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ABSTRACT 

The European Union (EU) Renewables Directive enables EU Member States to import 

renewable electricity from non-EU countries and count these imports towards their renewable 

energy targets. In this article, it is investigated whether such cooperation can be beneficial for 

selected Western Balkans countries and help them increase their domestic renewable 

electricity supply: could wind power exports to the EU from Bosnia and Herzegovina, Serbia, 

Albania and the Former Yugoslav Republic (FYR) of Macedonia enable additional 

investments in domestic generation, without ‘selling out’ the exporter countries’ best 

generation sites? Or would exports rather conflict with the Western Balkans countries’ 

domestic efforts to reach their renewable energy targets and increase the domestic electricity 

supply? For this, a model was developed to optimise, from the exporters’ perspective, the 

wind power supply via partial exports of the generated electricity. The analysis takes into 

account the wind potential, support and price levels in the EU and Western Balkans, investor 

requirements and financing conditions in the investigated countries.  

The paper shows that cooperation offers a way both for EU Member States and some Western 

Balkan states to expand renewable electricity supply and reach their renewable energy targets 

in a cost-effective way. Partial exports of wind power would allow Serbia, Albania and FYR 

of Macedonia to reach their 2020 wind targets. This would not be possible under their existing 

support schemes or electricity prices. Bosnia and Herzegovina lacks cost-efficient potentials 

and cannot achieve its wind target with or without exports.  

Climate policy relevance: The results show that wind power cooperation between the EU 

and Western Balkan countries (except Bosnia and Herzegovina) may simultaneously increase 

the renewable electricity generation available for the domestic markets in the host countries 

and help EU Member States to achieve their renewable energy and decarbonisation targets. 

Hence, wind power exports are a way for both the EU and Western Balkans to provide more 

carbon-neutral electricity in a cost-effective manner and thus support the achievement of 

renewable energy as well as climate targets. 

 

Keywords: renewable electricity; renewable electricity cooperation; Western Balkans; 

European Union; renewable energy targets, energy policy 



 

                      

 

 
 

 

   
 

  



 

                      

 

 
 

 

   
 

Transnational renewable electricity cooperation:  

What’s in for the host country? 

 

1 Introduction 

International cooperation in the energy sector within the European Union (EU) and with EU 

neighbour countries is an important element of the EU’s energy policy up to 2020 and will be 

even more important in the long-term as emphasised in the 2030 energy and climate 

framework and the strategy for an European Energy union (European Commission, 2015;  

European Council, 2014). The renewable energy directive (2009/28/EC) introduced the 

cooperation mechanisms that enable (statistical) imports of renewable energy (RE) to EU 

Member States from within and outside the EU in order to facilitate the achievement of 

national 2020 renewable energy targets. Previous research has shown that cooperation would 

substantially lower the overall costs of reaching the EU renewable energy targets compared to 

a country-by-country approach (e.g. Resch, Ragwitz, 2010). For the exporter countries, such 

trade could trigger new investments and thereby lead to, for instance, additional tax income, 

job creation, technology transfer and the provision of additional generation capacity for later 

domestic use after the export period so that RE cooperation is beneficial for both sides (e.g. 

Dalla Longa & Raimundo, 2012; Klessmann et al., 2014; Ragwitz et al., 2012; Unteutsch & 

Lindenberger, 2014). However, a low demand and a lack of understanding on how the 

cooperation mechanisms could function so far hampered their use. 

Much attention – both in science, policy and public media – has been given to the possibility 

of importing solar and wind power to Europe from the deserts of the Middle East and North 

Africa (MENA), such as the Desertec vision (Desertec, 2009; Trieb, 2006; Trieb, Fichter, & 

Moser, 2014; Trieb et al., 2015) or other similar outlooks (e.g. Dii, 2012, 2013; Patt, 

Komendantova, Battaglini, Lilliestam, 2011; Schellekens Battaglini, Finlay, Fürstenwerth, 

Lilliestam, Schmidt, Patt, 2011). Although they appear technically and economically possible 

and attractive, imports from North Africa would be a highly complicated endeavour, 

especially in terms of intercontinental political cooperation and in some cases  the need for 

very long power lines from the production sites in the Sahara to the consumers in the EU 



 

                      

 

 
 

 

   
 

(Lilliestam, Bielicki, & Patt, 2012). Hence, although North Africa has the largest RE potential 

of the EU neighbour regions and may be of particular interest in the mid-term due to the 

potential to deliver flexible renewable electricity from concentrated solar power (Trieb et al., 

2015), there are significant potentials in geographically and politically easier accessible 

regions which may be available in a much shorter timeframe. 

The Western Balkans have so far not been discussed to a comparable extent for RE 

cooperation but have, for their small geographic size, considerable RE potentials, in particular 

for wind, solar and hydro power. This potential, although not as large as the Saharan solar 

resource, is of interesting to EU countries for two major reasons. First, the region shares land 

borders with the EU and further physical integration is planned via new undersea power lines 

to Italy. Second, the region is in a political integration process with the EU. This geographical 

and political proximity reduces the need for additional long-distance transmission lines and 

new political electricity trade frameworks (Tuerk et al., 2015; Resch, Welisch, Ortner, 2015).  

In exporter (host) countries with sufficient potential for projects and without the need to 

achieve own emission reduction targets, such RE exports may not be a constraint. However, 

exports can be unfavourable for host countries which themselves require these potentials, for 

instance because they are short in electricity supply or are equally subject to renewable or 

greenhouse gas emission targets. This possible competition about physical potentials shows 

some similarities to previously developed market mechanisms. For instance, domestic offset 

projects that were developed within the EU under the Kyoto Protocol’s Joint Implementation 

mechanism may constrain the use of cost efficient potentials by the host country. Therefore, 

France allowed hosting domestic offset projects for the use by other countries but kept a share 

of the revenues in order to compensate for the reduction of cost-efficient emission reduction 

potentials for its own use. New Zealand followed a comparable approach by keeping part of 

the achieved emission reduction for its own account (Steiner, 2011, p.4). Similarly, under the 

renewable energy cooperation mechanisms, such trade-offs may need to be found in countries 

with limited cost efficient potential for the domestic supply and possibly own renewable 

energy targets. 

Some Western Balkan countries are in the accession process to the EU and all of them are 

contracting parties to the Energy Community treaty, which mandates them to accept the EU 

acquis on renewable energy and adopt renewable energy targets of similar ambition as the EU 



 

                      

 

 
 

 

   
 

targets. This simplifies the legal, physical and administrative aspects of RE cooperation with 

the EU. At the same time, it raises the question whether Western Balkan countries would ‘sell 

out’ generation sites they would need themselves for short or mid-term target achievement for 

the benefit of its richer neighbours. In addition to binding 2020 RE targets, the Western 

Balkan countries have an increasing electricity demand, an old and aging generation fleet with 

large capacity retirements expected in the next decade, and today depend on electricity 

imports after having been a net exporter during Yugoslavian times (Tuerk, Frieden, Steiner, 

Pasicko, Kordic, Karakosta, 2013a). Increasing the domestic generation capacity, especially 

from renewables, is an urgent matter across the region – and hence there is a need to ensure 

that RE exports do not constrain the own supply and target achievement. Nevertheless, the 

interest to sell RE to the EU was voiced by several countries in their national renewable 

energy action plans (NREAPs) and first efforts to cooperate have started, in particular 

between Serbia and Italy (Tuerk et al., 2015).  

2 Method and data 

This article aims to contribute to a better understanding of possible design options of the EU’s 

renewable energy cooperation mechanisms. The question is addressed whether the Western 

Balkan countries can benefit from renewable electricity cooperation and increase their own 

renewable electricity supply without unnecessarily ‘selling out’ resources they need for 

domestic use. It addresses part of a broader optimisation problem a host country faces, as 

electricity exports do not contribute to domestic renewable energy targets, decarbonisation or 

energy security. The choice of which potentials to attribute to electricity exports, how much 

and over which period to export importantly depends on the time horizon and associated 

targets. 

The analysis is carried out for the case of wind power exports to the EU from Serbia, the 

Former Yugoslav Republic (FYR) of Macedonia, Albania, and Bosnia and Herzegovina 

(BiH). As a reference, domestic wind targets as defined in the NREAPs are used. We focus on 

‘Joint projects between Member States and third countries’ (further referred to as joint 

projects), according to Article 9 of the EU Renewable Energy Directive (RED) regarding 

renewable electricity imports from non-EU countries. Under joint projects an importer 

country funds or supports increased renewable electricity generation in an exporter country. 



 

                      

 

 
 

 

   
 

Imports from non-EU countries require that the electricity to be counted towards the RE target 

of an EU country is physically imported to the EU. Consequently, this electricity is not 

available for domestic consumption in the exporter country. At the same time, where the 

importer country provides for higher support levels as compared to the host country, exports 

will improve the cash flow of an RE project and could thus trigger investments that would not 

be profitable under the local support scheme alone. While previous studies investigated joint 

projects by assuming that 100% of the produced electricity is exported (e.g. Gephart, 

Klessmann, & Nysten, 2014), here the possibility of partial exports is considered as a 

potential solution to the above stated optimisation problem. 

2.1 Methodological approach 
For a joint project to take place, requirements of at least three directly involved types of actors 

need to be satisfied, namely the host country, the importer country and the investor. Assuming 

that the exporter country aims at maximising domestic supply, we explore the solution space 

spanned by a triad of partially conflicting aims:  

• exporter state governments (host countries) want to maximise the support provided by 

the importer country in order to increase profitability of investments and reduce the 

export share required for investments to happen; 

• importer country governments want to minimise their support by accessing the best 

resources for exports and by minimising the investor’s rate of return; 

• investors seek to maximise the rate of return on the investment (here the equity 

internal rate of return, IRR, is used as the indicator for profitability).  

If the support level provided by the importer country is higher than the support or electricity 

price in the host country, each host country can allow a certain amount of wind power to be 

exported under joint projects in order to leverage national wind power deployment of 

otherwise unprofitable sites.  

A model has been implemented in Visual Basic that optimises the export levels and thus the 

electricity supply for the host country for different clusters (bands) of the available wind 

potential. The model’s core is a cash flow-based investment appraisal that calculates the 

profitability of wind power investments under different frame conditions. As opposed to a 

typical investment appraisal, the used model is based on national onshore wind potentials 



 

                      

 

 
 

 

   
 

instead of project-specific data. In addition, it does not generate profitability indicators such 

as the IRR based on fixed input parameters, but reverses this standard procedure by 

calculating the minimum export share required to reach a specific IRR threshold for each 

band. For higher-cost bands, higher export shares are thus required to make the investment 

economically viable. Similarly, exports are only of interest for the host country if the 

domestic support alone is not sufficient to trigger investments. An equation-based model 

description of the optimisation approach is found in the Appendix.  

The current rules for joint projects as defined in the RED are valid until 2020. The 

continuation or exact setting of the cooperation mechanisms after 2020 is not yet decided. It is 

here assumed that the current rules apply over the entire period of this analysis, i.e. up to 

2030. Further, an unlimited demand for exports (i.e. EU countries can and intend to absorb all 

feasible exports from the Western Balkans) and the absence of physical export constraints 

such as transmission bottlenecks are assumed. 

2.2 Wind potentials 
The wind potential data is based on wind speed data from the COSMO-EU weather model of 

Deutscher Wetterdienst (DWD, 2015). The wind speeds are available in 7x7 km spatial 

(including several heights) and in a quarter-hourly time resolution. For each country, onshore 

wind power potential quality levels were clustered into bands. Each band represents a share of 

the potential with similar average wind speed. Based on this data, assumptions are made on 

suitable land areas for wind turbines and the electricity generation potential per country and 

band is derived by assuming that a certain turbine type is installed in those areas. Several 

constraints including minimal installation distance among turbines and to buildings and streets 

have been considered. The resulting potential represents the realisable technical potential in 

the timeframe up to 2030. This top-down data was crosschecked with bottom-up technical 

wind energy potential studies available from the region (see e.g. Linnerund, Radulov, Auer, 

Zach, Lettner, 2010; Government of the Republic of Macedonia, 2010; Tuerk, Frieden, 

Steiner, Pasicko, Kordic, Karakosta, 2013b). The consulted studies included interviews with 

stakeholders from the region, results from stakeholder workshops and government strategies 

as well as pre-feasibility and potential studies. These were partly based on on-the-ground 

measurements and were therefore found to be most reliable. Important discrepancies between 

these studies and the top-down data were found only in case of Serbia. The Serbian top-down 



 

                      

 

 
 

 

   
 

wind potential data was approximately three times lower than what the other studies showed. 

Therefore the total potential was increased correspondingly while the clustering into the 

described bands was maintained. Since most data sources are several years old, the increase in 

turbine efficiency was accounted for by increasing the energy production from each band by 

15%. 

The resulting capacity available in each country is shown per wind speed band of the potential 

in Figure 1. All countries have wind power potentials in the bands representing 1860-2255 

full-load hours per year (bands 3-9). In addition, Albania also has higher quality potentials of 

up to 2445 full-load hours (bands 1 and 2) while the other countries have additional potentials 

of lower quality up to a minimum of 1675 full-load hours (bands 10 and 11). To illustrate the 

corresponding potentials and costs per country static cost-potential curves for each country 

were established (Figure 2) based on economic parameters shown in Table 1. 

 

Figure 1: Available wind potential per country in GW for each band of full load hours (h/a). While Albania 
has a potential in bands 1 to 9, all other countries have less favorable conditions (capacities available in 
Band 3 to Ban 11). Source: Own elaboration based on wind speeds data from DWD (2014). 

 



 

                      

 

 
 

 

   
 

 

Figure 2: Levelised cost of electricity (LCOE) per country. The steps represent changes in the bands 
presented above. The lower starting point of the LCOE in Albania as compared to the other countries is 
due to its potentials available in the most favourable bands B1 and B2. 

Source: Wind speed data from DWD (2014) and economic parameters as shown in Table 1. 

2.3 Economic and financial parameters 
Table 1 and Table 2 below show the generic and country-specific economic input data that 

determine the economic setting used in the analysis. All economic data was gathered through 

literature analysis and refined during interviews and stakeholder workshops in the Western 

Balkans in the framework of the 30-month BETTER project carried out from 2013-2015.  

 



 

                      

 

 
 

 

   
 

Table 1: Generic input variables. Values in brackets show the range for the sensitivity analysis. 

Input parameter  Unit  Value Source 
Depreciation period years 15 (1) 

Bank interest rate % 10  
(4-16) (1) 

Loan period  years 10 (1) 
Share of loan % 65 (1) 

Export price EUR/MWh 104  
(95-113) (2) 

Export period  year 15  
(10-20) (1) 

Concession period  year 20 (1) 
Operation start year 1 (1) 
Operation & 
Maintenance costs EUR/kW 35  

(30-40) (1) 

Investment costs EUR/kW 1300  
(1100-1500) (1) 

IRR threshold % 14% 
(10 – 18%) (1) 

Source: (1) Tuerk et al. (2015); (2) Resch et al. (2015). 
 

Table 2: Country-specific input variables. Values in brackets show the range for the sensitivity analysis  

Country  Serbia Bosnia and 
Hezegovina Albania FYR of 

Macedonia Source 

Input parameter  Unit           
Tax rate % 15 10 15 10 (3) 
Domestic FIT EUR/MWh 92 68,5* - 89 (4,5,6) 
FIT period Years 12 12* - 20 (4,5,6) 
Domestic price EUR/MWh 69 62 69 69 (6,7) 

 
*Average of feed-in tariff (FIT) in Federation of Bosnia and Herzegovina (75 EUR) and reference price in 
Republika Srpska (62 EUR). It is assumed that cooperation projects will have a minimum capacity of 10MW. 
Therefore, the FIT of Republika Srspska was excluded as it is only applicable to small wind projects. For the 
Federation of Bosnia and Herzegovina, the support for large wind power was used. A support period of 12 years 
of the Federation of Bosnia and Herzegovina was applied. 
 
Sources: 
(3) PricewaterhouseCoopers (2014) 
(4) RES Legal Europe, Federation of Bosnia and Herzegovina: Feed in Tariff  
(5) RES Legal Europe, Republika Srpska, Feed in Tariff 
(6) Wolf Theiss (2015) 
(7) Green X model 2014 (www.green-x.at). 
 

http://www.green-x.at/


 

                      

 

 
 

 

   
 

The domestic policy framework is a major determinant of the wind power expansion in the 

Western Balkans. For example, Albania has the best wind resources in the region, but the 

absence of support policies prevents wind power expansion. On the other hand Serbia, which 

has much smaller wind potentials but has a wind power feed-in tariff (FIT) of 92 EUR/MWh 

paid over a 12-year period, which is comparable to EU support levels. The domestic 

electricity prices are taken from the GreenX model and represent an average forecast value for 

the period between 2015 and 2030 (www.green-x.at). It is assumed that the price paid for the 

exported RE are the 2030 marginal costs of additional RE deployment in the EU, as modelled 

with GreenX in the BETTER project (Resch et al., 2015). In that study, three different EU 

2030 RE targets were assumed leading to marginal costs of 95 €/MWh (target of 27%), 104 

€/MWh (30%) and 113 €/MWh (32.8%). Of these, the middle value was used here as the 

remuneration for the exported electricity. A 15-years export period was assumed, which is a 

standard duration of the EU support policies (RES LEGAL Europe, 2015). 

The analysis does thus not focus on a specific importer country, as the interest of EU 

countries to import RE is not sufficiently predictable. Currently, only Italy and the UK are 

actively investigating imports (Lilliestam Ellenbeck, Karakosta, Caldes, in review), whereas 

Luxemburg expressed interest in its 2009 NREAP (Beurskens, Hekkenberg, & Vethman, 

2011), and the Netherlands investigated the issue in the past (Gephart et al., 2014). The 

threshold IRR, beyond which investors may pursue projects, depends mainly on the risk 

perception for the investment: higher risk projects require a higher IRR (Komendantova, 

Patta, Barrasb, Battaglini, 2012; Lüthi & Wüstenhagen, 2012). Although the risk profile 

differs slightly between the Western Balkan countries, we chose a single IRR threshold in 

order to make the results comparable across countries. In addition, the threshold IRR likely 

varies less between Balkan countries than between different investor types. For example, a 

domestic (especially if state-owned) company may have a lower IRR requirement and a lower 

risk perception for its home market than a private western European company. For all 

countries and investors, we assume a base case equity IRR (i.e. the IRR for the investor 

including financing conditions of loans) threshold of 14% (Tuerk et al., 2015). 

In addition to these parameters, the investment and operation costs are important determinants 

for the profitability of wind power projects. Here, we assume a fixed 1300 €/kW investment 

and 36 €/kW/year O&M cost, which are the European average figures for 2014 (Resch et al., 



 

                      

 

 
 

 

   
 

2015).  Similarly, we assume a 65:35 debt-to-equity rate for all countries, with a fixed 10-year 

loan period and 10% bank interest rate which is the average lending interest rate among the 

investigated countries (World Bank, 2015). The same interest rate for all countries is assumed 

because it primarily depends on the credit worthiness of the investor as well as the credit 

agency, which could be equal for all countries. This interest rate reflects the higher investment 

risk in the Western Balkans than in the EU1.  

2.4 National wind targets 
Besides the maximisation of physical electricity supply, a major interest of this study is to 

investigate to which extent exports are beneficial for reaching the RE targets of the exporter 

countries. As the RE targets apply for all energy consumption and this study only addresses 

wind power, the envisioned wind power production in the 2020 (draft) national renewable 

energy action plans (NREAPs) of the analysed countries are used as a reference (see Table 3). 

Table 3: The 2020 renewable energy and indicative wind power targets for the Western Balkan countries.  

 Unit Serbia  BiH Albania  FYR of 

Macedonia 

Renewable energy 

target 2020 

% of gross final energy 

consumption 

27% 40% 38% 28% 

Wind power target 

2020 

GWh/a 1000 775 165 400 

Sources:  Republic of Serbia (2013); Government of Albania (2012), Government of Republic of Macedonia 

(2013), Government of Republika Srpska (2014), Federation of Bosnia and Herzegovina (2014). 

2.5 Sensitivity analysis 
Results were expected to be sensitive to some of the more uncertain parameters. This 

especially includes the bank interest rate and the IRR threshold, both of which are key 

determinants of the business case but may vary strongly depending on the framework 

conditions and involved actors. For instance, while an international financing institution (IFI) 

such as the European Bank for Reconstruction and Development (EBRD) may require an IRR 

in the range of 5% to provide a loan, a private investor could require an IRR of over 15% 

                                                 
1 The average (March 2015) Euro area bank lending rate was 2.94% (Trading Economics, 2015). 



 

                      

 

 
 

 

   
 

(personal communications in the framework of the BETTER project). A domestic investor 

may require a lower IRR due to better access to and knowledge about institutions and rules. 

Similarly, the bank interest rate differs strongly between IFIs and private banks. Therefore, 

the sensitivity of the results to the following parameters was analysed: bank interest rate, IRR 

threshold, level of exporter support, export period, investments costs, and costs of operation 

and maintenance. The used values for the analysis are shown in Table 1 above.  

3 Results 

3.1 Base results 
The results (Figure 3) show that Albania by far achieves the highest total generation level 

(over 4600 GWh/a), which is not surprising given its large and high quality potential. Yet, the 

lack of a domestic wind power support scheme prevents investments without exports. Serbia 

and FYR of Macedonia have sufficient support schemes to trigger some wind power 

investments only under their domestic support, without any exports (Figure 3).  

  



 

                      

 

 
 

 

   
 

  

Figure 3: Cumulative economic wind power production and required export share per band. The lower 
part of the columns represent the electricity that can be consumed in-country, the upper part represents 
the exported electricity. The percentages on the x-axis indicate the minimum export share needed to 
trigger investments in each band; 0% export means that the band can be profitable without exports. n.a. 
means that the band is not economic even under a 100% export case. Therefore, no production is added 
for these bands and the values correspond to the previous ones. The lines show the domestic wind 
production targets for 2020.  

No country can achieve its wind power target without exports. All countries except Bosnia 

and Herzegovina meet their wind targets with the help of exports. The marginal export share 

required to reach these targets varies widely across countries. While Albania has the most 

cost-efficient as well as the highest total potential, it requires a marginal export of about 40% 

to achieve generation in the lowest-cost band and at the same time meet its wind target. 

Remarkably, as a consequence, Albania could achieve its wind target without having a wind 

support scheme in place but instead finance the investments through partial exports. FYR of 

Macedonia exceeds its wind target at a 16% marginal export share, which is the case for 

Serbia at about 25%. Bosnia and Herzegovina stays below its wind target even under high 

export levels. It needs to be noted that, besides the available wind potential and the economic 

frame conditions, the targets themselves are very different between countries: while FYR of 

Macedonia and Serbia can achieve additional generation for their own consumption of about 

twice the amount of their 2020 wind target, Albania achieves a generation for domestic 

consumption of about 1400 MWh/a – more than eight times its target.  

Overall, the analysis shows that partial exports can importantly contribute to an increased 

domestic wind electricity supply in the host countries and in most cases enable wind target 

achievement. For Bosnia and Herzegovina as well as Albania, exports are necessary to trigger 

any wind power expansion in the current weak renewable energy policy setting. Both FYR of 



 

                      

 

 
 

 

   
 

Macedonia and Serbia can tap lower cost potentials based on their domestic support systems. 

Exports from the most cost-efficient potentials would thus be detrimental for these countries, 

but exports are required to trigger exploitation of higher-cost bands and for reaching the wind 

power targets.  

3.2 Sensitivity analysis  
The results of the sensitivity analysis are shown in Figure 4 below. The ranges of the input 

parameters (Table 1 above) do not represent the same relative variations to the standard input 

values for all parameters. Instead, ranges were chosen that appeared to be realistic based on 

personal communications with experts in the field. For the export price the same source was 

used as for the base case as described above. The results are the most sensitive to variations in 

investment costs, IRR threshold and bank interest rate. It needs to be noted that the shown 

variations refer to the highest achievable production under exports for domestic consumption. 

Therefore also seemingly small relative variations may have a high importance in absolute 

terms. 

The export price is an important uncertainty in the analysis as the prices were determined 

based on projected marginal generation costs in 2030 in the EU. Development of technology 

and the electricity market during this timeframe are rather uncertain. For the used price range, 

the sensitivity to prices ranks in the middle right after investment costs, IRR threshold and 

bank interest rate. However, in relative terms the variation between highest and lowest input 

value is the smallest of all analysed input parameters (about 20%).     

Variation of the export period during which the foreign support is available shows the 

smallest impact on results even though the lower and upper input values differ by 100%. The 

least impact can be observed for FYR of Macedonia. This can be explained by the fact that 

the country has a relatively good support scheme in place under which 89 EUR/MWh are paid 

over a period of 20 years, providing wind projects with long term stable revenues. 

Variations of the bank interest rate show one of the highest impacts on results, after 

investment costs and the IRR threshold. The chosen upper value is three times as high as the 

lower value which is the highest relative variation of all analysed. 

The magnitude of the operating costs has a slightly higher effect on results than the export 

period and thus the second lowest one of all analysed parameters. Given that the range of the 



 

                      

 

 
 

 

   
 

input values (about one third) is smaller than for the export period, in can also be considered 

more important in relative terms. 

Variations of operating costs and the IRR threshold show similar impacts on the results – the 

highest of all parameters. In the most favourable cases they can more than double the 

production for domestic use. In the least favourable cases, this production decreases to minor 

volumes. The chosen relative variation of the investments costs was smaller, so that these can 

be considered most important in relative terms.  

 

Figure 4: Sensitivity to changes in input variables (electricity counting to domestic RE target). The figure 
illustrates the overall generation that stays within the host countries if all economic potential is used. 
This corresponds to the wind power production of the base results (Figure 3) labeled as “Counting to 
domestic RE target” in the highest achievable band. The upper (grey) bars show the maximum achievable 
under the most favorable input parameters, the lower (black) bars show the minimum value under the 
least favorable input values.  

4 Discussion 

The analysis shows that Serbia, Albania and FYR of Macedonia can increase their wind 

power generation both for achieving their renewables targets and for increasing their 

electricity supply by exporting wind power to the EU. This counter-intuitive finding is a 

consequence of the support-differential between EU and Western Balkan countries: exporting 

a share of the renewable power increases the average remuneration for the electricity, making 

numerous projects profitable that would not be profitable in the lower-price domestic market. 



 

                      

 

 
 

 

   
 

Serbia and Macedonia can to some extent exploit their least-cost wind power potentials 

without exports. Using these low-cost wind power potentials for exports would be counter-

productive for a cost-efficient domestic supply and RE target achievement. Thus, the 

potentials that are attributed to exports must be well chosen and would, from a host country 

point of view, only cover higher-cost potentials that would not be exploited without the 

additional revenues from exports. Indeed, if Serbia and Macedonia want to achieve their wind 

power targets, they must export parts of these higher-cost potentials, or increase their support 

schemes. The same applies for Albania: despite its large wind power potential, it must either 

introduce a sufficient support scheme or allow for partial exports to the EU if it wishes to 

meet its target. 

In this analysis, the production available in the host country is calculated for the timeframe of 

the export period and thus does not consider that the entire capacity will be used for domestic 

supply at a later stage. Thus a strong focus is put on near-term supply and targets. In a broader 

consideration of costs and benefits, the capacity increase for later supply may be an important 

argument. Even at a 100% export share, the host country may benefit from additional 

investments under joint project after the export period. Thus, while doing no harm for cost-

efficient near-term targets, full exports of higher-cost potentials may support longer-term 

target achievement and increase electricity supply at a later stage without having to increase 

or introduce domestic support systems. Hence, exports – in particular cases even full exports 

–  could be a true economic win-win situation for all involved parties. 

The sensitivity analysis has shown that the IRR threshold and bank interest rate have an 

important impact on the results. Both are a representation of risk or the ease of doing 

business, the strength of the rule of law, credibility of the support systems and other aspects 

that are primarily determined by in-country conditions. This illustrates the importance of 

favourable framework conditions in the host countries. Their improvement could facilitate 

generation expansion and allow benefiting more from joint projects. At the same time, the 

importance of risk may be an argument for exports on its own; exporting electricity may 

reduce risks when cooperation comes along with power purchase agreements (PPAs) that are 

more reliable than the host countries’ systems. This, in turn, would lead to reduced costs of 

capital and thus increased economic potentials for investments. The importance of export 

prices in the sensitivity analysis means that Western Balkan countries should strive to develop 



 

                      

 

 
 

 

   
 

joint projects with EU countries that offer best support conditions. EU countries that have 

high costs of marginal technologies, such as Netherlands which would need to invest in off-

shore wind parks to reach its renewable energy target domestically (Gephart et al., 2014), 

might offer Western Balkan countries such higher support.  

Additional benefits to the ones discussed in this paper such as revenues from exports (e.g. 

tax), job creation or technology transfer may provide further incentives for cooperation. At the 

same time, all benefits need to be weighed against negative effects in the exporter countries 

such as environmental impacts, system integration costs and a potential public opposition. 

Whether these would outweigh the benefits identified in this paper is a value judgement, and 

thus for national and local politicians to decide.  

5 Conclusions 

The findings suggest that cooperation may be a way both for EU member states and at least 

some Western Balkan states to expand renewable electricity supply and reach their 2020 and 

subsequent renewable energy targets in a cost-effective way. The EU countries will have 

lower cost for target achievement as their primary motivation. All investigated Western 

Balkans countries except Bosnia and Herzegovina may use partial exports to leverage the 

exploitation of additional wind power resources without increasing their own support levels. 

At the same time, the model shows that the extent to which exports are beneficial for the 

exporter country is highly context-specific and importantly depends on the national support 

level and the magnitude and quality of the available potentials. Albania is a very interesting 

case with the highest and most cost-efficient wind potential but it has no support scheme in 

place. Hence, exports are necessary to trigger any investment in Albania, and partial exports 

can help it to even by far exceed its 2020 wind power target. Serbia and Macedonia can 

leverage some wind power investment under their domestic support schemes, but exports (or 

increased support) would allow them to access also higher-cost resources and to achieve their 

2020 targets. Cooperation in renewable electricity between the Western Balkans and the EU 

can thus be beneficial for both sides, without the Western Balkans countries necessarily 

selling out their best resources for the use of their neighbours: if cooperation is done right, a 

true win-win situation is possible.  

  



 

                      

 

 
 

 

   
 

6 Appendix: Equation-based model description of the 

optimisation approach 

It is investigated how an exporter country h can optimise its benefits from RE cooperation by 

minimising the export share 𝛼ℎ𝑏 of renewable electricity of the potential 𝑄ℎ𝑏 for each 

aggregated subset of the wind potential (band) b of the in country h available bands 𝛣ℎ, thus 

maximising the overall amount of renewable electricity available for domestic consumption   

max
𝛼ℎ𝑏

 � (1 − 𝛼ℎ𝑏) ∗ 𝑄ℎ𝑏

 

𝑏∈𝛣ℎ

 

It is assumed that the remuneration of the joint projects is split into two parts. The amount of 

electricity (1 − 𝛼ℎ𝑏) ∗ 𝑄ℎ𝑏 that remains in the host country is compensated with the national 

feed-in tariff or electricity price 𝑝ℎ, whereas the exported amount 𝛼ℎ𝑏 ∗ 𝑄ℎ𝑏 receives the 

feed-in tariff of the importer country 𝑝𝑖  2. To ensure that the projects are attractive to a certain 

type of investor the condition 

𝑝ℎ ∗ (1 − 𝛼ℎ𝑏) + 𝑝𝑖 ∗ 𝛼ℎ𝑏 ≥ 𝑐ℎ𝑏
𝑔𝑔𝑔 

must be fulfilled. This means that the average RE remuneration must exceed the long-run 

generation costs 𝑐ℎ𝑏
𝑔𝑔𝑔 of the potential  𝑄ℎ𝑏. The cost of generation  

 

𝑐ℎ𝑏
𝑔𝑔𝑔 =

𝑎ℎ ∗ 𝐼𝐼ℎ + 𝑂𝐼ℎ
𝐹𝐹𝐹ℎ𝑏

 

are determined by country-specific investment costs 𝐼𝐼ℎ (in €/MW) and costs for operation 

and maintenance 𝑂𝐼ℎ (in €/MW) of wind onshore projects and the full-load hours FLH of the 

potential in band b. The annuity factor 

𝑎ℎ = (1+𝑟ℎ)𝑁∗𝑟ℎ
(1+𝑟ℎ)𝑁−1

 

 

contains project investor’s claims for interest 𝑟ℎ𝐸  via the weighted average cost of capital 

                                                 
2 The export of renewable electricity is only economically efficient in case the remuneration    > .  

(Eq. 1) 

(Eq. 3) 

(Eq. 4) 

(Eq. 5) 

(Eq. 2) 



 

                      

 

 
 

 

   
 

𝑟ℎ = 𝑟ℎ𝐸 ∗ 𝜖 + 𝑟ℎ𝐷 ∗ (1 − 𝜖) 

and assumptions on the economic lifetime N of the project, the interest rate of debt 𝑟ℎ𝐷 and the 

share of equity 𝜖 . The investor’s claim for interest is thus one of the determinants of whether 

a band can be economically exploited. This claim for interest is represented by the required 

minimum equity internal rate of return (IRR threshold).  
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