practical limits to market growth in several other countries like Kosovo, 

Moldova or Ukraine, representing emerging RES markets considering the low status quo.  
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Complementary to the above,  

 

Figure  3.12  indicates the feasible RES uptake in the long term (2050) , expressing 

modelled 2050 RES shares by CESEC country according to assessed scenarios (RefRES 

and HighRES scenarios). Compared to 2030, stronger differences among scenarios are 

applicable:  

¶ The overall RES uptake differs to a larger extent between the Ref RES and the 

HighRES scenarios, driven by the underlying scenario conception. Accordingly, a 

moderate climate and RES ambition as presumed in the RefRES scenarios would 

increase the RES share to about 75 -77% by 2050 whereas following the climate 

neutrality objective (HighRES scenarios) implies an even stronger RES uptake 

(85 -87%);  

¶ Stronger differences are also applicable between the scenario variants, assuming 

either emphasis on domestic action (NoCoop scenarios) or cross -border RES 

cooperation (Coop scenari os). A ñlevel playing fieldò for the RES uptake over a 

long period as assumed in the scenarios of full cooperation would lead to a strong 

reallocation of RES investments, given the partly vast renewable potentials 

applicable within certain countries or reg ions.  

 

Figure 3 .12  Modelled 2050 RES shares by CESEC country according to assessed 

scenarios (RefRES and HighRES scenarios)  

Source: Green -X modelling . 

Key findings are:  

¶ For analysing the uptake of renewables in the electricity sector of the CESEC 

region, two perspectives have been assessed: One in accordance with national 

planning (NECP perspective and corresponding RefRES scenarios), and another 

one that reflects Green Deal needs (HighRES scenarios ). For both scenarios, the 

impact of cross -border RES cooperation was analysed;  

¶ In the short term (2030), only a small difference in the RES -E share is applicable 

within the CESEC region between these two perspectives: 49% (RefRES 

scenarios) vs 53.1% (High RES scenarios). This is a consequence of ambitious 

policy planning in certain countries and/or practical limits to market growth in 

several others;  

¶ By 2050, stronger differences in the RES -E shares at CESEC level are applicable: 

75 -77% with a moderate clim ate and RES ambition (RefRES scenarios) vs 85 -

87% when following the climate neutrality objective (HighRES scenarios);  

¶ A ñlevel playing fieldò for the RES uptake over a long period as assumed in the 

scenarios of full cooperation would lead to a strong reallocation of RES 
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investments, given the partly vast renewable potentials applicable within certain 

countries or regions.  

 

Cross - border RES cooperation in the 2030 and 2050 context  

In general, cross -border RES cooperation across the whole CESEC region, as modelled in 

the Cooperation variants of the RefRES scenario (RefRES -Coop) and the HighRES 

scenario (HighRES -Coop), would cause a reallocation of RES investments across 

countries and, in consequence, would contribute to lower the cost related to the RES 

uptake. Here in modelling the ultimate form of cross -border RES cooperation is 

presumed, implying free reallocation of futur e RES investments across all CESEC 

countries.  

Figure 3.13  illustrates for the year 2030 the modelled cross -border RES cooperation by 

CESEC country acco rding to assessed scenarios (RefRES and HighRES scenarios), 

indicating the change of RES -E share in percentage points that would arise when 

introducing cross -border cooperation (compared to domestic action as presumed in the 

NoCoop scenarios). A positive c hange implies that a stronger RES uptake would take 

place so that the country can act as a host. Contrarily, a negative change means that a 

decline of domestic RES investments can be expected and that the respective country 

would have to act as an off - take r in a cooperation agreement. The corresponding 

illustration for the year 2050 is provided in  

Figure  3.14  .  

Results indicate that in the 2030 context similar trends are applicable under both 

assessed policy perspectives, i.e. the NECP perspective as presumed in RefRES scenarios 

and the Green Deal needs, as assessed in the HighRES scenarios. Modelling reveals that 

Albania, Bosnia and Herzegovina, Italy, Montenegro and Slovakia may offer promising 

RES potentials not required for their own RES target achievement.  

In the long term (2050) the picture partly changes, considering the limits in resource 

availability and the changing market readiness in countries  like Moldova or Ukraine. 

Bosnia and Herzegovina may again act as host country for the future RES uptake but 

other countries like Greece, Moldova, Romania or Ukraine also enter the group of hosts 

under both policy perspectives (i.e. moderate RES ambition ( RefRES scenario) or strong 

RES ambition (HighRES scenario). Austria may also act as host but only if a strong RES 

ambition is followed across the whole CESEC region (HighRES scenario), tackling 

resources that would not be required in a RefRES world. The op posite trend is applicable 

for Bulgaria, Kosovo and Slovakia, indicating the limits that certain low -cost RES 

potentials have within these countries.  
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Figure 3 .13  Modelled cross - border RES electricity cooperat ion in 2030 by CESEC 

country according to assessed scenarios (RefRES and HighRES scenarios)  

 
Source: Green -X modelling . 
Remark: A positive number indicates a surplus (RES export) whereas a negative number indicates a deficit 
(RES import).  

Figure 3 .14  Modelled cross - border RES electricity cooperation in 2050 by CESEC 

country according to assessed scenarios (RefRES and HighRES scenarios)  

 
Source: Green -X modelling . 
Remark: A positive number indicates  a surplus (RES export) whereas a negative number indicates a deficit 
(RES import) . 

Key findings are:  

¶ In general, cross -border RES cooperation across the whole CESEC region, as 

modelled in the Cooperation variants of the RefRES scenario (RefRES -Coop) and 

the HighRES scenario (HighRES -Coop), would cause a reallocation of RES 

investments across countries and, in consequence, would contribute to lower the 

cost related to the RES uptake. Here in modelling the ultimate form of cross -

border RES cooperation has b een presumed, implying free reallocation of future 

RES investments across all CESEC countries ;  

¶ Within the CESEC region, modelling reveals that Albania, Bosnia and Herzegovina, 

Italy, Montenegro and Slovakia may offer promising RES potentials for export by 

2030;  

¶ In the long term (2050), the picture partly changes: Bosnia and Herzegovina may 

again act as host country for the future RES uptake but other countries like 

Greece, Moldova, Romania or Ukraine also enter that group.  
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Details on the underlying technol ogy mix in electricity supply  

Electricity generation  

This section informs on anticipated trends in future RES -based electricity supply within 

the CESEC region. As discussed previously, modelling reveals a strong uptake of 

renewables up to 2050 within all a nalysed scenarios. This is getting apparent from  

Figure 3.15  . More precisely, this graph compares for all assessed scenarios total 

electricity generation from RES by 2030 (left) and by 2050 (right). Geographically, the 

comparison is provided for the whole CESEC region and for the sum of EU Member States 

as well as for the CPs of the EnC. While differences between EU and Energy Community 

countries  remain, CPs have to accelerate RES deployment more strongly than EU Member 

States within forthcoming years: Within the EU Member States in CESEC, the imposed 

challenge implies slightly more than a doubling of RES generation whereas for the CPs 

within CESE C, RES generation has to increase by more than a factor of four.  

Figure 3 .15  Comparison of differences in total electricity generation from RES 

across scenarios by 2030 (left) and by 2050 (right)  

  

 

Details on the underlying technology mix in RES -based electricity generations are 

applicable from  

Figure  3.16  . This graph illustrates the development of electricity generation from RES at 

CESEC level up to 2050, exemplified for the RefRES scenario (with domestic action ï i.e. 

NoCoop) (left) and for the HighRES scenario (with cross -border RES cooperation ï i.e. 

Coop) (right).  

Results show that the domin ance of hydropower in electricity supply is expected to 

diminish. Solar electricity (from photovoltaic systems) and wind power (onshore wind) 

will become the major contributors to future electricity supply. This trend is observable 

under all scenarios asse ssed. Of interest, despite its strong use throughout all scenarios, 

wind energy may act as a marginal generation option in economic terms, reaching the 

highest share among all technologies within total electricity generation from RES only if a 

strong RES a mbition is imposed (HighRES scenarios). Contrarily, in the RefRES scenarios, 

photovoltaics would become the largest contributor to the total RES -based electricity 

supply by 2050.  
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Figure 3 .16  Development of el ectricity generation from RES at CESEC level up to 

2050, exemplified for the RefRES - NoCoop (left) and the HighRES - Coop scenario 

(right)  

  

 

Installed capacities  

This section complements the above by taking a closer look at capacity trends in the 

modelled RES transition within the CESEC region. As a starting point,  

Figure  3.17   provides a comparison of differences in cumulative installed RES capacities 

for all assessed scenarios by 2030 (left) and by 2050 (right). Geographically, the 

comparison is provided for the whole CESEC region, and for the group of EU Member  

States within CESEC as well as for the corresponding group CPs of the EnC. Country 

details on modelled cumulative RES capacity developments are then provided by  

Figure  3.18   for all assessed scenarios, offering a comparison for both 2030 and 2050. 

Next to that, insights on the country -specific technology mix of installed RES capacities 29  

at present (2020) and in future (2030, 2050) are shown in  

 

Figure  3.19  , exemplified here for the HighRES -Coop scenario.  

These depictions indicate the following outcomes:  

¶ As discussed above, the comparatively strong RE S ambition is confirmed by the 

capacity trends: tthe cumulative installed RES capacity in CESEC has to increase 

by a factor of three to four compared to today (2020);  

¶ Because of geographic size and population Italy remains the largest RES power 

producer wi thin the CESEC region. Other countries of dominance in terms of 

market size are Austria, Greece, Romania and Ukraine;  

¶ Strong changes in the underlying power technology mix can be expected for the 

whole CESEC region in forthcoming years. Specifically for de central and central PV 

systems a strong uptake is observable in modelled scenarios. In general, these 

technologies are expected to become the largest contributors to power supply in 

capacity terms in almost all countries ï the contribution to power supply in energy 

terms is however smaller, cf. Figure 3.16.  

                                           

29   More precisely, Figure  3.19  indicates the share of individual RES technologies on the cumulative sum of all 
RES installations, done in capacity terms.  
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Figure 3 .17  Comparison of differences in cumulative installed RES capacities 

across scenarios by 2030 (left) and by 2050 (right)  

  

 

Figure 3 .18  Country - specific comparison of differences in cumulative installed 

RES capacities across scenarios by 2030 (top) and by 2050 (bottom)  
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Figure 3 .19  Coun try - specific technology mix of installed RES capacities at 

present (2020) and in future (2030, 2050), exemplified for the HighRES - Coop 

scenario  

 

 

 

Key findings are:  

¶ Technology -wise, results clarify that the dominance of hydropower in electricity 

supply  is expected to diminish across the CESEC region. Solar electricity (from 

photovoltaic systems) and wind power (onshore wind) will become the major 

contributor to future electricity supply. This trend is observable under all scenarios 

assessed;  

¶ Region -wise  it can be concluded that the imposed challenge differs: EU Member 

States in the CESEC region have to achieve a doubling of RES generation whereas 

Contracting Parties of the Energy Community have to achieve an increase by more 

than a factor of four;  

¶ Country -wise, Italy remains the largest RES power producer within the CESEC 

region. Other countries of dominance in terms of market size are Austria, Greece, 

Romania and expectably Ukraine;  

¶ Generally, there are strong changes in the power technology mix: B oth decentral 

and central PV systems are expected to become the largest contributor to power 

supply in capacity terms, imposing a challenge for grid integration.  

 

Investments in RES technologies  

Complementary to previously discussed capacity trends in the modelled RES transition 

within the CESEC region, this section is dedicated to inform on corresponding investment 

needs. In this context, Figure 3.20   of fers a comparison of average yearly investments in 

RES technologies across scenarios for the period 2021 to 2030 (left) and for the period 
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2031 to 2050 (right). Geographically, the comparison is provided for the whole CESEC 

region, and for the group of EU Member States within CESEC as well as for the 

corresponding group CPs of the EnC. Country details on modelled RES - related investment 

needs are then shown in  

Figure  3.21   for all assessed scenarios, offering a comparison for both this decade (2021 

to 2030) (top) and the period 2031 to 2050 (bottom).  

These depictions indicate the following outcomes:  

¶ In accordance with the above, the comparatively strong RE S ambition under all 

assessed scenarios is also applicable in corresponding investment needs: within 

this decade (2021 to 2030) RES - related investments in the whole CESEC region 

vary from 7.7 billion ú (RefRES-NoCoop) to 9.9 billion ú (HighRES-NoCoop) on 

average per year. In later years, the amount of RES - related investments 

increases further, ranging from 12.1 billion ú (RefRES-Coop) to 15.8 billion ú 

(HighRES -NoCoop) on average per year ;  

¶ In accordance with RES deployment and corresponding capacity additio ns, within 

the CESEC region there is a strong difference between the EU Member States and 

the CP of the EnC applicable: RES - related investment volumes are by a factor of 5 

to 6 larger within the EU part of CESEC compared to the EnC part in early years 

(up to 2030), in later years that difference is getting smaller (i.e. a factor of ca. 

three is then applicable). This is mainly a consequence of differences in 

geographic size and population but in early years also market readiness (i.e. 

currently prevailing b arriers to RES deployment) play a role ;  

¶ A closer look at country -specific investment needs (cf .  

¶ Figure  3.21  )  indicates that Italy acts as host of a large part of RES - related 

investments. This is because of geographic size and population, and, again, fits 

well to identified generation pattern ï i.e. Italy remains being the largest RES 

power producer within the whole CESEC region up to 2050. Other countries of 

dominance in terms of investments (and corresponding market size) are Austria, 

Greece, Romania and Ukraine 30 .  

 

Figure 3 .20  Comparison of average yearly investments in RES technologies 

across scenarios for the period 2021 to 2030 (left) and for the period 2031 to 

2050 (right)  

  

 

                                           

30   Specifically in the years post 2030 RES-related investments are expected to increase significantly in 
Ukraine, boosting Ukraine on second place (after Italy) among all CESEC countries in the period 2031 to 
2050.  
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Figure 3 .21  Country - specific comparison of average yearly investments in RES 

technologies across scenarios for the period 2021 to 2030 (top) and for the 

period 2031 to 2050 (bottom)  

 

 

Key findings are:  

¶ The comparatively strong RES ambition under all assessed scenar ios is also 

applicable in corresponding investment needs: within this decade (2021 to 2030) 

RES- related average yearly investments in the whole CESEC region vary from 7.7 

to 9.9 billion ú. In later years up to 2050, investments have to increase further, 

ranging from 12.1 to 15.8 billion ú on average per year;  

¶ At regional level, a strong difference between the EU Member States and the CP of 

the EnC is applicable: RES - related investment volumes are by a factor of 5 to 6 

larger within the EU part of CESEC comp ared to the EnC part in early years up to 

2030, in later years that difference is however getting smaller. Apart from 

differences in geographic size and population the lack of market readiness (i.e. 

currently prevailing barriers to RES deployment) is respo nsible for that ;  

¶ At country level, in accordance with generation pattern, Italy dominates the 

scene, acting as host of a large part of RES - related investments. Other countries 

of dominance in terms of investments (and corresponding market size) are 

Austria , Greece, Romania and, specifically in later years, Ukraine.  

 

RES- related support expenditures  

As final part in the discussion of the results concerning the future RES uptake within the 

CESEC region, this section is dedicated to inform on RES - related suppo rt expenditues. 

RES support is here defined as the difference between the required remuneration to 

cover the cost of a RES generation asset and the market value for the generated 

electricity.  31  That financial support is generally provided by a public suppo rt scheme like 

an auctioned feed - in premium system established at country level (or at a multinational 

level in case of RES cooperation). Support expenditures are then calculated by 

multipliyng the generation -specific support level with the amount of elect ricity generated 

over a certain time period (like a year). As common policy practice, RES - related support 

                                           

31   Depending on details in policy design, support can however exceed the require d remuneration of individual 
generation assets, for example if uniform support is provided for a set of generation assets to foster 
competition. Overcompensation may then arise for certain (low -cost) RES producer if the height of support 
is determined unif ormly by the marginal generation asset required to meet the targeted RES deployment.  
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expenditures are then borne by electricity consumers via a levy on top of electricity 

prices.  

As a starting point for the analysis of RES - related sup port expenditures, Figure 3.22,  

compares among all assessed scenarios the average RES - related support expenditures, 

expressed as premium per MWh gross electricity consumption. To indicate the 

development over time, a distinction is applied between early ye ars, i.e. the period 2021 

to 2030  (Figure 3.22 , left), and later years, i.e. the period 2031 to 2050 ( Figure 3.22 , 

right). Complementary to that,  

Figure  3.23  sheds light on two specific elements in RES policy practice that have an 

impact on the resulting dir ect policy cost, i.e. indicating average yearly RES - related 

support expenditures in absolute terms at CESEC level by time period: cross -border RES 

cooperation 32  and details in RES policy design ï i.e., assessing whether a technology -

specific or a technology -neutral policy instrument appears more appropriate for 

incentivicing the envisaged strong RES uptake.  

Figure 3 .22  Comparison of average RES - related support expenditures, 

expressed as premium per MWh gross electricity consumption, across scenarios 

for the period 2021 to 2030 (left) and for the period 2031 to 2050 (right)  

  

 

                                           

32   As discussed previously, here in modelling the ultimate form of cross -border RES cooperation is presumed, 
implying free reallocation of future RES investments across al l CESEC countries in both scenarios RefRES -
Coop and HighRES -Coop.  
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Figure 3 .23  Impact of RES cooperation (left) and of RES policy design (right) on 

RES- related support expenditures, exemplified at CESEC level for the HighRES 

scenario  

  

 

The graphs above provide valuable insights as summarised below:  

¶ The strong RES uptake proclaimed under all assessed scenarios comes at cost ï 

but these cost, here assessed by means of required RES - related support 

expenditures, are comparatively moderate and expected to decline over time. 

Within this decade (2021  to 2030) average RES - related support expenditures in 

the whole CESEC region translate into a premium (or levy/fee) on top of electricity 

prices ranging from 9.2 (RefRES -Coop) to 9.9 ú per MWh electricity consumption 

(HighRES -NoCoop). In later years (2031 to 2050), the amount of RES - related 

support expenditures are expected to decline further so that the corresponding 

premium on top of electricity prices would then vary between 2.7 (RefRES -Coop) 

to 5.6 ú per MWh electricity consumption (HighRES-NoCoop) on a verage across 

the whole CESEC region. Why can one expect such a strong decline in RES - related 

support despite the envisaged strong RES uptake? Reason for the declining trend 

is that the bulk of support expenditures for RES in the electricity sector in this  

decade (2021 to 2030) will be dedicated to those RES systems installed until 2020 

ï i.e. across all scenarios they are responsible for about 80% of total RES - related 

support expenditures during that period. New RES installations being deployed in 

forthcom ing years are expected to come at lower cost (compared to past RES 

installations) and consequently require less financial support, thanks to 

technological progress achieved and expected in forthcoming years. Apart from 

technological progress also the assum ed increase in carbon prices and the 

improved market readiness, i.e. the in modelling presumed removal of currently 

prevailing RES barriers, plays a role in that ;  

¶ In accordance with patterns identified in RES generation or RES - related 

investments, within the CESEC region there is a strong difference also in RES -

related policy cost between the EU Member States and the CP of the EnC 

applicable: RES - related support pre miums as expressed in Figure 3.22  are by a 

factor of 7 to 11 larger within the EU part of CESEC compared to the EnC part in 

early years (up to 2030), in later years th at difference is getting smaller (i.e. 

down to a factor of 4 to 7). As stated previously, this is mainly a consequence of 

differenes in geographic size and population but in early years also the fact that in 

past years less policy -driven RES deployment has  been achieved in the EnC part is 

of relevance in this respect ;  

¶ RES cooperation can help to lower the policy cost burden. By the assumed full use 

of RES cooperation (done e.g. via region -wide or cross -border RES auctions) at 

CESEC level, total support expe nditures for RES can be reduced by 2% in early 

years (up to 2030), and by 19% in later years (2031 to 2050) compared to the 
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default case where no such cooperation was presumed. Please note that cost 

savings are smaller in magnitude in early years because o f the dominance of 

support for past RES installations (installed up to 2020 and not affected by 

(future) RES cooperation) during that time period ;   

¶ The other key parameter is the selection of an appropriate policy framework: 

Here, modelling reveals that ta rgeted policies offering technology -specific 

incentives tailored to individual needs, done e.g. by use of auctions for feed - in 

premiums, appear highly beneficial for triggering a cost -effective uptake of RES in 

the electricity sector. In the case of a stro ng RES uptake as proclaimed in the 

HighRES scenarios modelling results show cost savings in size of 4% in early 

years (up to 2030), increasing to 51% in later years (2031 to 2050 on average), 

when comparing average support under targeted RES policy approac hes (e.g. RES 

auctions) with umbrella policy approaches (e.g. technology -neutral quotas with 

certificate trading). The comparatively small savings in early years are again 

because support for existing RES (installed up to 2020) is not affected by the RES 

policy design for incentivising the RES uptake in future years.  

 

For informing on overall consumer impacts of the proclaimed future RES uptake  

Figure 3.24   subsequently indicates the impacts electricity consumers may face, showing 

how on average across the whole CESEC region yearly consumer cost in specific terms 

(per MWh electricity consumption) are affected by the underlying RES ambition ï i.e. 

assuming e ither a moderate (RefRES) or a strong RES uptake (HighRES), both with RES 

cooperation. Similar to above, a distinction is made between early (2021 to 2030) and 

later years (2031 to 2050). The cost elements taken up in that comparison comprise the 

wholesale  electricity price and the RES - related support. 33  

The impact of the underlying RES ambition on consumer cost as shown in  

Figure  3.24   is remarkable. Despite higher direct RES - related policy cost, i.e. higher 

support expenditures for RES, overall cost for consumer may in later years (2031 to 

2050) even be lower under a strong  RES uptake (HighRES) compared to a moderate one 

(RefRES). This is caused by lower wholesale electricity prices in the case of a stronger 

RES uptake ï since variable RES with low operating cost dominate the wholesale market 

during more hours than in under reference conditions.  

                                           

33   The comparison of cost impacts on electricity consumer does however not provide the ñfull pictureò since 
network charges as well as energy - related or general taxes are not taken into cons ideration. Taking these 
missing elements into consideration would require a detailed analysis by country, distinguishing between the 
various customer groups (e.g. households, industry, tertiary) for the tax or charging practices.  
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Figure 3 .24  Impact of RES ambition on consumer cost in specific terms (per 

MWh electricity consumption), exemplified at CESEC level for the RefRES and 

the HighRES scenario (with RES coop eration)  

 

Key findings are:  

¶ The strong RES uptake proclaimed under all assessed scenarios comes at policy 

cost ï but these cost, here assessed by means of required RES - related support 

expenditures, are comparatively moderate and expected to decline over  time: 

support expressed as premium (or levy/fee) on top of electricity prices is expected 

to decline from 9.2 -9.9 ú per MWh electricity consumption in early years (2021-

2030) to 2.7 -5.6 ú per MWh electricity consumption in later years (2031-2050) ;   

¶ On ave rage about 80% of total RES - related support expenditures within this 

decade (up to 2030) refer to existing RES (installed up to 2020). New RES 

installations deployed from 2021 onwards are much cheaper and consequently 

require less financial support compare d to the bulk of existing RES plants;  

¶ RES cooperation can help to lower the cost burden significantly. At CESEC level, 

policy cost savings in size of 19% can then be achieved in later years (2031 to 

2050);  

¶ The selection of an appropriate policy framework i s of key importance: targeted 

policies offering technology -specific incentives tailored to individual needs, done 

e.g. by use of auctions for feed - in premiums, appear highly beneficial for 

triggering a cost -effective strong RES uptake in the electricity se ctor. According to 

modelling, the difference in RES - related support expenditues is significant in the 

long term (until 2050): RES - related support expenditues can be cut to the half by 

applying targeted technology -specific RES policies instead of umbrella t ype of 

policy approaches.  

 

Identification of promising cross - border RES zones in the CESEC region  

This section is dedicated to inform on the identified promising cross -border RES projects 

within the CESEC region, done here from a resource perspective that considers the 

economic viability as generation asset. The ultimate short - list of cross -border RES & 

infrastructure projects followed the grid - related analysis of this study.  

The identification of promising RES projects and regions requires a detailed geog raphical 

mapping of the previously discussed modelling results on the future uptake of renewables 

in CESEC countries. This mapping exercise was performed for all key RES technologies 
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from a current and forward - looking perspective, comprising hydropower, ph otovoltaics 

and wind energy 34 . The graphs below,  

Figure 3.25   to Figure 3.28  , illustrate the development over time (2020 to 2050) in 

terms of cumulat ive installed capacities for all key RES technologies identified, 

exemplified for the scenario HighRES -Coop. Complementary to these graphs,  Figure 3.29   

offers a comparison of the long term (2050) deployment of RES among all assessed 

scenarios, indicating for each scenario the detailed regional distribution of cumulative 

installed capacities for the sum of key RES technologies (i.e. hydropower, photovoltai cs 

and wind energy) by NUTS3 area within the CESEC region.  

Figure 3 .25  Mapping of current (2020) (left - top) and future (2030 (right - top), 

2040 (left - bottom), 2050 (right - bottom)) hydropower  installations in t he CESEC 

region according to modelling (HighRES - Coop scenario)  

  

  

                                           

34   Concerning wind energy,  the mapping is constraint to onshore wind since modelling indicates that from a 
least -cost perspective (looking at generation assets) offshore wind would achieve only a negligible share in 
future power supply within the CESEC region. Technology -wise offsh ore wind is however ready for a stronger 
uptake, for example if barriers for other RES technologies like onshore wind prevail in certain countries.  
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Figure 3 .26  Mapping of current (2020) (left - top) and future (2030 (right - top), 

2040 (left - bottom), 2050 (right - bottom)) photovoltaic  installations in the 

CESEC region according to modelling (HighRES - Coop scenario)  

  

  

 


























































































































































































