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TERMS OF REFERENCE

Background

The support of renewable energy sources is one of the key issues in Eurcgrggrpefhicy. 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-thad one

of the European electrical demand would have to ctnme renewables, with wind power
expected to deliver 124%. 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, environmentag@elation, 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 riga #6% 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
provide power for the equivalent of 35 hauh 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 ardedopment. 40% of all new electricity generating
capacity installed in 2008 in the EU was win
technical conditions in the system that must be defined and planned for in advance. The capacity

of power systems tabsorb 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 poweini 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 workingntard 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, CzeRbpublic, 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)udlye st

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 commoiEpapean 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
i n wind i ntegration. However , e same ch8lénges TS OO
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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 westBuropean 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 issueamong 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 sizen@imeasurement 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 beefocused 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 thgearget

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, t and #3US A ar
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 mimllbng 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 dibjeds summarized as follows:

Objective #1- To collect wind integration studies, integration technical standards and appropriate
data from Europe, the USA and SEE TSO0O6s in o
wind integration.

The analysissould be built on the most recent international work and case studies in this area
such as the work conducted in the frame of th
Power Systems with Large Amounts of Wibaed Pow
collected and analyzed includes:



1 collecting of all relevant studies and analyses that have been prepared so far on this topic
within the regional countries,

1 collecting WPP project data on the national levels for different project development
phasegwind capacity measurements, licensing phase, construction and operation phase),

1 collecting and comparison of experiences on wind atlas or wide area wind measurements
in each TSO,

1 collecting and comparison of the rules and experiences on ancillary servieggonal
countries and its applicability for large scale WPP integration,

1 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,

1 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 applieigdmmendations
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.

1 Perform regional steaestate analyses identifying possible transmission grid constraints
and the need for grid reinforcements due to expected WPP integration in several
developmentceenarios that will be developed by the project for 2015 and 2020.

1 Calculate estimated balancing power needs and availability to determine import and
export opportunities for regulation needs.

Objective #3- To utilize appropriate best practice wind in&ipn technical standards identified
to develop a reference document for use by SECI participants.

The expected project results and findings include:

1 Best practices in wind integration identified from national, regional and global
information collectednd analysed during the project,

1 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,

1 an estimate of the maximumind 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.



Preparation for Large Scale Wind Integration in SEE Power System

Draft Time Line

September 2010

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

October 20101

EKC and EIHP prepare information request (questionnaire) for wind integration technical
standards informationand aquesonnai re to coll ect wind data 1

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 20100
Comments o 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 stanitdiodshation
in accordance with Objective #1 of the ToR.

December 2010
SECI participants work to gather needed information and data to complete the Questionnaires.

January 20111

SECI participants send the c¢ompéweanctdbulagiane st i o1
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 Integratio
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 collectedchinput dat
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 Standds and send this document to the TGL for Technical Standards. The TGL will
send this to task group members for comments.



May2011-

SECI Working Group Meeting

This agenda will include an update on modeling progress and any results obtained to dite as we
as the presentation of the Wind Integration Technical Standards draft report.

June 20117
Modeling work continues and Wind Integration Technical Standard document is finalized.

July 20117
Draft modeling results are sent to all participants by thevbigt Analysis TGL for review and
comments.

August 20117
SECI patrticipants 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 modelingutessand the Technical Standards Reference
Paper.

October 20117
EIHP, EKC and USEA to prepare a draft report for this phase of the project.

November 2011
Draft report is distributed to all participants for comments.

December 2011
Draft report is reised to include participant comments and prepared for final approval at the next
planned Working Group meeting.



1. INTRODUCTIO N

This Study is a part of continuing efforts of SECI Regional Transmission Planning Working
Group on the harmonized transmiss®ystem 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 undertak.

The first study within this group was untitl e
from 2002 and it was dealing with regional power system modeling and common transmission
system development. The most important regional generation irergsstudy was finished and

i ssued in 2004 [1]. 't was wuntitl eidElettiRieygi on al
and Generation I nvestment Study (GIS)o. The &
location and timing for construction ofew production capacities as well as reinforcement of

main interconnection transmission capacity in the SEE region over the next 15 year$ (2005
2020). Within this study transmission system analyses were done by EIHP and EKC under SECI
umbrella. Due to aumber 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. Consequentl vy, in 2007 t hensmigsiody unt
Net work to Sustain Generation and Mar ket Deve
the same aforementioned group of authors in order to revise and identify an indicative priority list

of investments in main transmission interconneatiand internal lines between the countries and
subregions to sustain investments in power generation and support market exchanges over the
updated GlI'S study horizon. Finally, i n 2007
Il nvest ment CrsoissuedibpBHP[aBd] EK® argler thé 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 uncertanties 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 uncertaeuess, 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 fumre,n sumer 6s reaction o0l
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 shortterm phnning. 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 satisfacthugtesia
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, @t@, Bosnia and Herzegovina, Serbikgsovq 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 State Increasing the proportion of renewable enesgyrcesn theenergymix has

not been a priority until relatively recently. Consequently plodicy, legal, regulatory and
institutional frameworks designed to supp@mewable energy development are atyestage in

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

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

The highest interestare expected in wind power plant projectshich are currently orthe
relatively low level of integration in the regiomransmission System Operators (TSOs) need to
meet a number of challenges associated with integrating increasing levels of wind power into
their power systems. These challengese outfrom the natureof the power output from wind
turbinesthat

- cannot be dispatched;
- havesignificant variability due to the changing wisdee¢land
- havesignificant uncertaintyn wind forecasting.

Most of the time WPPs operate at partial load, depending on the windl $pee 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, ér TSOs the following information isnportant:

- theWPP generatiomariability and the extent to which can be forecasted,;
- theWPPinclusion in energy balance and daily load curve;
- WPPcapabilities in providing ancillary services

The variability of wind power output tends to decrease ase rmobines are distributed over a
given areawhile the output variability increases with the time scale involedhis sense it is
important to monitor wider geographical area, especially having in mind relatively small but well
connected power systesnas those in SEHhe 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 fsocaleseveral

hours to dayahead, forecasting of wind power production by the TSO is crucial.
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In SEEcurrently there is a large gap in between national WPP taifjatsy), i nvestorsbo
and wind energy potential from one side and level of WP&giation from the other side.
Currently, there are 131 WPP proj@ctoperationin the region, with more than 3100 MW of its
installed capacity and more than 1700 new WPP projects under develop@@stmainlyhave

no experience in power system operatiath WPPs share. Moreover, forecasting and balancing
mechanism igenerallyvery comfort to WPPs, with practically no obligations for WPPs. At the
same time SCADA systesrand generation units amneost usuallyobsolete and ancillary service
mechanism is ndully definedor applied Accordingly, TS@ arefacing to big challenges for
large WPP integration with many issues to be resolved in very near fSwfar, the average
time spent from the very beginning of WPP project in SEE till the contract on twibthe
purchase was B5 years. Wind turbine delivery, construction and testing assume additional 1.5
2 years. Altogether, average time spent for WPP project development was verglang 51 7
years.

This study is supposed to cover some of thesgess 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 Winkpact on power system operatjoto discuss
balancing and legal issues orPW® integration, t@uggest 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 wigm ears Network Development Plan

and inclwsion of SEE TSOs in this plan.

Knowing that all input data, analyzed scenarios and detailed models were defined and
harmonized by the responsible TSOsthe given timeframe of 202¢his Study can be taken as

one of the most detailed study oommonregional approach to large scale wind integration in
South East Europso far

12



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 pants 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 gpéeed 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 &ffestive and robust concept and it has
been scaled up and optimized. At a giw#e, 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 agé. In last decade global wind industry is one of the fastest growing technologies. Global
values are shown ifable2-1 andFigure 2-1.

Table2-1 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%

Average growth - 5 years 36.1% 27.3%

Source: BTM Consult ApS - March 2010

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

2.2. EUROPEAN VIEW

Europe is importingabout 606 of its energyneeds and that share is likely to increase
substantially in the next t wo decades unl ess
Most of Eur op e 6 sMiddle Hast and tneelargerf shacerof ité dag from just three
countries: Russia, Algeria and Norway. At the same time, due to its ageing infrastructure and
constant demand growth, massive investment in generatiors plaghtgrids are required. Over

the nextl2 years, 360 GW of new electricity capadit$0% of current EU electricity generating
capacity’ needs to be built to replace ageing power plants to meet the expected increase in

demand.

Consequently, EU is strongly targeting and supporting renewablés energy future. In June
2010 the European Commi ssionb6s Joint Researcl
data showed that in A2009 about 19.9% (608 TW

TWh) came from Renewable Energy soutSesddydro power contributed the largest share with
11. 6 %, foll owed by wind with 4. 2%, bi omass wi

concl ude At hat i f t he ¢ umentmmed Regewable tElectrigittat e s
Generation Sources can beintained, up to 1600 TWh (46 50%) of renewable electricity

could be generated in 2020.0 Wind currently p
October 20009, the European Commi ssion publis

Developmentof Low Carbon Technologies5 (SET| a statidg that wind power would be
Afcapable of contributing up to 20% of EU el ec

2European Commi ssion Communication 6é6Second St rtay eAadtci EmeRIgayn Re v(i SBC (
2871)

3 Renewable Energy Snapshots 2010. European Commission Joint Research Centre Institute for Energy
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the industryos needs fully met. Expected
provided by wind power is shown on tfalowing Figure2-2.

50%

Figure2-2Expected increase in EUb6s share of el
EWEA)

Clearly, Europe is global wind industry leadAround 66% of total wind turbines worldwide is
produced in Europe. Cumulative wind power plant capacity in Europe by end of 2010 i®shown
the following Figure

Wind power installed in Europe by end of
2010 (cumulative)

\t\r : DENMARK
\

FAROE ISLANDS
4

ot R, R

Figure2-3 Cumulative WPP capacity in 20 in European countries (Source: EWEA)
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The following Figure shows installed WPP capacity per capita in European countries and in SEE.

Denmark
Spain
Portugal
Germany
Ireland
Sweden
Netherlands

Austria

TT627,5

Estonia

Greece
Luxembourg
Italy

France

United Kingdom

Belgium

Lithuania

Finland . R SEE (v‘v/('J’urkey:.24 kw/1000 cap
,,,,, » SEE \ith Turkey: 21 kW/1000 cap
Bulgaria B4
Hungary .m”m'1
Poland .“‘“13,;
Czech Rep. . 184
tatvia 125
Romania ["'”0,7
Slovakia [WWD'E
Total EU 27

Figure 2-4 WPP installed capacity per capi{&ource: EWEA)

Taken togther the Action Plans show that the -BU will meet 20,7 % of its 2020 energy
consumption from renewables. The National Action Plans showotteathird (34%) of EU

electricity demand will be supplied from renewables by 2020. Wind energy will generatef 14%
Europeds total electricity demand i morthaB 0 ( 49
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 electridéynand, 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 mee 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. Thishshoast
majority of EU counties clearly force additional usage of renewables (RES) technologies,
particularly wind power.

16



The 34% of EU electricity demand met by RES in 2020 is madefuigt.1% from wind energy
(10% onshore, 4% offshore), 10.5% from hydro, 6.6% from biomass, 2t@% $olar
photovoltaic, 0.5% from CSP, 0.3% from geothermal @i&b6 from ocean.

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

Table2-2 Renewable share per Member State (%)

Mational binding
28/2009/EC
Bustria 3% 34.2% +0.2 %
Belgium 13% 13% 0%
Bulgaria 16% 18,8% +2.8%
Cyprus 13% 13% 0%
Czech Republic 13% 13.6% + 0.6%
Denmatk 30% 30.4% + 0.4%
Estonia 25% 25% 0%
Finland 38% 35% 0%
France 23% 23% 0%
Germany 18% 19.6% + 1 6%
Greece 18% 20.2% +2.2%
Hungary 13% 14.7% +1.7%
Ireland 1E6% 1E6% 0%
Italy 17% 16.1% -0.9%
Latvia 40% 40% 0%
Lithuania 23% 24% +1%
Luxembourg 11% 5.9% -2.1%
Malta 10% 10.2% +0.2%
Metherlands 14% 14.5% + 0.6%
Poland 15% 15.5% +0.5%
Portugal 31% 31% 0%
Ramania 24% 24% 0%
Slovakia 14% 15.3% +1.3%
Slovenia 2E5% 25.3% +0.3%
Spain 20% 22.7% +27%
SwWeden 459% B0.2% +1.2%
United Kingdom 15% 15% 0%

Source: EWEA analysis of the 27 NEEAPs
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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, Sé¢bsgvo and

Al bania) is 24% compared with t heo franuihe2002 0 %. T
position compared with around 11.5% increase for the EU, due to their higher GDP per capita

and hence higher &% Allscoudtnies In SEEf afechaving Actioe &lans r e d
finalized or in preparatian
Most of the SEE countriesatie implementation strategies and action programs for RES which

include features of the required national action latey are either part of wider programs or

have a strong focus on specific measures ani
requrements 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 tafle

Table2-3 Renewable targets per regional countries

Country RES target

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 froRES (producers with capacity > 100MW)
None

Albania

Bosnia and
Herzegovina

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 genei@t by 2020

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

1.52% RES in final energy consumption by 2015

4.5%RES in total energy production by 2010

20% reduction of energy consumption by 2020

7.78% RESe and RESth of total energy production (reviewed annually for ten yee
Kosovo 2016

Croatia

Montenegro

Serbia

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 cbaked power generation) by 2020

30% RES in power generation by 2023

Capacity targets for wind (20000 MW), ggeermal (600 MW), and maximisation ¢
hydro and solar power potential

Macedonia

Turkey

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 Comifiuitd,TUA, 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 régialso attractive for

investors with planned investments in wind and solar facilittesee edi ng 6.4 bl n 0.
the Spanish Iberdrola plans to build the world's largest onshorepaikdoy 2017 (2,500 MW).

Most of the SEE countries have introduced feedhariffs to promote the construction of RES

power plants in order to meet the aiin 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 BoardECRBY and other public sources. In the following sections
country wind speed maps are generated from S
regionalreanal ysi s SANDER + PARTNER GmbH uses the
was developed at Penn &tdfiniversity and NCAR (National Center for Atmospheric Research,
Boulder, USA) and contributions from many international research groups. To develop a weather
model like mmb5, it took more than 100 mgmars. mmb5 is one of the world leading weather
model. t 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 rrett@mns, 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 wih 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. Averagheddi/PP installed
capacity is 23 MW.

6 Regulatory Perspectives on RES in Energy CommunltyStefanovi, ECRB EWG Chairman, JointSO-Utility Regulator Workshop on
Integration and Cross Border Trade of RES in Regional Transmission Netigtaekbul, 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
cgoacity is given along with a year of first WPP commissioning.
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Figure 2-6 Total WPP capacity in the region (2018)d a year of first WPP commissioning
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Besides already existing31 WPP projects, in the region there are 1731 WPP project under
development(13 times more projectsare under development thathere areexisting WPP
projects) mostly in Greece and Turkey, as shown on the following figure.

800

700 —

617
600 ] —

500 —

400 -

300 —

200 ]

Total number of WPP projects under development

100 76 — —
8 m ,1_9| 4 6 8 14 ~10000 MW,
0 e | — ) —

d @ X @ Q L & @ ‘3 @ @ N
& & < 0 K & J 3 & & S ©

o ® & @@@ @o&?}\ &(& & 9

S
QO
& TSO of

Figure 2-7 Total number oWPPprojectsunder 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 re@bwiously, 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 sged map of South and Eastern Europe

For illustrationpurposes onlythe following figure shows average wind speed mean values per
each system, taken out of the World Wind Atlas. Pleasethat these values are just mezoscale
mean values on the resoluti@50x250 km and can not be used for WPP micrositing purposes.
Obviously, wind speed mean value is in the range,2fd/s and B 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
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2.4. COUNTRY VIEW

2.4.1. Albania

Albanian power system is fully relying on hydro generatibtoreover, 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 48 m/s at 50 m above the amd, for given large

spatial resolution of 3 km/), as shown on the following figur&Vind atlas for whole country
territory is prepared by Ministry of Energ@ne of the largest WPP projects in the world (500
MW) is planned on Albanian shore accordace to the Energy Strategy and Albania conditions,

it is estimated that by 2020, 4% of the generated pomaarcome from wind energy (cca 400
GWhlyear). 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 ofuale 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.
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Figure 2-10 Wind speed map of Albania with annual mean values in the period 12815, 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

23



Even though national RES integration target is not officially adopted, it is expected tale on
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 2020SO within ENTSGE system development group forecasted to reach 130
MW in 2020.

Legislative framework for RES is partly defined. There is the P&eetor Law adopted in 2003

that is amended for RES. There are no any additional technical requirements for WPP connection
and operation (Wind Grid Codé)VPP integration study on the country level was prepared for
the purpose of Wind Park Moncada conmaect{500 MW) which is planned to be connected to
Italian power system through HVDC submarine cableereis country level stug underway,
expected tdinalized till the end of 2011

For more intensive WPP integration in Albania there are several ljnféctors:

Lack of legislative framework,

Limited available system reserve,

Limited network absorption capability in the WPP areas and
Lack of investments.

O O OO

2.4.2. Bosnia and Herzegovina

Compared to the other countries the share of RES in Bosnia and Herzegosgtatively high.

In this respect the biggest part is related to large HRMRE.total installed generation capacity of
about 4400 MWBIH gets 40 percent of its electricity from hydro power, while the rest comes
from coalfired plants.In addition, a430 MW pumping plant il apljina 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 powghelped by its hydro potentigkenerally, otherenewable energy in

BiH remains largely unexploited, but it's not for lack of potential. Rather, the country suffers
from a lack of clear statievel legislation as well as complex government structurk anbund

30 different federal, state and municipal governments. That is undermining WPP development
efforts. Currentlythere are no WPPs in operation and no experience in WPP integration. But,
there are 47 WPP projects in different development phaseflynoasted in southern part of the
country with the largest wind potential, as shown on the following figupeo wind speed mean
value 0f4.9 m/s at 50 m above the grountty total planned capacity is more than 3000 MW.

For 15 projects there are widnspeed measurements on the ditethe Southernregion of
Herzegovina, construction of tlhiest two WPPs: Mesihovinag4MW)and Podvel egj e (
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 periodi12906,
50 m above the ground

Ministries at the entity leveltwo) 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 igecentlyadopted in both entities separatalyithin ENTSGE system
development group it is forecasted to reach 490 MW of WPPs in Z&2@.code upgrade
proposal which contains a chapter shadopedmni c al
May 2011by 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 BHtSudy on WPP i ntPewgerNetworlon unt
Analysis fo Wind Power Integration and Market Rules Advice for®iHi n t he f r ame o
Western Balkan§ustainable Energy Direct Financing Faciktinstitutional Capacity Building

Project is expected to be finished by the eng0dfl

For more intensive WPPtegration in BiH there are several limiting factors:

Complex WPP development procedure,

Lack of legislative framework,

Limited available system reserve and

Limited network absorption capability in the WPP areas.

OO0 oo
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2.4.3. Bulgaria

Bulgaria is also having smificant share of RES, mainly in large HPBslgariaincreased output

from renewable energy sources by6ih 2010to 5509GWh as new hydropower plants, wind

and solar parks went into operatidm.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 capacity75oMB/N at the end of 2010

from 103 MW in D08 and solar to 10 MW from 1.4 MW two years afbe largesWWPPin
Bulgaria is the 158W "St. Nikola" (AES Geo Energyhear the Black Sea town of Kavarna,
which started operating in 2009.

Till February 2011 total installed WPP capacity connected ttréimsmission grid was 191 MW.

In the following three months additiondIPP capacityvas connected, making total of 2MW

as ofJuly 2011 But, there are lot of WPPs connected to distribution grid, which makes overall
WPP total 0of488 MW in Bulgaria in Juy 2011 In summer 2011, WPP grid connection
applications to the transmission grid of Bulgaria were at the level of 14,000Y\d%Y 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 V& on RES demands investors to pay connection fee of 50 000 Iv per MW
(~25 00 Gor WiPPMAMYer than 5 MW and 25 000 Iv/MW for smaller WPPs. That was the
reason whylot of investorsgave up with the investments mew wind farms. TSO made new
calculatbns and the final account is that the new W##plications which will be connected to
transmission grid will be at the level 28829MW.

Besides these WPPs in operatioasrentlythere are 15 projects in construction phase, 20 more
projects in licensig phase and 60 projects in wind potential measurement phase. Total installed
capacity of all expected WPP projectsnnected to transmission netwaesup to 3000 MW,
mainly located in NortHEastern region of Dobrudja, as shown on the following figugsto

wind speed mean value &6f8 m/s at 50 m above the ground)he problem is that in these
regions the transmission grid is not strong enough to accommodate the wind genklatéon.
detailed wind atlas is not available for whole country territory.
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Figure 2-12 Wind speed map of Bulgaria

e

Fi

National target for RES in Bulgariis defined. According to EC directive 2009/28/EC national
target for RES penetration is set to 1642000 MW) of the gross final consumption till 2020.
TSO within ENTSGE system development group forecasted to reach 1500 MW in 2020.
Legislative frameworior RES is partly definedVPP integration study on country level was not
prepared so far. Studies were doneirfidividual WPP connection purposes only.
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For more effective WPP integration Bulgariathere are two limiting factors:

o Available system erve and
0 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 ageimp power grid and boost electricity pri€es

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 prigdisg over 6000
MW, well above the coury'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 50006 I1€636820) 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 elnafsioned. It also
decreases the obligatory letgym 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 preferentialraadffs, which pay per
unit of electricity produced from lovearbon 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 indicaions 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 theifetdiffs, butthe 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 anavind 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 addit other RES accounted around 2% of total
electricity production. Even though WPP integration process started more than 10 years ago,
currently there aré WPPs(58 wind turbines)n operation, with total installed capacity of about

79 MW. In the periodJanuaryi 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 monthlylevel in average WPPs covered 1,3% of the total system consumption.

At the same time, there are2l8/PP projects in different development phases, mostly located in
southern part of the country with the largest wind poteftiglto wind speed mean valoé€5.1

m/s at 50 m above the grounds shown on the following figure, with its total planned capacity
more than 5000 MWRecently Croatian Hydrmeteorological service (DHMZ) prepared wind
atlas for Croatia. It is not fully publicly available and it ist iully applicable for wind energy
purposes. It can be used for indicative purposes only.
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Figure 2-14 Wind speed map of Croatia

The first WPRN Croatiawas commissioned in 2004. There are total of 10 M 5 WPPs with
already issued construct permit and its construction is expected in the followingeshort
period. In addition, 6 WPP projects with its installed capacity of 259 MW have location permit
issued Another 4 WPPdave grid connection conserissuedas a precondition for location
permit. Is geographical diversity and installed capacities are shown on the following figure.
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Figure 2-15 The most developalPP projeciocation and size in Croatiéend 2010)

In 1997 the Government ignited national wind energy progr&NWIND. In 1998 and 2001
there followed two publications (untitted ENWIND 1 and 2) that were dealing with wind energy
potential, locations, proceduresicaother 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 focusd on WPP project development procedure and the definition of incentive
system and feeoh tariffs. The Croatian Energy Strategy has been published in 2009 and it
defines the target of 35% of the final electricity consumption-(esedof electricity) fromRES

by 2020, or more precisely;% fromWPPs which assumes total planned installed capacity of
about 1200 MW by 2020CSO within ENTSGE system development group forecasted to reach
800 MW in 2020.

Legislative framework for WPP (RES) integration idlyfudefined 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 expeneWjeP 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 twoidures(up to wind speed mean value4® m/s at 50 m above the
ground) Detailed vind energy resource atlas and site screening of the Republic of Macedonia
was prepared in 2005. It is the propertynattional generation company ELEM and it is not
publicly available.It is expected that among the filSLEM 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 \B7 Bésides that, one

|l arge WPP (~200 MW) I's under preparation in
quite attractive wind potential and legislative framework (guaranteed incentives for 20 years) it is
expected to have significant WPP growthhe hext few years.
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Figure 2-16 Wind speed map of Macedonia
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RES development target set to 21.5% of final energy consumption by 2020 out of whiz¥h 4
is to be covered by WPPs. RES legislative framework is partly defined, waaleical
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Figure 6. Wind Speed Map of Macedonia at the Height of 80m

Figure 2-17 More detailed wnd speed map of Macedon{i@ource: MEPSO)
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New Energy Law entered into force by eofdFebruary 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 addpAction Plan for REQovering a period of 10 yeawction Planfor

RES shalldefine measures aimed to promote use of R&®l 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 measuest ainaddressing

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 psssible 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 pport, provided by USAID, and it is planed to be adopted by the end of
| n Wipd PPowvér | Intebration iiStudy for Republic of Macedonia i s

2011.

preparation and it is expected to be finalized by summer 2011.
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TSO within ENTSQGE system developmegtoup forecasted to reach 150 MW in 2020.
For more intensive WPP integrationMacedoniahere are several limiting factors:

o Complex WPP development procedure,
0 Lack of legislative framework and
o Available system reserve.

2.4.6. Greece

Greece is one of thregional leaders in RES integration having the largest regional wind potential
in the region of SEEup to wind speed mean value ofién/s at 50 m above the ground)s

shown on the following figureéWind atlas for Greece is prepared and publicly avefabrhe

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 castruction, 216 WPPs in licensing phase ar@l 4rojects are in wind
measurement phase.
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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 theggects 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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Legislative framework for RES is fully defined in Greece, with relevaniv 13851/2010
fAccelerating 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 Change . atidwal target for WPPs is set to T6MW till 2020, but TSO within
ENTSGE system development group forecasted to reach 6800 MW

For more efficient process of WPP integration in Greece the main limiting factorbjactians
by the people, the local communities and permission acquirficudties.

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 capasiip HPP%, meaning large

share of RES. There are no WPPs in operation, thete 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 ,M¥th 96 MW in the first phaséMoreover, in

Monteregro concessions for two mogromising locations for WPPwere offered in public
tendering procedure for the 20 years period o
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The largest wind potential is shown on the following fig(ue to wind speed mean value48
m/s at 50 m above the groun®o far, there are no detailedn@ energy resource atlas and site
screening for Montenegro.
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Figure 2-20 Wind speed map dlontenegro
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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 Montegro is not fully defined yet. The national indicative
target for RES is still not defined, while WPP grid code requirements are also micSi0g.
within ENTSOE system development group forecasted to reach 180 MW in 2020.

Contracting parties of the Engr@ommunity Treaty are under obligation to calculate mandatory

RES target. Preliminary cal cul at MamtenegrooNind Mont e
Integration Study i n t he fr ame of SustBiibe Bihergy Diect Rinalimd k an s
Facility - Institutional Capacity Buildingroject 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 faperation anc¢onnection of WPPs to the transmissioetwork. The
new Grid Code is expected to be adopted by the eB@df

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

o Lack of legislative framework and
o0 Available system reserve.
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2.4.8. Serbia

The count rrpund0e MW o genemafing eapacity is dominated by diwrald plants

(62% of total installed generation capacity corresponds to thermal power plants, 34% to hydro
power plants and the remaining to combined heat pldrasye part ofcoatfired power plats

may have to be decommissioned by 2020, which means that other resources have to be built. It
opens possibility to integrate WBH he potential for renewable energy remains largely untapped

in Serbia, but officials say that this is about to chaswn

According to investorsoé6 findings, Serbia show
WP P s, particularly in a number of Aecording$o | ocat
S e r b Miaigirng of mining and energy before more detailethdvintegration study, the

countryods tot al estimated wind power capacit
approximately 15% of the nationébés total capa

north-easternpart of the country have a high wirgbtential based on wind speeds. Other
locations potentially suitable for wind energy development include Midzor, Suva Mgl Kv/r
Breg, Tupiznica, Krepoljin and Deli Jovahhe first WPR arescheduled to become operational
by the end of 204

The largeswind potential is shown on the following figufEigure2-23) (up tototal wind speed

mean value ofl,4 m/s at 50 m above the grountd)o ¢ a | AKoshavao wind bl ow
east most time of the year. Mitwoation 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.
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Figure 2-23 Wind speed map of Serbia
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Thereis detailed wnd energy resource atlas for Serbia available. Specific wind potential areas in
Serbia are given on the following Figure.
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Figure 2-24 Wind potential areas in Serb{gource: EMS)

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

Large wind speed variations all over the country
Higher wind potential in lower regions

Good conditions for shipment of wind mills
Higher wind potential in colder periods

Wind blows relatively constant in colder periods

O O O O o 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.

38



=5 S/

(5-5.5)m's

(150-250) W/m?

(4.5 - S)m/s
(L00-150) W/m?
CRO

(4-45mm's
(80-100) W/m?

Vrsac A

B. Karlovac

-

(3.5 - Hw's

(50-80) W/m?

<3.50v/s
-- 50 W/m?

Figure 2-25 Wind potential areas in NortRast Serbia (source: EMS)

BiH

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 (Vojvadimian), 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 ¢eBéilgrade area.

Tariff system for RES in Serbia is currently based on-feadriff 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 Seé3hia.
within ENTSGE system development group forecasted to reach 2500 MW in 20Zeifora
andKosovotogetherlLegislative framework for RES in Serbia is not fully defined yet.

It is expected that Serbiads new energy | aw ¢
potential for wind power. So far, it lacked guarantees outpok ttonnected to the grid. Investors

were unable to arrange to sell electricity from WPsdsce there were no clear power purchase
agreement procedures as it is the main preconditiacttally buildWPPs i.e. to make projects
bankable A special governnmg decree allows Serbia to buy locally generated electricity from

newnonpol | uting sources at 9.5 cu/ kWh, t wice th
there are fAhardly any beneficiaries @Mndthiso
Integration Study for Serbia was adopted in April 2011.

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

Wind energy potential,

Tariff system on RES,

Complex WPP development procedure and
Available system reserve.

O O OO
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2.4.9. Slovenia

Without taking into account 50% of capacity of nuclear powarmpt Kr gko (~400 MW)
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 aerising phaselThe following figure shows wind

speed mean values on territory of Slovefup to wind speed mean value 46 m/s at 50 m

above the groundYhereis no wind atlas on the country level.
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Figure 2-26 Average yearly wd speed map of Slover(0 m above the ground, 192000)
(Source: ARSO)

Ministry of Economy defined a National Action Plan for RES until the year 2020 as well as tools
for promoting RESo reach 2020 targets there should beéR& with installed capacity of 106 MW

till 2020, less then in solar power plaintéd39 MW. According to National Action Plan for RES

till 2020 there will be WPPwith installed capacity of 106 MW, less then in solar power plants
139 MW.TSO within ENTSGE system development group forecasted to reach 440 MW of
WPPs in 2020WPP 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
0 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 relativelywowd 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 resqurc2310 in Slovenia there

were 23 MW of newy installedsolar power plants)

2.4.10. Romania

In Romania RES generation has priority staivhien the study input data were collected (late
2010) therewere about500 MW of WPPs in operation in Romaniut, year and a half later this
value is more than double (01.2012- 1140MW). This spectacular increase of installed WPP
capacity shows how dynamic the process is, as well as the future expectétioves
commissioned in 2010. In addition, since 2007 there are about 10000 MW of WPP applications
for grid connecon. Grid access contracts are signed for more than 3000 MW, whheital
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 tatél amo
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¥IWPP 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 rg¢ina, the existing power
transmission network needs significant reinforcements. It is estima#tdidtal investments
program (for transmission |lines only) exceed:
needed in several distribution network areas.

The following figures show wind energy potential in Romguia to wind speed mean value of

5,8 m/s at 50 m above the groundhere 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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Figure2-27 Wind speed map of Romania

MOLDOVA Area

DOBROGEA Area

Figure2-28 WPP projects location in Roman{&ource: Transelectrica)

Romania has fully defined legislative framework for RES. National RES target is set to 33% until
2010, 35% until 2015 and 38% untiD20. TSO within ENTSQGE system development group
forecasted to reach 4000 MW in 20RES f i nanci al support i's bas
mandatory guot as of Agreen certificatlheso fo
responsible for generatiombalances. Technical conditions for access to the grid are established

as a standard and it is planned to become part of the Technical Gridv@®@Bantegration study
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on the country level was prepared, as well as set of WPP connection studies fopeedoh s
location.

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

o0 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 investniieatmational
transmission system operafbranselectrica must make for the thousandMwf 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 countassyear
Tur k ey onergytdentaradIwasearound 209 TWis. wind potential is among ¢largest in
Europe with the wind speed mean value 50 m above the ground5p no's, as shown on the

following figure. The wind atlas of Turkey is publicly availatl)(ieMore detailed wind a#is
shows that wind speed mean values at the level 30 m above the graewehgp 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 intenesStVPP project
development grew intensivelyAt the moment there are 2283 MW &6 WPPs under
construction, 3483 MW off6 WPPs has been licensed and additional 8474 MW is under
evaluation. All together in Turkey there are 722 WPP projects in differentageneht phases

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

be connected to the system. It is interesting to mention that WPP projects wepsooveted

since in only 1 day (Nov. 2007) the total installedamaty of the applications jumped ov&d000

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
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Figure2-29 Wind sged map of Turkey
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Figure2-30 More detailed wd speed map of Turké@Bource: TEIAS)

RES legislative framework is fully defined. RES targets are set to 20 GW till 2023 and 30% from
WPPs till 2023In Deeember 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 20MYPP integration study on the country level is
prepared. Turkish Electricity Transraisn 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 systemeserve and
o Limited network absorption capability in the WPP areas.

2.4.12. Kosovo

Kosovoderives almost all its electricity (around 95%) from cd&le amount of energy produced
during 2010 from RES is currently around 8¥total used energy during 201Qotd
consumption is aroun8,2 TWh). Since 2010, there arevhd turbinesin operation, with total
installed capacity 1.5 MVibcated on the mountain near Pristina's airgaraddition,there are 3

WPP applications for grid conaigon with its total installed capacity of 158 MW. Connection
agreement is signed for 30 MWVPP with connection to 110 kV transmission grid. The
following figure shows wind speed mean values on territoraxfovo (up to wind speed mean
value of4,2 m/s atc0 m above the ground}urrently, there is no wind atlas fEiosovq 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.
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Figure2-31 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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Legislative framework for RES itKosovo is not fully defined yet.National RES target is
expected to be approved soon, basedraft document prepared by the regulatory ageGeid
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Code for Wind Powered Generating StatigR©-KO-005) is adpted in 2010WPP integration
study does not exist. The studies were done for specific WPP connection purposes only.

For more intensive WPP integrationKiosovothere are two limiting factors:

o0 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 irteqrat 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 8ystem level commissioned mostly by the regional TSOs,
as shown on the following figure.

OYES: TSO of
Slovenia, Croatia, Turkey, Greece, Rom
ania, Albania

BNO: TSO of Kosovo (under UNSR
1244),Bulgaria

OIN PROGRESS: TSO of
Montenegro, BiH, Serbia, FYR
Macedonia

Figure3-1  National WPP integration studies available

The following sections give available summaries of above ioreed 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 wuntitled ACapacit:’
Al bani ado. The s piepwjedtarec obj ectives of t

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

it is expected to be finaliz¢dl the end 0f2011. With permission of study beneficiary (ISO) here

are given the main draft study results. In BiH therevery few WPPghat have beeander way

since 201Qwhile there are other 1520 projects in different development phasEse following

figure shows potential WPP locations (regions) within BiH

Figure 3-2 PotentialWPPregionsin 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, thesaashre quite promising.

900 MW - 900 MW - 1300 MW- 1300 MW-
Scenario 300 MW | 600 MW wide conc. wide conc.
Productivity
(FLH) 2283 2510 2534 2393 2332 2378

The results of this analysis are presented in a graph that shows expenied\WEP generation
variation ranges for all scenarios.
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Figure 3-3 10-min WPP generation variations in BiH per each scenario

The graphs show that 99.9% of all-dOnute 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 around75% to 50% of total installed capacity. The large difference between the
range in which 99.9% of all variations occur and in which the 10084l gariations 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 maximufnpsu. or 1 p.u. for

instant loss of all wind power, or itat switching on of all wind power to full power, but in
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practice that is almost impossiblEhe range in which 50% of all variations occur is so narrow
(roughly £0.3% of total installed capacity).

Based upon above mentioned calculations required reguleapacities are also calculated, as
given in the following table.

300 MW 600 MW 900 .MW- 900 MW - 130Q MW- | 1300 MW-
wide conc wide 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 hourg
ayear) 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 cafiabdéecondary
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,r13% fo
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 th8aaMwW WPP and 600MW 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 sudy, 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 Mi€O-E standard, is
possible if the installed capacity of renewables has not to eXd42d:180aMW,; 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 povor 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 amde to currently available reserve capacities TSO
decided to set the maximum level of possible WPP integr&di®0 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 rached in the following few year3he 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 ad/PPtarget for 2020 in National Energy Strategy).

The following figure shows promising total annual energy yeldeach scenario
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1500 +
1250
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750 A
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250 A
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800a 800h 1000a 1000b  1200a 1200b  1200c

Total annaul energy yield (FLH)

phase / 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-300 km with simliar wind conditions) and lack of
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systenreserve capacitie€urrently, 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 retaely high expectation of hourly WPP production variations per
each scenaridgsreen columns indicate maximum and minimum variations, while red columns are
tstandard deviation of hourly production variation. In the graph, the positive variation is a
decreae in power and vice versa.
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Figure 3-5 Hourly WPP generation variations in Croatia per each scenario

The following Figureindicates the levels of upward and downward regulation that may need to
be held aseserve againstonforecasedvariations 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 M/ of tertiary reserve flexibility

that can be instructed to increase or decrease output within 1 hour to copmmiitmecased
variations in energy delivered from wind farms. Within that reserve portfolio, aboMivV@1o

100 MW will need to be able to respond withiO-minutes.For 100% of the time 3@0% of

WPP installed capacity needs to be in reserve to coweiforecased variations. But, with
installation of wind forecaster, the need for reserve capacity will be significantly decreased.

53



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 thatifferent parties are going to face different costs.
WPP developers will face:

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

b) Cost of network reinforcemerit between 13.6nil. @nd 21.7mil. @ver the
period 2010 to 2020; costs for each investor will vary by location. This might
be considered a cost of 1.86l. (per year although, given that these
transmission assets will lgepreciatedver many years, the actual annual cost
will be considerably lower.

Additional cost ofup to39-42mil. per year by 202Will be facedin order to procure reserves
against wind volatility; this cost will be passed through to consuinéne additional cost per
kWh would be @00150.

Conventimal 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 6 0 b j e cdtthatvunereased deplaymemfrwind willdeadc a | ¢ u |
to a discounted additional cost to consumer of @4 aver the period from 2010 to 2030; this
includes the cost of investments in the wind farms that consumers will pay for through feed
tariffs. Theconventional generationet cost of supporting wind farms would therefore be very
roughly Q00030 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 IntercotetePower System, promoted by
thefavorablelegislative 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 6300V 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 ofhe 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 ovellaeliability 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 systm 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
consideed 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 methodplbgsed on the Mont€arlo 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
decrease Indicatively, this decrease has been estimated to range from 5150 hours/year in
a scenario of 300MW installed wind production to 464fyear 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 examinedasites) 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 importante sthe
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 eengract 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 feailire p
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

I n Macedonia AStudy for i ntegration of wi nd
systemo
was prepared by KEMA in June, 2011. The study included the following issues:

- to estimate the possibilities for WPP integratioMacedonian 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 v@int,
- 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 installathpacity 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 upvard 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-sthdag and hotahead 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 thahe arrent transmission network can support 150 MW wind power with
reasonable reinforcements might be technically possible to accommodate even up to 600 MW

of wind power, whilst ensuring the availability of sufficient volumes of reserve p@ymsration

of new CCGTs will provide additional flexibility to the system but also will require increased
secondary and tertiary reserves on a-dhgad levelPlanned PSPP Chebren and HPP Galishte
may significantly contribute to the reserve capacity but time of their construction is questionable

It is necessary tomtrodu@ Wind Code requiremesin updated Grid Codeand to stablish 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 operationakchiswet
with flexible adjustment of crogdsorder exchanges on an hourly basis

3.7  MONTENEGRO

Under EBRD framewor Kk untitl ed AWestern Bal k:
Facilityo there is a study project ha® beenwi nd
approved recentlyWith 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
Mogura (46 MW)), while ot her ihtaestangas shovenormr e nc
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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. Etualncillary
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 conditior 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 ambuoeserve capacity
currently constantly available (x26 MW). Additional reserve should be procured if further WPP
is installed, as outlined in the following scenarios:

Scenario A:9 6 MW of WPP Y N55 MW of reserve to co
charges

Scenario B1 85 MW of WPP Y N1 4o0ceV albexpected WER gemeration
changes
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Scenario C2 85 MW of WPP Y N1 7tdcovkt\ll exgected #VPR genemtion
changes

In order to gain a better understanding of the production variationsd 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 followfigyre.
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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 thre&/PP integration scenarios for three sdenarios (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 generatigesclare
measured with respect to the generation in the previous hour.

scenarioA scenarioB scenaricC
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 (insufficiehfor 88h/a) 26.0 49.0 57.1
100% of time 54.2 139.0 175.3
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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 transmisds n devel opment plan i nvest me
planned for the modermtion and strengthening of the transmission system up to 2014. This
includes around 3,000,000 u for the devel opme
hardware, MMS, et). Investments for state estimation, training simulator, dynamic network
configuration and outages anzdy in the existing SCADA system are also included in the plan.
Besides investments in system control and the telecommunication network, the matirimpo
shortterm investments for wind power plants integration will be:

- The construction of SS Zabljak;

- The operation of the 110 kV line PljevljalZabljak under rated voltage (this allows WPP
Jasikovac and WPP Sinjajevina to be connected to the netd0rkV);

- The construction of the 110 kV line VirpazatJicinj (this assures double route for WPP
Mozura production evacuation);

- The installation of a 400/110 kV transformer in Ribarevipat {n operation in December
2010; this removes network bottlerlein the soutleastern 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 BMinstalled 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) amddVDC construction (Montenegiioltaly 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 powsaglant 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 uization. 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 increasggeanetration

will be to displace both thermal plants and imports. For this reason, direct costs to consumers of
paying the feedn tariff are likely to be relatively modestt is estimate that net costs to
consumers of feed in tariffs (in million ewowill be as follows:
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2015 2020 2025

Scenario A 8.4 51 4.0
Scenario B 16.4 11.6 8.0
Scenario C 26.2 196 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 neavailability and against unscheduled wind deliveries. Our analysis is on
the basis that no useful foreta of wind output are available at the day ahead stage, let alone a
few hours ahead.

Theanalysis showed that the cheapest way of dealing with this variability was actually to assume
that all wind delivered was unscheduled and was therefore spilledhensystem. 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 convemal generation and imports that suppliers will have
purchased. This reserve methodology has the following costs:

Scenario A Scenario B Scenario C
Net cost t o co
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 t o con

2015 4.61 10.99 18.44

2020 3.09 8.05 14.99

2025 191 491 9.74

3.8. ROMANIA

Study wuntitl AmnalAPsoiwserf oar i Wi nd Power I ntegrat.i
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 requements

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 technicahteruproposed 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 requireemts:

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.

o0 The requested requirements could be submitted to certificadibliment, 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 poweerggon 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 examplesha 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 gearation 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 conditidreiavailability of tertiary
reserve) and the specific operating conditions with the current generation, where is necessary to
keep a minimum level of thermal power stations inpEék scenario to dispose the necessary
generation in peak condition; onceetivind 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
requrements, 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 generafidns
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 tipgravith low load in offpeak 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 estabsh 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 ineftigeneration 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 dependshase 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 powérmay 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 generaticghenfrequencypower
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:

0 The consideration of the referencecidence (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 requirenents.

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 Strm (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 Wwid600 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 intooaccount a wind

- To dimension the reserves in shtatm:

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 linting 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 pwmer 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 cafstity (ratio between
generated power and installed power). The recommendation is to use a restrictive criterion and a
capacity factor of 80% for the longerm adequacy studies, because there is no statistic
experience in Romanian case.

3.8.4.  Procedures foraccess 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 tf@lowing:

- 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 paramdtéing dacility, 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 reqoise

- 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 appigg

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, lilggen 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, butaddisg 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 ohé 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, althayh 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 ne 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 fmme 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 figuref 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 emected 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 eaoimguarantees 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 accdpd 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 spegahen 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.

Table3-1 Acceptable wind power generation according to Network steady state analysis

Generated wind power
MW

Installed wind power
(factor 0.7)
MW

Winter peak 2019 3.198 4.568
Winter off-peak 2019 1.736
Winter peak 2014 500 3.571
Winter off-peak 2014 1.549
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If it assumed that the increase of wind power generation ispeonsated 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 problem, in general minor problems except for several undi#age 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 adidiii@tiahs 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 maimed 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 studyis 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 thetauleswind
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 anablys, final conclusions are the followings:

- Inthe 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 byhe 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 geration 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 poweragjienefor
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 AW nd 0P oveasptedin Aptil 2QLt. & tcaversndiffedemtr b i a
aspects of WPP integratiovith permission of study beneficiary (EMS) here are githenmost
important findings and conclusions are given.

The Serbian Energy Law requires the general developmeutiliabtion of renavable energy
sources. Based on wind measurements and wind potential studies availablespediaily the
South Banat Region in Vojvodina Province is the preferred area of wind pdiNeation in
Serbia. Altogether 16 projects were officially known 2010 as per respective applications
representing a total capacity afound 2,600 MW (see the following Figure)where 5 of them
already got general energyrpession by the Serbian Ministry of Energy and Mining. Most of
the projects with about 75% of tbtzapacity are located in South Banat. The current decision of
SerbianGovernmentdefines a limit of 45aMW of wind power capacity covered by a special
feed in tariff and all additional wind power istgect of free trade.

Based on the grid topologiespearation regimes anexchange scenarios netwaakalysis was
made to identify network limitations caused by wind power integration. Respesdiviesrwere
used for modification of grid connections to optimize wind poweggnation. With additional
netwok upgrades, to resolve local bottlenecksse calculations give the general result that the
network limitations from transmission capacity point of view amount to maximum RJ90®f
passible wind power ifeed. The studyfindings werethat from transmson capacity point of
view 2,000 MW of coincident WPRgquireonly few reinforcement and extension measures in
the 110 kV network
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WPP P (MW) per phase

Bela Anta 120
Belo Blato 105+ 10.5
Bela Crkva 375+ 150
Bavanistansko polje 188
Cibuk 50 + 250
Dolovo 150 + 200
Golubac - Krivaca 112.8
KoSava 50 + 67
Susara 60
Vrsac 100 + 300

Zagubica 63
Vrika uka 189
Cestobrodica 50 + 230
y Indija 20
Milevska 66
Vardenik 102

Figure3-9  WPP pojects locations in Serbia (Source: EMS)

In the next step, integration of WPPs i®erbian power systemasanalyzed fronthe aspect of

system reservéaking into account ramping capabilities of existing power plants. Under these
circumstanceshe maxinum wind power iAfeed in Serbia amounts not less than PO (1,000

MW of installed wind capacity bwtilization factor of 0.90).Integration of the wind generation

wi || require changes in power and trané$missi
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 ordlecrease wind power penetration

in the system

The economical effects of wind power-feed werealso investigated. Due to decreasing
opemtion and full capacity hours of TPP generation costs were assumed to increase accordingly
by inverse proportionalitySo, conventional generation costs are assumed to increase by 1.5
¢ (kWh till 2020 with a maximum wind power 4feed of 2,000MW as per experience made in
countries with high wind power penetration. The share of wind power generation costs amounts
to 0.2c kWh, which leads to total price increase of ¢. &Wh. With an exising energy market

the secalled meritorder effect, the switchingff of most inefficient and expensive TPP, occurs

that can lead to a converse energy preszehse.

This part of tle study shows the proposed connection points and lines of all wind power plants
respectively the costs for grid connection, extension and refurbishmemsuresedor both
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scenarios. From system operator point of view two strategies for wind park connecgons
possible:

The costs for grid connections of all wind parks considardde studyare assumed to be about

133 million 0. The costs for grid reinforcements and extensions amount to approximately 21
million G 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 customersl wtligation

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 abionepoint.
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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
generaloverview of WPP impact on power system operation is given. Then, detailed WPP
generation data were collected for Greece, Romania, Bulgaria and Croatia in the peried 2009
2011. Finally, expected future WPP generation is estimated based on the inpuédlyoffic
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 systeariability and uncertaintysince the very
beginningof power system operation.ehand variations ohourly, daily or seasonal level ha

been a fundamental characteristic of all power systems since the first congasnennected 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 demamde managemén power storage facilities,
interconnections taeighboringpower 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 importarquestion with WPP integration is:

What share of WPP penetration is possible with more effective use axistingflexible
resources?

On the global level therare several detailed studies with these two questi&na principal

finding is that there is nonesizefits-all answer to th last,very common questios 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 tramgmdsstbat

bind them together.

11The most recent one is: Harnessing Variable Renewatf\eSuide to Balancing Challenge, IEA, 2011
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Furthermore, and as th&tudyanalysis shows, there is likely to be a wide gap between what is
technicallypossible and what is possible at present. In other words, some systems are better able
than otherdo manage largvariable RESshares of electricity production, and direct comparison
among them ofvariable RESdeployment potential from the integration perspective is
inappropriate.

Integration costs can vary dramatically from area to area as a result of diffexkilglefl
resourcesConsequently, cost analysis needs to be specific to the area in question. Several studies
have beerconducted around the world in recent years. Most have focused on the United States
and Europe, as shown on the following Figure.

m Eastem Wind Integration and Transmission Study
m Westem Wind & Solar Integration Study
m NERC: Accommodating High Levels of Variable Generation

m GE ERCOT study (Texas) m UK ERC Costs and Impacts of Intermittency Study

m Solar Integration Study for PSCo (Colorado) m EWEA Large Scale Integration of Wind Energy
m Avista Corporation Wind Integration Study m DENA study (Germany)

m Wind Integration Study for PSCo (Colorado) m Al Island Grid Study (Ireland)

m Califomia ISO Integration study m European Wind Integration Study
m Minnesota Wind Integration Study

m 5ri Lanka Wind Integration Study
(forthcoming)

m Multi-regional: IEA Wind Task 25

Figure 4-1 Recent studies on the WPP integratéond balancing costs (Source: IEA)

To addressbalancing capability of existing flexible resources on the global lehel Grid
Integration of Variable Renewables I\AR) project was launched by International Energy
Agencyods Renewab GIWARFPed tay developed tiseiFlexibility Assessment
(FAST) Methodthat is consisting dfour steps to identify thpresent potential forariables RES
share in elecitity demand gee the followindrigure:

1. to assess the maximum technical ability of the four flexible resources to ramp up and
downover the balancing time fram&he timeframe for balancing is considered to be 36
hours; this period will see the maximumtent of variability in most cases. Within this
period, three further timeframes are assessed: 6 hours, 1 hour and 15 rfimstesthe
Technical Flexible Resource
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2. to capture the extent to which certain attributes of the power area in question will
corstrain the availability of the technical resource, to yield theailable Flexible
Resource

3. to calculate the maximuntlexibility Requirement of the system, which is a
combinationof fluctuations in demand andariable RESoutput (the net load) and
contingencies.

4. to bring together the requirement for flexibility and the available flexible resource to
establisithe Presentvariable RES Penetration Potentialof the system in question.

Step 1: identify flexible resource

Dispatchable

plant Storage Interconnection
| ] J
Step 2: how much of
that flexible resource is The power area
available? context
Smoothing through l
Additional i ) . - _—
AC geographical and | Step3:whatisthe | Existing flexibility needs
fﬁ:gﬂ;?gﬁagfg VRE technology spread | net flexibility need? ¥ (demand, contingencies)

(assuming a strong grid)

Step 4: compare need
with available resources

!

Optimise availability
of existing flexible resource.
If necessary, deploy additional

Figure 4-2 Flexibility Assessment (FAST) Method for identification of the present potential for
variables RES shargource: IEA)

Within this study the authors will try to pass through all four steps. But, its deep analysis strongly
depends on available input data collectedh®yregional 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 varidtamdlingis wind forecastingAll

of this is much esier with adequate wind forecasting system. But, wind forecasting syss#ith is
under development, stilaving certain errors, ahown on thefollowing Figure forE.On power
system in Germany over a twenty four hour period.
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Figure 4-3 Example of wind generation compared to forec&sufce: E.On Netz)

Unfortunately, WPP generation forecasting is a relatively recent development. The experience to
date shows that the overallagie 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
plart 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 incftéle
- Denmark: 2000 MW d=ease 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/houal), 1800 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 2% hour period on February 24, 2007.

Generally, there has been quite a dramatigrovement 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 forecastingrror 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 i Large Scale Wind Integration in Croatia, ECA, EIHP,
KPMG, 2010
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Figure 4-4 Normalized forecast erroNRMSE)n Germany in last 9 years (Source: Tambke,
EWEA)

The larger the area, the better the overall prediction is, as shown on the following Figure.
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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 wdtiorecasting redu@n 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 supplio the market and actual delivery (gatesure 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.
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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 WPPatiegand WPP forecasting)
arestill in very early phase in SEBystematic 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 dnaving wind forecasting system in full operation.

On the other side, ost of the WPP projects in SEE (except those in Romania and Turkey) are
still having relatively smallWPPs installed capacity (currently the average WPP installed
capacity is 23 MW, seé€igure 2-5). Based upon above mentionedtional studies and data
collected from the regional TSOs, there are several limitations for larger WPP integr&i6g

as shown on the following figure.

75



c
o 12
® 10
> 10
]
= 8
8—_ 6
6 5
= 4
) q
o 4 3
] AF
-— 2 n 1 1
o
= o ™ [
S & & b‘;@ N & 4
S & & @ & & ¢ &
© 5 Q $ ¢ o & $
— (9 Q \O @ & > %\,
o ﬁQ Q& L a Q& <& &
S ) Q N Q .
g & 5 ¢ ¢ 5 S N
= & £3 § S Y » S
s Q & N o4 @ & o
= \é@ /\fé @ S P o N
] ¥ N A &
Q 3 5 3
3 X ¥ N
@ \/‘b' ~Q§
& >
N S
o
¥

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 T® estimated available secondary reserve capacity that is avdialdd unbalances,
including WPP fluctuationsTotal 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 WPRegnation is available system reserve that séede
upgraded or increased. The limitations for increasing available secondary comtsbloam 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 realizB& Wourly generation data
are collected from:

- Greece in the period 1.1.20081.12.2009
- Romania in the period 11.20107 235.2011

- Bulgaria in the period 1.5.20101.5.2011
- Croatia in the period 1.1.20111.5.2011

Input data from Turkey are not awdile. The following Figure shows total regional WPP
generation in Croatia, Bulgaria and Romania in the period 1.1.20115.2011 in which
simultaneous input data are available. this period WPP installed capacity was relatively
constant, so it is easitw 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
1.5.2011

Total maximum WPP gendran in given timeframe was 643 MW, with the average of 208 MW
and minimum of 0 MW. In four months Jauay 2011 there werkourly 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 shoeach countryexperience with WPP generation variations in
given timeframes.
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42.1. 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 WRRrly 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 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 generatiomnd WPP variations in Greece in the period 1.1.20115.2011

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 tirhedNIPP generation variations were

up to 58 MWh/h, while the largest -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 23.5.2011 in Romanitotal installed WPP capacity reache@4 MW.
Theaverage WPP holy generation wag19 MW, with its maximum a601 MW and minimum
of 0 MW. Equivalent full load hours were at the level 4@ h/year The following Figure
shows main characteristics of WPP generation in Romania in the pekipd11li 1.5.2011.
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Figure 4-12 WPP generation and WPP variations in Romania in the period 1.1.2013.2011

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 MWAt the same time 99% of the timehlWPP generation
variations were up to 86 MWh/h, while the largesh WPP variation was +206 MWh/h.
Negative WPP generation variations are quite symmetric to the positive ones.
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4.2.3. Bulgaria

Till February 2010 there wd®1 MW of installed WPP capacity connected to the transmissio
grid in Bulgaria. Since February there are 241 Mwlast 12 months aximum WPP hourly
generation was 149 MW, minimum w8sMW, while average was at 45 MW. Equivaldntl
load hourswere at he level of 2000 h/yeafhe following Figure shows main characteristics of
WPP generation in Bulgaria in the period.20117 1.5.2011.
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Figure 4-13 WPP generation and WPP variations in Bulgaria in thaque1.1.20117 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 tirleWPP generation variations were up to
32 MWh/h, while the largest-th WPP variations we 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.%.2011
maximum WPP hourly generation was 72 MW, minimum was 0 MW, while average was at 22,5
MW. Equivalent full load hours were tite level of 2451 h/year (2011 agtremelywindy yearin
Croatig. The following Figure shows main characteristics of WPP generati@radatiain the
period 11.20117 1.5.2011.
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Figure 4-14 WPP generatiomnd WPP variations in Croatia in the period 1.1.2G11.5.2011

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 timé& WPP generation variations were up to 10
MWh/h, while the largest-h WPP variations were at the level-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 maximumi WPP variations is largerdah 300 MWh/h.
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Figure 4-15 Individual and total WPP hourly variations in the period 1.1.201115.2011
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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 ger@ratias 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 &m 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 1.5.2011

The following Figure shows the comparison between individual and regionaaappro WPP
generation variations. Left column presents variations of total sum of all WPP generation in the
region (regional approach), while right column present sumdi¥idual WPP variations, as it is
current practice.

As expected, significant redtion of WPP variations would happen if we observe all ¥/iAP

the region as one balancing party. In this case all WPP generation variations to be balanced are in
the range {50 MWh/h, 210 MWh/h> , while individual approach would result with the
variationrange <295 MWh/h, 318 MWh/h>. So, regional approach could result with significant
decrease (135%) of system reserve needed for WPP balancing.
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Figure 4-17 WPP output variation ranges in 2011 in the caéendividual 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 isexpected imce in Croatia WPP location diversification is rather small in
comparison to other three countries.
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Figure4-18 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 sStuBBNTSO-E PanEuropean Market DatabdS8evasused in accordance

to formal approval oENTSOE PlanningData Section Pan-European Market Database (PEMD)
contains demand, supply and intercaction data for the reference scenarios of the next Ten
Year Network Development Plan (TYNDP), for each of the EN-ES©ountries. The main
objective of the PEMD is to provide a reference set of assumptions to be used in all Regional
Groups to perform congent market simulationsdt should be underlined that the results of the
analyses based on PEMde more illustrative then quantitative, sintee quantitative effect
based on PEMD iguiteuncertain.

This set of inputdaa was prepared by ENTSE Working Group on System Adequacy and
Market Modeling EachENTSOE member ha#s daa correspondentBased on this database
hourly WPP generation profiles for each country were prepared for 2020 (there deano
available for 2015, as foreseen in this studR).o

Even though planning of WPP outputs on mid and 4@mm time horizon is facing large
uncertainty (WPP location and sizewind turbine types, wind speedheasuremest WPP

reliability etc.),currently there are no better database for future WPPsropEwespecially 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 20B6r the2020 scenario, a chegkasmade 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 availabl If the wind energy productiomas lower, then the production stated

in the NREAP, the time serieseweadapted in such a way that the total energies in NREAP are
met.

Countries that do not have a NREAB| strategic national documents reflectingision for the
future or existing public top down scenarios to estimate their pagnefvablesFinal result of
this approach is hourly WPP generation output databasé&Ofaegional systems Slovenia,
Croatia, Bosnia and Herzegovina, Montenegro, Maceddimnia, Serbi& Kosovg Bulgaria,
Romania and Greece. So, in comparison to the other parts of the study here we havelat&éssing
only for Turkey, while WPP data foKosovoareincluded inthe dataset for Serbia.

The following figure shows WPP instafl capacity in 2010 and planned for 2020 in PEMD.
Total installed WPP capacity in 2020 is expected at the levef@8MW, while today those
countries are having aroud800MW of WPP installed capacity (as shown on the Figui&. It

13|ast availsle version as of 09/02/2011
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means that in 10ears in SEE it is expected to increase installed WPP capaciyoi@ thard
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 Gfemoel(039 MW in 2010
to 6800 MW in 202Q out of which is 300 MW planned to be @ifior§, Romania from about
500 MW to4000 MW)and Serbia (from 0 MW t@500 MW). The lowest level is expected in the
system of AlbaniagKosovo (130 MW), Macedonia (150 MW) and dtitenegro (180 MW)Even
though br some of the countries these valuesld befar above TSOs expectatio(i. Serbia),

it is important to keep in mind that the main purpose of this study is notcleeck these input
data, but to evaluate regional apgch to WPP integration in the region.
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Figure 4-19 WPP installed capacity in 2010 and in 2020 (Source: TSOs and EIETFEMD)

Based on these data total WPP hourly generation in SEE in 2020 is showa fmdldwing
Figure.
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Figure 4-20 WPP hourly output in 2020 (Source: ENT&EEMD)

As mentioned above, this WPP output data seprepared for planning purposeBut, it
somehow reflects wind potential the region. Thdollowing 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 letéBis/g .
Sincethis 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 region2020
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Speaking oWPP outputvariatiors, the following Figure shows that total simultaneous regional
WPP generation igxpectedin the range betweeA95 MW to 12334 MW, with the average
generation of 326 MW.
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Figure 4-22 ExpectedWPP output characteristics in 2020

In 2020, WPP generation dynamics is expected as ginehefollowing Figure.

Based on these values it is possibleatculatethe timeframes in which certain levels of WPP
generations or WPP variations are esjed as shown on the following Figure

The first column presents range of total WPP generation in the régi@020 50% of the time
total WPP generation in the region will be up3800 MW, or up to 23% of total installed
capacity. 98% of the time @it WPP generation in the region will be up 008 MW, or up to
57% of total installed capacityMaximum 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 outputariationsin 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 VaR&tion

Clearly, if we woutl have perfect wind forecasting system, there would be no unpredicted WPP
variationsat all Since we have no any inputs on eventual regional WPP forecasting sy&em
would assume that WP#recast error is equal t/PP generation change with respecthe
previous hour (second column), or with respect to lasbur average (third columnin 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 variatin is up to 800 MWh/h, while maximum variations are very rare, going

up toabout #1900 MWh/h, or up t011% of the total installed capaciti{ey issue is that TSOs

are obliged to keep system stability and balance in all system states, no matter baidifyro

WPP generation variations with respect th dverage are in the range-d60 MWh/hto +250
MWh/h for the 50% of the time. 99% of the time this variations are udl8)0MWh/h, while
maximum variations are very rare, going up3d00 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 servitemieans that each TSO is
responsible for it®wn system reserve erds and practically there are no reserve ebosder
exchanges. Regional reserve needs are the sum of individual system reserves, as shown on the
following Figure.
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Figure4-24 WPP output variations per eh system in 2020

The largest WPP variations are expected in Greece, SeKisavg Romania and Bulgaria, in
accordance to its expected total WPP capa®lgximum expected hourly WPP variations are in

the range of 2256% of WPP installed capacity peach 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 variatios are lower than in small systems with low WPP diversification (Montenegro,
Croatia) as given on the following Figure
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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 loegerve is needed.

WPP hourly generation deviations with respect to WPP installed capacity (%)

1-hour WPP generation variations in given EU countries are in the range 394 &f WPP
installed capacity, so it is in the range of above mentioned 27% for SEES b@inutes
variations are given only for three countries of differeime 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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Table4-1 Hourly WPP generation variations as a share of ir1st;latbapacit31/4

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 todgional 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 206R002 from http://www.energinet.dk; Ireland, Eirgrid data, 2Q005; Germany,
ISET, 2005; Finland, years 20@®07 (Holmgren, 2008); Sweden, simulated data for 56 wind
sites 19922001 (Axelsson et al., 20p5Por tugal, INETI; EWEA, Grid Report 2010
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