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TERMS OF REFERENCE  

 

 

Background 

 

The support of renewable energy sources is one of the key issues in European energy policy. The 

European Union has set a binding target of 20% of its energy supply to come from wind and 

other renewable sources by 2020. In order to achieve this 20% energy target, more than one-third 

of the European electrical demand would have to come from renewables, with wind power 

expected to deliver 12-14%. Harnessing the sustainable power of wind is an intensive 

development that is impacting electric transmission systems in order to cope with escalating oil 

prices, climate change, environmental degradation, dwindling fossil fuel stocks and dependence 

on foreign energy supplies.  

 

Europe now imports more than one half of its energy needs; a figure that is expected to climb to 

70% in the next 20 to 30 years. By 2030, oil imports are likely to rise from 76% to 88% and gas 

imports from 50% to 81%, compared to 2000. Indigenous fossil fuel resources, such as the North 

Sea, are in rapid decline. The European wind industryôs installed capacity of 65 GW is enough to 

provide power for the equivalent of 35 million average EU households. Wind energy allowed EU 

nations to avoid paying fuel costs of 5.4 billion Euros last year. 

 

Electric power systems are facing rapidly changing wind generation technology that directly 

impacts power system operation, control and development. 40% of all new electricity generating 

capacity installed in 2008 in the EU was wind power.  Initially, TSOôs are exposed to new 

technical conditions in the system that must be defined and planned for in advance. The capacity 

of power systems to absorb significant amounts of wind power should be determined by technical 

and practical constraints but, to date, these determinations have been made more by economics 

and regulatory rules.  Recent studies have shown that a penetration of 20% of power from wind is 

feasible, usually without posing any serious technical or practical problems. But, small countries 

with larger WPP integration, like those in SEE, are facing special problems regarding balancing 

and regulation. 

 

SEE countries that are working toward EU membership are gradually adopting the same targets 

and schemes as are in place in the EU.  In 2007, 15 European electricity transmission system 

operators from 13 countries (Belgium, Czech Republic, Denmark, Germany, Ireland, Greece, 

United Kingdom, Poland, Spain, Portugal, France, Netherlands and Austria) established an 

initiative called European Wind Energy Study (EWIS). The objective of EWIS is to set up a 

model for large scale wind power integration within Europe. In the short term (2008), the study 

aimed to find solutions for the integration of wind turbines in the European synchronous power 

systems. For the longer term, the goal is to make common pan-European recommendations in 

order to facilitate integration of wind power at a larger scale.  

Based upon the same basic idea as the EWIS, this proposed wind integration project is focused on 

South East Europe (SEE) and its special needs. For several years, SEE has lagged behind Europe 

in wind integration.  However, now SEE TSOôs are facing many of the same challenges 
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involving large scale integration of wind power plants.  It is important to realize that in most of 

the SEE countries, WPP integration is still at the very beginning level.  While power systems in 

SEE are being built and upgraded to western European standards, it is clear that all of the 

technical, operational, market and regulatory aspects related to the large scale integration of wind 

power are still being developed in South East Europe.  To date, there is no common project on 

this issue among system operators in the region even though interest in WPP construction has 

grown at a very fast rate.  

 

Detailed WPP integration analysis will require a large set of input data, both from the WPP side 

(site, location, wind turbine type and size, wind measurement data etc.) and from the power 

system side (power system models, ancillary services, load curves, operational characteristics of 

the existing plants etc.).  The SECI Regional Transmission System Planning Working Group has 

for many years been focused on the long term planning horizon of the transmission systems 

(2015 and 2020).  This expertise will be very helpful in studying the future impacts of large scale 

wind integration and to identify problems and issues that must be solved by the target years.      

 

Project Goals and Objectives 

The goal of this project is to develop the needed expertise, technical standards and modeling 

results in the SEE region to effectively plan for the integration of large scale wind that is 

anticipated through 2020.  

specific wind integration objectives that this project will target are: 

Objective #1 - To collect wind integration studies, integration technical standards and appropriate 

wind integration data from Europe, the USA and SEE TSOôs as inputs to Objective #2 and #3 

described below. 

Objective #2 - To utilize the existing SEE Regional Transmission Planning Models (in PSS/E 

format), that have been updated for 2015 and 2020, to include refined wind production forecasts 

and predict the impact of wind in this mid to long term planning horizon. 

Objective #3 - To utilize appropriate best practice wind integration technical standards identified 

to develop a reference document for use by SECI participants.   

 

Scope of the Work  

The Scope of Work that supports each objective is summarized as follows: 

Objective #1 - To collect wind integration studies, integration technical standards and appropriate 

data from Europe, the USA and SEE TSOôs in order to develop best practices in key areas of 

wind integration.   

The analysis should be built on the most recent international work and case studies in this area 

such as the work conducted in the frame of the IEA Task Force 25 on ñDesign and Operation of 

Power Systems with Large Amounts of Wind Powerò and EWIS findings.  Information to be 

collected and analyzed includes:  
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¶ collecting of all relevant studies and analyses that have been prepared so far on this topic 

within the regional countries, 

¶ collecting WPP project data on the national levels for different project development 

phases (wind capacity measurements, licensing phase, construction and operation phase), 

¶ collecting and comparison of experiences on wind atlas or wide area wind measurements 

in each TSO, 

¶ collecting and comparison of the rules and experiences on ancillary services in regional 

countries and its applicability for large scale WPP integration, 

¶ collecting and comparison of the existing balancing rules and experiences as well as 

regulation abilities in each power system in the region and estimated additional balancing 

power needs,  

¶ Collecting and comparison of the standards and regulations currently in force in the 

region that apply to connecting new WPP to the grid.  These findings should be briefly 

evaluated in the context of international experiences and, as applicable, recommendations 

for their further development will be presented, 

 

Objective #2 - To utilize the existing SEE Regional Transmission Planning Models (in PSS/E 

format), that have been updated for 2015 and 2020, to include refined wind production forecasts 

and predict the impact of wind in this mid to long term planning horizon. 

¶ Perform regional steady-state analyses identifying possible transmission grid constraints 

and the need for grid reinforcements due to expected WPP integration in several 

development scenarios that will be developed by the project for 2015 and 2020. 

¶ Calculate estimated balancing power needs and availability to determine import and 

export opportunities for regulation needs.  

 

Objective #3 - To utilize appropriate best practice wind integration technical standards identified 

to develop a reference document for use by SECI participants.  

 

The expected project results and findings include:  

¶ Best practices in wind integration identified from national, regional and global 

information collected and analysed during the project,  

¶ needs for grid reinforcement and/or balancing power needs from implementing wind 

energy projects in different planned locations according to the projections of the national 

wind energy programs, 

¶ an estimate of the maximum wind energy capacity that selected locations could support 

without a need for major changes (and excessive costs) to the existing power system at 

that location and/or at the national level. 
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Preparation for Large Scale Wind Integration in SEE Power System  

 

Draft Time Line  

 

 

September 2010 ï   

SECI participants approve ToR and establish task groups and task  group leaders. 

 

October 2010 ï 

EKC and EIHP prepare information request (questionnaire) for wind integration technical 

standards information and a questionnaire to collect wind data from SEE TSOôs and send these 

draft documents to the appropriate Task Group Leader (TGL) for review and comment.  Task 

Group leaders will consult task group members for comments on questionnaires.  

 

November 2010 ï 

Comments on Questionnaires are due back to EKC and EIHP, each questionnaire is finalized 

based on comments and is sent to the appropriate TGL for distribution to all participants. 

 

EKC and EIHP initiate a review of international wind integration technical standards information 

in accordance with Objective #1 of the ToR. 

 

December 2010 -  

SECI participants work to gather needed information and data to complete the Questionnaires. 

 

January 2011 ï 

SECI participants send the completed questionnaires to the TGLôs for review and tabulation.  

TGL sends the data to EKC and EIHP where the data will be compiled and analyzed for 

presentation at a planned SECI Working Group meeting in February. 

 

EIHP and EKC prepare a draft report and presentation on International Wind Integration 

Technical Standards for presentation at the Wind Integration Work Shop in February. 

 

February 2011 -  

Wind Integration Work Shop and SECI Working Group Meeting. 

Participants agree on Regimes and Scenarios to be studied and approve the collected input data 

for modeling. 

 

March 2011 -   

EKC and EIHP to begin model modifications based on agreed modeling data for all regimes and 

scenarios. 

 

April 2011 -   

Modeling work continues; EIHP and EKC will prepare a draft document of Wind Integration 

Technical Standards and send this document to the TGL for Technical Standards.  The TGL will 

send this to task group members for comments. 
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May2011 -   

SECI Working Group Meeting 

This agenda will include an update on modeling progress and any results obtained to date as well 

as the presentation of the Wind Integration Technical Standards draft report. 

 

June 2011 ï 

Modeling work continues and Wind Integration Technical Standard document is finalized. 

 

July 2011 ï 

Draft modeling results are sent to all participants by the Network Analysis TGL for review and 

comments. 

 

August 2011 ï 

SECI participants review and comment on modeling results and the Technical Standards draft 

document. 

 

September 2011- 

SECI Working Group Meeting 

This agenda will include approval of the modeling results and the Technical Standards Reference 

Paper. 

 

October 2011 ï 

EIHP, EKC and USEA to prepare a draft report for this phase of the project. 

 

November 2011 ï 

Draft report is distributed to all participants for comments. 

 

December 2011 ï 

Draft report is revised to include participant comments and prepared for final approval at the next 

planned Working Group meeting. 
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1. INTRODUCTIO N 

This Study is a part of continuing efforts of SECI Regional Transmission Planning Working 

Group on the harmonized transmission system planning in South East Europe. After working 

group establishment in 2001 detailed regional power system models for 2005, 2010, 2015 and 

2020 were developed and harmonized in details, while at the same time several study activities 

have been undertaken.  

The first study within this group was untitled ñRegional Electricity Interconnection Studyò [7] 

from 2002 and it was dealing with regional power system modeling and common transmission 

system development. The most important regional generation investment study was finished and 

issued in 2004 [1]. It was untitled ñRegional Balkans Infrastructure Study (REBIS) ï Electricity 

and Generation Investment Study (GIS)ò. The aim of the study was to determine optimal size, 

location and timing for construction of new production capacities as well as reinforcement of 

main interconnection transmission capacity in the SEE region over the next 15 years (2005 ï 

2020). Within this study transmission system analyses were done by EIHP and EKC under SECI 

umbrella. Due to a number of significant changes that emerged since 2004, concerning primarily 

the growth of gas price and the decrease of imported coal price, the updating of original GIS was 

required. Consequently, in 2007 the study untitled ĂEvaluation of Investments in Transmission 

Network to Sustain Generation and Market Development in SEEò [4] was launched and issued by 

the same aforementioned group of authors in order to revise and identify an indicative priority list 

of investments in main transmission interconnections and internal lines between the countries and 

sub-regions to sustain investments in power generation and support market exchanges over the 

updated GIS study horizon. Finally, in 2007 the study untitled ñTransmission Network 

Investment Criteriaò [3] was also issued by EIHP and  EKC under the same background of the 

SECI Transmission System Planning Group. Its aim was to establish transmission system 

planning criteria and methodology for regional transmission project prioritization. In 2009 impact 

of uncertainties on regional transmission system was evaluated in detailed study report.  

The Study given in this document is continuation of all aforementioned activities. Namely, during 

all those studies transmission planners were faced to different uncertainties, even before 

introduction of market conditions in power system. Introduction of market environment makes 

transmission planning more difficult. Locations and capacities of new power plants, their biding 

behavior, existence of the present ones in the future, consumerôs reaction on instantaneous 

electricity price (price elasticity), electricity and power trading, hydrological conditions, branches 

and generators availability, regulatory aspects etc., are hard to be predicted even for the purpose 

of short-term planning. Network development based on deterministic power flow analyses of 

several possible system conditions will not give the clear picture of future transmission system 

operating conditions and transmission system investments will not be satisfactory evaluated, 

especially concerning a risk that is caused due to some uncertainties. WPPs introduce additional 

level of uncertainty. 
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Region of South East Europe with regard to this study comprises of 12 power systems and system 

operators covering Slovenia, Croatia, Bosnia and Herzegovina, Serbia, Kosovo, Macedonia, 

Albania, Montenegro, Romania, Bulgaria, Turkey and Greece. Generally, most of the countries 

already consume a relatively high proportion of energy from renewable sources compared with 

EU Member States. Increasing the proportion of renewable energy sources in the energy mix has 

not been a priority until relatively recently. Consequently the policy, legal, regulatory and 

institutional frameworks designed to support renewable energy development are at early stage in 

most SEE countries. Despite that, RES investorsô interest in the region is rapidly growing and 

RES share in 2020 could exceed 20% at the regional level.  

 

The highest interests are expected in wind power plant projects, which are currently on the 

relatively low level of integration in the region. Transmission System Operators (TSOs) need to 

meet a number of challenges associated with integrating increasing levels of wind power into 

their power systems. These challenges come out from the nature of the power output from wind 

turbines that: 

-  cannot be dispatched; 

-  have significant variability due to the changing wind speed; and 

-  have significant uncertainty in wind forecasting. 

 

Most of the time WPPs operate at partial load, depending on the wind speed. From the point of 

view of the power system, wind turbines can be regarded as production assets with an average 

power corresponding to 20 to 40% of the rated power, with peaks that are three to five times 

higher. So, for TSOs the following information is important: 

-  the WPP generation variability and the extent to which can be forecasted;  

-  the WPP inclusion in energy balance and daily load curve; 

-  WPP capabilities in providing ancillary services. 

 

The variability of wind power output tends to decrease as more turbines are distributed over a 

given area, while the output variability increases with the time scale involved. In this sense it is 

important to monitor wider geographical area, especially having in mind relatively small but well 

connected power systems as those in SEE. The second to second and minute to minute variability 

of large scale wind power is generally relatively small, whereas the variability over several hours 

can be large even where wind turbines are widely distributed. Thus, for time scales from several 

hours to day-ahead, forecasting of wind power production by the TSO is crucial.  
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In SEE currently there is a large gap in between national WPP targets (if any), investorsô interest 

and wind energy potential from one side and level of WPP integration from the other side. 

Currently, there are 131 WPP project in operation in the region, with more than 3100 MW of its 

installed capacity and more than 1700 new WPP projects under development. TSOs mainly have 

no experience in power system operation with WPPs share. Moreover, forecasting and balancing 

mechanism is generally very comfort to WPPs, with practically no obligations for WPPs. At the 

same time SCADA systems and generation units are most usually obsolete and ancillary service 

mechanism is not fully defined or applied. Accordingly, TSOs are facing to big challenges for 

large WPP integration with many issues to be resolved in very near future. So far, the average 

time spent from the very beginning of WPP project in SEE till the contract on wind turbine 

purchase was 3 ï 5 years. Wind turbine delivery, construction and testing assume additional 1.5 -

2 years. Altogether, average time spent for WPP project development was very long - about 5 ï 7 

years. 

This study is supposed to cover some of these issues on the regional level with its main target to 

evaluate and discuss impact of WPP production to transmission network, to establish close 

cooperation between TSOs regarding WPP impact on power system operation, to discuss 

balancing and legal issues on WPP integration, to suggest measures in order to ensure safe and 

secure system operation and to discuss transmission network enhancement in line with WPP 

construction forecasts on regional level with linkage with Ten Years Network Development Plan 

and inclusion of SEE TSOs in this plan. 

Knowing that all input data, analyzed scenarios and detailed models were defined and 

harmonized by the responsible TSOs for the given timeframe of 2020, this Study can be taken as 

one of the most detailed study on common regional approach to large scale wind integration in 

South East Europe so far.  
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2. CURRENT STATUS OF WIND ENERGY SECTOR  

 

This section covers current status of wind energy sector on the global, European, regional and 

national level.  

 

 

2.1. GLOBAL VIEW  

Wind power plants integration in power systems has gradually evolved over the last 30 years 

from simple constant speed turbines to fully variable speed systems that enable active output 

control. In much of the older generation technology, the wind turbine rotor speed is fixed by the 

frequency of the electricity grid, and the turbine operates below its peak efficiency in most of its 

operational wind speed range. This has proven to be a cost-effective and robust concept and it has 

been scaled up and optimized. At a given site, a single modern wind turbine annually produces 

200 times more electricity and at less than half the cost per kWh than its equivalent twenty five 

years ago1. In last decade global wind industry is one of the fastest growing technologies. Global 

values are shown in Table 2-1 and Figure 2 -1. 

 

Table 2-1 Global developments of wind industry 
Year: Installed MW Increase % Cumulative MW Increase %

2004 8,154 47,912

2005 11,542 42% 59,399 24%

2006 15,016 30% 74,306 25%

2007 19,791 32% 94,005 27%

2008 28,190 42% 122,158 30%

2009 38,103 35% 160,084 31%

36.1% 27.3%

Source: BTM Consult ApS - March 2010

Average growth - 5 years

 
 

                                                 
1 EWEA 
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Figure 2-1 Installed Wind Power in the World 

 

 

2.2. EUROPEAN VIEW  

Europe is importing about 60% of its energy needs, and that share is likely to increase 

substantially in the next two decades unless a major shift occurs in Europeôs supply strategy. 

Most of Europeôs oil comes from the Middle East and the larger share of its gas from just three 

countries: Russia, Algeria and Norway. At the same time, due to its ageing infrastructure and 

constant demand growth, massive investment in generation plants and grids are required. Over 

the next 12 years, 360 GW of new electricity capacity ï 50% of current EU electricity generating 

capacity ï needs to be built to replace ageing power plants to meet the expected increase in 

demand2.  

 

Consequently, EU is strongly targeting and supporting renewables in its energy future. In June 

2010 the European Commissionôs Joint Research Centre highlighted that provisional Eurostat 

data showed that in ñ2009 about 19.9% (608 TWh) of the total net Electricity Generation (3,042 

TWh) came from Renewable Energy sourcesò3. Hydro power contributed the largest share with 

11.6%, followed by wind with 4.2%, biomass with 3.5% and solar with 0.4%.ò It went on to 

conclude ñthat if the current growth rates of the above-mentioned Renewable Electricity 

Generation Sources can be maintained, up to 1600 TWh (45 ï 50%) of renewable electricity 

could be generated in 2020.ò Wind currently provides more than 5% of Europeôs electricity. On 7 

October 2009, the European Commission published its Communication on ñInvesting in the 

Development of Low Carbon Technologies5 (SET-Plan)ò stating that wind power would be 

ñcapable of contributing up to 20% of EU electricity by 2020 and as much as 33% by 2030ò were 

                                                 
2 European Commission Communication óSecond Strategic Energy Review: An EU Energy Security and Solidarity Action Planô, (SEC(2008) 

2871) 

3 Renewable Energy Snapshots 2010. European Commission Joint Research Centre Institute for Energy 



 

15 

 

the industryôs needs fully met. Expected (maximum) increase in EU's share of electricity 

provided by wind power is shown on the following Figure 2-2. 

 

 

 

Figure 2-2 Expected increase in EUôs share of electricity provided by wind power (Source: 

EWEA) 

 

Clearly, Europe is global wind industry leader. Around 66% of total wind turbines worldwide is 

produced in Europe. Cumulative wind power plant capacity in Europe by end of 2010 is shownon 

the following Figure.  

 

 

Figure 2-3 Cumulative WPP capacity in 2010 in European countries (Source: EWEA) 
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The following Figure shows installed WPP capacity per capita in European countries and in SEE. 

SEE (w/o Turkey): 24 kW/1000 cap

SEE (withTurkey): 21 kW/1000 cap

SEE (w/o Turkey): 24 kW/1000 cap

SEE (withTurkey): 21 kW/1000 cap

SEE (w/o Turkey): 24 kW/1000 cap

SEE (withTurkey): 21 kW/1000 cap

 

Figure 2-4 WPP installed capacity per capita (Source: EWEA) 

 

Taken together the Action Plans show that the EU-27 will meet 20,7 % of its 2020 energy 

consumption from renewables. The National Action Plans show that one third (34%) of EU 

electricity demand will be supplied from renewables by 2020. Wind energy will generate 14% of 

Europeôs total electricity demand in 2020 (494 TWh from 213 GW installed capacity), more than 

any other renewable source, up from 4,2% in 2009. Ireland will be the country with the highest 

wind energy penetration level at 36,4% of its total electricity demand, followed by Denmark at 

31%.  

15 Member States even plan to exceed their national target given in Action Plan, led by Bulgaria 

at +2,8% above their target, Spain (+2,7%), Greece (+2,2%), Hungary (+1,7%) and Germany 

(+1,6%). 10 Member States will meet their national target, and just two Member States, 

Luxembourg (-2,1%) and Italy (-0,9%), have informed the European Commission that they 

envisage using the cooperation mechanisms to meet their national targets. This shows that vast 

majority of EU countries clearly force additional usage of renewables (RES) technologies, 

particularly wind power.  
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The 34% of EU electricity demand met by RES in 2020 is made up  of 14.1% from wind energy 

(10% onshore, 4% offshore), 10.5% from hydro, 6.6% from biomass, 2.7% from solar 

photovoltaic, 0.5% from CSP, 0.3% from geothermal and 0.1% from ocean. 

In the following table RES share per Member States are given. 

 

Table 2-2 Renewable share per Member State (%) 
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2.3. REGIONAL VIEW  

Due to the relatively high starting point, the overall target for the seven regional Energy 

Community contracting parties (Croatia, BiH, Macedonia, Montenegro, Serbia, Kosovo and 

Albania) is 24% compared with the EUôs 20%. This is an overall increase of 7% from the 2005 

position compared with around 11.5% increase for the EU, due to their higher GDP per capita 

and hence higher óresidual effortô required4. All countries in SEE are having Action Plans 

finalized or in preparation.  

Most of the SEE countries have implementation strategies and action programs for RES which 

include features of the required national action plan5. They are either part of wider programs or 

have a strong focus on specific measures and technologies. They donôt match all specific 

requirements that are set out in the new RES Directive, and the various documents would need to 

be adjusted accordingly to fit the purpose of being used as action plans. RES targets per regional 

countries are given in the following table
4
. 

 

Table 2-3 Renewable targets per regional countries 

Country RES target 

Albania 
18% RES in total primary energy supply by 2020 

4% WPPs in power generation by 2020 

5% biofuels by 2010, 15% by 2015 

2% of total power production from RES (producers with capacity > 100MW) 

Bosnia and 

Herzegovina 

None 

Croatia 
20% RES in final energy consumption by 2020 

9-10% of WPP in final electricity consumption 

10% biofuels in final consumption of gasoline and diesel by 2020 

35% RESe in power generation by 2020 

Montenegro 
More than 20% RES in final energy consumption by 2020 

Only analysis of future share of SHPP, but no targets set out 

New Energy Law (2009) to set indicative targets for RES 

Serbia 
1.5-2% RES in final energy consumption by 2015 

4.5% RES in total energy production by 2010 

20% reduction of energy consumption by 2020 

Kosovo 
7.78% RESe and RESth of total energy production (reviewed annually for ten years) by 

2016 

Macedonia 
30% energy intensity reduction compared to 2006 by 2020 

> 20% RES in final energy consumption by 2020 

10% biofuels in total consumption of transport fuels by 2020 

30% GHG emissions reduction (20% in coal-based power generation) by 2020 

Turkey 
30% RES in power generation by 2023 

Capacity targets for wind (20000 MW), geothermal (600 MW), and maximisation of 

hydro and solar power potential 

In 2010 energy generated from RES in SEE was produced mainly in HPPs. However, the share of 

other RES such as wind and solar energy started to gather pace, especially in Romania and 

                                                 
4 EWEA Analyses of NREAP 4.1.2011 

5 Study on the Implementation of the New EU Renewables Directive in the Energy Community, IPA, NTUA, 2010 
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Bulgaria. The segment provides substantial opportunities for investors as lots of conventional 

power plants need rehabilitation or decommissioning, while the countries' wind resources are 

quite promising. In terms of wind (and solar) resources the SEE region is also attractive for 

investors with planned investments in wind and solar facilities exceeding 6.4 bln ú. In Romania 

the Spanish Iberdrola plans to build the world's largest onshore wind-park by 2017 (2,500 MW). 

Most of the SEE countries have introduced feed-in tariffs to promote the construction of RES 

power plants in order to meet the aims in the EU's RES Directive 2009/28/EC, which envisages 

that 20% of the total energy consumption in the union should be covered by RES.   

Inputs given in this section are collected through TSO questionnaire, activities of Energy 

Community Regulatory Board (ECRB)
6
 and other public sources. In the following sections 

country wind speed maps are generated from Sander + Partnerôs World Wind Atlas. For a 

regional re-analysis SANDER + PARTNER GmbH uses the weather model Ămm5ò. This model 

was developed at Penn State University and NCAR (National Center for Atmospheric Research, 

Boulder, USA) and contributions from many international research groups. To develop a weather 

model like mm5, it took more than 100 men-years. mm5 is one of the world leading weather 

model. It is used in more than 50 countries for weather prediction and other purposes of 

meteorology or air quality. The weather model uses many different input data: global 

meteorological data available on a grid of about 2.5° or observations from the WMO (World 

Meteorological Organization) achieved from several 1000 meteo-stations, weather balloons, ship- 

or aircraft observers and many other observations. 

 

According to the regional TSO questionnaire from late 2010, in the region there are 131 WPPs in 

operation with total installed capacity of more than 3100 MW, mostly in Greece and Turkey, as 

shown on the following Figure. It is important to point out that these values are changing on the 

monthly level, since lot of WPP projects are under development. Average installed WPP installed 

capacity is 23 MW. 

 

                                                 
6 Regulatory Perspectives on RES in Energy Community, N. Stefanoviĺ, ECRB EWG Chairman, Joint TSO-Utility Regulator Workshop on 

Integration and Cross Border Trade of RES in Regional Transmission Networks, Istanbul, March 2011 
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Figure 2-5 Total WPP installed capacity in the region (end of 2010) 

 

The same values are geographically presented on the following figure where total WPP installed 

capacity is given along with a year of first WPP commissioning. 
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Figure 2-6 Total WPP capacity in the region (2010) and a year of first WPP commissioning 
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Besides already existing 131 WPP projects, in the region there are 1731 WPP project under 

development (13 times more projects are under development than there are existing WPP 

projects), mostly in Greece and Turkey, as shown on the following figure. 
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Figure 2-7 Total number of WPP projects under development in the region (end of 2010) 

 

Regional overview can be obtained putting all above mentioned details together.  

 

The following figure shows wind speed mean value for the whole region. Obviously, the largest 

wind energy potential is found on the Greek, Turkish, Romanian and Bulgarian shore. Croatia, 

BiH, Montenegro and Albania are also having promising wind potential. 
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Figure 2-8 Wind speed map of South and Eastern Europe 

 

For illustration purposes only, the following figure shows average wind speed mean values per 

each system, taken out of the World Wind Atlas. Please note that these values are just mezoscale 

mean values on the resolution 250x250 km and can not be used for WPP micrositing purposes. 

Obviously, wind speed mean value is in the range of 4,2 m/s and 6,3 m/s, which is potentially 

interesting for detailed investigation of WPP sites. 
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Figure 2-9 Wind speed mean values of South and Eastern Europe systems 



 

23 

 

2.4. COUNTRY VIEW  

2.4.1. Albania 

Albanian power system is fully relying on hydro generation. Moreover, HPPs currently in 

operation represent only a third of the exploitable hydro potential. 

 

There are no WPPs installed so far, but there are 7 WPP projects that applied for grid connection 

with its total installed capacity of 1370 MW. Albania is having very promising wind energy 

potential (up to wind speed mean value of 4,8 m/s at 50 m above the ground, for given large 

spatial resolution of 250 km7), as shown on the following figure. Wind atlas for whole country 

territory is prepared by Ministry of Energy. One of the largest WPP projects in the world (500 

MW) is planned on Albanian shore. In accordance to the Energy Strategy and Albania conditions, 

it is estimated that by 2020, 4% of the generated power may come from wind energy (cca 400 

GWh/year). This implies to give priority to the construction of 20 WPPs situated along the 

Albanian Adriatic cost. Lot of WPP projects are in preparation and study phase. According to 

preliminary estimates, the total WPP installed capacity that is currently under preparation reaches 

3000 MW.  

 

The government is making a political incentive for the construction of renewable energy sources. 

It has signed a series of concessionary contracts with private companies, both domestic and 

foreign, for the construction of new hydropower plants. Some of them are already in operation 

and many others are in process of construction. 

 

Figure 2-10 Wind speed map of Albania with annual mean values in the period 1997 ï 2006, 50 

m above the ground 

                                                 
7 Note that it is not maximum wind speed mean value in the country, but interpolated averaged mean value at the resolution of about 
250 km 
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Even though national RES integration target is not officially adopted, it is expected to be on the 

level of 267 MW of HPPs and 50 MW of WPPs up to 2015 and 633 MW of HPPs and 200 MW 

of WPPs up to 2020. TSO within ENTSO-E system development group forecasted to reach 130 

MW in 2020. 

 

Legislative framework for RES is partly defined. There is the Power Sector Law adopted in 2003 

that is amended for RES. There are no any additional technical requirements for WPP connection 

and operation (Wind Grid Code). WPP integration study on the country level was prepared for 

the purpose of Wind Park Moncada connection (500 MW), which is planned to be connected to 

Italian power system through HVDC submarine cable. There is country level study underway, 

expected to finalized till the end of 2011.  

 

For more intensive WPP integration in Albania there are several limiting factors:  

 

o Lack of legislative framework, 

o Limited available system reserve, 

o Limited network absorption capability in the WPP areas and 

o Lack of investments. 

 

 

2.4.2. Bosnia and Herzegovina 

Compared to the other countries the share of RES in Bosnia and Herzegovina is relatively high. 

In this respect the biggest part is related to large HPPs. With total installed generation capacity of 

about 4400 MW BiH gets 40 percent of its electricity from hydro power, while the rest comes 

from coal-fired plants. In addition, a 430 MW pumping plant in Ļapljina is in an advanced stage 

of revitalization, while 11 other HPP projects are in the pipeline, for a capacity exceeding 323 

MW. 

Unlike other countries in the region, which rely on imports to cover much of their consumption, 

BiH is able to export power, helped by its hydro potential. Generally, other renewable energy in 

BiH remains largely unexploited, but it's not for lack of potential. Rather, the country suffers 

from a lack of clear state-level legislation as well as complex government structure with around 

30 different federal, state and municipal governments. That is undermining WPP development 

efforts. Currently, there are no WPPs in operation and no experience in WPP integration. But, 

there are 47 WPP projects in different development phases, mostly located in southern part of the 

country with the largest wind potential, as shown on the following figure (up to wind speed mean 

value of 4.9 m/s at 50 m above the ground). Its total planned capacity is more than 3000 MW.  

For 15 projects there are wind speed measurements on the site. In the Southern region of 

Herzegovina, construction of the first two WPPs: Mesihovina (44 MW) and Podveleģje (46 MW) 

have been under way since September 2010.  
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Figure 2-11 Wind speed map of BiH with annual mean values in the period 1997 ï 2006, 

50 m above the ground 

 

Ministries at the entity level (two) are policy makers and responsible for promotion of RES by 

defining the energy strategy they are in charge to set the RES targets. Legislative framework for 

WPP (RES) integration is not fully defined. Currently, RES target on BiH level is not set yet, 

while Decree on RES is recently adopted in both entities separately. Within ENTSO-E system 

development group it is forecasted to reach 490 MW of WPPs in 2020. Grid code upgrade 

proposal which contains a chapter ñTechnical requirements for WPP connectionò is adopted in 

May 2011 by the State Regulatory Commission (SERC).  

 

Wind atlas of Bosnia and Herzegovina is prepared and available in the Ministry of Foreign 

Affairs and Economic Relations of BiH. Study on WPP integration untitled ñPower Network 

Analysis for Wind Power Integration and Market Rules Advice for BiHò in the frame of EBRD 

Western Balkans Sustainable Energy Direct Financing Facility - Institutional Capacity Building 

Project is expected to be finished by the end of 2011.  

 

For more intensive WPP integration in BiH there are several limiting factors:  

 

o Complex WPP development procedure, 

o Lack of legislative framework,  

o Limited available system reserve and  

o Limited network absorption capability in the WPP areas. 
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2.4.3. Bulgaria 

Bulgaria is also having significant share of RES, mainly in large HPPs. Bulgaria increased output 

from renewable energy sources by 67% in 2010 to 5509 GWh as new hydropower plants, wind 

and solar parks went into operation. In last few years there is a large interest in wind power plant 

projects. Dozens of Austrian, Spanish, U.S. and German companies have rushed to build new 

wind (and solar) power plants, raising WPP installed capacity to 375 MW at the end of 2010 

from 103 MW in 2008 and solar to 10 MW from 1.4 MW two years ago. The largest WPP in 

Bulgaria is the 156-MW "St. Nikola" (AES Geo Energy) near the Black Sea town of Kavarna, 

which started operating in 2009. 

 

Till February 2011 total installed WPP capacity connected to the transmission grid was 191 MW. 

In the following three months additional WPP capacity was connected, making total of 247 MW 

as of July 2011. But, there are lot of WPPs connected to distribution grid, which makes overall 

WPP total of 488 MW in Bulgaria in July 2011. In summer 2011, WPP grid connection 

applications to the transmission grid of Bulgaria were at the level of 14,000 MW. Yes, this was 

true , but as you said on page 30 in April 2011 the parliament approved a new law on RES. Also, 

as you said, New law on RES demands investors to pay connection fee of 50 000 lv per MW 

(~25 000 ú/MW) for WPPs larger than 5 MW and 25 000 lv/MW for smaller WPPs. That was the 

reason why lot of investors gave up with the investments in new wind farms. TSO made new 

calculations and the final account is that the new WPP  applications which will be connected to  

transmission grid will be at the level of 2829 MW. 

 

Besides these WPPs in operation, currently there are 15 projects in construction phase, 20 more 

projects in licensing phase and 60 projects in wind potential measurement phase. Total installed 

capacity of all expected WPP projects connected to transmission network goes up to 3000 MW, 

mainly located in North-Eastern region of Dobrudja, as shown on the following figures (up to 

wind speed mean value of 5.8 m/s at 50 m above the ground). The problem is that in these 

regions the transmission grid is not strong enough to accommodate the wind generation. More 

detailed wind atlas is not available for whole country territory. 

http://topics.bloomberg.com/bulgaria/
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Figure 2-12 Wind speed map of Bulgaria 

 

 

 

 
Figure 2-13 Most promising WPP locations in Bulgaria 

 

National target for RES in Bulgaria is defined. According to EC directive 2009/28/EC national 

target for RES penetration is set to 16% (~2000 MW) of the gross final consumption till 2020. 

TSO within ENTSO-E system development group forecasted to reach 1500 MW in 2020. 

Legislative framework for RES is partly defined. WPP integration study on country level was not 

prepared so far. Studies were done for individual WPP connection purposes only. 

 



 

28 

 

For more effective WPP integration in Bulgaria there are two limiting factors:  

 

o Available system reserve and 

o Network absorption capability in the WPP areas. 

 

Significant changes in RES sector in Bulgaria happened in April 2011 when new law on RES 

was approved. It aims to cool a surge in solar and wind power projects that threatens to 

overwhelm its ageing power grid and boost electricity prices8.  

The law changes the government's obligatory purchase of electricity produced from renewable 

energy generators at high, fixed prices, which has led to a jump in projects totaling over 6000 

MW, well above the country's grid capacity. 

The government aims to put a cap on wind and solar projects to keep electricity prices at 

affordable levels and avoid public discontent. In a bid to unclog the system, the new law demands 

that investors pay a connection fee of 50000 levs ($36,820) per planned installed MW when 

signing a preliminary contract. 

It also calls for the preferential price to be fixed at the time that the wind or solar energy park is 

built, and not when a preliminary contract is signed, as the initial law draft envisioned. It also 

decreases the obligatory long-term purchase power contracts to 20 from 25 years for solar energy 

and to 12 from 15 for wind. 

Under the new law, the energy regulator will set annual preferential feed-in tariffs, which pay per 

unit of electricity produced from low-carbon energy by the end of June each year. 

The government said the measures would scare away speculators and also encourage investors to 

speed up projects and not wait for solar panels and wind turbine prices to drop. 

There are some indications that the preferential price for electricity from photovoltaic 

installations is likely to be cut by 30 percent in June, while the cut for wind will be smaller. On 

the other side, investors do not oppose the cut in the feed-in tariffs, but the lack of predictability 

and the fact they would have to build an installation before they know at what price the power 

will be purchased. 

The new law establishes better incentives for green energy from biomass and waste disposal, 

which unlike solar and wind will create more jobs, officials say. There are no biomass energy 

plants in Bulgaria at present. 

 

 

                                                 
8 Reuters.com; April 21, 2011 
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2.4.4. Croatia 

The share of RES in electricity consumption Croatia depends on the hydrology (up to 40%), since 

its biggest part refers to large HPPs. In addition, other RES accounted around 2% of total 

electricity production. Even though WPP integration process started more than 10 years ago, 

currently there are 6 WPPs (58 wind turbines) in operation, with total installed capacity of about 

79 MW. In the period January ï May 2011 maximum WPP generation was 72 MW, average 

WPP generation was 22,5 MW, with usage factor of 0,28 (equivalent to of 2452 full load hours 

on annual level). Maximum WPP share in total daily consumption was 4,4% (May 29, 2011). On 

the monthly level in average WPPs covered 1,3% of the total system consumption. 

 

At the same time, there are 132 WPP projects in different development phases, mostly located in 

southern part of the country with the largest wind potential (up to wind speed mean value of 5.1 

m/s at 50 m above the ground), as shown on the following figure, with its total planned capacity 

more than 5000 MW. Recently Croatian Hydro-meteorological service (DHMZ) prepared wind 

atlas for Croatia. It is not fully publicly available and it is not fully applicable for wind energy 

purposes. It can be used for indicative purposes only. 

 
 

Figure 2-14 Wind speed map of Croatia 

 

The first WPP in Croatia was commissioned in 2004. There are total of 101 MW in 5 WPPs with 

already issued construct permit and its construction is expected in the following short-term 

period. In addition, 6 WPP projects with its installed capacity of 259 MW have location permit 

issued. Another 4 WPPs have grid connection consent issued as a precondition for location 

permit. Its geographical diversity and installed capacities are shown on the following figure. 



 

30 

 

  

 
Figure 2-15 The most developed WPP project location and size in Croatia (end 2010) 

 

In 1997 the Government ignited national wind energy program - ENWIND. In 1998 and 2001 

there followed two publications (untitled ENWIND 1 and 2) that were dealing with wind energy 

potential, locations, procedures and other aspects of wind energy usage. In 2006 and 2010 

Croatian TSO realized technical studies on possibility for WPP integration in Croatian power 

system and relevant integration costs. Other activities on WPP integration in Croatia were 

dominantly focused on WPP project development procedure and the definition of incentive 

system and feed-in tariffs. The Croatian Energy Strategy has been published in 2009 and it 

defines the target of 35% of the final electricity consumption (end-use of electricity) from RES 

by 2020, or more precisely, 9-10% from WPPs, which assumes total planned installed capacity of 

about 1200 MW by 2020. TSO within ENTSO-E system development group forecasted to reach 

800 MW in 2020. 

 

Legislative framework for WPP (RES) integration is fully defined since 2007. Till the end of 

2011 it is expected that Law on RES will be adopted.  
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For more efficient process of WPP integration in Croatia there are two main limiting factors:  

 

o Complex WPP development procedure and 

o Available system reserve.  

 

 

2.4.5. Macedonia 

Having a share up to 40% of RES in the final energy consumption, mostly from the biomass and 

HPPs, Macedonia has also been listed among countries with relatively high use of RES. At the 

same time there are no WPPs in operation and no experience in WPP integration. But, there are 2 

WPP projects that applied in 2009 with its total installed capacity of 250 MW. In addition there 

are 6 more WPP projects with applications for grid connection. The largest wind potential is 

shown on the following two figures (up to wind speed mean value of 4.2 m/s at 50 m above the 

ground). Detailed wind energy resource atlas and site screening of the Republic of Macedonia 

was prepared in 2005. It is the property of national generation company ELEM and it is not 

publicly available. It is expected that among the first ELEM will build 15 to 18 wind turbines 

with 2 to 3 MW of capacity each in the next two years. It is located in Bogdanci in the south of 

Macedonia, close to the Greek border, with the overall capacity of 37 MW. Besides that, one 

large WPP (~200 MW) is under preparation in the area of Ġtip in eastern Macedonia. Due to 

quite attractive wind potential and legislative framework (guaranteed incentives for 20 years) it is 

expected to have significant WPP growth in the next few years. 

 
 

Figure 2-16 Wind speed map of Macedonia 
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Figure 2-17 More detailed wind speed map of Macedonia (Source: MEPSO) 

 

RES development target is set to 21.5% of final energy consumption by 2020 out of which 4,2% 

is to be covered by WPPs. RES legislative framework is partly defined, while technical 

requirements for WPPs and Market Code are still missing.  

 

New Energy Law entered into force by end of February 2011. In accordance with new Energy 

Law and taking in consideration Directive 2009/28/EC of the European Parliament, for the 

purpose of implementing the Strategy on RES, the Government of Macedonia, on the proposal 

from the Ministry, shall adopt Action Plan for RES covering a period of 10 years. Action Plan for 

RES shall define measures aimed to promote use of RES, and shall contain in particular: 

expected gross final consumption of electricity, fuels for transport, heating and cooling energy, 

targets set and annual dynamics for the increased share of energy generated from RES in the 

energy consumption; measures aimed at achieving the targets; the overview of relevant policies 

and measures on the promotion of the use of RES; specific measures aimed at addressing 

administrative barriers, information and training measures and appropriate transmission and 

distribution systems development and upgrade; incentives related to electricity generation, 

heating and cooling energy, biomass transport and use; possible joint projects with other 

countries, in the light of attaining the targets set in the Strategy on RES; funding sources; holders 

of activities and deadlines for the implementation of anticipated activities. Action plan is 

prepared with technical support, provided by USAID, and it is planed to be adopted by the end of 

2011. In parallel, ñWind Power Integration Study for Republic of Macedoniaò is under 

preparation and it is expected to be finalized by summer 2011. 
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TSO within ENTSO-E system development group forecasted to reach 150 MW in 2020. 

 

For more intensive WPP integration in Macedonia there are several limiting factors:  

 

o Complex WPP development procedure, 

o Lack of legislative framework and  

o Available system reserve.  

 

 

2.4.6. Greece 

Greece is one of the regional leaders in RES integration having the largest regional wind potential 

in the region of SEE (up to wind speed mean value of 6.4 m/s at 50 m above the ground), as 

shown on the following figure. Wind atlas for Greece is prepared and publicly available9. The 

first WPP in Greece was commissioned in 2000, while today there are 81 WPPs connected to 

transmission network, with total installed capacity of 1039 MW. In addition, there are 60 WPPs 

currently under construction, 216 WPPs in licensing phase and 401 projects are in wind 

measurement phase. 

 
Figure 2-18 Wind speed map of Greece 

 

The following figure shows existing and future WPP projects in Greece (with PSS/E model node 

numbers). Clearly, most of the projects are located on the southern part of the country. 

                                                 
9 http://aims.cres.gr/grwind150/viewer.htm , http://www.cres.gr/kape/datainfo/maps.htm 
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Figure 2-19 WPP projects in Greece with corresponding PSS/E node numbers 

 

 

Legislative framework for RES is fully defined in Greece, with relevant Law 3851/2010 

ñAccelerating the development of Renewable Energy Sources to deal with climate change and 

other regulations addressing issues under the authority of the Ministry of Environment, Energy 

and Climate Changeò. National target for WPPs is set to 7500 MW till 2020, but TSO within 

ENTSO-E system development group forecasted to reach 6800 MW.  

 

For more efficient process of WPP integration in Greece the main limiting factors are objections 

by the people, the local communities and permission acquiring difficulties. 

 

 

2.4.7. Montenegro 

One of the main characteristics of power generation in Montenegro is high dependence on 

hydrogical conditions (~75% of total installed generation capacity is in HPPs), meaning large 

share of RES. There are no WPPs in operation, but there are 4 WPP projects in wind 

measurement phase and additional 2 WPP projects in licensing phase. Total installed capacity of 

2 most developed WPP projects is about 170 MW, with 96 MW in the first phase. Moreover, in 

Montenegro concessions for two most promising locations for WPPs were offered in public 

tendering procedure for the 20 years period of time (Krnovo and Moģura). 
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The largest wind potential is shown on the following figure (up to wind speed mean value of 4.8 

m/s at 50 m above the ground). So far, there are no detailed wind energy resource atlas and site 

screening for Montenegro. 

 
Figure 2-20 Wind speed map of Montenegro 

 

 

 
Figure 2-21 Yearly average wind speed (m/s) 80 m above the ground (Source: CGES) 

 

The following figure shows location and size of above mentioned 6 WPP Projects. 
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Figure 2-22 WPP projects location and size in Montenegro 

 

Legislative framework for RES in Montenegro is not fully defined yet. The national indicative 

target for RES is still not defined, while WPP grid code requirements are also missing. TSO 

within ENTSO-E system development group forecasted to reach 180 MW in 2020. 

 

Contracting parties of the Energy Community Treaty are under obligation to calculate mandatory 

RES target. Preliminary calculation for Montenegro is set to 29.5% by 2020. ñMontenegro Wind 

Integration Studyò in the frame of EBRD Western Balkans Sustainable Energy Direct Financing 

Facility - Institutional Capacity Building Project is expected to be finished by the mid this year. 

 

During 2011, new Grid Code was drafted comprising Connection Code which also defines 

technical requirements for operation and connection of WPPs to the transmission network. The 

new Grid Code is expected to be adopted by the end of 2011. 

 

For more intensive WPP integration in Montenegro there are two limiting factors:  

 

o Lack of legislative framework and  

o Available system reserve.  
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2.4.8. Serbia 

The countryôs existing around 8400 MW of generating capacity is dominated by coal-fired plants 

(62% of total installed generation capacity corresponds to thermal power plants, 34% to hydro 

power plants and the remaining to combined heat plants). Large part of coal-fired power plants 

may have to be decommissioned by 2020, which means that other resources have to be built. It 

opens possibility to integrate WPPs. The potential for renewable energy remains largely untapped 

in Serbia, but officials say that this is about to change soon.  

According to investorsô findings, Serbia shows promising conditions for the installation of large 

WPPs, particularly in a number of areas located in the countryôs North and East. According to 

Serbiaôs Ministry of mining and energy before more detailed wind integration study, the 

countryôs total estimated wind power capacity to be connected to the system is 1300 MW, 

approximately 15% of the nationôs total capacity. Ministry documents show locations in the 

north-eastern part of the country have a high wind potential based on wind speeds. Other 

locations potentially suitable for wind energy development include Midzor, Suva Mt., Vrġaļki 

Breg, Tupiznica, Krepoljin and Deli Jovan. The first WPPs are scheduled to become operational 

by the end of 2012. 

The largest wind potential is shown on the following figure (Figure 2-23) (up to total wind speed 

mean value of 4,4 m/s at 50 m above the ground). Local ñKoshavaò wind blowing is from south-

east most time of  the year. Microlocation measurements shows that the average wind speed 

could go up to 5 to 6 m/s. Total annual wind energy potential in Serbia is estimated up to 15,600 

MWh/a.  

 

 

Figure 2-23 Wind speed map of Serbia 
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There is detailed wind energy resource atlas for Serbia available. Specific wind potential areas in 

Serbia are given on the following Figure. 

 

 
Figure 2-24 Wind potential areas in Serbia (source: EMS) 

 

Generally, basic characteristics of WPP integration in Serbia at the moment are as follows:  

 

o Large wind speed variations all over the country 

o Higher wind potential in lower regions  

o Good conditions for shipment of wind mills 

o Higher wind potential in colder periods 

o Wind blows relatively constant in colder periods 

o North east is region of special interest with its usage factor near 30%, higher than 

European average, as shown in details on the following Figure. 
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Figure 2-25 Wind potential areas in North-East Serbia (source: EMS) 

 

Currently, there are no WPPs in operation in Serbia, but there are about 20 wind parks in projects 

list with around 3000 MW capacity. Almost all WPP projects already have energy permission. At 

the moment they are issuing papers concerning grid connection technical conditions. Only one 

project is near to get site construction permission from the authorities. More than 75% of 

represented capacity is located in Norther part of the country (Vojvodina region), while the 

biggest single wind park capacity is 400 MW. It is important to point out that there is a short 

distance between preferred WPP regions and main load centre ï Belgrade area. 

 

Tariff system for RES in Serbia is currently based on feed-in tariff principle. Currently fixed feed 

tariff in Serbia is defined for maximum 450 MW.  

By 2015 about 20% increase of electricity production from RES is envisaged in Serbia. TSO 

within ENTSO-E system development group forecasted to reach 2500 MW in 2020 for Serbia 

and Kosovo together. Legislative framework for RES in Serbia is not fully defined yet.  

It is expected that Serbiaôs new energy law package will go far enough to unlock the countryôs 

potential for wind power. So far, it lacked guarantees output to be connected to the grid. Investors 

were unable to arrange to sell electricity from WPPs, since there were no clear power purchase 

agreement procedures as it is the main precondition to actually build WPPs i.e. to make projects 

bankable. A special government decree allows Serbia to buy locally generated electricity from 

new, non-polluting sources at 9.5 cú/kWh, twice the current retail rate. Investorsô opinion is that 

there are ñhardly any beneficiaries of thisò because the broader framework is lagging. ñWind 

Integration Study for Serbiaò was adopted in April 2011. 

For more intensive WPP integration in Serbia there are several limiting factors:  

 

o Wind energy potential,  

o Tariff system on RES, 

o Complex WPP development procedure and 

o Available system reserve. 
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2.4.9. Slovenia 

Without taking into account 50% of capacity of nuclear power plant Krġko (~400 MW), Slovenia 

has relatively large share of RES generation, mainly in large hydro (1071 MW). So far there are 

no WPPa in operation (besides 2 MW of pilot projects), but there are 3 WPP projects in 

construction phase and 5 WPP projects in licensing phase. The following figure shows wind 

speed mean values on territory of Slovenia (up to wind speed mean value of 4.6 m/s at 50 m 

above the ground). There is no wind atlas on the country level. 

 
 

 

Figure 2-26 Average yearly wind speed map of Slovenia (50 m above the ground, 1971-2000) 

(Source: ARSO) 

 

Ministry of Economy defined a National Action Plan for RES until the year 2020 as well as tools 

for promoting RES to reach 2020 targets there should be WPPs with installed capacity of 106 MW 

till 2020, less then in solar power plants ï 139 MW.. According to National Action Plan for RES 

till 2020 there will be WPPs with installed capacity of 106 MW, less then in solar power plants ï 

139 MW. TSO within ENTSO-E system development group forecasted to reach 440 MW of 

WPPs in 2020. WPP integration study on the country/TSO level was requested by the TSO and 

done by the investors. 
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For more intensive WPP integration in Slovenia there are two limiting factors:  

 

o Wind energy potential (as shown on the precious figure) and  

o Network absorption capability in the WPP areas. 

 

Generally, in comparison to the other regional countries chances for significant WPP 

developments in Slovenia are quite small, due to relatively low wind potential, as well as lot of 

touristic resorts in the mountains that could have been interesting for WPP sites. Also, in terms of 

RES targets Slovenia is more oriented to hydro and solar resources (in 2010 in Slovenia there 

were 23 MW of newly installed solar power plants).  

 

 

2.4.10. Romania 

In Romania RES generation has priority status. When the study input data were collected (late 

2010), there were about 500 MW of WPPs in operation in Romania. But, year and a half later this 

value is more than double (01.01.2012 - 1140 MW). This spectacular increase of installed WPP 

capacity shows how dynamic the process is, as well as the future expectations. It was 

commissioned in 2010. In addition, since 2007 there are about 10000 MW of WPP applications 

for grid connection. Grid access contracts are signed for more than 3000 MW, while technical 

permits are granted for additional 4400 MW of WPPs, while additional 13000 MW of WPPs 

completed grid connection studies. According to the present generation structure the total amount 

of renewable energy possible to be integrated in Romanian PS, without significant restriction is 

around 3000 MW installed power. Based on the existing plans for generation development, on 

medium term the limit mention above may go up to around 5000 MW of WPP installed power. 

Romanian commitments toward the EU for medium and long term are around 4000 MW of 

WPPs. WPP generation export is not an option for the time being. In long term development 

horizon, in order to operate over 4000 MW installed RES generation, the existing power 

transmission network needs significant reinforcements. It is estimated that total investments 

program (for transmission lines only) exceeds 250 mil. ú. Additional reinforcements are also 

needed in several distribution network areas. 

 

The following figures show wind energy potential in Romania (up to wind speed mean value of 

5,8 m/s at 50 m above the ground). There is no detailed wind atlas for whole country. There is a 

rough wind map in Energy Strategy, but the level of detail is missing. 
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Figure 2-27 Wind speed map of Romania 
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Figure 2-28 WPP projects location in Romania (Source: Transelectrica) 

 

Romania has fully defined legislative framework for RES. National RES target is set to 33% until 

2010, 35% until 2015 and 38% until 2020. TSO within ENTSO-E system development group 

forecasted to reach 4000 MW in 2020. RES financial support is based on ñgreen certificatesò, 

mandatory quotas of ñgreen certificatesò for suppliers, while producers are financially 

responsible for generation imbalances. Technical conditions for access to the grid are established 

as a standard and it is planned to become part of the Technical Grid Code. WPP integration study 
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on the country level was prepared, as well as set of WPP connection studies for each specific 

location. 

 

For more effective WPP integration in Romania there are two limiting factors:  

 

o Available system reserve and 

o Network absorption capability in the WPP areas. 

 

It is estimated that half a billion euro is the volume of immediate investments the national 

transmission system operator Transelectrica must make for the thousands of MW worth of RES 

projects to become reality. 

 

 

2.4.11. Turkey 

By its size and potential Turkey is very different that the rest of regional countries. Last year 

Turkeyôs total energy demand was around 209 TWh. Its wind potential is among the largest in 

Europe with the wind speed mean value 50 m above the ground up to 5,6 m/s, as shown on the 

following figure. The wind atlas of Turkey is publicly available
10

. More detailed wind atlas 

shows that wind speed mean values at the level 30 m above the ground go even up to 10 m/s. 

Currently, there are 39 WPPs in operation with total installed capacity of 1320 MW. The first 

WPP in Turkey was commissioned in 1998. In last few years interest in WPP project 

development grew intensively. At the moment there are 2283 MW of 66 WPPs under 

construction, 3483 MW of 76 WPPs has been licensed and additional 8474 MW is under 

evaluation. All together in Turkey there are 722 WPP projects in different development phases 

with total capacity of about 78000 MW. It is expected that till 2013 11600 MW of WPPs are to 

be connected to the system. It is interesting to mention that WPP projects were over-promoted 

since in only 1 day (Nov. 2007) the total installed capacity of the applications jumped over 70000 

MW! It took almost 3 years to solve this problem since many projects were overlapping and the 

available wind connection capacity was limited. 

 

                                                 
10 http://www.eie.gov.tr/english/index-e.html 

http://www.eie.gov.tr/english/index-e.html
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Figure 2-29 Wind speed map of Turkey 

 

 

 
Figure 2-30 More detailed wind speed map of Turkey (Source: TEIAS) 

 

RES legislative framework is fully defined. RES targets are set to 20 GW till 2023 and 30% from 

WPPs till 2023. In December 2010 Turkish Parliament adopted new law regulating the renewable 

energy sources market in Turkey and the new tariffs of RES. 
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Grid Code for WPPs was updated in 2010. WPP integration study on the country level is 

prepared. Turkish Electricity Transmission Corporation is responsible to prepare WPP integration 

studies and to define the available capacity for connecting wind generation in the country. 

 

For more intensive WPP integration in Turkey there are two limiting factors:  

 

o Limited available system reserve and  

o Limited network absorption capability in the WPP areas. 

 

 

2.4.12. Kosovo 

Kosovo derives almost all its electricity (around 95%) from coal. The amount of energy produced 

during 2010 from RES is currently around 3% of total used energy during 2010 (total 

consumption is around 3,2 TWh). Since 2010, there are 3 wind turbines in operation, with total 

installed capacity 1.5 MW located on the mountain near Pristina's airport. In addition, there are 3 

WPP applications for grid connection with its total installed capacity of 158 MW. Connection 

agreement is signed for 30 MW WPP with connection to 110 kV transmission grid. The 

following figure shows wind speed mean values on territory of Kosovo (up to wind speed mean 

value of 4,2 m/s at 50 m above the ground). Currently, there is no wind atlas for Kosovo, but one 

year wind speed measurements were accomplished in 2010 by the Ministry of Energy. It is 

expected that the collected data and wind atlas will be published very soon. 

 

 
 

Figure 2-31 Wind speed map of Kosovo 

 

The following two figures show geographical positions of two currently most advanced WPP 

projects under development. 
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Figure 2-32 Geographical position of WPP Kitka (15x2MW=30MW) connected to SS 

Berivojce 110kV (Source: KOSTT) 

 

 
Figure 2-33 Geographical position of WPP Shtime wind Park (50x2MW=100 MW) connected to 

SS Shtime 110kV (Source: KOSTT) 

 

Legislative framework for RES in Kosovo is not fully defined yet. National RES target is 

expected to be approved soon, based on draft document prepared by the regulatory agency. Grid 
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Code for Wind Powered Generating Stations (PO-KO-005) is adopted in 2010. WPP integration 

study does not exist. The studies were done for specific WPP connection purposes only. 

 

For more intensive WPP integration in Kosovo there are two limiting factors:  

 

o Wind energy potential (as shown on the previous figure) and  

o Available system reserve. 
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3. RELEVANT STUDIES AND ANALYSES ON WPP INTEGRATION IN THE 

REGION 

 

In this section the most important findings of existing WPP integration studies were presented. 

Since this study is dealing with regional approach to WPP integration, it is of utmost importance 

to keep in mind country specifics and development plans, especially WPP integration targets.  

 

WPP integration is very challenging topic for every power system. Accordingly, there were 

studies on the WPP integration on the system level commissioned mostly by the regional TSOs, 

as shown on the following figure. 

 

6

2

4

YES: TSO of 

Slovenia, Croatia, Turkey, Greece, Rom
ania, Albania
NO: TSO of Kosovo (under UNSR 

1244), Bulgaria

IN PROGRESS: TSO of 

Montenegro, BiH, Serbia, FYR 
Macedonia

 
Figure 3-1 National WPP integration studies available 

 

The following sections give available summaries of above mentioned WPP integration studies. 

 

 

3.1. ALBANIA  

EBRD and Albanian Ministry of Economy, Trade and Energy with collaboration of Albanian 

TSO are engaged in a study untitled ñCapacity Building for Renewable Energy Investment in 

Albaniaò. The specific objectives of this project are: 

 

1. Capacity building of large HPP  

2. Wind Power Integration that consist to: 

-  to enable OST to determine the appropriate levels of Wind Power Capacity which 

may be connected to the national grid and appropriate operational and technical 

parameters for management of connected WPP capacity, 

-  to identify and evaluate necessary grid investment in order to increase the WPP 

capacity that could be connected.  

 

The project started in mid 2011 and it is expected to be finalized till the end of 2011. 
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3.2. BOSNIA AND HERZEGOVINA  

Under EBRD framework titled ñWestern Balkans Sustainable Energy Direct Financing Facilityò 

there is a study project on wind integration in BiH. The Study is currently under preparation and 

it is expected to be finalized till the end of 2011. With permission of study beneficiary (ISO) here 

are given the main draft study results. In BiH there are very few WPPs that have been under way 

since 2010 while there are other 15 - 20 projects in different development phases. The following 

figure shows potential WPP locations (regions) within BiH.  

 

 
Figure 3-2 Potential WPP regions in BiH 

 

With the WPP productivity assumption of around 2300 FLH, following scenario limits are 

defined: 
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a) 150 MW 

b) 200 MW 

c) 300 MW 

d) 600 MW 

e) 900 MW - concentrated 

f) 900 MW - wide distribution 

g) 1300 MW - concentrated 

h) 1300 MW - wide distribution 

 

The following table shows expected productivity per each WPP integration scenario. Having in 

mind all input conservative assumptions, these values are quite promising. 

 

Scenario 300 MW 600 MW 

900 MW - 

wide 

900 MW - 

conc. 

1300 MW - 

wide 

1300 MW - 

conc. 

Productivity 

(FLH) 2283 2510 2534 2393 2332 2378 

 

The results of this analysis are presented in a graph that shows expected 10-min WPP generation 

variation ranges for all scenarios. 

 

 
Figure 3-3 10-min WPP generation variations in BiH per each scenario 

 

The graphs show that 99.9% of all 10-minute variations in 10 years occur in the range of roughly 

±20% of total WPP installed capacity. However, the maximum range of variations is much wider, 

ranging from around -75% to 50% of total installed capacity. The large difference between the 

range in which 99.9% of all variations occur and in which the 100% of all variations occur is due 

to the fact that the maximum variations are a random event and the longer the analysed period, 

the larger the maximum variation. Of course, the theoretical maximum is -1 p.u. or 1 p.u. for 

instant loss of all wind power, or instant switching on of all wind power to full power, but in 
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practice that is almost impossible. The range in which 50% of all variations occur is so narrow 

(roughly ±0.3% of total installed capacity). 

 

Based upon above mentioned calculations required regulation capacities are also calculated, as 

given in the following table.  

 

 
300 MW 600 MW 

900 MW - 

wide 

900 MW - 

conc 

1300 MW - 

wide 

1300 MW - 

conc 

Installed capacity 

(MW) 
340 625 938 889 1297 1285 

Share of time Required regulation capacity (MW) 

98% of time 

(inadequate 175 

hours a year) 59 97 139 140 192 190 

99.9% of time 

(inadequate 9 hours 

a year) 120 207 287 284 357 380 

Maximum - once in 

ten years 
217 397 500 490 544 608 

 

BiH is in relatively good position with respect to available HPP capacity capable for secondary 

control. But, in reality there are problems how to motivate generating companies to participate in 

ancillary service mechanism. 

 

 

3.3. BULGARIA  

Even though there was no officially published WPP integration studies on the national level in 

Bulgaria, different analyses and documents were prepared to accommodate large WPP 

integration. According to EC directive 2009/28/EC national target for RES penetration in 

Bulgaria is defined as 11% of the gross final consumption of energy at the year 2010, 13% for 

2015 and 16% for 2020. The implementation of Directive 2009/28/EC EU, in the part concerning 

electrical power and network real time control (without disturbing the interconnection exchanges 

schedules) is possible, if only installation of no more than 1,800 MW WPP and 600 MW PVPP is 

permitted. 

 

In order to increase of the transmission capacity in this region, are replaced conductors of 4 OHL 

110 kV with new high temperature and will be built  two new substations 400/110 kV and six 

new lines. 

According to study, collaborated in Central Dispatching, the technical potentials for control of the 

Bulgarian EPS with respect of the existing and planned  development of generation shows, that 

providing of the quality of control and security of EPS, according to the ENTSO-E standard, is 

possible if the installed capacity of renewables has not to exceed: WPP 1800 MW; Solar 600MW 
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The limiting values of  renewables will be revised and actualized each year with respect of the 

actual development of the grid and existing power for regulation. 

 

 

3.4. CROATIA  

Study activities on WPP integration in Croatian power systems started in 2006. So far there were 

several studies analyzing different technical, economical and regulatory aspects of WPP 

integration. Based upon these studies and due to currently available reserve capacities TSO 

decided to set the maximum level of possible WPP integration to 360 MW. Since there are lot of 

projects under development (more than 150) it is expected that this level of WPP integration is 

going to be reached in the following few years. The latest study was commissioned in 2010. 

Within this study the wind farms development will be analyzed in phases from 400 MW to 1200 

MW of total installed capacity in 200 MW steps. Those results with five main scenarios 

depending on the total WPP installed capacity: 

 

a) 400 MW, 

b) 600 MW,  

c) 800 MW, 

d) 1000 MW and 

e) 1200 MW (it was set as WPP target for 2020 in National Energy Strategy). 

 

The following figure shows promising total annual energy yield per each scenario. 

 

 
Figure 3-4 Total annual energy yield in Croatia per each scenario 

 

The main problems in WPP integration in Croatia are small diversification of WPP locations 

(most of them are located in the range of 200-300 km with similar wind conditions) and lack of 
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system reserve capacities. Currently, ancillary service (AS) mechanism is not fully developed yet. 

There is no AS or balancing market, since there is only one (dominant) generation company.  

 

The following figure shows relatively high expectation of hourly WPP production variations per 

each scenario. Green columns indicate maximum and minimum variations, while red columns are 

±standard deviation of hourly production variation. In the graph, the positive variation is a 

decrease in power and vice versa. 

 
Figure 3-5 Hourly WPP generation variations in Croatia per each scenario 

 

The following Figure indicates the levels of upward and downward regulation that may need to 

be held as reserve against non-forecasted variations in wind output in different wind development 

scenarios. Broadly speaking, for example, at a 99% confidence interval, for the scenario 1000a 

(ie 1000 MW of wind capacity), the TSO will need to hold 136 MW of tertiary reserve flexibility 

that can be instructed to increase or decrease output within 1 hour to cope with non-forecasted 

variations in energy delivered from wind farms. Within that reserve portfolio, about 91 MW to 

100 MW will need to be able to respond within 10-minutes. For 100% of the time 30-40% of 

WPP installed capacity needs to be in reserve to cover non-forecasted variations. But, with 

installation of wind forecaster, the need for reserve capacity will be significantly decreased. 
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 95% of the time 99% of the time 

 Hourly variation range (MW)  

400 ±41 ±72 

600 ±58 ±101 

800a ±78 ±120 

800b ±70 ±118 

1000a ±85 ±136 

1000b ±88 ±137 

1200a ±102 ±153 

1200b ±103 ±160 

1200c ±89 ±138 

 10-minute variation range (MW) 

910 MW ±58 ±91 

400 ±34 ±47 

 

In parallel, it was calculated that different parties are going to face different costs.  

 

WPP developers will face: 

a) Costs of construction (not evaluated in this report) 

b) Cost of network reinforcement ï between 13.6 mil.ú and 21.7 mil.ú over the 

period 2010 to 2020; costs for each investor will vary by location. This might 

be considered a cost of 1.36 mil.ú per year although, given that these 

transmission assets will be depreciated over many years, the actual annual cost 

will be considerably lower. 

 

Additional cost of up to 39-42 mil.ú per year by 2020 will be faced in order to procure reserves 

against wind volatility; this cost will be passed through to consumers ï the additional cost per 

kWh would be 0,0015 ú. 

Conventional generators would face lower load factors in operation of their plants. This will 

result in some higher costs to consumers. We have not precisely modeled this cost but, utilizing 

the WASP model óobjective functionô we calculated that increased deployment of wind will lead 

to a discounted additional cost to consumer of 194 mil.ú over the period from 2010 to 2030; this 

includes the cost of investments in the wind farms that consumers will pay for through feed-in 

tariffs. The conventional generation net cost of supporting wind farms would therefore be very 

roughly 0,0003 ú/kWh. 

Many of these costs are very approximate but all seem relatively modest, with the biggest 

ongoing cost being the need to provide reserve against the unpredictability of wind deployment. 
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3.5. GREECE 

A high wind penetration is expected in the Hellenic Interconnected Power System, promoted by 

the favorable legislative framework dictated by the European Union policies for the environment 

but also from the very good wind conditions. Ambitious targets set by the National Renewable 

Energy Plan, reach the level of 6500 MW of installed wind power for the year 2020.  

Due to this situation HTSO conducted a number of studies with the collaboration of the National 

Technical University of Athens (NTUA) in order to assess the impact of high wind penetration in 

the operation of the interconnected national power system. 

The investigation conducted during these studies, covered the simulation of the dynamic behavior 

of the system, the impact of different wind penetration levels on the production of conventional 

units and the overall reliability of the power system. The findings of the studies mentioned above, 

regarding the dynamic behavior of the system can be summarized as follows: 

-  A fault ride through capability of wind turbines installed in the Hellenic interconnected 

power system is a necessity, in order to avoid the loss of significant generation due to low 

voltage conditions caused by normally cleared faults in the transmission system. 

-  The impact of high wind penetration in small signal stability and system damping is 

considered modest.  

-  Operation of large wind farms in voltage control mode can be beneficial towards avoiding 

voltage instability issues. 

 

Impact of high wind penetration on the operation of conventional units and system reliability, 

was assessed using a methodology based on the Monte-Carlo sequential simulation approach. 

Examination of these issues highlighted a number of important consequences, including the 

following:  

-  Under high wind penetration conditions, operating hours of combined cycle power plants 

decreases. Indicatively, this decrease has been estimated to range from 5150 hours/year in 

a scenario of 3000 MW installed wind production to 4640 h/year in a scenario of 5500 

MW of wind power. This issue is a direct consequence of wind penetration on the 

operation of conventional plants, in an open market environment and lead to the 

conclusion that there will be an impact to the economics of the new producers entering the 

Hellenic electric energy market. 

-  The total energy produced by wind farms (in the examined scenarios) that cannot be 

absorbed by the system due to security constraints is quite small. However, the frequency 

and duration of the respective events deserves further consideration 

-  The geographic distribution of the wind penetration is very important since the 

concentration to one area has an obvious impact on network security issues. In addition, it 

has a very significant impact on the issues dealt by this analysis since it may lead to 

significant and fast variations of the produced wind energy with severe impact on system 

regulation capability and security. 
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Overall, the most important finding of the above studies was the emerging necessity of taking 

legislative actions aiming at the obligation of FRT capability for wind turbines, the right to the 

HTSO to curtail wind power under specific system constraints and recently to foresee the 

possibility of wind turbines to participate in voltage and frequency control. 

The overall conclusion is that a high wind penetration level in the order of 40% of the future peak 

load is possible. However, the increase of wind penetration should be done gradually, so that the 

adequate feedback on the system behaviour is received. 

 

 

3.6. MACEDONIA  

In Macedonia ñStudy for integration of wind power plants in the Macedonian transmission 

systemò  

was prepared by KEMA in June, 2011. The study included the following issues: 

 

-  to estimate the possibilities for WPP integration in Macedonian power system, 

-  to suggest the amendments to the Grid Code with technical requirements for connection 

of WPPs 

-  to identify the capacity of wind development from the grid view-point, 

-  to asses the grid investments due to wind penetration. 

 

One of the most important conclusions is referring to the reserve capacity needed to handle 

WPPs. The impact of WPP installed capacity to required system reserve was notified as 

approximately linear. For WPP range between 150 MW and 600 MW the reserve requirements 

can be expected to: 

 

-  Increase by about 10% of every MW of wind power installed beyond the first 150 MW in 

case of upward reserves 

-  Increase by about 25% of every MW of wind power installed beyond the first 150 MW in 

case of downward reserves 

 

Required system reserve capacities per each scenario in day-ahead and hour-ahead time domain 

are given on the following Figure. 
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Figure 3-6 Required system reserve per each WPP scenario in Macedonia (source: MEPSO) 

 

It was concluded that the current transmission network can support 150 MW wind power with 

reasonable reinforcements. It might be technically possible to accommodate even up to 600 MW 

of wind power, whilst ensuring the availability of sufficient volumes of reserve power. Operation 

of new CCGTs will provide additional flexibility to the system but also will require increased 

secondary and tertiary reserves on a day-ahead level. Planned PSPP Chebren and HPP Galishte 

may significantly contribute to the reserve capacity but time of their construction is questionable.  

It is necessary to introduce Wind Code requirements in updated  Grid Code and to establish Day 

Ahead and Intra Day trading as potential mechanisms for mutual exchange of reserves and 

balancing energy, support regional initiatives.  

 

Increase of installed WPP can only be achieved with optimization of operational dispatch and 

with flexible adjustment  of cross-border exchanges on an hourly basis. 

 

 

3.7. MONTENEGRO  

Under EBRD framework untitled ñWestern Balkans Sustainable Energy Direct Financing 

Facilityò there is a study project on wind integration in Montenegro. The Study has been 

approved recently. With permission of study beneficiary (TSO) here are given the main study 

results. In Montenegro there are two WPP projects under preparation (Krnovo (50 MW) and 

Moģura (46 MW)), while other locations are nominated as potentially interesting, as shown on 
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the following figure. For these two WPPs feasibility studies are in progress, expecting to be 

completed before end of 2011. 

 

 
 

Figure 3-7 Potential WPP locations in Montenegro 

 

In Montenegro there is a considerable gap between WPP potential and the degree to which the 

power system is prepared for WPP integration. Forecasting and balancing mechanisms are not 

defined and consequently there are no specified obligations for WPPs. Equally, the ancillary 

services mechanism (including payment arrangements) are not defined in detail even though the 

SCADA system and existing generation units show good potential for facilitating WPP 

integration. As a result the TSO is facing challenging conditions for WPP integration with many 

issues that need to be resolved in the very near future.   

 

The Montenegrin power system is currently capable of handling approximately 46 MW of WPP 

installed capacity in all system states. This is constrained by the amount of reserve capacity 

currently constantly available (±26 MW). Additional reserve should be procured if further WPP 

is installed, as outlined in the following scenarios: 

 

Scenario A: 96 MW of WPP Ÿ Ñ55 MW of reserve to cover all expected WPP generation 

changes 

Scenario B: 185MW of WPP Ÿ Ñ140MW of reserve to cover all expected WPP generation 

changes 
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Scenario C: 285MW of WPP Ÿ Ñ175 MW of reserve to cover all expected WPP generation 

changes 

 

In order to gain a better understanding of the production variations of wind farms, four specific 

frequencies of occurrences (probabilities of 50%, 45%, 4% and 1%) are determined and for each 

the frequency of positive and negative variations are calculated on the basis of real data. The 

results are presented on the following figure. 
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Figure 3-8 Hourly WPP generation variations in Montenegro per each scenario 

 

Based on wind speed input used in above mentioned study the following table gives regulation 

capacities for all three WPP integration scenarios for three sub-scenarios (full coverage, adequate 

reserve in 99% of time, adequate reserve in 95% of time). Also, these values are calculated with 

assumption that there is no wind forecasting at all. It means that WPP generation changes are 

measured with respect to the generation in the previous hour. 

 scenario A scenario B scenario C 

total installed wind power (MW) 96 185 285 

regulation capacity (MW)  

95% of time (insufficient for 

438h/a) 13.2 25.7 30.9 

99% of time (insufficient for 88h/a) 26.0 49.0 57.1 

100% of time 54.2 139.0 175.3 

50% of variations in this range

95% of variations in this range

99% of variations in this range

all variations (100%) in this range

50% of positive variations in this range

50% of negative variations in this range

45% of negative variations in this range

4% of negative variations in this range

1% of negative variations in this range

45% of positive variations in this range

4% of positive variations in this range

1% of positive variations in this range
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This report provides a prioritization and cost estimation of network reinforcements ensuring 

secure take off of all electricity produced by wind power capacity. The analysis is based on three 

agreed scenarios of the development of wind power in Montenegro in the short to medium term 

(up to 2020). The estimation of costs has been done according to present unit prices of high-

voltage equipment in the region. 

 

According to the official CGES transmission development plan investments of 161,415,000 ú are 

planned for the modernization and strengthening of the transmission system up to 2014.  This 

includes around 3,000,000 ú for the development of system control (NDC, SCADA, software and 

hardware, MMS, etc.). Investments for state estimation, training simulator, dynamic network 

configuration and outages analyzer in the existing SCADA system are also included in the plan. 

Besides investments in system control and the telecommunication network, the most important 

short-term investments for wind power plants integration will be: 

 

-  The construction of SS Zabljak;  

-  The operation of the 110 kV line Pljevlja1 ï Zabljak under rated voltage (this allows WPP 

Jasikovac and WPP Sinjajevina to be connected to the network 110 kV);  

-  The construction of the 110 kV line Virpazar ï Ulcinj (this assures double route for WPP 

Mozura production evacuation); 

-  The installation of a 400/110 kV transformer in Ribarevine (put in operation in December 

2010; this removes network bottlenecks in the south-eastern part of a system, allowing 

wind projects like WPP Bolesestra to be developed). 

The most significant expected network bottlenecks faced for WPPs integration are going to be 

caused by the WPP Krnovo connection to the grid with 139 MW of installed capacity in 

scenarios B and C. Some of the network bottlenecks will not be caused by wind power plants 

only, but as a consequence of mutual impact of wind turbines installation and new hydro power 

plants construction (HPP on Moraca river) and/or HVDC construction (Montenegro ï Italy link).   

 

Wind integration will impose additional costs for P/f frequency control that has to be assured 

from existing HPP Perucica and new planned HPPs, probably with additional construction of 

combined cycle power plant if IAP pipeline is going to be realized, especially if ancillary services 

market is not going to be established within the region.   

 

The future generation market was modeled to assess the impact of increased wind penetration of 

future generation utili zation. Due to the extent of importing in the current market, even with an 

increase in hydro resource as planned and a new thermal plant, prices at the margin will continue 

to be dominated by import prices for much of the year. The effect of increased wind penetration 

will be to displace both thermal plants and imports. For this reason, direct costs to consumers of 

paying the feed-in tariff are likely to be relatively modest. It is estimated that net costs to 

consumers of feed in tariffs (in million euros) will be as follows: 
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 2015 2020 2025 

Scenario A 8.4 5.1 4.0 

Scenario B 16.4 11.6 8.0 

Scenario C 26.2 19.6 13.3 

 

This is equivalent to the following additional costs in Euro cents per kWh. 

 

 2015 2020 2025 

Scenario A 0.17 0.09 0.07 

Scenario B 0.33 0.22 0.14 

Scenario C 0.53 0.36 0.23 

 

Reserve costs are a different matter. We have looked at different strategies for procuring reserve 

against both wind non-availability and against unscheduled wind deliveries. Our analysis is on 

the basis that no useful forecasts of wind output are available at the day ahead stage, let alone a 

few hours ahead.  

 

The analysis showed that the cheapest way of dealing with this variability was actually to assume 

that all wind delivered was unscheduled and was therefore spilled onto the system. CGES would 

then sell these surpluses to generators in the balancing regime by instructing turn down of output. 

This would earn revenue although it remains a cost to consumers because they will already have 

been paying for the scheduled conventional generation and imports that suppliers will have 

purchased. This reserve methodology has the following costs: 

 

 

 Scenario A Scenario B Scenario C 

Net cost to consumer (ú/MWh of 

dispatched wind) 

   

2015 19.87 23.40 25.72 

2020 13.31 17.13 20.92 

2025 8.24 10.46 13.59 

Net cost to consumer (úm)    

2015 4.61 10.99 18.44 

2020 3.09 8.05 14.99 

2025 1.91 4.91 9.74 

 

 

3.8. ROMANIA  

Study untitled ĂPower Grid Analysis for Wind Power Integration Services in Romaniañ was 

adopted in April 2010. It covers different aspects of WPP integration. In this section the most 

important findings and conclusions are given. 
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3.8.1. International regulations regarding wind farm requirements 

It has been considered the regulations of Great Britain, Denmark, USA, Germany and Spain, as 

the most representative countries and general UCTE requirements, as well as the conclusions of 

the first European study developed by ETSO The technical document proposed by Transelectrica 

is in line with the general requirements of the rest of the regulations. Specific comments to each 

one of the requirements are gathered in section 3.10. As a general comment, it is proposed to 

consider the following requirements: 

o Wind farm will be submitted to the operating instructions supplied by the system 

operator, regardless the economic system or the dispatch priority established for this type 

of generation. 

o  The requested requirements could be submitted to certification fulfillment, required by 

the system operator. In some cases standard tests certifications will be acceptable. 

 

3.8.2. Dimensioning of the operating reserves in systems with wind power generations 

It is developed an analysis about the problems with wind power generation according to 

operating reserves (inertia, primary, secondary and tertiary reserve), according to the variability 

of wind power generation (in different periods, from sudden failure to schedule, diary and 

seasonal variations). Detailed examples of the operating mechanisms available for the system 

operator are shown, according to Spanish system. This system is considered as representative, of 

systems with weak interconnection and high level of wind farm integration. It is also shown, a 

wind power generation sizing proposal for Romanian system, based on a transient stability basic 

study (study with a single node; it does not represent a limitation in this case), the necessity to 

provide the operating reserves (in this system the limiting condition is the availability of tertiary 

reserve) and the specific operating conditions with the current generation, where is necessary to 

keep a minimum level of thermal power stations in off-peak scenario to dispose the necessary 

generation in peak condition; once the wind power generation is incorporated to the system, just 

by the replacement of thermal generation or even hydraulic generation, thermal power plants in 

off-peak operation would reduce their load level compared with current situation, to fulfill two 

requirements, primary availability and power availability in peak demand situation. 

The conclusions indicate that most of the limitation would be provided by the tertiary reserve 

availability, which would give a maximum of 1,114 MW of installed wind generation. This 

limitation is based on a maximum capacity factor (generated power over installed power) of 70%. 

This value is taken from the statistic reference of Spanish case. Referring to the primary reserve 

and the necessity of disposing of thermal groups operating with low load in off-peak conditions 

to meet the next peak demand, it would be acceptable an installed wind power up to 3,673 MW, 

also taking into account a capacity factor of 70%. 

The rest of the conclusions of the chapter are the following: 

-  To establish the priority of wind power production in the generation dispatch. Wind 

power operation has no relation with the demand curve, so the operation according to the 

resource is not always appropriate for the system. 
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-  To take into account the minimum inertial generation criterion, which in Romanian 

system, cannot be considered as a limitation because of the importance of nuclear 

generation in the generation mix. It should be necessary to confirm that inertial values are 

correct, because the result depends on these values (especially in nuclear generation, the 

value is higher than the ones that were found in the available information) 

-  To establish, a priori, the reference incidence (wind power generation maximum failure). 

Recommendation: 70 % of installed power. It may be considered conservative, but in 

Romania, the generation will be concentrated in one area, therefore, the non availability 

condition may be common (atmospheric conditions). 

-  To establish a priori, if the participation of wind power generation in the frequency-power 

regulation is going to be considered. Recommendation: Request this as a connection 

requirement, but system reserves should be dimensioned independently. This 

recommendation is based on the following: 

o The consideration of the reference incidence (wind power generation maximum 

failure), which may have an atmospheric origin, totally independent from the 

operating conditions of the electric system. 

o Wind technology limitations, operating with low frequency, if they are accepted in 

the requirements. 

o The current dimension of primary reserve (63 MW) is based on the UCTE 

reference incidence. This reference incidence, 3,000 MW in the interconnected 

system, still considers generation failures like independent events, however, 

situation like Klaus Storm (year 2009) establish that in the interconnected system, 

generation failure situations with a common cause in a vast area may occur. 

o The same considerations may be applied according to the current dimension of the 

secondary maximum regulation band width, 600 MW, which is based on the 

UCTE criteria and in the conventional operation of the system, as well as the 

needs of tertiary regulation are based on the failure of the existing biggest group, 

but they never take into account a wind ñreference incidenceò 

-  To dimension the reserves in short-term: 

o Consider the possibility to increase the secondary band width. During the analysis 

of the Spanish case, there has been detected some conditions where the secondary 

current band width runs out. 

o Tertiary: is the limiting element for the installed wind power, considering the 

current availability. If wind failure reference incidence is considered as 70% of the 

installed power (maximum wind power capacity factor), the limitation will be 

1,114 MW of installed wind power. 

o To consider the possibility to use an operating tool similar to the deviation 

management mechanisms in Spanish case, so the limit considered by the tertiary 

current availability, may be increased. Possibly, it just has sense if there are 

combined cycle power plants or peak power plants; because its use is limited to 

certain situations and it would complicate the operation of Romanian markets. 
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3.8.3. Long term adequacy studies. Capacity factor 

This chapter summarizes different references to establish the capacity factor (ratio between 

generated power and installed power). The recommendation is to use a restrictive criterion and a 

capacity factor of 5-10% for the long-term adequacy studies, because there is no statistic 

experience in Romanian case.  

 

3.8.4. Procedures for access and connection. Studies of the Electric System 

In this chapter general access and connection procedures and the criteria used in the studies are 

explained. It is also checked the reference documentation in Romanian case. The 

recommendations are the following: 

-  Again, to establish the technical requirements prior to the network access studies 

-  It shall be compulsory for the developers to provide complete models of the facility, in 

form of equations and block diagrams, with all the specific parameters of the facility, as 

well as the templates used by the operator software in the dynamic studies. 

-  To establish a fulfillment certification protocol, where the standard certifications 

delivered by authorized entities may be considered for a part of the requirements. 

-  To establish a standard payment for the access studies, avoiding individual process of 

bidding acceptance (this process is valid and correct when there are few access requests, 

but it could be very long and inaccessible if there are too many applications). 

 

3.8.5. Criteria for the distribution of costs and wind farm location 

Main recommendations are the following: 

-  To establish a mechanism to determine the renewable generation to install during each 

period, which may take different administrative ways, like open tenders where the 

installed power capacity is put out to tender. This solution allows to keep the freedom 

principle in the generation promotion while the analysis of the needs of strengthen in the 

network, in a total uncertainty scenario, is avoided. 

-  To establish, with a technical criterion, a generation profile desirable in every period, 

establishing the connection points with a balance criterion, taking into account the 

location of the resource and the minimization of the lines to be built, but also taking into 

account the electric system necessities (for example, with the criteria of avoiding 

concentration of generation, avoiding unnecessary opening of current lines, and 

considering current transformation capacities, etc.). 

-  To establish the cost of the reinforcement of the network in every period, to distribute 

between the applicants who complete the connection process and the system operator 

(taking into account that new facilities of the network are going to be used by the existing 

generators, although their origin are not these existing generators) 
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-  To determine shared connection facilities for the new applicants, in order to prevent a 

substantial increase of the number of network circuit breakers. To establish installed 

minimum power (MW) for the new shared generation circuit breaker. Shared facilities 

shall be paid by the facilities connected to the same point, with possibility of partial 

compensation if node capacity is increased in the following assignment period. 

-  To establish a standard price for some of the reinforcement equipment (for example, price 

of a new circuit breaker according to the voltage level, line circuit according to the 

voltage level and capacity, transformer according to voltage level and capacity, etc.). 

-  To establish the figure of the node representative, who shall be the speaker with the 

network owner and shall represent all the facilities connected to a node.  

-  To request the guarantees for every new application for the connection to the network, 

with refund once the facility connected to the network has started.  

-  To establish an administrative register of the renewable generation installations, where all 

the installation shall be registered until the power by periods is complete. To be 

registered, several administrative or economic guarantees may be set, like the guarantees 

mentioned before. 

-  The procedures of permitting of the new generation, connection to network facilities and 

new developments or modifications of existing network should go together; this must be 

known and accepted by the authority. 

 

3.8.6. Organizational structure and resources to control renewable energy generation 

This chapter summarizes the structure and resources of the control centers according to Spanish 

system. This system considers a control center for special regimen generation (renewable < 50 

MW). This control center was visited by Transelectrica delegation in December 2009. 

 

3.8.7. Steady state analysis of the network  

The results of the loads and voltages steady state analysis indicate that acceptable wind power 

generation on each scenario reaches the following values. 

 

Table 3-1 Acceptable wind power generation according to Network steady state analysis 
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If it assumed that the increase of wind power generation is compensated for the thermal 

generation dispatch, without modification of the production of the nuclear or hydro power 

groups, and it is also assumed that an increase of 15% is acceptable according to exportation 

values in Romanian area. 

The identified problems, in general minor problems except for several under-voltage values, do 

not seem to be related with the integration of wind power generation. Saturation in lines related to 

this cause is not detected. Network steady state analysis does not add additional limitations to the 

ones identified because of the operation reserves. 

In order to a real time operation, it is necessary to take into account: 

-  It has been assumed that the capacity to compensate reactive power in the thermal 

generation redispatch is maintained at the corresponding nodes; therefore additional 

compensation elements may be necessary if complete groups are taken out of service. 

-  Wind generators must contribute to voltage control, according to the requirements of the 

previous chapters. 

-  The study is just a steady state condition, where the redispatch of the operating nuclear an 

hydro power units has been restricted in the base case, maintaining their initial 

production. In real operating conditions, acceptable thermal redispatch may not reach the 

dimension considered in this study, if as it was mentioned before, some groups must 

continue operative in off peak scenario to assure the demand of the next peak. Taking into 

account starting times, this should establish an additional limitation to the acceptable wind 

power production, considered in the steady state analysis. 

-  The increase of the considered interconnection must be studied with the system or 

systems which suffer this modification, due to existing commercial agreements.  

 

According to the analysis, final conclusions are the followings: 

-  In the Romanian case, the restriction for the installation of wind power generation in 2014 

and 2019 is established by the characteristics of the generation plants (without wind 

power generation), specifically by the availability of tertiary reserve and by the 

availability of a generation with a capacity of response fast enough to compensate the 

variations of generated wind power. 

-  Power network does not mean particularly restrictions in the different scenarios. The 

distribution of wind farms seems to be appropriate and overload and voltage problems 

were not detected. It may be necessary to add reactive compensation elements if in the 

generation redispatch, conventional groups are left out. 

-  Connections of the new generation must look for the existing network and not vice versa 

-  It is necessary to incorporate in the rules the technical requirements of wind farms 

previous to the installation 

-  It should be established a planning for the installation of the wind power generation for 

periods, so the integration may be developed in an orderly way and the complementary 
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resources may be available to guarantee the safety and stable operation of the electric 

system. 

 

 

3.9. SERBIA 

Study titled ñWind Power Integration Serbiaò was adopted in April 2011. It covers different 

aspects of WPP integration. With permission of study beneficiary (EMS) here are given the most 

important findings and conclusions are given. 

 

The Serbian Energy Law requires the general development of utilization of renewable energy 

sources. Based on wind measurements and wind potential studies available so far especially the 

South Banat Region in Vojvodina Province is the preferred area of wind power utilization in 

Serbia. Altogether 16 projects were officially known in 2010 as per respective applications 

representing a total capacity of around 2,600 MW (see the following Figure), where 5 of them 

already got general energy permission by the Serbian Ministry of Energy and Mining. Most of 

the projects with about 75% of total capacity are located in South Banat. The current decision of 

Serbian Government defines a limit of 450 MW of wind power capacity covered by a special 

feed in tariff and all additional wind power is subject of free trade.  

 

Based on the grid topologies, operation regimes and exchange scenarios network analysis was 

made to identify network limitations caused by wind power integration. Respective results were 

used for modification of grid connections to optimize wind power integration. With additional 

network upgrades, to resolve local bottlenecks, those calculations give the general result that the 

network limitations from transmission capacity point of view amount to maximum 2,000 MW of 

possible wind power in-feed. The study findings were that from transmission capacity point of 

view 2,000 MW of coincident WPPs require only few reinforcement and extension measures in 

the 110 kV network.  
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Figure 3-9 WPP projects locations in Serbia (Source: EMS) 

 

In the next step, integration of WPPs into Serbian power system was analyzed from the aspect of 

system reserve taking into account ramping capabilities of existing power plants. Under these 

circumstances the maximum wind power in-feed in Serbia amounts not less than 900 MW (1,000 

MW of installed wind capacity by utilization factor of 0.90). Integration of the wind generation 

will require changes in power and transmission system operatorsô practice and involvement of 

more sophisticated software tools for prediction and management of system operation taking into 

account wind forecast management systems with forecasting scenarios for wind velocities. Need 

for more secondary power reserve was also identified in order to increase wind power penetration 

in the system 

 

The economical effects of wind power in-feed were also investigated. Due to decreasing 

operation and full capacity hours of TPP generation costs were assumed to increase accordingly 

by inverse proportionality. So, conventional generation costs are assumed to increase by 1.5 

cú/kWh till 2020 with a maximum wind power in-feed of 2,000 MW as per experience made in 

countries with high wind power penetration. The share of wind power generation costs amounts 

to 0.2 cú/kWh, which leads to total price increase of 1.7 cú/kWh. With an existing energy market 

the so-called merit-order effect, the switching-off of most inefficient and expensive TPP, occurs 

that can lead to a converse energy price decrease.  

 

This part of the study shows the proposed connection points and lines of all wind power plants 

respectively the costs for grid connection, extension and refurbishment measures for both 
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scenarios. From system operator point of view two strategies for wind park connections are 

possible: 

 

The costs for grid connections of all wind parks considered in the study are assumed to be about 

133 million ú. The costs for grid reinforcements and extensions amount to approximately 21 

million ú and have always to be defrayed by the TSO. In all European countries with high wind 

penetration those grid reinforcement costs are shifted to the end customers via grid utilization 

fees. The cost sharing for grid connections between the wind park operator and the TSO depends 

on the strategy used. Anyway the wind park operator should pay the costs for all measures 

necessary between the wind park and the grid connection point.  
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4. POWER SYSTEM CONTROL WITH RESPECT TO WPP VARIATIONS  

 

This section deals with power system control with respect to existing WPP variations in the 

region, as well as expected WPP variations in time horizon of 2020. In the first subsection 

general overview of WPP impact on power system operation is given. Then, detailed WPP 

generation data were collected for Greece, Romania, Bulgaria and Croatia in the period 2009 - 

2011. Finally, expected future WPP generation is estimated based on the inputs officially 

prepared by the relevant ENTSO working group. Special importance is given to required reserve 

capacities needed for WPP balancing. Based on these analyses benefits of the regional approach 

to WPP integration were estimated.  

 

 

4.1. GENERAL OVERVIEW  

Power system operators are facing with system variability and uncertainty since the very 

beginning of power system operation. Demand variations on hourly, daily or seasonal level have 

been a fundamental characteristic of all power systems since the first consumer was connected to 

the first power plant. Consequently, all power systems have a relatively large range of flexible 

resources to manage this fluctuation. In most of the cases these flexible resources are 

dispatchable power plants, but demand-side management, power storage facilities, 

interconnections to neighboring power markets may also help a bit. The main question with WPP 

integration is:  

 

Can the use of these resources be enhanced efficiently to balance additional WPP 

variability?  

 

The other important question with WPP integration is:  

 

What share of WPP penetration is possible with more effective use of existing flexible 

resources? 

 

On the global level there are several detailed studies with these two questions11. A principal 

finding is that there is no one-size-fits-all answer to the last, very common question. As stated in 

IEA study, power systems differ tremendously in design, operation and consumption patterns, in 

the natural resources that underpin them, the markets they contain, and the transmission grids that 

bind them together.  

 

                                                 
11 The most recent one is: Harnessing Variable Renewables ï A Guide to Balancing Challenge, IEA, 2011 
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Furthermore, and as this study analysis shows, there is likely to be a wide gap between what is 

technically possible and what is possible at present. In other words, some systems are better able 

than others to manage large variable RES shares of electricity production, and direct comparison 

among them of variable RES deployment potential from the integration perspective is 

inappropriate. 

 

Integration costs can vary dramatically from area to area as a result of differing flexible 

resources. Consequently, cost analysis needs to be specific to the area in question. Several studies 

have been conducted around the world in recent years. Most have focused on the United States 

and Europe, as shown on the following Figure. 

 

 

Figure 4-1 Recent studies on the WPP integration and balancing costs (Source: IEA) 

 

To address balancing capability of existing flexible resources on the global level, the Grid 

Integration of Variable Renewables (GIVAR) project was launched by International Energy 

Agencyôs Renewable Energy Division. GIVAR Project has developed the Flexibility Assessment 

(FAST) Method that is consisting of four steps to identify the present potential for variables RES 

share in electricity demand (see the following Figure): 

 

1. to assess the maximum technical ability of the four flexible resources to ramp up and 

down over the balancing time frame. The timeframe for balancing is considered to be 36 

hours; this period will see the maximum extent of variability in most cases. Within this 

period, three further timeframes are assessed: 6 hours, 1 hour and 15 minutes. This is the 

Technical Flexible Resource. 
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2. to capture the extent to which certain attributes of the power area in question will 

constrain the availability of the technical resource, to yield the Available Flexible 

Resource. 

3. to calculate the maximum Flexibility Requirement of the system, which is a 

combination of fluctuations in demand and variable RES output (the net load) and 

contingencies. 

4. to bring together the requirement for flexibility and the available flexible resource to 

establish the Present variable RES Penetration Potential of the system in question. 

 

 

 

Figure 4-2 Flexibility Assessment (FAST) Method for identification of the present potential for 

variables RES share (Source: IEA) 

 

Within this study the authors will try to pass through all four steps. But, its deep analysis strongly 

depends on available input data collected by the regional TSOs involved in this project. Having 

in mind that this is the first SEE regional study on this issue, it is a big challenge.  

 

The second issue that has significant impact on WPP variations handling is wind forecasting. All 

of this is much easier with adequate wind forecasting system. But, wind forecasting system is still 

under development, still having certain errors, as shown on the following Figure for E.On power 

system in Germany over a twenty four hour period. 
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Figure 4-3 Example of wind generation compared to forecast (Source: E.On Netz) 

 

Unfortunately, WPP generation forecasting is a relatively recent development. The experience to 

date shows that the overall shape of the wind production can be predicted most of the time. 

However, large deviations can occur both in the level and in the timing of the wind farm output. 

For power system operation, the uncertainty of the forecast is important because other power 

plant will have been scheduled on the basis of the forecast contribution from wind energy and 

any deviation from forecast must be made up from the available reserve.  

Wind power production can vary a significantly over a 12 hour period. In extreme winds, wind 

turbines automatically shut down from their full rated power. Storm fronts can take several hours 

to pass over an area of several hundreds of kilometers. Some examples of extreme, though rare, 

ramp rates recorded during storms include12: 

-  Denmark: 2000 MW decrease in 6 hours (12 MW in a minute) on 8th January, 2005; 

-  North Germany: over 4000 MW decrease within 10 hours with an extreme negative ramp 

rate of 16 MW/minute on 24th December, 2004; 

-  Spain: 800 MW increase in 45 minutes (ramp rate of 1,067 MW/hour), and 1000 MW 

decrease in 1 hour and 45 minutes (ramp rate of negative 570 MW/hour); and 

-  Texas: loss of 1550 MW of wind capacity at the rate of approximately 600 MW/hour over 

a 2½ hour period on February 24, 2007. 

 

Generally, there has been quite a dramatic improvement in the performance of WPP forecasting 

tools in last 10 years. The joint effects of smoothing and improved forecasting tools are reflected 

in the learning curves. The following Figure shows the development of the average WPP day-

ahead forecasting error in Germany since 2001. These improvements have been made by using 

ensemble predictions based on input from different weather models in one tool and combined 

prediction using a combination of different prediction tools.  

                                                 
12 EBRD Western Balkans Sustainable Energy Direct Financing Facility ï Large Scale Wind Integration in Croatia, ECA, EIHP, 
KPMG, 2010 
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Figure 4-4 Normalized forecast error (NRMSE) in Germany in last 9 years (Source: Tambke, 

EWEA) 

 

The larger the area, the better the overall prediction is, as shown on the following Figure. 

 

 
Figure 4-5 WPP forecast error reduction factor vs size of forecasted area (Source: Tambke, 

EWEA, 2010) 

 

Unfortunately, most of the SEE countries are having quite small distances in between WPPs 

(usually few hundreds of km), so wind forecasting reduction error is not that high as in most of 

western European countries. Regional approach to WPP integration would help a lot in that 

sense. 
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Forecast accuracy is reduced for longer prediction horizons. Thus, reducing the time needed 

between scheduling supply to the market and actual delivery (gate-closure time) would 

dramatically reduce uncertainty.  In other words, if we take larger area with larger WPP installed 

capacity mean absolute percentage error will drop, as shown for the case of Spain on the 

following Figure. 

 

 
 

Figure 4-6 WPP deviated forecasted generation vs diversified installed capacity  (Source: W2M) 

 

 

4.2. CURRENT EXPERIENCE IN THE REGION  

Both above mentioned aspects (systematic approach to WPP integration and WPP forecasting) 

are still in very early phase in SEE. Systematic approach to evaluate maximum WPP integration 

share was used in few countries, while there is no regional approach to expected WPP variations. 

Also, very few regional countries are having wind forecasting system in full operation. 

On the other side, most of the WPP projects in SEE (except those in Romania and Turkey) are 

still having relatively small WPPs installed capacity (currently the average WPP installed 

capacity is 23 MW, see Figure 2-5). Based upon above mentioned national studies and data 

collected from the regional TSOs, there are several limitations for larger WPP integration in SEE, 

as shown on the following figure. 
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Figure 4-7 Limiting factors for larger WPP integration in SEE 

 

Clearly, most of the TSOs (10 out of 12) declared available system reserve as one of the most 

important limiting factors for larger WPP integration. 

 

Each TSO estimated available secondary reserve capacity that is available for all unbalances, 

including WPP fluctuations. Total sum of additionally available secondary reserve capacity in the 

region is equal to 2897,5 MW, as shown on the following figure.  
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Figure 4-8 Available secondary reserve in the region 
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Clearly, the main obstacle for larger WPP integration is available system reserve that needs to be 

upgraded or increased. The limitations for increasing available secondary control are shown on 

the following figure, as a number of positive TSO answers. 
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Figure 4-9 The main limitations for increasing available secondary reserve in the region 

 

As shown in the section 2, currently in the region large WPPs are already installed in Croatia, 

Romania, Bulgaria, Greece and Turkey. Within this study realized WPP hourly generation data 

are collected from: 

 

-  Greece in the period 1.1.2009 ï 31.12.2009 

-  Romania in the period 1.11.2010 ï 23.5.2011 

-  Bulgaria in the period 1.5.2010 ï 1.5.2011 

-  Croatia in the period 1.1.2011 ï 1.5.2011 

 

Input data from Turkey are not available. The following Figure shows total regional WPP 

generation in Croatia, Bulgaria and Romania in the period 1.1.2011 ï 1.5.2011 in which 

simultaneous input data are available. In this period WPP installed capacity was relatively 

constant, so it is easier to follow the level of WPP generation variations.  
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Figure 4-10 Total WPP generation in Croatia, Bulgaria and Romania in the period 1.1.2011 ï 

1.5.2011 

 

Total maximum WPP generation in given timeframe was 643 MW, with the average of 208 MW 

and minimum of 0 MW. In four months Jan-May 2011 there were hourly periods with no wind at 

all in this region with more than 750 MW of WPP installed capacity at the distance of more than 

1000 km. 

 

The following subsections show each country experience with WPP generation variations in 

given timeframes. 
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4.2.1. Greece 

At the beginning of 2009 in Greece there was 750 MW of installed WPPs, while at the end of 

2009 there was 862 MW. In 2009 average WPP hourly generation was 207 MW, with its 

maximum at 642 MW and minimum of 0 MW. Equivalent full load hours were at the level of 

2214 h. The following Figure shows main characteristics of WPP generation in Greece in the 

period 1.1.2009 ï 31.12.2009. 

Since we have no any inputs on eventual WPP forecasting errors, we would assume that WPP 

forecast error is equal to WPP generation change with respect to the previous hour (second 

column). 
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Figure 4-11 WPP generation and WPP variations in Greece in the period 1.1.2011 ï 1.5.2011 

 

In 2009 50% of the time WPP generation in Greece was up to 176 MW, while 2% of the time it 

was more than 546 MW. At the same time 99% of the time 1-h WPP generation variations were 

up to 58 MWh/h, while the largest 1-h WPP variation was 220 MWh/h. Negative WPP 

generation variations are quite symmetric to the positive ones. 
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4.2.2. Romania 

In the period 1.11.2010 ï 23.5.2011 in Romania total installed WPP capacity reached 564 MW. 

The average WPP hourly generation was 119 MW, with its maximum at 501 MW and minimum 

of 0 MW. Equivalent full load hours were at the level of 2100 h/year. The following Figure 

shows main characteristics of WPP generation in Romania in the period 1.1.2011 ï 1.5.2011. 
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Figure 4-12 WPP generation and WPP variations in Romania in the period 1.1.2011 ï 1.5.2011 

 

In given timeframe 50% of the time WPP generation in Romania was up to 93 MW, while 2% of 

the time it was more than 440 MW. At the same time 99% of the time 1-h WPP generation 

variations were up to 86 MWh/h, while the largest 1-h WPP variation was +206 MWh/h. 

Negative WPP generation variations are quite symmetric to the positive ones. 

 



 

81 

 

 

4.2.3. Bulgaria 

Til l February 2010 there was 191 MW of installed WPP capacity connected to the transmission 

grid in Bulgaria. Since February there are 241 MW. In last 12 months maximum WPP hourly 

generation was 149 MW, minimum was 0 MW, while average was at 45 MW. Equivalent full 

load hours were at the level of 2000 h/year. The following Figure shows main characteristics of 

WPP generation in Bulgaria in the period 1.1.2011 ï 1.5.2011. 

 

-100

-50

0

50

100

150

200

total generation 1-h variations

W
P

P
 h

o
u

rl
y
 g

e
n

e
ra

ti
o

n
 i
n

 B
u

lg
a

ri
a

 (
M

W
h

/h
)

max

min

99%

-99%

98%

-98%

90%

-90%

50%

-50%

 
Figure 4-13 WPP generation and WPP variations in Bulgaria in the period 1.1.2011 ï 1.5.2011 

 

50% of that time WPP generation in Bulgaria was up to 45 MW, while 2% of the time it was 

more than 134 MW. At the same time 99% of the time 1-h WPP generation variations were up to 

32 MWh/h, while the largest 1-h WPP variations were at the level of ±80 MWh/h.  
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4.2.4. Croatia 

In 2011 in Croatia there are 78 MW of installed WPP capacity. In the period 1.1.-1.5.2011 

maximum WPP hourly generation was 72 MW, minimum was 0 MW, while average was at 22,5 

MW. Equivalent full load hours were at the level of 2451 h/year (2011 is extremely windy year in 

Croatia). The following Figure shows main characteristics of WPP generation in Croatia in the 

period 1.1.2011 ï 1.5.2011. 
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Figure 4-14 WPP generation and WPP variations in Croatia in the period 1.1.2011 ï 1.5.2011 

 

50% of that time WPP generation in Croatia was up to 22 MW, while 2% of the time it was more 

than 56 MW. At the same time 99% of the time 1-h WPP generation variations were up to 10 

MWh/h, while the largest 1-h WPP variations were at the level of -22 MWh/h to + 34 MWh/h.  

 

If we put all three cases (Croatia, Bulgaria and Romania) together, the results are given on the 

following Figure. Sum of individual maximum 1-h WPP variations is larger than 300 MWh/h. 
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Figure 4-15 Individual and total WPP hourly variations in the period 1.1.2011 ï 1.5.2011 

 

Since the data for the same time horizon are available for Croatia, Bulgaria and Romania, it is 

interesting to calculate total level of generation and variations, as shown on the following Figure.  

 

As mentioned above, maximum total simultaneous generation in these three countries was 643 

MW, with the average of 208 MW. But, most of the time total generation was significantly lower. 

For example, 50% of the given time total generation was up to 163 MW. 2% of the time it was 

larger than 560 MW. 

 

At the same time, WPP generation variations were up to 250 MWh/h, even though most of the 

time (99%) it was less than 98 MWh/h. 
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Figure 4-16 WPP generation and WPP variations in Croatia, Bulgaria and Romania in the 

period 1.1.2011 ï 1.5.2011 

 

The following Figure shows the comparison between individual and regional approach to WPP 

generation variations. Left column presents variations of total sum of all WPP generation in the 

region (regional approach), while right column present sum of individual WPP variations, as it is 

current practice.  

 

As expected, significant reduction of WPP variations would happen if we observe all WPPs in 

the region as one balancing party. In this case all WPP generation variations to be balanced are in 

the range <-250 MWh/h, 210 MWh/h> , while individual approach would result with the 

variation range <-295 MWh/h, 318 MWh/h>. So, regional approach could result with significant 

decrease (15-35%) of system reserve needed for WPP balancing. 
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Figure 4-17 WPP output variation ranges in 2011 in the case of individual and regional 

approach 

 

Finally, the following Figure shows maximum hourly variations in each country as a percentage 

of WPP installed capacity. Clearly, these values are in the range between 27% (Greece) and 44% 

(Croatia). This is expected since in Croatia WPP location diversification is rather small in 

comparison to other three countries.  
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Figure 4-18 Maximum WPP hourly variations as a percentage of WPP installed capacity 
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4.3. EXPECTED FUTURE WPP GENERATION VARIATIONS IN THE REGION  

For the purpose of this study ENTSO-E Pan-European Market Database13 was used in accordance 

to formal approval of ENTSO-E Planning Data Section. Pan-European Market Database (PEMD) 

contains demand, supply and interconnection data for the reference scenarios of the next Ten 

Year Network Development Plan (TYNDP), for each of the ENTSO-E countries. The main 

objective of the PEMD is to provide a reference set of assumptions to be used in all Regional 

Groups to perform consistent market simulations. It should be underlined that the results of the 

analyses based on PEMD are more illustrative then quantitative, since the quantitative effect 

based on PEMD is quite uncertain. 

 

This set of input data was prepared by ENTSO-E Working Group on System Adequacy and 

Market Modeling. Each ENTSO-E member has its data correspondent. Based on this database 

hourly WPP generation profiles for each country were prepared for 2020 (there are no data 

available for 2015, as foreseen in this study ToR).  

 

Even though planning of WPP outputs on mid and long-term time horizon is facing large 

uncertainty (WPP location and size, wind turbine types, wind speed measurements, WPP 

reliability etc.), currently there are no better database for future WPPs in Europe, especially not in 

SEE. 

  

WPP input data were collected per each country on the same harmonized way. Historical data on 

WPP generation (2006) were used as the reference, where available. WPP share in total 

generation in 2006 was used for 2020. For the 2020 scenario, a check was made whether the wind 

energy production, when applying the time series to the installed wind capacities, are in 

accordance with the wind energy production stated in the National Renewable Energy Action 

Plans (NREAP), if available. If the wind energy production was lower, then the production stated 

in the NREAP, the time series were adapted in such a way that the total energies in NREAP are 

met.  

 

Countries that do not have a NREAP used strategic national documents reflecting a vision for the 

future or existing public top down scenarios to estimate their part of renewables. Final result of 

this approach is hourly WPP generation output database for 10 regional systems: Slovenia, 

Croatia, Bosnia and Herzegovina, Montenegro, Macedonia, Albania, Serbia+ Kosovo, Bulgaria, 

Romania and Greece. So, in comparison to the other parts of the study here we have missing data 

only for Turkey, while WPP data for Kosovo are included in the dataset for Serbia.  

 

The following figure shows WPP installed capacity in 2010 and planned for 2020 in PEMD. 

Total installed WPP capacity in 2020 is expected at the level of 17068 MW, while today those 

countries are having around 1800 MW of WPP installed capacity (as shown on the Figure 2-5). It 

                                                 
13 last available version as of 09/02/2011 
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means that in 10 years in SEE it is expected to increase installed WPP capacity for more than 9 

times, excluding Turkey where it is expected to have by far the largest increase of WPP projects. 

 

Clearly the largest WPP installed capacity in 2020 is expected in Greece (from 1039 MW in 2010 

to 6800 MW in 2020, out of which is 300 MW planned to be off-shore), Romania (from about 

500 MW to 4000 MW) and Serbia (from 0 MW to 1500 MW). The lowest level is expected in the 

system of Albania, Kosovo  (130 MW), Macedonia (150 MW) and Montenegro (180 MW). Even 

though for some of the countries these values could be far above TSOs expectations (i.e. Serbia), 

it is important to keep in mind that the main purpose of this study is not to re-check these input 

data, but to evaluate regional approach to WPP integration in the region.  
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Figure 4-19 WPP installed capacity in 2010 and in 2020 (Source: TSOs and ENTSO-E PEMD) 

 

Based on these data total WPP hourly generation in SEE in 2020 is shown on the following 

Figure. 
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Figure 4-20 WPP hourly output in 2020 (Source: ENTSO-E PEMD) 

 

As mentioned above, this WPP output data set is prepared for planning purposes. But, it 

somehow reflects wind potential in the region. The following Figure shows equivalent full load 

hours (FLH) for each country in 2020. The overall country FLHs are in between 1600 h/yr and 

2550 h/yr, which is in the realistic and acceptable range. FLH on the regional level is 2143 h/yr. 

Since this is regional approach, eventual deviations from expectation on the country level are not 

crucial for this kind of analysis. 
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Figure 4-21 Equivalent WPP full load hours in the region in 2020 
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Speaking of WPP output variations, the following Figure shows that total simultaneous regional 

WPP generation is expected in the range between 495 MW to 12334 MW, with the average 

generation of 4326 MW. 

 

 
Figure 4-22 Expected WPP output characteristics in 2020 

 

In 2020, WPP generation dynamics is expected as given on the following Figure. 

Based on these values it is possible to calculate the timeframes in which certain levels of WPP 

generations or WPP variations are expected, as shown on the following Figure.  

The first column presents range of total WPP generation in the region. In 2020 50% of the time 

total WPP generation in the region will be up to 3900 MW, or up to 23% of total installed 

capacity. 98% of the time total WPP generation in the region will be up to 9700 MW, or up to 

57% of total installed capacity. Maximum hourly generation of WPPs in the region in 2020 is 

expected at the level of 12962 MW, as mentioned above. 
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Figure 4-23 WPP output variations in 2020 

 

The second and third column on the previous Figure present levels of expected WPP generation 

variations. The first issue is to define reference value from which we calculate WPP variation. 

Clearly, if we would have perfect wind forecasting system, there would be no unpredicted WPP 

variations at all. Since we have no any inputs on eventual regional WPP forecasting system, we 

would assume that WPP forecast error is equal to WPP generation change with respect to the 

previous hour (second column), or with respect to last 4-hour average (third column). In this way 

we get two levels of WPP variations. 

WPP generation hourly variations are in the range of ±1 MW only for the 50% of the time. 99% 

of the time this variation is up to ±800 MWh/h, while maximum variations are very rare, going 

up to about ±-1900 MWh/h, or up to 11% of the total installed capacity. Key issue is that TSOs 

are obliged to keep system stability and balance in all system states, no matter of its probability. 

WPP generation variations with respect to 4-h average are in the range of -450 MWh/h to +250 

MWh/h for the 50% of the time. 99% of the time this variations are up to ±1800 MWh/h, while 

maximum variations are very rare, going up to -3400 MWh/h and  +4100 MWh/h, or up to 32% 

of its total installed capacity. 
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4.4. IMPACT OF THE REGIONAL APPROACH TO THE SYSTEM RESERVE 

NEEDS 

In SEE there is still no regional approach to ancillary services. It means that each TSO is 

responsible for its own system reserve needs and practically there are no reserve cross-border 

exchanges. Regional reserve needs are the sum of individual system reserves, as shown on the 

following Figure. 
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Figure 4-24 WPP output variations per each system in 2020 

 

The largest WPP variations are expected in Greece, Serbia + Kosovo, Romania and Bulgaria, in 

accordance to its expected total WPP capacity. Maximum expected hourly WPP variations are in 

the range of 22 - 56% of WPP installed capacity per each country, while on the regional level it is 

27%. Even though it strongly depends on the WPP diversification and wind characteristics, it can 

be concluded that in the countries with larger WPP installed capacity (Greece, Romania) relative 

WPP variations are lower than in small systems with low WPP diversification (Montenegro, 

Croatia), as given on the following Figure. 
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Figure 4-25 WPP output variations to installed capacity in 2020 

 

Values given on the previous Figure could be compared to the experience in EU countries, as 

shown in the following Table. Clearly, these WPP variations are predictable, but they cause large 

amount of uncertainty. The better WPP forecast is, the lower reserve is needed. 

 

1-hour WPP generation variations in given EU countries are in the range of 16-30% of WPP 

installed capacity, so it is in the range of above mentioned 27% for SEE. 10-15 minutes 

variations are given only for three countries of different size and capacity (Germany, Portugal 

and Ireland), in which the range of variations is in between 6% (Germany) and 12% (Portugal 

and Ireland). 
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Table 4-1 Hourly WPP generation variations as a share of installed capacity
14

 

 
 

Within this study it is evaluated how ancillary services needs would change with regional 

approach. The following Figure shows impact of the regional approach to the total system reserve 

needs. The first column presents variations of total regional sum of WPP generation, while 

second column presents sum of each country variations.  

  
Figure 4-26 WPP output variation ranges in 2020 in the case of individual and regional 

approach 

                                                 
14 Denmark, data 2000-2002 from http://www.energinet.dk; Ireland, Eirgrid data, 2004-2005; Germany, 

ISET, 2005; Finland, years 2005-2007 (Holmgren, 2008); Sweden, simulated data for 56 wind 
sites 1992-2001 (Axelsson et al., 2005); Por tugal, INETI; EWEA, Grid Report 2010 










































































































































































































































































